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EXECUTIVE SUMMARY 
 

What is the Rural and Underserved Health Research Center? 

The Rural and Underserved Health Research Center (RUHRC) is 1 of 9 rural health research centers 
funded by the Federal Office of Rural Health Policy, Health Resources & Services Administration, U.S. 
Department of Health and Human Services. It was funded through a 4-year, $2.8 million grant in 2016 
and received renewal funding in 2020. We will apply again for renewal funding in January 2024. 

What are our objectives? 

To inform health policy makers, health system managers, and providers about key population health 
problems and health care barriers facing rural America, especially areas that are highly impoverished 
and underserved, such as the Appalachian region of Kentucky.    

What do we do? 

We conduct timely, policy-relevant research that identifies ways to better organize, finance, and 
deliver health care in rural areas. To do this, we analyze Medicaid, Medicare, and private insurance 
claims; electronic health records; and survey data to produce user-friendly reports and visualizations 
that can be accessed at https://ruhrc.uky.edu. Our reports and policy briefs are widely disseminated 
across U.S. governmental offices and agencies (including CMS, CDC, HRSA, and NIH) and have been 
downloaded 16,481 times. Major research themes include: 

• Trends in rural substance use, treatment availability, and treatment use 
• Prevalence of depression, severe mental illness, and suicide among rural residents 
• Role of primary care providers in rural health care delivery 
• Rural cancer prevention services and barriers to follow-up care among cancer survivors 

Who are we?  

Our team includes faculty members from across UK, including the Colleges of Nursing, Medicine, 
Pharmacy, Public Health, and Communication as well as the American Board of Family Medicine, 
which is headquartered in Lexington.   

Our Director is Ty Borders, PhD, a professor in the College of Nursing and Director of the campus-
wide Center for Health Services Research. He also is Editor of The Journal of Rural Health, which ranks 
6th among 88 health services and policy journals and is the official scholarly publication of the 22,000-
member National Rural Health Association.th Association.  

Our Deputy Director, Jeff Talbert, PhD, is a Professor, Director of the Institute for Biomedical 
Informatics, and Division Chief for Biomedical Informatics in the College of Medicine. Dr. Talbert also 
holds leadership positions with the Center for Clinical and Translational Science, Kentucky HEALing 
Communities project, and Kentucky Cabinet for Health and Family Services.  

https://ruhrc.uky.edu/
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WHO ELSE IS PART OF OUR RESEARCH TEAM? 
 

University of Kentucky Faculty and Staff  

Chris Delcher, PhD, Associate Prof. and Director, Institute for Pharmaceutical Outcomes and Policy 

Lindsey Hammerslag, Research Assistant Professor, Division of Biomedical Informatics 

Trish Rippetoe Freeman, RPh, PhD, Associate Professor, Pharmacy Practice and Science 

Joe Benitez, PhD, Assistant Professor and Health Economist, College of Public Health 

Al Cross, Director of the Institute for Rural Journalism and Community Issues 

Amanda Thaxton Wiggins, PhD, Biostatistician, College of Nursing  

Katie Youngen, MPH, Research Program Manager, Rural and Underserved Health Research Center 

Julia Cecil, MBA, MA, Assistant Director, Rural and Underserved Health Research Center 
 

External Investigators 

Lars Peterson, MD, PhD, Senior Physician Scientist, American Board of Family Medicine 

Ahmed Arif, PhD, Professor, Public Health Sciences, University of North Carolina at Charlotte 

Hefei Wen, PhD, Assistant Professor, College of Medicine, Harvard University  
 

External Advisory Group Members 

Andrew Bazemore, MD, Senior V.P. of Research and Policy, American Board of Family Medicine 

Veronica Judy-Cecil, JD, BS, Senior Dep. Commissioner, Kentucky Department for Medicaid Services 

Mary Charlton, PhD, Associate Professor, College of Public Health, University of Iowa 

Gilbert Liu, MD, Medical Director, The Ohio Colleges of Medicine Government Resource Center 

Alan Morgan, MPA, CEO of the National Rural Health Association (NRHA) 

Tim Putnam, DHA, MBA, FACHE, former CEO of Margaret Mary Health, Batesville, Indiana 

  

https://ci.uky.edu/jam/institute-rural-journalism-and-community-issues
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DISSEMINATION AND REACH OF OUR WORK 
 
All of our center’s research products may be accessed through our website at https://ruhrc.uky.edu. 
Every report is housed on the UKnowledge platform, a digital collection of unique scholarship created 
by the University of Kentucky (UK).  As shown in Figure 1 below, the briefs have been downloaded by 
institutions across the U.S.  Since October 2017, the 23 reports produced by our Center have been 
downloaded 16,481 times worldwide.   
 
Figure 1.  U.S. locations where briefs were downloaded (number of times) 

 
 
 
Project abstracts are summarized by major topic in the following pages.  Full reports or articles may 
be found at https://ruhrc.uky.edu/publications/. 
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PROJECT ABSTRACTS 

Rural Substance Use and Treatment 

The Impact of Medicaid Expansion on Rural/Urban Variations in Access to Substance Use 
Treatment.  This project provided estimates of the prevalence of illicit drug and opioid use disorders 
among non-metropolitan adults 18-64 years of age. Prevalence rates did not decline from 2011-2013 
to 2014-2015 despite the implementation of major substance use treatment policies. Of particular 
concern, heroin use disorder prevalence increased in recent years. 

Predictors of Buprenorphine Prescribing by Family Physicians in Rural Areas Nationally. Only a small 
percentage of people who need treatment for opioid use disorder (OUD) receive it, including 
buprenorphine. This project examined differences in rates of prescribing buprenorphine and 
intentions to prescribe buprenorphine between early and mid- to late-career family physicians (FPs), 
based on a survey of physicians taking a certification examination. The project also looked at the 
association between practice characteristics and the likelihood that a FP will prescribe 
buprenorphine, based on a survey of physicians seeking board certification in family medicine. We 
found large increases in both intention and actual prescribing of buprenorphine by early career FPs, 
but flat rates among mid- to late-career FPs. Our results suggest that residency programs are likely 
responding to the opioid crisis by preparing FPs to treat OUD. 

Risky Substance Use among Adolescents and Adults in Non-Metropolitan and Metropolitan 
Counties. This study used nationally representative survey data to identify differences in past 30-day 
and past year risky substance use among adolescents 12 to 17 years of age residing in metropolitan 
and nonmetropolitan counties. The same data were used to identify differences in risky substance 
use among adults. Specifically, we compared consumption of alcohol, tobacco, and other illicit 
substances. Non-metropolitan adults and adolescents had significantly higher prevalence rates of 
tobacco use than metropolitan adults and adolescents. The rates of past year alcohol use were high 
among both non-metropolitan and metropolitan adolescents, while adults in metropolitan areas 
were more likely to report past 30-day binge drinking. Overall illicit drug use was significantly less 
prevalent among non-metropolitan adults than metropolitan adults and was similar among non-
metropolitan and metropolitan adolescents. However, past year methamphetamine use was higher 
among non-metropolitan adolescents and adults versus metropolitan adolescents and adults. 

Rural Variation in Access to Naloxone for Opioid Overdose Prevention. Naloxone is an opioid 
overdose reversal medication. Medicare beneficiaries benefit from access to naloxone as they have 
high rates of high-dose prescription opioids. This study examined trends in Medicare-paid naloxone 
dispensing rates in non-metropolitan versus metropolitan areas from 2014-2018. We found that 
Medicare pays for the largest share (> 30%) of naloxone dispensed from retail pharmacies in non-
metropolitan areas. However, from 2017-2018 dispensing growth in non-metropolitan areas slowed 
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considerably compared to metropolitan areas (42% vs. 121%, respectively). As of 2018, the rate of 
naloxone dispensing to Medicare enrollees in metropolitan areas was approximately double that in 
non-metropolitan areas (4.9 vs. 2.9 per 1,000 enrollees, respectively). 

Rural Access to Opioid Treatment Program (OTP) Clinics and Certified Community Behavioral 
Health Clinics (CCBHC). Access to Medications for Opioid Use Disorder (MOUD) offer the greatest 
potential to impact the OUD crisis. The growth of CCBHCs enhances access to medication by also 
offering comprehensive behavioral and physical health care. These additional services have the 
potential to improve treatment outcomes. This project identified all CCBHCs and OTP Clinics in the 
U.S. and then presented the number of rural and urban clinics in each state as frequency tables and 
map visualizations. 

Rural Mental Health and Treatment 

Mental Health Treatment Access: How do Mental Health Treatment Use and Unmet Treatment 
Need Vary among Rural and Urban Adults Nationally? This study estimated and compared the 
prevalence of past year depression, receipt of treatment for depression, and sources of treatment for 
depression between non-metropolitan and metropolitan adults. We found that 7.8% of non-
metropolitan and 7.1% of metropolitan adults had past year major depression. Treatment receipt 
(seeing a health professional or using prescription medication for depressive feelings) was similar 
among non-metropolitan (68.0%) and metropolitan (64.6%) adults.  A closer examination of the type 
and source of treatment revealed that rates of seeing a health professional were similar among non-
metropolitan (60.8%) and metropolitan (58.4%) adults, but rates of using prescription medication for 
depressive feelings were higher among non-metropolitan (58.2%) than metropolitan (48.6%) adults. 
Also, rates of visiting a general practice/family doctor were higher among non-metropolitan (43.7%) 
than metropolitan (34.5%) adults. 

Substance Use, Depression, and Suicide: What are the Individual and Policy-Modifiable Correlates 
amongst Metropolitan and Non-Metropolitan Adults? Suicide is among the leading causes of death 
in the U.S. and rates in non-metropolitan counties have historically exceeded those in metropolitan 
counties. This study examined the prevalence of suicidal thoughts, plans, and attempts by year (2010-
2016) and county type (non-metropolitan, small metropolitan, and large metropolitan). This study 
revealed that mean prevalence rates for suicidal thoughts, plans, and attempts were significantly 
higher (P < .05) among residents of non-metropolitan than large metropolitan counties, and the 
adjusted odds of suicidal thoughts, plans, and attempts did not improve significantly from 2010 to 
2016 among residents of any county type. Our findings suggest that suicide prevention interventions 
should be further targeted toward non-metropolitan counties. However, new interventions may need 
to be specifically developed to meet the unique needs of residents in non-metropolitan counties. 
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Longitudinal Trends in Community Mental Health Center and Federally Qualified Health Center 
Supply in Non-Metropolitan and Metropolitan Counties. This study shows how the supply of 
community mental health centers (CMHCs) and community health centers (CHCs) delivering mental 
health services changed from 2000 to 2019. While the supply of CHCs offering mental health services 
increased, the supply of CMHCs decreased. Growth in CHCs offering mental health services was 
pronounced in both non-metro and metro counties, although it was faster in metro counties.   
 

Serious Mental Illness and Access to Care among Rural and Urban Adults. Little recent research has 
compared the prevalence of serious mental illness (SMI) and mental health treatment utilization 
among non-metropolitan and metropolitan adults. This project estimated and compared the 
prevalence of mental health treatment utilization and reasons for not seeking mental health 
treatment among adults with SMI residing in non-metropolitan and metropolitan counties nationally. 
We found that past year prevalence of serious mental illness (SMI) was significantly higher among 
non-metropolitan than metropolitan (5.90% vs. 5.18%, P < .03) adults. Further, only 67.58% of non-
metropolitan and 64.29% of metropolitan adults with SMI received any mental health (MH) 
treatment in the past year. Additional analyses revealed the following treatment differences: a higher 
percentage of non-metropolitan than metropolitan adults with SMI received only medication for MH 
treatment (24.50% vs. 18.53%, P < .02); a higher percentage of metropolitan than non-metropolitan 
adults with SMI received inpatient, outpatient, and medication (5.42% vs. 2.63%, P < .02); and a 
significantly higher percentage of non-metropolitan than metropolitan adults with SMI reported that 
they did not seek mental health treatment because they had no transportation or treatment was 
inconvenient (11.57% vs. 6.87%, P < .03). 

Rural and Urban Differences in Access to Psychiatric Partial Hospitalization Programs. Partial 
psychiatric hospitalization programs (PPHPs) are intended to reduce or avoid inpatient stays by 
providing intensive psychiatric services in outpatient settings. We provided national estimates of 
PPHP availability among non-metropolitan and metropolitan hospitals and described the hospital 
characteristics associated with the provision of PPHPs. This study revealed that a significantly smaller 
proportion of non-metropolitan than metropolitan hospitals offer PPHPs (11.4% of non-metropolitan 
compared to 38.7% of metropolitan hospitals). Regardless of location, hospitals that offer PPHPs have 
higher patient volumes and more beds than hospitals that offer PPHPs through affiliated providers or 
do not offer PPHPs at all. 
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Primary Care and Preventive Services 

Variation in Scope of Practice and Medical Services Available at Family Physician Practices within 
Rural Areas. While the scope of practice of family physicians has been shrinking, they still practice 
broadly, often due to fewer health care resources in rural areas. Using data from family physicians 
seeking continued board certification in 2014 and 2015, we found that a high percentage of rural 
family physicians provide nearly every clinical service queried. We also found that rural family 
physicians in patient-centered medical home (PCMH) practices generally provide more services than 
those in non-PCMH practices.   

Rural and Urban Variation in Family Physicians' Demographics and Practices. Little is known about 
racial and ethnic distribution of family physicians (FPs) according to rurality. Racial/ethnic 
concordance of clinicians and patients may improve health outcomes by increasing access to care for 
underserved populations. Our objective was to determine the distribution of FPs in rural areas by 
race/ethnicity and also discover whether rural minority FPs were more likely to be in underserved 
rural areas. We found that the family physician workforce is becoming more racially diverse; 
however, non-metropolitan family physicians are not. Using data from over 24,000 family physicians 
who either registered to continue their American Board of Family Medicine (ABFM) certification or 
completed the graduate survey from 2017 to 2019, we found that early career family physicians are 
more diverse than later career physicians (66.9% vs. 72.8% White; 58.3% vs. 44.0% female) but, in 
both groups, the percentage of White non-metropolitan family physicians was even higher (82.7% to 
90.5%). Also, minority non-metropolitan family physicians, particularly Black and Native 
American/Alaska Native physicians, are more likely to practice in persistent poverty counties. The lack 
of resources in these counties may make delivering health care harder. 

Disparities in Screening, Prevention, and Management of Cardiovascular Disease in Rural and 
Urban Primary Care. Rates of preventive screening remain low in the U.S. as compared to 
recommendations, despite a strong scientific basis for their beneficial impact on health. Levels of 
adherence to preventive guidelines are even lower in African Americans and other racial/ethnic 
minority populations, socioeconomically disadvantaged populations, and underserved rural 
populations. This project used a large national primary care registry to compare cardiovascular 
disease (CVD) screening, prevention, and management quality measures between rural and urban 
primary care practices. It also assessed for disparities by patient composition (race/ethnicity, 
insurance) of the practice. 
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Medicare Beneficiaries’ Access to Preventive Services: Diabetes Self-Management Training (DSMT), 
Medical Nutrition Therapy (MNT), and Health and Behavior Assessment and Intervention (HBAI). 
This study investigated geographic disparities and the availability of DSMT, MNT, and HBAI services in 
rural and urban areas by examining fee-for-service Medicare beneficiaries in 2012-2016. In 2016, 
rural county residents represented 21.8% of the fee-for-service (FFS) Medicare population, but only 
1.6% of rural FFS beneficiaries lived in a county with local utilization of HBAI services. Utilization of 
HBAI services in 2016 occurred in 19 (9.7%) rural counties and 176 (90.3%) urban counties, and the 
average utilization rate of HBAI services was higher in rural counties than urban counties (0.7% vs. 
0.4%). Rural FFS Medicare beneficiaries in 2016 represented 21.7% of the population diagnosed with 
diabetes, but only 2.7% of the population utilizing DSMT. Utilization of DSMT services in 2016 
occurred in 76 rural counties and 309 urban counties, and the average utilization rate of DSMT 
services was greater in rural counties than urban counties (5.5% vs. 2.5%). In 2016, 21.8% of the FFS 
Medicare population resided in a rural county, but only 3.7% of enrollees residing in a county with 
utilization of MNT services were rural county residents. Utilization of MNT services in 2016 occurred 
in 92 rural counties and 388 urban counties, and the average utilization rate of MNT services was 
greater in rural counties than urban counties (3.1% vs. 1.9%). 

Diabetes Management in Urban and Rural Areas of the U.S. This study used recent claims data, from 
services received between 2018 and 2020, to examine the prevalence of diabetes and to determine if 
patients with diabetes are more or less likely to receive annual hemoglobin A1c (HbA1c) screening. It 
also examined the association between receipt of HbA1c testing in 2019 and diabetes-related health 
outcomes in 2020. We found that enrollees living in non-metropolitan areas had 22% higher 
likelihood of having diabetes, even after controlling for factors like age and region. The prevalence of 
diabetes in 2019-2020 was 7.9% in non-metropolitan areas and 6.2% in metropolitan areas. Annual 
hemoglobin A1c (HbA1c) testing occurred for 85.1% of non-metropolitan and 85.7% of metropolitan 
enrollees with diabetes. After controlling for other factors, we found significantly lower testing for 
those in non-metropolitan areas. For diabetic enrollees, having an HbA1c test in 2019 was associated 
with an 8% decrease in the likelihood of non-cardiovascular complications related to diabetes and a 
6% decrease in the likelihood of inpatient diabetes care in 2020. 

Barriers and Disparities Associated with Pneumococcal Immunization among Rural Elderly Adults. 
Using 2014 Medicare data, we found a significant disparity in pneumococcal vaccine service delivery 
to fee-for-service Medicare beneficiaries. Although primary care providers delivered the majority of 
pneumococcal vaccines to this population, pharmacy providers delivered a significantly greater 
proportion of vaccines in rural versus urban counties. In an updated analysis using 2015 Medicare 
data, we found that delivery of pneumococcal vaccines to fee-for-service Medicare beneficiaries 
increased 380% from 2014-2015 as a result of uptake of the PCV13 vaccine. However, a significant 
rural-urban disparity remained. 
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Black Lung Disease, Occupational Health, Injury 

Lung Diseases among Coal Miners. Miners risk developing coal workers’ pneumoconiosis (CWP, also 
known as black lung disease) and other pneumoconiosis like silicosis and asbestosis. This study 
determined, mapped, and analyzed the spatial patterns of health care utilization among Medicare 
beneficiaries with CWP and other related pneumoconiosis using the Medicare beneficiaries Limited 
Data Set from 2011-2014. 

The Association of Occupation with Mental Illnesses and Death by Suicide. Research into elevated 
psychological distress among workers in certain occupations is limited. This project examined suicide 
mortality among agricultural workers, comparing rural and urban residents using pooled data from 
the Mortality-Linked National Health Interview Survey, 1986–2014. The study also reviewed relevant 
research to identify occupations with low and high risks of mental health problems in the United 
States. Adjusted odds of developing distress were 20% higher among workers in high-risk occupations 
versus those in low-risk occupations, and time spent in a high-risk occupation increased distress. 

Unintentional Injury in Metropolitan and Nonmetropolitan Settings by Race or Ethnicity. 
Unintentional injury is the third leading cause of death. We examined the rate of fatal and nonfatal 
injuries in nonmetropolitan and metropolitan areas, with a focus on the effects of race/ethnicity. 
Nonmetropolitan residents are more likely than metropolitan residents to suffer a fatal unintentional 
injury, though we found no difference in the rates of nonfatal unintentional injury emergency 
department visits. 

Social Determinants of Health 

Rural Family Physicians’ Ability to Address Patients’ Social Determinants of Health Needs. Rural 
populations fare worse than their metropolitan counterparts in social determinants of health 
including access to services, economic opportunity, intimate partner violence, life expectancy, and 
poverty. Very little research exists to describe the ability of rural primary care physicians to address 
patients’ non-medical social determinants of health needs. This project made use of a unique dataset 
collected among family physicians nationally in 2017 through 2019. 

Review of Current Research on Rural/Urban Differences in Social Determinants of Health. Social 
determinants of health are social, economic, and community variables that influence health 
outcomes. This project synthesized the extant literature on rural/urban differences in the social 
determinants of health, culminating in a comprehensive report that includes a summary of 
information gaps and further research needs.  
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Hospital Closures and Hospital Pricing 

Exploring the Impact of Rural Hospital Closures on Use of Emergency Medical Services. This project 
explored how a local hospital closure changes patient time in an ambulance for 9-1-1 calls. Access to 
emergency department services in communities, especially rural communities, persists as a priority 
for the Medicare program. We found when hospitals close, rural patients requiring ambulance 
services are disproportionately affected. 

Third Party Negotiated Pricing in Rural and Urban Hospitals. Very little research has examined how 
pricing differs between rural and urban hospitals across an array of procedures, from inexpensive 
routine procedures to more lucrative surgical procedures. This project provides insight into the 
impact of insurer reimbursement rates on the financial health and stability of rural hospital networks, 
an issue that impacts local and state policy makers. It also provides valuable information for members 
of rural communities about the impact of living in a rural area on pricing for medical services. The 
study used third party negotiated pricing information to compare prices in urban and rural hospitals, 
across a variety of common services. Because there has been poor compliance with the Centers for 
Medicare & Medicaid Services (CMS) requirement to publish third party negotiated pricing, we also 
examined if the availability of this information differs for rural and urban hospitals. 

Cancer Prevention and Survivorship Care 

Rural and Urban Primary Care Physicians' Colorectal Screening Performance. This project sought to 
further understand the roles of primary care physicians in assuring that their patients receive 
recommended colorectal cancer screenings, especially considering that primary care physicians 
(particularly family physicians) are the predominant clinicians in rural America. Family physicians can 
provide endoscopy services themselves as opposed to referring patients to other specialists, such as 
gastroenterologists, but these numbers are low (<5% overall). Our prior research found that the 
percentage of rural family physicians doing colonoscopy (6% to 4%) and endoscopy (6% to 3%) both 
declined from 2014 to 2016, further threatening rural access to screening. We profiled and compared 
rural vs. urban differences in colorectal screening performance among primary care physicians 
nationally, using data from the American Board of Family Medicine’s PRIME Registry. This registry 
captures electronic health record data from more than 2500 clinicians in approximately 800 practices 
located in 47 states caring for 5.4 million patients. PRIME practices are disproportionately rural, small, 
and independent compared to all US primary care practices.  

Rural/Urban Variations in Cancer Screening During the COVID-19 Pandemic. Using the National 
Cancer Institute Health Information National Trends Survey, we examined how the COVID-19 
pandemic disrupted the receipt of recommended screenings for common cancers. Findings from this 
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project will inform policy makers about potential widening of rural/urban disparities in the receipt of 
cancer preventive services and the potential need to target these services toward rural residents. 

Rural/Urban and Racial/Ethnic Inequities in Patient-Reported Health Care Access and Quality 
among Medicare Beneficiaries with Lung or Colorectal Cancer. Incidence and mortality for colorectal 
and lung cancer are higher in rural versus urban residents, but many rural cancer patients lack 
accessible, high-quality care. This study sought to 1) Identify rural/urban inequities in Medicare 
cancer patient-reported health care access and quality and 2) Determine if rural racial/ethnic 
minority patients have worse health care access and quality than rural White patients. The goal was 
to provide timely information about rural/urban and racial/ethnic inequities in health care 
experiences among Medicare beneficiaries with cancer. The findings may be applied by CMS and 
other federal policy makers to incentivize improvements in health care delivery and thereby reduce 
rural/urban and racial/ethnic inequities in cancer care among Medicare beneficiaries. 

Rural and Urban Cancer Survivors’ Follow-Up Care Experiences. After completing treatment, cancer 
survivors require follow-up services for surveillance of cancer recurrence, detection of new cancers, 
continued care management, and the monitoring of late or long-term treatment side effects. This 
project examined rural vs. urban differences in cancer survivors’ follow-up care experiences by 
conducting analyses of the 2017 Medical Expenditure Panel Survey (MEPS), which included a cancer 
survivorship module. Our aims were to 1) provide nationally representative estimates and 
compare/contrast the prevalence of rural and urban cancer survivors’ follow-up care experiences, 2) 
understand how having a regular PCP is associated with cancer survivors’ follow-up care experiences 
and if this association is stronger among rural than urban cancer survivors, and 3) determine if 
racial/ethnic differences in cancer survivors’ follow-up care experiences vary by rural/urban 
residence. We also sought to identify other correlates of discussions about cancer survivorship care 
with health care professionals. We found that approximately 64% of urban and 62% of rural survivors 
discussed in detail with a health care professional the need for follow-up care. Lower percentages 
discussed lifestyle and health recommendations (38% urban, 33% rural), emotional/social needs (29% 
urban, 22% rural), long-term side effects (44% urban, 40% rural), and treatments received (46% 
urban, 38% rural). Non-Hispanic White ethnicity and time since treatment were associated with lower 
odds of discussing at least two dimensions of survivorship care.    
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INTERACTIVE, USER-FRIENDLY VISUALIZATIONS  
 

For several of our projects, we have created interactive, user-friendly visualizations describing the 
locations of health services or rates of diseases at the county level. Figure 2 shows the annual rate of 
health care utilization for black lung disease for each county in Kentucky. Interactive maps for black 
lung disease may be found at https://ruhrc.uky.edu/infographics/#infographic-type-1 

Figure 2. Spatial clustering analysis of 4-year rate of health care utilization for Medicare 
Beneficiaries with black lung disease.  A) Overview in the U.S., B) Insert map showing an area in 
central Appalachia, C) Counties bordering Illinois and West Kentucky with high-high clusters. 

 

 

Citation for Map.  Arif AA, Owusu C, Paul R, Blanchette CM, Patel RP, Borders TF. Spatial Analysis of Health Care Utilization among Medicare 
Beneficiaries with Coal Workers’ Pneumoconiosis and Other Related Pneumoconiosis. Lexington, KY: Rural and Underserved Health Research Center. 

Center; 2021. 
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Figure 3 shows rates of opioid overdose and the locations of opioid treatment programs across the 
U.S. Interactive maps related to this figure may be found at https://ruhrc.uky.edu/ccbhc-report/. 

Figure 3.  Rates of opioid overdose and the locations of opioid treatment programs. 

  

https://ruhrc.uky.edu/ccbhc-report/
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CONTRIBUTIONS TO THE ACADEMIC LITERATURE 

In addition to reports, we have published numerous articles in the academic literature (see Table ). 

Table 1.  JOURNAL MANUSCRIPT CITATIONS 

Manuscript Citations Open 
Access? 

Arif A, Adeyemi O. The Prevalence of Chronic Diseases among Current 
and Ex-Miners in the United States. Journal of Occupational and 
Environmental Medicine. December 31, 2019; DOI: 
10.1097/JOM.0000000000001809 

10 No 

Peterson LE, Nasim U, Madabhushi V. Declining Endoscopic Care by 
Family Physicians in Both Rural and Urban Areas. The Journal of the 
American Board of Family Medicine. 2019;32(4):460-461; DOI: 
10.3122/jabfm.2019.04.190064. 
https://www.jabfm.org/content/32/4/460 

  8 Yes 

Arif AA, Adeyemi O, Laditka SB, Laditka JN, Borders T. Suicide mortality 
rates in farm-related occupations and the agriculture industry in the 
United States. American Journal of Industrial Medicine. 2021;1-9. 
https://doi.org/10.1002/ajim.23287 

  7 No 

Peterson LE, Morgan ZJ, Eden AR. Early-Career and Graduating 
Physicians More Likely to Prescribe Buprenorphine. The Journal of the 
American Board of Family Medicine. 2020;33(1):7-8; DOI: 
10.3122/jabfm.2020.01.190230. 
https://www.jabfm.org/content/33/1/7 

  6 Yes 

Peterson LE, Morgan ZJ, Borders TF. Practice Predictors of 
Buprenorphine Prescribing by Family Physicians. The Journal of the 
American Board of Family Medicine. 2020;33(1):118-123; DOI: 
10.3122/jabfm.2020.01.190235. 
https://www.jabfm.org/content/33/1/118.long 

  6 Yes 

Arif AA, Paul R, Delmelle E, Owusu C, Adeyemi O. Estimating the 
prevalence and spatial clusters of coal workers’ pneumoconiosis cases 
using Medicare claims data, 2011-2014. American Journal of Industrial 
Medicine. 2020;1-6. https://doi.org/10.1002/ajim.23104 

  5 No 

Nasim U, Morgan ZJ, Peterson LE. The Declining Scope of Practice of 
Family Physicians Is Limited to Urban Areas. The Journal of Rural 
Health. 2021;37(4):734-744. DOI: 10.1111/jrh.12540 

  5 No 

Arif AA, Adeyemi O. Mortality among workers employed in the mining 
industry in the United States: A 29-year analysis of the National Health 
Interview Survey—Linked Mortality File, 1986-2014. American Journal 
of Industrial Medicine. 2020;1-8. https://doi.org/10.1002/ajim.23160 

  2 No 

Paul R, Adeyemi O, Arif AA. Estimating mortality from coal workers’ 
pneumoconiosis among Medicare beneficiaries with pneumoconiosis 

  2 Yes 

https://www.jabfm.org/content/32/4/460
https://doi.org/10.1002/ajim.23287
https://www.jabfm.org/content/33/1/7
https://www.jabfm.org/content/33/1/118.long
https://doi.org/10.1002/ajim.23104
https://doi.org/10.1002/ajim.23160
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using binary regressions for spatially sparse data. American Journal of 
Industrial Medicine. 2022;1-6. DOI:10.1002/ajim.23330 
Chaudhary S, Davis A, Troske K, Troske S. Hospital Closures and Short-
Run Change in Ambulance Call Times. IZA Discussion Paper No. 12797. 
Bonn, Germany: IZA – Institute of Labor Economics; November 2019. 
https://ssrn.com/abstract=3495774 or 
http://dx.doi.org/10.2139/ssrn.3495774 
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EXAMPLES OF NARRATIVE SUCCESS STORIES 
 

Our Center had three policy briefs included in the Rural Health Research Gateway’s Rural Mental 
Health recap (#2 of the top 5 recaps for July 1, 2022 – December 31, 2022): Major Depression, 
Treatment Receipt, and Treatment Sources Among Non-Metropolitan and Metropolitan Adults; 
Serious Mental Illness and Mental Health Treatment Utilization Among Adults Residing in Non-
Metropolitan and Metropolitan Counties; and Suicidal Thoughts, Plans, and Attempts by Non-
Metropolitan and Metropolitan Residence. The recap was published September 2022.  
https://www.ruralhealthresearch.org/recaps/15. 

 
Dr. Lars Peterson was interviewed about Rural Family Physicians Providing Prenatal Care. NPR in 
Kansas City podcast, July 25, 2022. https://www.kcur.org/news/2022-07-25/states-cracking-down-
on-abortion-have-high-maternal-mortality-rates-and-gaps-in-rural-care. 
 
Dr. Ty Borders was quoted in the article, "Health in Rural America: Connecting to Care," published in 
the NIH News in Health monthly newsletter, March 2022. 
https://newsinhealth.nih.gov/2022/03/health-rural-america. 
 
Our Center had one journal article and one policy brief included in the Rural Health Research 
Gateway’s Opioid Use Disorder and Treatment: Rural-Urban Comparisons recap (#3 of the top 5 
recaps for July 1, 2022 – December 31, 2022): Early-Career and Graduating Physicians More Likely to 
Prescribe Buprenorphine; and Partial Psychiatric Hospitalization Program Availability in 
Nonmetropolitan and Metropolitan Hospitals Nationally. The recap was published February 2022. 
https://www.ruralhealthresearch.org/recaps/14. 
 
Our online webinar for the Rural Health Research Gateway on November 9, 2021, “Family Physicians 
in Rural America: Training, Distribution, and Scope of Practice” (Patterson D, Peterson LE), was ranked 
#1 on Gateway for July-December 2021 with 144 attendees and 962 page views. 
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MEDIA DISSEMINATION 

Selected Media Interviews and Op-Eds by Ty Borders (Center Director) 

Op-Ed entitled “New ideas to deliver better health care to people in rural Kentucky” published in the 
Louisville Courier Journal on National Rural Health Day 2020 (see https://www.courier-
journal.com/story/opinion/2020/11/19/national-rural-health-daydelivering-better-care-
kentucky/6340905002/).  

Op-Ed on COVID-19 in rural areas published in multiple newspapers across the Commonwealth of 
Kentucky, including The State Journal published in the capital city of Frankfort. (see 
https://www.state-journal.com/opinion/guest-columnists-protecting-rural-communities-against-
covid-19-transmission-mortality/article_632d1aec-6c9c-11ea-8009-2fc76cadb768.html). 

Numerous media interviews on COVID-19 in rural America, including the Lexington Herald-Leader and 
public radio (see https://www.kentucky.com/article241433896.html). 

Live television interview about rural suicidal ideation research (see 
https://www.wkyt.com/content/news/UK-scientist-suicide-rates-higher-in-KY-rural-communities--
512705361.html). 

WORK WITH NEWS MEDIA 

The University of Kentucky’s Institute for Rural Journalism and Community Issues works with our 
Center to help disseminate our research applicable to Kentucky and the region. The Institute also 
provides perspective to our investigators about current issues relevant to a rural and underserved 
populace. The primary vehicles for this work are The Rural Blog, the institute’s daily digest of events, 
trends, issues, ideas and journalism from and about rural America, which aggregates and curates 
rural health stories from other news outlets; and Kentucky Health News, which uses original 
reporting, curation and aggregation to cover health care and health in Kentucky. Stories about rural 
health research appear frequently in both publications, and especially newsworthy stories are posted 
on The Associated Press’s StoryShare service. The Rural Blog has had about 967,000 page views in the 
last 12 months, or 2,650 per day. Kentucky Health News was conceived in 2010 as a way to get more 
news about health care and health into Kentucky’s rural newspapers, which had little health news 
beyond press releases and “advertorial” articles, advertising masquerading as news. In the last 12 
months, KHN has had 305,000 page views, and many newspapers regularly republish its articles and 
use them as sources for their own stories.   

https://www.courier-journal.com/story/opinion/2020/11/19/national-rural-health-daydelivering-better-care-kentucky/6340905002/
https://www.courier-journal.com/story/opinion/2020/11/19/national-rural-health-daydelivering-better-care-kentucky/6340905002/
https://www.courier-journal.com/story/opinion/2020/11/19/national-rural-health-daydelivering-better-care-kentucky/6340905002/
https://www.state-journal.com/opinion/guest-columnists-protecting-rural-communities-against-covid-19-transmission-mortality/article_632d1aec-6c9c-11ea-8009-2fc76cadb768.html
https://www.state-journal.com/opinion/guest-columnists-protecting-rural-communities-against-covid-19-transmission-mortality/article_632d1aec-6c9c-11ea-8009-2fc76cadb768.html
https://www.kentucky.com/article241433896.html
https://www.wkyt.com/content/news/UK-scientist-suicide-rates-higher-in-KY-rural-communities--512705361.html
https://www.wkyt.com/content/news/UK-scientist-suicide-rates-higher-in-KY-rural-communities--512705361.html
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Illicit Drug and Opioid Use Disorders among Non-Metropolitan Residents 
Tyrone F. Borders, PhD; Hefei Wen, PhD 

Background and Purpose 
Little research has investigated the prevalence of illicit drug use disorders among non-metropolitan (rural) 
residents.  Estimates from the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC)-
III conducted in 2012-2013 indicated that 4.1% of urban and 3.0% of rural adults ages 18 and older satisfied 
criteria for a past year drug use disorder.1,2  Rising opioid use mortality rates have heightened concerns about 
both heroin and prescription pain reliever misuse.3  According to the NESARC-I and NESARC-III, the lifetime 
prevalence of a heroin use disorder increased from 0.13% to 0.53% among rural adults between 2001-2002 and 
2012-2013.4  This brief provides up-to-date estimates of: 

1. Non-metropolitan and metropolitan past year prevalence rates of any illicit drug, opioid, heroin, and
prescription pain reliever use disorders among adults ages 18-64; and

2. Temporal changes in past year illicit drug use disorder prevalence rates.

Methods 
Data.  We conducted analyses of nationally representative data from the National Survey on Drug Use and 
Health (NSDUH), a series of nationally representative surveys administered in-person and the primary source of 
information on substance use behaviors by the U.S. household population.  Metropolitan and non-metropolitan 
status was defined according to U.S. Office of Management and Budget definitions.  We combined several years 
of data to compare and contrast temporal changes amongst metropolitan (unweighted N=228,931; weighted 
N=162,180,514) and other non-metropolitan adults (unweighted N=59,629; weighted N=29,332,673).  These 
years correspond to major substance use treatment policy changes (implementation of initial parity laws in 
2008-2010, early insurance expansions in 2011-2013, and clarification of parity laws and further insurance 
expansions in 2014-2015).  We limited analyses to individuals 18-64 years of age as younger individuals have 
different drug use profiles and older individuals were not as affected by substance use treatment policies. 

   Policy Brief January 2018 

University of Kentucky 
111 Washington Ave.  
Lexington, KY 40536 
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Overview of Key Findings 

Illicit drug use disorder rates are similar across metropolitan and non-metropolitan areas and did not decline 
from 2011-2013 to 2014-2015 despite the implementation of major substance use treatment policies over this 
time period.  Among non-metropolitan residents in 2014-2015:  

▪ 0.20% (n=57,803) had a past year heroin use disorder, a significant increase from 2011-2013.
▪ 1.00% (n=297,562) had a past year prescription pain reliever disorder.
▪ 1.09% (n=320,363) had a past year opioid use disorder.
▪ 2.86% (n=838,316) had a past year illicit drug use disorder of any type.

This project was supported by the Federal Office of Rural Health Policy (FORHP), Health Resources and Services Administration (HRSA), U.S. 
Department of Health and Human Services (HHS) under cooperative agreement # U1CRH30041. The information, conclusions and opinions 
expressed in this document are those of the authors and no endorsement by FORHP, HRSA, HHS, or the University of Kentucky is intended or 
should be inferred.  ©2017 Rural & Underserved Health Research Center, University of Kentucky. 

http://ruhrc.uky.edu/
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Dependent Variables.  Past year drug use disorders were determined according to Diagnostic and Statistical 
Manual (DSM)-IV symptom and impairment criteria.  Illicit drug use includes the use of illegal drugs and the 
non-medical use of legal controlled substances.  Types of drugs included marijuana, cocaine, heroin, 
hallucinogens, inhalants, methamphetamine, pain medications, tranquilizers, stimulants, and sedatives.  We 
examined the presence of any past year drug use disorder as well as the prevalence of any past year opioid 
disorder, a past year heroin use disorder, and a past year prescription pain reliever use disorder.  The majority of 
prescription pain relievers are opioids (i.e., hydrocodone, oxycodone, tramadol, morphine, fentanyl, 
buprenorphine, oxymorphone, and hydromorphone products; Demerol; and Methadone); other pain relievers 
account for only 0.3% of past year prescription pain reliever use according to estimates from the 2015 NSDUH.5 

Independent Variables.  In addition to time periods and metropolitan/non-metropolitan residence, we adjusted 
for other covariates that could be associated with drug use disorders.  Demographics included age (18-25, 26-34, 
35-49, and 50-64 years), gender, and race/ethnicity (Hispanic, black/African American, Asian, other, and non-
Hispanic white).  Social characteristics were marital status (never married, divorced, widowed, and married) and
education (< high school graduate, high school graduate, some college, and college graduate).  Economic
characteristics were employment (unemployed, part-time, other, and full-time employment); household income
(< 100%, 100%-200%, and > 200% of the Federal poverty level); and health insurance (Medicaid, private
insurance, other insurance, and no insurance).

Analysis.  We conducted descriptive and bivariate analyses to compare and contrast prevalence rates for drug 
use disorders across metropolitan and non-metropolitan areas and time periods.  Next, we conducted logistic 
regression analyses to test for metropolitan versus non-metropolitan differences in the odds of drug use 
disorders after adjusting for 1) demographic characteristics only and 2) demographic, social, and economic 
characteristics.  All analyses accounted for the NSDUH’s complex sampling scheme and weights. 

Findings 
Weighted prevalence rates (%) for past year drug use disorders are shown in Figure 1. 

Figure 1. Past Year Drug Use Disorder Prevalence (%) over Time by Metropolitan Residence 
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The prevalence of any type of past year drug use disorder was statistically significantly (P < .05) higher among 
metropolitan than non-metropolitan adults ages 18-64 in unadjusted and adjusted analyses.  The prevalence of 
any drug use disorder increased significantly among metropolitan residents from 2011-2013 to 2014-2015.  The 
prevalence of a past year opioid use disorder was comparable among non-metropolitan and metropolitan adults 
ages 18-64 in unadjusted and adjusted analyses; these non-significant differences were stable over time.  The 
prevalence of a past year heroin use disorder was significantly higher among metropolitan than non-
metropolitan adults at each time period in unadjusted and adjusted analyses.  Adjusting for demographic, social, 
and economic factors, the prevalence of a heroin use disorder increased among non-metropolitan adults from 
2011-2013 to 2014-2015 and among metropolitan adults from 2008-2010 to 2011-2103.  Lastly, the prevalence 
of a prescription pain reliever use disorder remained similar among metropolitan and non-metropolitan adults at 
each time period in unadjusted and adjusted analyses.  However, the prevalence increased significantly among 
metropolitan adults from 2008-2010 to 2011-2013 after adjusting for demographic, social, and economic 
factors. 

Conclusions and Potential Policy Implications 

Using nationally representative data collected as part of the NSDUH, the findings presented here provide up-to-
date estimates of the prevalence of drug use disorders among metropolitan and non-metropolitan adults 18-64 
years of age.  Similar to prior findings from the NESARC-III, we found that drug use prevalence rates are only 
slightly higher among metropolitan than non-metropolitan adults.2  Recent reports have drawn attention to 
prescription drug misuse in rural communities,6 but very little prior empirical research has actually compared 
and contrasted prescription pain reliever disorder rates among metropolitan and non-metropolitan adults.  Using 
2015 NSDUH data, a recent study reported that prescription pain reliever use disorder prevalence was similar 
among metropolitan and non-metropolitan users of prescription pain relievers.7  This brief provides up-to-date 
estimates indicating that prescription pain reliever prevalence rates are similar among adults ages 18-64 in 
metropolitan and non-metropolitan counties.  This report’s findings also raise concerns about increases in heroin 
use disorders among non-metropolitan and metropolitan adults in recent years, or from 2011-2013 to 2014-
2015.  Heroin is more frequently injected than prescription pain relievers and is associated with Hepatitis C and 
HIV transmission.8  Moreover, because the compounds contained in heroin are often unknown, it is associated 
with a higher risk of overdose mortality than prescription pain reliever use.8   

Potential policy issues emerging from our research include: 
1) Insurance reimbursements for screening, brief intervention, and referral to treatment (SBIRT)9,10 in rural

primary care settings to help prevent the development of drug use disorders.
2) Capacity limitations of rural-serving outpatient and residential treatment programs.
3) Limited supply of behavioral health providers serving rural areas, including psychiatrists, clinical

psychologists, social workers, and psychiatric nurse practitioners.
4) A need to target substance abuse treatment, needle exchanges, and safe sex education programs toward areas

with rising heroin use.
5) Provider caps on the number of buprenorphine-prescribed patients, which limits access to Medication-

Assisted Treatment (MAT) for opioid use disorders.
In summary, we found that the prevalence of drug use disorders did not decline among non-metropolitan and 
metropolitan adults since 2008-2010 despite the implementation of substance use treatment and insurance 
expansion polices over this time period.  Thus, additional policies and interventions are arguably warranted to 
further promote access to treatment and reduce the prevalence of drug use disorders in the U.S.   
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Perceived Treatment Need and Utilization for  
Illicit Drug and Opioid Use Disorders in Non-Metropolitan Areas 

Tyrone F. Borders, PhD; Hefei Wen, PhD 

Background and Purpose 

An accompanying brief indicates that illicit drug use disorders are no longer a strictly metropolitan phenomenon 
and that heroin use disorder prevalence rates have risen among non-metropolitan adults ages 18-64 in recent 
years.1  Yet, a dearth of research has investigated treatment access among rural illicit drug users.  A review of 
past studies on rural treatment access found that most lacked national generalizability because they relied on 
treatment-based samples, noting that most persons with an illicit drug use disorder never seek treatment, or 
relied on small cohorts.2 

Perceived need for treatment represents recognition of a drug use problem and thinking that obtaining formal 
services could be beneficial, and it has been shown to be a strong precursor to actual treatment utilization.3-5  In 
a study of 2008-2012 data from the National Survey on Drug Use and Health (NSDUH), perceived treatment 
need was found to be strongly associated with substance use treatment utilization among persons with private 
insurance relative to those who did not feel a need for treatment and had no insurance.6  Its authors and other 
investigators have argued for further development of programs and policies to elevate public perceptions of the 
benefits of treatment to facilitate perceptions of treatment need and eventual treatment use.6,7 

This report examines metropolitan versus non-metropolitan differences and temporal changes in prevalence 
rates for past year perceived need for treatment and treatment utilization among adults ages 18-64 with a past 
year illicit drug use disorder (any type of illicit drug, opioid, heroin, and prescription pain reliever use 
disorders). 
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Overview of Key Findings 

The policy brief provides nationally representative estimates of perceived treatment need and utilization 
for illicit drug and prescription pain reliever use disorders among non-metropolitan and metropolitan 
adults ages 18-64.  Rates of perceived treatment need and utilization were low among non-metropolitan 
(rural) residents with past year drug use disorders in 2014-2015 as highlighted below: 

Drug Use Disorder  Perceived Need  Treatment Use 
▪ Any drug  6.7% 13.7% 
▪ Opioid 11.5% 24.1% 
▪ Heroin 25.7% 25.7% 
▪ Rx pain reliever 13.2% 20.6% 

Perceived treatment need and utilization changed little from 2008-2010 to 2014-2015 despite the 
implementation of policies intended to increase treatment access over this time period.  
 

http://ruhrc.uky.edu/
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Methods 
Data.  We conducted analyses of nationally representative data from the National Survey on Drug Use and 
Health (NSDUH) for the years 2008-2015.  The NSDUH is a series of nationally and state-representative 
surveys administered in-person and the primary source of information on substance use behaviors by the U.S. 
household population.  Metropolitan and non-metropolitan status was defined according to U.S. Office of 
Management and Budget definitions.   

We combined several years of data (2008-2010, 2011-2013, and 2014-2015) to achieve adequate sample sizes to 
compare and contrast temporal changes amongst metropolitan and non-metropolitan adults 18-64 years of age.  
These combined years correspond to major substance use treatment policies (implementation of initial parity 
laws in 2008-2010, early insurance expansion in 2011-2013, and clarification of parity laws and further 
insurance expansions in 2014-2015). 

The NSDUH includes structured interviews to illicit Diagnostic and Statistical Manual-IV (DSM-IV) diagnoses 
of illicit drug use disorders.  In this study, we focused on 4 types of past year illicit drug use disorders:  1) any 
type of illicit drug use disorder (illicit refers to the use of illegal drugs, such as heroin, and the misuse of legal 
drugs, such as prescription opioid pain relievers), 2) opioid use disorder (which includes heroin and other types 
of opioid use), 3) heroin use disorder, and 4) prescription pain reliever use disorder (the NSDUH queries about 
prescription pain reliever use, of which the vast majority are opioids).  

We restricted our analyses to persons who satisfied DSM-IV criteria for an illicit drug use disorder in the same 
survey year.  For example, when analyzing perceived need for treatment for any illicit drug use, we limited the 
sample to persons with any past year illicit drug use disorder; when analyzing perceived need for treatment for 
opioid use disorder, we limited the sample to persons with a past year opioid use disorder specifically.  For the 
analyses of persons with heroin and prescription pain reliever use disorders, we combined all years of data 
because of small sample sizes and thus we were not able to conduct analyses of changes over time. 

Dependent Variables.  Perceived need for drug use treatment was defined as self-reported need for the 
treatment of illicit drug use in the past 12 months as measured by answering “yes” to at least one of the 
following questions:  "During the past 12 months, did you feel the need for treatment for your use of (detailed 
drug type)?" and "During the past 12 months, did you feel additional need for treatment for your use of (detailed 
drug type)?"  Drug use treatment utilization was defined as whether the respondent reported receiving treatment 
for any type of illicit drug use in any of the following settings:  hospital inpatient setting, rehabilitation inpatient 
setting, rehabilitation outpatient clinic, and outpatient mental health center.  We also included whether the 
respondent received treatment at a physician clinic for opioid use disorder treatment (both heroin and 
prescription pain medications) as a proxy for buprenorphine medication-assisted treatment (MAT) that is 
usually provided by office-based physicians under the Drug Addiction Treatment Act (DATA) waiver 
mechanism.  We excluded services at an emergency department or self-help group as they would not involve 
intensive treatment; and we excluded services at jail/prison as they could be mandated by the legal system. 

Independent Variables.  Time periods were categorized as 2008-2010, 2011-2013, and 2014-2015.  
Metropolitan and non-metropolitan residence was defined according to U.S. Office of Management and Budget 
definitions.  Demographics included age (18-25, 26-34, 35-49, and 50-64 years), gender, and race/ethnicity 
(Hispanic, black/African American, Asian, other, and non-Hispanic white).  Social characteristics were marital 
status (never married, divorced, widowed, and married) and educational status (< high school graduate, high 
school graduate, some college, and college graduate).  Economic characteristics included employment 
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(unemployed, part-time, other, and full-time employment), household income (< 100%, 100%-200%, and > 
200% of the Federal poverty level), and health insurance (Medicaid, private insurance, other, and none). 

Statistical Analysis.  We conducted descriptive analyses to compare and contrast prevalence rates of perceived 
treatment need and utilization between non-metropolitan and metropolitan adults ages 18-64 who satisfied 
criteria for an illicit drug use disorder.  We then conducted logistic regression analyses to test for metropolitan 
versus non-metropolitan differences in the odds of perceived treatment need and utilization after adjusting for 1) 
demographic characteristics and 2) demographic, social, and economic characteristics.  All analyses accounted 
for NSDUH’s sampling scheme and weights. 

Findings 
Any Illicit Drug and Opioid Use Disorders:  Perceived Treatment Need and Utilization 
As shown in Figure 1, perceived treatment need ranged from a low of 6.7% in 2014-2015 to a high of 11.3% in 
2011-2013 among non-metropolitan residents with any illicit drug use disorder.  These rates did not 
significantly differ by metropolitan status or change over time in unadjusted or adjusted analyses.    

Rates of perceived treatment need did not differ significantly between metropolitan and non-metropolitan 
residents with an opioid use disorder in unadjusted and adjusted analyses.  However, perceived treatment need 
increased significantly (P < .05) between 2008-2010 and 2011-2013 among non-metropolitan adults. 

Figure 1.  Perceived Treatment Need:  Any Illicit Drug and Opioid Use Disorders 

Figure 2 shows that treatment use ranged between a low of 11.0% in 2011-2013 to a high of 13.7% in 2014-
2015 among non-metropolitan residents with any illicit drug use disorder.  Past year treatment rates for any 
illicit drug use disorder did not significantly differ by metropolitan status in unadjusted or adjusted analyses. 
Treatment use increased significantly from 2008-2010 to 2011-2013 among metropolitan residents when 
adjusting for other factors.   

Treatment use rates were higher among persons with an opioid use disorder.  Metropolitan residents had 
significantly higher adjusted and unadjusted treatment rates than non-metropolitan residents during 2011-2013 
only.  Treatment rates increased significantly among metropolitan residents between periods 2008-2010 and 
2011-2013 and among non-metropolitan residents between 2011-2013 and 2014-2015. 
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Figure 2.  Treatment Use:  Any Illicit Drug and Opioid Use Disorders 

Heroin and Prescription Pain Reliever Use Disorders:  Perceived Treatment Need and Utilization 
Again, we did not conduct analyses of temporal changes in perceived treatment need and utilization among 
adults with a heroin or prescription pain reliever use disorder because of small sample size limitations.  
Therefore, estimates reported in Figures 3 and 4 are from 2008-2015 combined NSDUH data.  As shown in 
Figure 3, perceived treatment need did not differ significantly in unadjusted and adjusted analyses between 
metropolitan and non-metropolitan residents with a heroin use disorder.  However, perceived treatment need 
was higher among non-metropolitan than metropolitan residents with a prescription pain reliever use disorder 
in unadjusted and adjusted analyses.  

Figure 3.  Perceived Treatment Need:  Heroin and Prescription Pain Reliever Use Disorders 

Figure 4 shows population-weighted rates of any treatment use among persons satisfying criteria for heroin and 
prescription pain reliever use disorders.  Treatment rates were significantly higher among metropolitan than 
non-metropolitan residents with a heroin use disorder in unadjusted and adjusted analyses.  Treatment rates 
were comparably lower among persons with a prescription pain reliever use disorder and did not significantly 
differ by metropolitan status. 
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Figure 4.  Treatment Utilization:  Heroin and Prescription Pain Reliever Use Disorders 

Conclusion and Potential Policy Implications 

Perceiving a need for treatment is considered an essential first step in the treatment-seeking process and has 
been shown to be strongly associated with treatment utilization.3-5  The findings presented in this brief indicate 
that the vast majority of non-metropolitan adults ages 18-64 who satisfy criteria for an illicit drug use disorder 
do not perceive that they need treatment and do not receive any formal treatment services.  Despite several 
health policies aimed at increasing access to substance use treatment services over the study period, including 
implementation of initial parity laws in 2008-2010, early insurance expansion in 2011-2013, and clarification of 
parity laws and further insurance expansions in 2014-2015, our study found very few changes over time in 
perceived treatment need and utilization.   Potential policy issues emerging from our research include: 

1) The need to stimulate positive perceptions about treatment need among illicit drug users and their families
and friends.  Because perceived need is strongly associated with the decision to seek treatment, efforts to
promote the benefits of treatment could facilitate actual treatment utilization.7,8

2) The importance of screening, brief intervention, and referral to treatment (SBIRT) in rural primary care.
SBIRT has been shown to be an effective means of identifying persons with drug use problems,9,10 but many
rural primary care providers may need assistance linking patients who screen positive for illicit drug or
prescription pain reliever use problems to outpatient or residential drug use treatment.

3) Capacity limits of rural-serving outpatient and residential treatment programs.  Substance use treatment
organizations and providers may need incentives to serve non-metropolitan market areas.

4) Limited supply of behavioral health providers serving rural areas, including psychiatrists, clinical
psychologists, social workers, and psychiatric nurse practitioners.  Prior research has shown that all of these
providers are less available in non-metropolitan counties.11  Increasing the supply of behavioral health
counselors could also help assure that persons with opioid use disorders receiving buprenorphine as part of
Medication-Assisted Treatment also receive psychosocial treatment (e.g., assessment of psychosocial needs,
counseling or cognitive behavioral therapy, and referrals to community social services).12

5) Providers’ caps on the number of buprenorphine-prescribed patients.  The Federal government recently
raised the cap from 100 to 275 patients, but prior research suggests buprenorphine utilization (for opioid use
disorders) is more strongly associated with increases in patient caps than increases in physicians prescribing
buprenorphine.13
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POLICY BRIEF

Early-Career and Graduating Physicians More Likely
to Prescribe Buprenorphine
Lars E. Peterson, MD, PhD, Zachary J. Morgan, MS, and Aimee R. Eden, PhD, MPH

Using data from 2016 to 2018, we demonstrate a sharp increase in graduating family medicine resi-
dents and early-career family physicians who intend to or actually prescribe buprenorphine with no
change in mid-to-late-career physicians. Family physicians are responding to the opioid crisis but,
growing the family medicine workforce to treat opioid-use disorder will require a larger response from
mid-to-late-career physicians. (J Am Board Fam Med 2020;33:7–8.)

Keywords: Buprenorphine, Family Physicians, Opioid-Related Disorders, Opioids, Prescriptions, Residency

Deaths attributed to drug overdoses have increased
in the United States from 16,651 in 2010 to 70,237
in 2017, with two thirds of these being from opi-
oids.1,2 Despite increasing need, only 35% of those
needing treatment for a opioid-use disorder
(OUD) received treatment in 2015 to 2017.3 In late
2015, only 31% of family medicine (FM) residen-
cies reported having a recent graduate obtain a
buprenorphine waiver in the prior year4 and only
7% of 2013 FM residency graduates were prescrib-
ing buprenorphine.5 Given the increased need for
treatment of OUD, our objective was to determine
the proportion of family physicians (FPs) who pre-

scribe, or intend to prescribe buprenorphine, at
various stages in their careers.

We used data from the 2017 and 2018 American
Board of Family Medicine (ABFM) Family Medi-
cine Certification Examination registration ques-
tionnaires6 and the 2016 through 2018 Family
Medicine National Graduate Survey.7 The exami-
nation registration questionnaires are completed 3
to 4 months before examination date and are a
required component of registration.6 We used data
from both residents signing up for their initial
certification examination and from FPs seeking to
continue their certification, usually a minimum of 7
to 10 years after residency graduation. The gradu-
ate survey is administered to ABFM diplomates 3
years after residency training. The following
groups were asked whether they prescribed bu-
prenorphine: all respondents to the graduate survey
(“early career”) all graduating residents when reg-
istering for their initial ABFM certification exami-
nation (“certification”), and a 20% sample of prac-
ticing FPs (“mid to late career”). Certification
candidates were asked about intentions to pre-
scribe, as opposed to actual prescribing. We sum-
marized the proportion in each cohort by year. The
American Academy of Family Physicians Institu-
tional Review Board approved this study.

The response rates varied from 67% to 100%. A
total of 16,740 FPs data were included: 1630 to
3536 in each cohort (Figure 1). Certification can-
didates’ intentions to prescribe buprenorphine in-
creased from 14.8% to 18.7% from 2017 to 2018.
The proportion prescribing buprenorphine in-
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creased among early-career FPs from 7.1% to
13.1% from 2016 to 2018, while mid-to-late-career
FPs prescribing rates were flat at just over 5%.

We found large increases in both intention and
actual prescribing of buprenorphine by early-career
FPs, but flat rates among mid-to-late-career FPs.
Our results suggest that residency programs are
likely responding to the opioid crisis by preparing
FPs to treat OUD. This is supported by past work
that found only 10% of 2013 FM residency grad-
uates were prepared to prescribe buprenorphine
(the 2016 early career FPs in this study) with prep-
aration being the largest predictor of prescribing.4

The increasing intentions of graduating residents
likely reflects curricular shifts, 30% of residencies
had an addiction medicine curriculum in 2015,4

toward training FPs to treat OUD, and hopefully
substance-use disorder as well. With training
rooted in the biopsychosocial model, and a large
presence in rural areas, FPs are essential to treating
the opioid epidemic and all residencies should pro-
duce graduates who can treat OUD. Additional
support for later career FPs to add OUD treatment
to their practice are needed as early-career FPs will
not be sufficient to meet patient demand. Figure 1.

To see this article online, please go to: http://jabfm.org/content/
33/1/7.full.
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Figure 1. Family physician Buprenorphine prescribing and intention to prescribe, 2016–2018 (n � 16,740).
� Family Physicians at residency graduation (Certification) were asked about intention to prescribe. ^Family
physicians 3 Years out of residency (Early Career) and practicing Family physicians at least 7–10 years out of
residency (Mid to Late Career) were asked about whether they prescribed Buprenorphine. Numbers at end of each
bar signify the actual number prescribing or intending to prescribe over the denominator in each cohort.
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BRIEF REPORT

Practice Predictors of Buprenorphine Prescribing by
Family Physicians
Lars E. Peterson, MD, PhD, Zachary J. Morgan, MS, and Tyrone F. Borders, PhD

Introduction: Both opioid use disorder and mortality for opioid overdoses are increasing. Family phy-
sicians (FPs) can treat opioid use disorder if they are waivered to prescribe buprenorphine. Our objec-
tive was to determine personal, practice, and community characteristics associated with FPs prescribing
buprenorphine.

Methods: We used data from the 2017 and 2018 American Board of Family Medicine examination
registration questionnaire. The questionnaire asked about current prescribing of buprenorphine, as
well as about practice size, organization, and location. Logistic regression was used to determine asso-
ciations between buprenorphine treatment and individual, practice, and county characteristics.

Results: The questionnaire had a 100% response rate. After excluding FPs in noncontinuity practices
and those who could not be linked to a US county, our final sample was 2726. Only 161 (5.9%) pre-
scribed buprenorphine. Practice in a Federal Qualified Health Center (adjusted Odds Ratio [aOR] �
1.98 (95% CI, 1.08, 3.63)), in solo practice (aOR � 2.60 (1.38, 4.92)), or with a mental health profes-
sional (aOR � 2.70 (1.73, 4.22)) were positively associated with prescribing buprenorphine. Practice
in a rural county or in a whole county mental health professional shortage area were not associated
with buprenorphine prescribing.

Discussion: Few FPs prescribed buprenorphine, but those in practice settings with supporting men-
tal health services were more likely to prescribe. With their training in the biopsychosocial model and a
more even distribution across the rural continuum, FPs are perfectly situated to meet the increasing
need for medication-assisted treatment. However, ensuring they have supporting mental health services
will be central to having more FPs provide medication-assisted treatment. (J Am Board Fam Med 2020;
33:118–123.)

Keywords: Buprenorphine, Family Physicians, Logistic Models, Mental Health Services, Opioid-Related Disorders,
Opioids, Rural Health, Primary Health Care

In 2017 there were 70,237 drug overdose deaths in
the US, with two thirds of these attributed to opi-
oids.1 Medication-assisted treatment (MAT) with

either methadone or buprenorphine is effective in
reducing illicit substance use,2 but access to treat-
ment can be challenging. Buprenorphine can be
prescribed by clinicians who have completed addi-
tional training as part of their usual practice, but
methadone can only be accessed at an outpatient
treatment facility that patients visit daily. Analyses
of the 2012 waivered clinician registry found that
nationally there were 5.8 waivered physicians per
10,000 county residents and that family physicians
(FPs) were the second most common physician
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specialty waivered at 3.6%, behind psychiatry.3 An
update using the 2017 registry found that the avail-
ability of any clinician (nurse practitioners and phy-
sician assistants gained the ability to become waiv-
ered since 2012) with a waiver increased to 10.3 per
10,000 county residents but rural disparities re-
mained.4 Unfortunately, this updated analysis did
not provide a breakdown by specialty, so the rate of
growth in buprenorphine waivered FPs is un-
known. Evidence of an increase in availability of
MAT is corroborated by an analysis of ambulatory
care visits from 2006–2008 and 2012–2014, that
found the number of primary care visits where
buprenorphine was prescribed increased 6.7-fold.5

Obtaining a waiver to prescribe buprenorphine
is not sufficient for patient access as many physi-
cians with a waiver report not using it.6 A signifi-
cant barrier is access to mental health services, as
counseling is a critical part of treatment, particu-
larly during initiation. A survey of buprenorphine
prescribers found that rural physicians were more
likely to have patients use nonintegrated counseling
services while physicians in urban areas were more
likely to have integrated resources.7,8 Access to
mental health resources is particularly problematic
in rural areas due to lower clinician availability.9,10

While past research has documented disparities
in location and logistic barriers to prescribing bu-
prenorphine, it remains unknown if practice fea-
tures are associated with prescribing buprenor-
phine. Our objective was to examine whether
rurality of practice location, individual physician
and practice characteristics, and county-level men-
tal health services are associated with FPs’ prescrib-
ing of buprenorphine.

Methods
We used data from the 2017 and 2018 American
Board of Family Medicine (ABFM) Family Medi-
cine Certification Examination practice demo-
graphic registration questionnaire.11 The question-
naire is completed by FPs applying to continue
their ABFM certification 3 to 4 months before the
examination date. It is a required component of the
registration process and has a 100% response rate.
Examination cohorts are representative of the
larger pool of ABFM diplomates.11 In both years, a
representative 20% sample was given a question
set, which also yields a 100% response rate, on
additional scope of practice items, including bu-
prenorphine prescribing.

Practice features included size, organization,
ownership stake, ability to deal with patient’s social
needs, percent of vulnerable patients, and presence
of mental health professionals. Respondents were
asked if they provided primarily continuity or non-
continuity (urgent care, hospitalist, emergency,
etc.) care and if they held other Board certifica-
tions. Practice address was geocoded and we used
Rural Urban Continuum Codes 4 to 9 to define
rural practice location.12 County level data on
Health Professional Shortage Area (HPSA) for
mental health were obtained from the Area Health
Resource File. We obtained physician demograph-
ics (age, gender, degree type, medical school loca-
tion) from ABFM administrative datasets.

We dichotomized age at the median (50 years)
for analysis. While younger FPs have higher bu-
prenorphine prescribing rates,13 there were few
FPs less than 40 years old in our study cohort to
categorize age by decade because the first ABFM
continuing certification examination is generally 7
to 10 years after residency graduation. We consol-
idated Rural Health Clinic, Indian Health Service,
and Government clinic nonfederal into an “other
public” category for analysis due to small numbers.
We created a variable indicating collaborative men-
tal health if the FP indicated any of the following
worked collaboratively with them at their prac-
tice—Psychiatric Nurse Practitioner, Psychiatrist,
Licensed Social Worker, Psychologist/Other Be-
havioral Health Specialist, non-MD. Mental health
HPSA reflected whole-county shortage status.

We limited our sample to those who primarily
provided continuity care and whose address was
linked to a county. We then described the data and
performed bivariate tests for association with bu-
prenorphine prescribing. Prior work found rural
buprenorphine prescribers were less likely to be in
solo practices.7 We assessed the relationship be-
tween practice size and rurality with buprenorphine
prescribing. Then we tested for collinearity and
correlation. We found practice ownership was
highly correlated with site size; percent vulnerable
patients and ability to address social determinants
highly correlated with practice organization. Due
to these dependencies, we removed ownership, per-
cent vulnerable patients, and ability to address so-
cial determinants from the analysis. Finally, we
conducted logistic regression analyses to determine
associations between personal, practice, and county
level characteristics. We assessed the need for a
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county clustered analysis by calculating the intra-
class correlation and found a value of 20%; how-
ever, nearly 90% of our rural sample were in coun-
ties by themselves, which inflated this value, and we
conducted standard regression analyses. We used
SAS Version 9.4 (Cary, NC) for all analyses. Our
study was approved by the American Academy of
Family Physicians Institutional Review Board.

Results
A total of 18,762 FPs completed the 2017 and 2018
questionnaires and 3753 completed the question set
that asked about buprenorphine prescribing. Of
these, 25 were excluded due to missing county
information and 1002 were excluded for not pro-
viding continuity care, leaving a final sample size of
2726. Overall 5.9% prescribed buprenorphine. A
majority were male, over age 50 years, white race,
and held an MD degree (Table 1). Around a third
were in hospital-owned or private practice, with
6.3% in a Federally Qualified Health Center
(FQHC). Few FPs were in solo practices and
slightly more than a third worked collaboratively
with a mental health professional. Fifteen percent
resided in a rural county and twenty percent lived
in a whole-county mental health HPSA. In bivari-
ate analyses, only presence of a mental health pro-
fessional and practice organization were associated
with buprenorphine prescribing with FPs in
FQHCs and academic settings having the highest
rates (Table 2). FPs in practices with a mental
health professional prescribed buprenorphine at
nearly double the rate (8.7% vs 4.4%) of those
without.

We analyzed practice size by rural/urban loca-
tion and found that rural FPs in both solo practice
and large practices had higher prescribing rates,
with solo rural FPs having the highest rate at 17%
(Table 3). None of the 7 solo practice rural physi-
cians indicated they held Addiction Medicine cer-
tification.

In adjusted analysis, no personal characteristics
were associated with buprenorphine prescribing
(Table 4). Working in an FQHC (adjusted Odds
Ratio [aOR] � 1.98 (95% CI, 1.08, 3.63)) was
positively associated with prescribing while work-
ing in a Health Maintenance Organization (aOR �
0.37 (0.14, 0.99)) or hospital-owned practice (aOR �
0.53 (0.33, 0.87)) were negatively associated with pre-
scribing buprenorphine compared with private prac-

tice. FPs in solo practices had higher odds of prescrib-
ing compared with those in large practices (aOR �
2.60 (1.38, 4.92)). Working collaboratively with a
mental health professional was positively associ-
ated with prescribing buprenorphine (aOR �
2.70 (1.73, 4.22)) while being in a mental health
HPSA was not associated with prescribing.
There was no association with rural location and
prescribing.

Discussion
Using a large representative sample of FPs, we
found that only 6% prescribed buprenorphine but
that practice in an FQHC, solo practice, or having
collaborative mental health were positively corre-
lated with prescribing. These findings indicate that

Table 1. Physician, Practice, and County
Characteristics of Family Physicians Registering to
Continue their American Board of Family Medicine
Certification in 2017 and 2018 (n � 2726)

N (%)

Prescribes Buprenorphine 161 (5.9)
Physician characteristics

Male gender 1,556 (57.1)
Age �50 years 1,492 (54.7)
White race 1,972 (72.3)
Hispanic ethnicity 189 (6.9)
MD degree vs. DO degree 2,458 (90.2)
International medical graduate 600 (22.0)

Practice characteristics
Practice organization

Academic health center 186 (6.8)
Federally qualified health center 173 (6.3)
Federal 90 (3.3)
Health maintenance

organization
173 (6.3)

Hospital owned 917 (33.6)
Miscellaneous/other 125 (4.6)
Other public 128 (4.7)
Private practice 934 (34.3)

Site size
Solo practice 306 (11.2)
2 to 5 providers 938 (34.4)
6 to 20 providers 838 (30.7)
�20 providers 644 (23.6)

Any mental health professional 967 (35.5)
County characteristics

Whole county health professional
shortage area—mental health

519 (19.0)

Rural county 405 (14.9)
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Table 2. Physician, Practice, and County Characteristics of Family Physicians Registering to Continue their
American Board of Family Medicine Certification in 2017 and 2018 by Whether they Prescribe Buprenorphine
(n � 2726)

Prescribes Buprenorphine,
N (%)

Does not Prescribe Buprenorphine,
N (%)

Physician characteristics n � 161 n � 2565
Gender

Male 100 (6.4) 1456 (93.6)
Female 61 (5.2) 1109 (94.8)

Age
Under 50 67 (5.4) 1167 (94.6)
50 or older 94 (6.3) 1398 (93.7)

Race
White 113 (5.7) 1859 (94.3)
Non-White 48 (6.4) 706 (93.6)

Ethnicity
Hispanic or Latino 13 (6.9) 176 (93.1)
Not Hispanic 148 (5.8) 2389 (94.2)

Degree type
DO 13 (4.9) 255 (95.1)
MD 148 (6.0) 2310 (94.0)

International medical graduate
Yes 35 (5.8) 565 (94.2)
No 126 (5.9) 1993 (94.1)

Practice characteristics
Practice Organization*

Academic Health Center 19 (10.2) 167 (89.8)
Federally qualified health center 27 (15.6) 146 (84.4)
Federal 2 (2.2) 88 (97.8)
Health maintenance organization 5 (2.9) 168 (97.1)
Hospital owned 31 (3.4) 886 (96.6)
Miscellaneous/other 9 (7.2) 116 (92.8)
Other public 8 (6.3) 120 (93.8)
Private practice 60 (6.4) 874 (93.6)

Site size
Solo practice 28 (9.2) 278 (90.8)
2 to 5 providers 51 (5.4) 887 (94.6)
6 to 20 providers 42 (5.0) 796 (95.0)
�20 providers 40 (6.2) 604 (93.8)

Any mental health professional*
Yes 84 (8.7) 883 (91.3)
No 77 (4.4) 1682 (95.6)

County characteristics
Whole county health professional shortage area—mental

health
Yes 26 (5.0) 493 (95.0)
No 135 (6.1) 2072 (93.9)

Rurality
Rural 26 (6.4) 379 (93.6)
Urban 135 (5.8) 2186 (94.2)

*P value for �2 test � .05.
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few FPs are prescribing buprenorphine but rein-
forces past work that those in practices with mental
health resources, which includes FQHCs, are more
likely prescribe.6,14

Prior work found that rural buprenorphine pre-
scribers were less likely to be in solo practices.7 We

found that solo practice was positively and signifi-
cantly associated with prescribing buprenorphine
and that rural FPs in solo practice settings had the
highest rates of prescribing. We suspected these
FPs might hold additional certification in addiction
medicine and may be running an addiction focused
practice but, none held addiction certification. This
finding, together with lack of association between
mental health HPSA status and prescribing sug-
gests that FPs in any practice setting can overcome
access barriers to mental health care for their opi-
oid use disorder (OUD) patients. However, past
work documented a sharp decline in the colocation
of primary care physicians with both psychologists
and behavioral health clinicians with increasing ru-
rality,15 indicating a policy lever to support FPs
treating OUD.

Other reports of ABFM data found that the
percent of graduating residents and early-career
FPs who intend, or are, prescribing buprenorphine
is higher than that of mid-to-late career FP’s and is
increasing.13 These findings indicate that early ca-
reer FPs may be more likely to prescribe as addic-
tion medicine training is becoming more common
in family medicine residencies16 but, that other
educational or practice changes will need to occur
to induce FPs further from training to prescribe
buprenorphine.

Our study is subject to limitations. First, our
data are cross-sectional and we cannot infer causal-
ity. Second, we lacked data on how many patients
FPs are treating and there may be differential as-
sociations for those treating 100, or more, patients.
Third, despite a large overall sample size, with only
6% prescribing and 15% rural, we lacked power to
run stratified analyses or test for interactions.

In conclusion, we found that few FPs prescribed
buprenorphine but, those with practice settings and
features supporting mental health services were
more likely to prescribe. With training in the bio-

Table 3. Percent of Family Physicians Prescribing Buprenorphine by Primary Practice Site Size and Rural/Urban
Status in 2017 and 2018

Site size Rural, N (%) Urban, N (%) Total, N (%)

Solo practice (n � 306) 7 (17.1) 21 (7.9) 28 (9.2)
2 to 5 providers (n � 938) 6 (3.3) 45 (6.0) 51 (5.4)
6 to 20 providers (n � 838) 9 (6.4) 33 (4.7) 42 (5.0)
�20 providers (n � 644) 4 (9.8) 36 (6.0) 40 (6.2)

Number and percent represent the percentage of family physicians in each size of practice who prescribe buprenorphine.

Table 4. Adjusted Associations between Personal,
Practice, and County Characteristics with Family
Physicians Prescribing Buprenorphine in 2017 and
2018

Odds Ratio
(95% CI)

Physician characteristics
Male gender 1.39 (0.97, 1.97)
Age �50 years 1.03 (0.73, 1.46)
White race 0.82 (0.55, 1.22)
Hispanic ethnicity 1.18 (0.63, 2.22)
MD degree vs. DO degree 1.01 (0.55, 1.84)
International medical graduate 1.08 (0.69, 1.68)

Practice characteristics
Practice organization

Academic health center 1.29 (0.67, 2.48)
Federally qualified health center 1.98 (1.08, 3.63)
Federal 0.24 (0.05, 1.03)
Health maintenance

organization
0.37 (0.14, 0.99)

Hospital owned 0.53 (0.33, 0.87)
Miscellaneous/other 0.97 (0.45, 2.08)
Private practice Reference
Other public 0.84 (0.36, 1.93)

Site size
Solo practice 2.60 (1.38, 4.92)
2 to 5 providers 1.48 (0.89, 2.45)
6 to 20 providers 0.90 (0.56, 1.44)
�20 providers Reference

Any mental health professional 2.70 (1.73, 4.22)
County characteristics

Health professional shortage
area—mental health

0.72 (0.42, 1.23)

Rural County 1.28 (0.73, 2.23)

CI, confidence interval
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psychosocial model, and whole-person orientation,
and a more even distribution with the population
across the rural continuum, FPs are perfectly situ-
ated to meet increasing need for MAT. However,
ensuring they have supporting mental health ser-
vices may be central to more FPs providing MAT.

To see this article online, please go to: http://jabfm.org/content/
33/1/118.full.
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Risky Substance Use Behaviors Among Adolescents Residing in Non-
Metropolitan and Metropolitan Counties in the United States, 2017-2018 

Tyrone Borders, PhD; Michael Singleton, PhD; Katie Youngen, MPH 

Overview of Key Findings 

• Tobacco Use.  The prevalence of any past year tobacco use was significantly higher among non-metropolitan
than metropolitan adolescents (13.9% vs. 8.3%).  Daily cigarette use in the past 30 days was more than 3
times more prevalent among non-metropolitan than metropolitan adolescents (1.0% vs. 0.3%) and the
difference was also statistically significant.

• Alcohol Use.  Alcohol was the most commonly used substance among both non-metropolitan and
metropolitan adolescents, although the differences in prevalence rates for past year and past 30-day alcohol
use were not statistically significant.  In the past year, 21.8% of non-metropolitan and 21.7% of metropolitan
adolescents drank alcohol.  In the past 30 days, 9.3% of non-metropolitan adolescents and 9.6% of
metropolitan adolescents drank alcohol, and more than half of each group reported binge drinking.

• Illicit Drug Use.  Prevalence rates for most illicit drugs were similar among non-metropolitan and
metropolitan adolescents, with two exceptions.  The prevalence of past year methamphetamine use was
significantly higher among non-metropolitan than metropolitan adolescents (0.3% vs 0.2%), and the
prevalence of past 30-day hallucinogen use was significantly lower among non-metropolitan than
metropolitan adolescents (0.2% vs. 0.6%).

Introduction 

A limited body of prior literature describes rates of risky substance use, including alcohol, tobacco, and illicit 
drugs (e.g., marijuana, cocaine, heroin, methamphetamine, and other illicit substances) among non-metropolitan 
and metropolitan adolescents nationally.  Many published works that compare rates of alcohol, tobacco, and 
other illicit substance use between non-metropolitan and metropolitan adolescents are based on statewide 
surveys or cohort studies,1-3 making it difficult to generalize their findings nationally. 

The literature that does exist has yielded some consistent findings about risky substance use patterns among 
adolescents.  First, non-metropolitan adolescents are more likely to report tobacco use (particularly chewing 
tobacco and cigarettes) than metropolitan adolescents, a finding supported by the 2016 Monitoring the Future 
survey.2,4-6  Ziller and colleagues found that between 2008-2010 and 2014-2016, cigarette smoking rates 
declined for both rural and urban youth, but rural declines lagged urban.  When controlling for socioeconomic 
characteristics, rural youth had 50% higher odds of smoking than their urban peers during 2014-2016.7  Another 
finding is that adolescents in non-metropolitan areas report prescription opioid misuse more often than  
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adolescents in metropolitan areas, based on the 2008 and 2012 NSDUH surveys.8,9  One study using the 2012 
NSDUH estimates that, controlling for various risk factors, “rural adolescents have 35% greater odds... of past-
year prescription opioid misuse” compared to “large urban adolescents,” defined as those who live in a 
metropolitan area with one million or more residents.8  A 2012 study using multiple nationwide surveys 
estimated that “by 17 years of age, most adolescents (59% to 71%) had consumed alcohol, 31% to 44% had 
tried cannabis, and 4% to 6% had tried cocaine.”10  Nationally, rates of substance use among adolescents have 
been decreasing in recent years, a finding supported by analyses of the 2014 NSDUH10 and the 2016 MTF 
survey.12  Lastly, a 2019 data brief by the Centers for Disease Control and Prevention found that adolescents 
and young adults ages 15-24 in non-metropolitan areas were significantly less likely than their metropolitan 
peers to die from drug overdoses attributable to natural or semisynthetic opioids, heroin, synthetic opioids (not 
including methadone), cocaine, and psychostimulants.13  

Adolescent substance use is a risk factor for developing a substance use disorder as an adult,14,15 underlying the 
importance of measuring and understanding the prevalence of risky substance use among adolescents.  
Furthermore, adolescent substance use is associated with impaired or dangerous driving, sexually transmitted 
infections, and juvenile delinquency, leading to poor health outcomes, legal problems, and injury or death.16

Study Purpose 
The purpose of this study was to compare the prevalence of key risky substance use behaviors (tobacco, alcohol, 
and illicit drug use) among adolescents, or individuals 12 to 17 years of age, residing in non-metropolitan (rural) 
and metropolitan (urban) counties nationally.  

Methods 
Data.  We combined public data files for 2017 and 2018 from the National Survey on Drug Use and Health 
(NSDUH), a series of nationally representative in-person surveys administered by the Substance Abuse and 
Mental Health Services Administration (SAMHSA).  NSDUH is the primary source of information on substance 
use behaviors among the civilian, non-institutionalized population of the United States ages 12 years and older.  
The focus of this brief is risky substance use behaviors among adolescents, defined as persons 12 to 17 years of 
age.  A companion brief examines risky substance use behaviors among adults ages 18 years and older.  
Metropolitan (N=1,871; weighted N=1,768,083) and non-metropolitan (N=811; weighted N=494,132) status 
was defined according to U.S. Office of Management and Budget definitions.  NSDUH classifies county of 
residence as large metropolitan, small metropolitan, or non-metropolitan.  For this brief, large and small 
metropolitan areas were combined to form a single category for residents of metropolitan counties. 

Risky Substance Use Behaviors.  We considered three categories of risky substance use behavior, including 
tobacco use, alcohol use, and illicit drug use.  In the NSDUH, “any tobacco” includes cigarettes, cigars, pipes, 
and smokeless tobacco.  Note that for 2017 and 2018 the NSDUH did not include questions differentiating e-
cigarettes or nicotine vapes from other tobacco products.  Types of illicit drugs include marijuana, cocaine, 
heroin, hallucinogens, inhalants, methamphetamine, pain medications, tranquilizers, stimulants, and sedatives.  
Specific examples and notes on the inclusion criteria for selected illicit drugs are shown in Table 1.  We 
examined the presence of the following substance use behaviors during the past year:  any tobacco use; any 
illicit drug use; heroin, cocaine, methamphetamine, marijuana, or inhalant use; and misuse of prescription pain 
relievers, sedatives, stimulants, tranquilizers, and hallucinogens.  We examined the same substance use 
behaviors in the past 30 days in addition to the following variables that are available in NSDUH for the previous 
30 days only:  daily cigarette use; binge alcohol use (5 or more drinks on the same occasion for  
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males, or 4 or more for females, on at least 1 day in the past 30 days); and heavy alcohol use (5 or more drinks 
on the same occasion for males, or 4 or more for females, on each of 5 or more days in the past 30 days).  

Table 1. Selected Illicit Drugs Included in Analysis and Examples/Notes 

Illicit Drug Category Examples/Notes 

Methamphetamine Differentiated from cocaine and prescription stimulants (see stimulants). 
Cocaine Includes powder and crack cocaine. 
Hallucinogens LSD, PCP, peyote, mescaline, psilocybin mushrooms, “Ecstasy” (MDMA or “Molly”), 

ketamine, DMT/AMT/“Foxy,” and Salvia divinorum 
Inhalants Nitrous oxide, amyl nitrite, cleaning fluids, gasoline, spray paint, computer keyboard 

cleaner, other aerosol sprays, felt-tip pens, and glue. 
Stimulants Amphetamine products, methylphenidate products, anorectic (weight-loss) stimulants, 

Provigil®, or any other prescription stimulant (including those prescribed for attention 
deficit disorder/attention deficit hyperactivity disorder).  Not included when used as 
prescribed. 

Pain medications Hydrocodone, oxycodone, tramadol, codeine, morphine, prescription fentanyl, 
buprenorphine, oxymorphone, and hydromorphone, Demerol®, methadone, or any other 
prescription pain reliever.  Not included when used as prescribed. 

Sedatives Zolpidem products, eszopiclone products, zaleplon products, benzodiazepine sedatives 
(e.g., as flurazepam and temazepam products or triazolam products), barbiturates, or 
other prescription sedative.  Not included when used as prescribed. 

Tranquilizers Benzodiazepine tranquilizers (e.g., as alprazolam, lorazepam, clonazepam, or diazepam 
products), muscle relaxants, or other prescription tranquilizer.  Not included when used 
as prescribed. 

Analysis.  We conducted descriptive analyses to compare and contrast prevalence rates for risky substance use 
behaviors among adolescents in non-metropolitan and metropolitan counties.  All analyses accounted for the 
NSDUH’s complex sampling scheme and weights. 

Findings 
Tobacco Use.  The biggest disparities between non-metropolitan and metropolitan adolescents were for tobacco 
use.  The past year prevalence rate for any tobacco use was significantly higher among non-metropolitan than 
metropolitan adolescents (13.9% vs. 8.3%).  Moreover, daily cigarette use in the past 30 days was more than 3 
times more prevalent among non-metropolitan than metropolitan adolescents (1.0% vs. 0.3%), and the 
difference was also statistically significant.   

Alcohol Use.  Alcohol was the most commonly used substance among both non-metropolitan and metropolitan 
adolescents, although the differences in past year and past 30-day alcohol use were not statistically significant.  
In the past year, 21.8% of non-metropolitan and 21.7% of metropolitan adolescents drank alcohol.  In the past 
30 days, 9.3% of non-metropolitan adolescents drank alcohol and more than half of those reported binge 
drinking.   

Illicit Drug Use.  The prevalence of past year methamphetamine use was significantly higher among non-
metropolitan than metropolitan adolescents (0.3% vs 0.2%).  The only other statistically significant difference 
for use of a specific category of illicit drug was for past 30-day hallucinogen use, which was less prevalent 
among non-metropolitan than metropolitan adolescents (0.2% vs. 0.6%).  Regardless of non-metropolitan or 
metropolitan residence, the most common type of illicit drug used was marijuana, followed by pain relievers 
and inhalants.   
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Figure 1 displays prevalence rates with 95% confidence limits for risky substance use behaviors in the past 
year among non-metropolitan and metropolitan adolescents. 

Figure 1. Prevalence Rates with 95% Confidence Limits for Risky Substance Use in the Past Year 
 among Adolescents, by County Type 
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Figure 2 displays prevalence rates with 95% confidence limits for risky substance use behaviors in the past 30 
days among non-metropolitan and metropolitan adolescents.   

Figure 2.  Prevalence Rates with 95% Confidence Limits for Risky Substance Use in the Past 30 Days 
  among Adolescents, by County Type 
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Conclusion/Discussion 
Our analysis of the 2017-2018 NSDUH data supports some of the existing literature on adolescent tobacco use.  
The difference between non-metropolitan and metropolitan adolescents in past year tobacco use was statistically 
significant, as was the difference in daily cigarette use among adolescents who reported any tobacco use in the 
past 30 days.  Adolescents in non-metropolitan areas reported higher rates of tobacco use compared to their 
metropolitan counterparts, suggesting the need for smoking cessation and prevention programs and policies 
tailored to young people in non-metropolitan areas. 

While the difference in past year alcohol use was not statistically significant between non-metropolitan and 
metropolitan adolescents, rates are high among both populations.  More than 1 in 5 adolescents reported past 
year alcohol use and nearly 1 in 10 adolescents reported alcohol use in the past 30 days.  In assessing alcohol 
use behaviors, non-metropolitan adolescents reported binge and heavy alcohol use slightly more often than their 
metropolitan peers.  Our companion brief found more statistically significant differences in alcohol use 
behaviors among non-metropolitan and metropolitan adults, notably in past 30-day binge drinking, with 
metropolitan adults much more likely to report this drinking behavior.  While the differences among adolescents 
are not statistically significant, they warrant monitoring through further research, especially in light of other 
research that suggests overall rates of adolescent substance use (including alcohol) are declining.10,11  Further 
research could differentiate the change in alcohol use over time in non-metropolitan and metropolitan 
adolescents and identify any groups where alcohol use is not decreasing like the national average.  These groups 
would then warrant specific, tailored intervention. 

The only other statistically significant findings were in the illicit drugs category.  Past year methamphetamine 
use was low for both metropolitan and non-metropolitan adolescents (0.2% and 0.3%, respectively), but the 
difference between the two groups is statistically significant.  This finding mirrors the finding in our companion 
brief on adult risky substance use, which also found that non-metropolitan adults were statistically more likely 
to report past year methamphetamine use than their metropolitan peers.  The existing literature specifically on 
methamphetamine use among adolescents is limited, suggesting the need for further research on the prevalence 
of adolescent methamphetamine use and how and when adolescents initiate methamphetamine use.  
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Risky Substance Use Behaviors Among Adults Residing in Non-Metropolitan 
and Metropolitan Counties in the United States, 2017-2018 

Tyrone Borders, PhD; Michael Singleton, PhD; Katie Youngen, MPH 

Overview of Key Findings 
Tobacco Use.  Non-metropolitan adults had significantly higher prevalence rates of past year tobacco use 
(34.7% vs. 27.9%), daily cigarette use in the past 30 days (16.5% vs. 10.3%), and smoking at least 1 pack of 
cigarettes per day in the past 30 days (46.9% vs. 39.1%) than metropolitan adults.   

Alcohol Use.  Non-metropolitan adults had a lower prevalence rate of past year alcohol use (64.0% vs. 71.0%), 
past 30-day alcohol use (48.7% vs. 56.6%), and past 30-day binge drinking (24.5% vs. 26.7%) than 
metropolitan adults.    

Illicit Drug Use.  Overall illicit drug use was significantly less prevalent among non-metropolitan than 
metropolitan adults, both in the past year (16.0% vs. 20.1%) and the past 30 days (9.7% and 12.1%).  The past 
year prevalence of use or misuse of several drugs was lower among non-metropolitan than metropolitan adults, 
including marijuana (12.4% vs. 16.3%), cocaine (1.6% vs. 2.4%), tranquilizers (1.8% vs. 2.3%), hallucinogens 
(1.2% vs. 2.1%), stimulants (1.4% vs. 2.1%), and inhalants (0.3% vs. 0.6%).  A notable exception was past year 
methamphetamine use, which was significantly more prevalent among non-metropolitan than metropolitan 
adults (1.0% vs. 0.7%).   

Introduction  
Literature on alcohol and tobacco use shows some consistent differences in metropolitan and non-metropolitan 
residents.  Studies using nationwide and regional surveys have repeatedly found that non-metropolitan residents 
are more likely to report abstaining from alcohol than urban residents.1-3 However, some studies show that 
among people who report alcohol use, non-metropolitan residents are more likely to report binge or heavy 
drinking than are metropolitan residents.3  Binge drinking is defined as a single episode of consumption that 
exceeds recommended limits, while heavy drinking is defined as multiple instances of binge drinking in a given 
time period—both of which indicate potentially problematic drinking.  Studies comparing rates of tobacco use 
among metropolitan and non-metropolitan residents have consistently found that tobacco use is more common 
in rural areas.4-7 

A 2019 data brief from the Centers for Disease Control and Prevention (CDC) shows that drug overdose deaths 
were higher in urban counties than in rural counties in 2017.8 This data brief also showed differences between 
types of drugs involved in rural and urban drug overdose deaths. In rural counties, drug overdose deaths due to 
synthetic opioids were more common; in urban areas, drug overdose deaths due to heroin were more common.8 
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Literature on other illicit substances including marijuana, methamphetamines, and opioids shows some 
differences between non-metropolitan and metropolitan residents.  A 2015 study found that more metropolitan 
residents (10.1%) than non-metropolitan residents (7.2%) reported past year marijuana use.9  

A 2008 study using 2002-2004 National Survey on Drug Use and Health (NSDUH) data found that non-
metropolitan adults ages 18 to 25 reported methamphetamine use nearly twice as often as their metropolitan 
peers.10  A 2013 study based on 2008-2009 NSDUH data found that the rates of past year non-medical opioid 
use were not significantly different between metropolitan and non-metropolitan adults, yet there were 
significant differences in the prevalence of different types of opioids (e.g., methadone and various prescription 
formulations) between the two groups.11  Other studies based on nationwide surveys and surveys of new patients 
in treatment centers also found that residency and race/ethnicity are not associated with prevalence of non-
medical opioid use, yet there may be associations with residency or race/ethnicity and the likelihood of using 
specific types of opioids (e.g., heroin, methadone, different prescription formulations).12  

Study Purpose 
The purpose of this study was to compare the prevalence of key risky substance use behaviors (tobacco, alcohol, 
and illicit drug use) among adults residing in non-metropolitan (rural) and metropolitan (urban) counties 
nationally.  

Methods 
Data. We combined public data files for 2017 and 2018 from the NSDUH, a series of nationally representative 
in-person surveys administered by the Substance Abuse and Mental Health Services Administration 
(SAMHSA).  NSDUH is the primary source of information on substance use behaviors among the civilian, non-
institutionalized population of the United States ages 12 years and older.  The focus of this brief is risky 
substance use behaviors among adults, defined as persons 18 years of age or older.  A companion brief 
examines risky substance use behaviors among adolescents ages 12 to 17 years.  Metropolitan (N=22,463; 
weighted N=59,201,280) and non-metropolitan (N=6,935; weighted N=12,438,301) status was defined 
according to U.S. Office of Management and Budget definitions.  NSDUH classifies county of residence as 
large metropolitan, small metropolitan, or non-metropolitan.  For this brief, large and small metropolitan areas 
were combined to form a single category for residents of metropolitan counties. 

Risky Substance Use Behaviors. We considered three categories of risky substance use behavior, including 
tobacco use, alcohol use, and illicit drug use.  In the NSDUH, “any tobacco” includes cigarettes, cigars, pipes, 
and smokeless tobacco.  NSDUH does not currently include questions specifically on the use of e-cigarettes or 
nicotine vapes.  Illicit drug use includes marijuana, cocaine, heroin, hallucinogens, inhalants, methamphetamine, 
pain medications, tranquilizers, stimulants, and sedatives.  Specific examples and conditions of illicit drug use 
are included in Table 1.  We examined the presence of the following substance use behaviors during the past 
year:  any tobacco use; any illicit drug use; heroin, cocaine, methamphetamine, marijuana, or inhalant use; and 
misuse of prescription pain relievers, sedatives, stimulants, tranquilizers, and hallucinogens.  We examined the 
same substance use behaviors in the past 30 days in addition to the following variables that are available in 
NSDUH for the previous 30 days only:  daily cigarette use, smoking at least 1 pack of cigarettes per day (among 
smokers), binge alcohol use (5 or more drinks on the same occasion for males, or 4 or more for females, on at 
least 1 day in the past 30 days), and heavy alcohol use (5 or more drinks on the same occasion for males, or 4 or 
more for females, on each of 5 or more days in the past 30 days).  
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Table 1. Selected Illicit Drugs Included in Analysis and Examples/Notes 
Illicit Drug Category Examples/Notes 
Methamphetamine Differentiated from cocaine and prescription stimulants (see stimulants). 
Cocaine Powder and crack cocaine. 
Hallucinogens LSD, PCP, peyote, mescaline, psilocybin mushrooms, “Ecstasy” (MDMA or 

“Molly”), ketamine, DMT/AMT/“Foxy,” and Salvia divinorum. 
Inhalants Nitrous oxide, amyl nitrite, cleaning fluids, gasoline, spray paint, computer 

keyboard cleaner, other aerosol sprays, felt-tip pens, and glue. 
Stimulants Amphetamine products, methylphenidate products, weight-loss stimulants, 

Provigil®, or any other prescription stimulant (including those prescribed for 
attention deficit disorder/attention deficit hyperactivity disorder). Not included 
when used as prescribed. 

Pain medications Hydrocodone, oxycodone, tramadol, codeine, morphine, prescription fentanyl, 
buprenorphine, oxymorphone, and hydromorphone, Demerol®, methadone, or any 
other prescription pain reliever. Not included when used as prescribed. 

Sedatives Zolpidem products, eszopiclone products, zaleplon products, benzodiazepine 
sedatives (e.g., as flurazepam and temazepam products or triazolam products), 
barbiturates, or other prescription sedative. Not included when used as prescribed. 

Tranquilizers Benzodiazepine tranquilizers (e.g., as alprazolam, lorazepam, clonazepam, or 
diazepam products), muscle relaxants, or other prescription tranquilizer. Not 
included when used as prescribed. 

Analysis. We conducted descriptive analyses to compare and contrast prevalence rates for risky substance use 
behaviors among adults in non-metropolitan and metropolitan areas.  All analyses accounted for the NSDUH’s 
complex sampling scheme and weights. 

Findings 
Tobacco Use.  Non-metropolitan adults had significantly higher prevalence rates of past year (34.7% vs. 
27.9%) and 30-day (30.7% vs. 22.5%) tobacco use than metropolitan adults.  Non-metropolitan adults had 
higher prevalence rates of daily cigarette use in the past 30 days (16.5% vs. 10.3%) than metropolitan adults.  
Among daily smokers, non-metropolitan adults had a higher prevalence of smoking at least 1 pack of cigarettes 
per day in the past 30 days (46.9% vs. 39.1%) than metropolitan adults. 

Alcohol Use.  Alcohol was the most commonly used substance among both non-metropolitan and metropolitan 
adults.  Non-metropolitan adults had a lower prevalence rate of past year (64.0% vs. 71.0%) and past 30-day 
(48.7% vs. 56.6%) alcohol use than metropolitan adults.  Approximately one quarter of adults reported binge 
alcohol use in the past 30 days, with a significant, though relatively small, difference between non-metropolitan 
(24.5%) and metropolitan (26.7%) adults.  Heavy alcohol use in the past 30 days was similar among non-
metropolitan (6.9%) and metropolitan (6.6%) adults.  

Illicit Drug Use.  Overall illicit drug use was significantly less prevalent among non-metropolitan than 
metropolitan adults, both in the past year (16.0% vs. 20.1%) and the past 30 days (9.7% and 12.1%).  The 
disparity was largely attributable to differences in marijuana use as indicated by past year (12.4% among non-
metropolitan vs. 16.3% among metropolitan adults) and past 30-day marijuana use rates (8.3% non-metropolitan 
vs. 10.4% metropolitan).  The past year prevalence of use or misuse of several drugs was lower among non-
metropolitan than metropolitan adults, including cocaine (1.6% vs. 2.4%), tranquilizers (1.8% vs. 2.3%), 
hallucinogens (1.2% vs. 2.1%), stimulants (1.4% vs. 2.1%), and inhalants (0.3% vs. 0.6%).  A notable exception 
was methamphetamine use, which was significantly more prevalent among non-metropolitan than metropolitan 
adults (1.0% vs. 0.7%).  No difference was observed between non-metropolitan and metropolitan adults in the 
prevalence of heroin use (0.3% vs. 0.4%) or pain reliever misuse (3.9% vs. 4.0%). 
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Figure 1 displays prevalence rates with 95% confidence limits for risky substance use behaviors in the past 
year among non-metropolitan and metropolitan adults. 

Figure 1. Prevalence Rates and 95% Confidence Limits for Risky Substance Use Behaviors 
 in the Past Year among Adults, by County Type 
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Figure 2 displays prevalence rates with 95% confidence limits for risky substance use behaviors in the past 30 
days among non-metropolitan and metropolitan adults. 

Figure 2. Prevalence Rates and 95% Confidence Limits for Risky Substance Use Behaviors 
 in the Past 30 Days among Adults, by County Type 
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Conclusion/Discussion 
The findings of our analysis are consistent with previous research conducted using NSDUH data to detect 
differences in alcohol, tobacco, and illicit substance use between non-metropolitan and metropolitan adults.  In 
this analysis, we found that past 30-day and past year alcohol use was more prevalent among metropolitan 
adults, while tobacco use was more common among non-metropolitan adults.  Illicit drug use was less prevalent 
among non-metropolitan than metropolitan adults with the notable exception of methamphetamine use, which 
was more common among non-metropolitan adults. 

Rates of past 30-day and past year alcohol use were high, with 64.0% of non-metropolitan adults and 71.0% of 
metropolitan adults reporting past year alcohol use.  The difference in reported past 30-day binge drinking was 
statistically significant but small between the two groups.  More concerning is that approximately 1 in 4 adults 
across both groups reported past 30-day binge drinking.   

The rates of tobacco use were also high among non-metropolitan adults, with 30.7% of non-metropolitan adults 
reporting any tobacco use in the last 30 days and 34.7% of non-metropolitan adults reporting any tobacco use in 
the last year.  When asked about use in the last 30 days, 16.5% of non-metropolitan adults and 10.3% of 
metropolitan adults reported daily cigarette use; of these respondents, 46.9% of non-metropolitan adults and 
39.1% of metropolitan adults reported smoking 1 or more packs of cigarettes per day.  This suggests that, of 
adults who use tobacco products, many of them are frequent and/or heavy smokers.  With the known health 
risks of tobacco consumption, this research suggests that the harms of tobacco use may have a larger effect on 
rural communities and residents than on urban areas.  

Our findings on illicit drug use suggest that substances including marijuana, cocaine, inhalants, stimulants, and 
hallucinogens are more common among metropolitan adults than non-metropolitan adults.  The past 30 day and 
past year prevalence of most of these substances is below 5% for adults regardless of residency, with the 
exception of marijuana.  Non-metropolitan adults reported past year and past 30-day methamphetamine use 
significantly more often than their metropolitan peers.  However, there was no significant difference in pain 
reliever or heroin use in the past year or the past 30 days between the two groups. 
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Major Depression, Treatment Receipt, and Treatment Sources among 

Non-Metropolitan and Metropolitan Adults 

Background 

Major depression (termed depression in the remainder of this report) is among the more common 
mental health illnesses in the U.S. and increased in prevalence from 2005 to 2015.1  Yet, very little is 
known about the prevalence of depression and receipt of treatment for depression among non-
metropolitan as compared to metropolitan residents.  One study based on the 1999 National Health 
Interview Survey found that non-metropolitan adults had a higher prevalence of screening positive for 
depression than metropolitan adults.2  More recently, a study based on National Survey on Drug Use 
and Health data covering the years 2009-2011 found no differences in the adjusted odds of depression 
between adults residing in large metropolitan and rural areas.3  Even less information exists about 
potential non-metropolitan vs. metropolitan differences in the receipt of treatment for depression.  
One study based on data from the nationally representative Medical Expenditure Panel Surveys in 
2000-2004 found no differences in the receipt of any treatment for depression, but found that non-
metropolitan residence was associated with lower odds of the receipt of psychotherapy.4 

Purpose 

The study objectives were to estimate and compare between non-metropolitan and metropolitan 
adults the: 

1. Prevalence of depression.
2. Receipt of treatment for depression (seeing a health professional or using prescription

medication).
3. Sources of treatment for depression (e.g., general practice/family doctors or mental health

professionals).

Overview of Key Findings 

 7.8% of non-metropolitan (weighted number of persons=2,755,020) and 7.1% of metropolitan
(weighted number of persons=14,868,655) adults had past year major depression.

 Treatment receipt (seeing a health professional or using prescription medication for depressive
feelings) was similar among non-metropolitan (68.0%) and metropolitan (64.6%) adults.

 A closer examination of the type and source of treatment revealed the following:
 Rates of seeing a health professional were similar among non-metropolitan (60.8%) and

metropolitan (58.4%) adults, but rates of using prescription medication for depressive feelings
were higher among non-metropolitan (58.2%) than metropolitan (48.6%) adults.

 Rates of visiting a general practice/family doctor were higher among non-metropolitan
(43.7%) than metropolitan (34.5%) adults.
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Methods 

Data.  The data source was the Substance Abuse and Mental Health Services Administration’s 
(SAMHSA’s) 2017 National Survey on Drug Use and Health (NSDUH), the nation’s primary source 
of information on mental health and substance use for the U.S. household population.   

Major Depression.  The NSDUH defines major depression as a major depressive episode meeting 
Diagnostic and Statistical Manual of Mental Disorders-V (DSM-V) criteria, or “A period of at least 
two weeks when a person experienced a depressed mood or loss of interest or pleasure in daily 
activities, and had a majority of specified symptoms, such as problems with sleep, eating, energy, 
concentration, or self-worth” (see National Institute of Mental Health major depression information 
at https://www.nimh.nih.gov/health/statistics/major-depression.shtml). 

Receipt of Treatment (Saw Health Professional or Used Prescription Medication).  The NSDUH 
defined the receipt of treatment/counseling for major depression in the past year according to 
whether the individual 1) saw or talked to a medical doctor or other professional about depressive 
feelings or 2) used prescription medication for depressive feelings.  

Receipt of Treatment by Professional Type.  Persons who reported that they saw or talked to a 
medical doctor or other health professional about depressive feelings were asked whether they 
saw/talked to each of the following types of professionals about depressive feelings: 

1) general practice/family doctor
2) psychiatrist
3) psychologist
4) counselor
5) social worker
6) other mental health professional, like a mental health nurse
7) nurse/occupational therapist
8) other doctor, like a cardiologist, gynecologist, or urologist

Non-Metropolitan/Metropolitan Residence.  The NSDUH used 2013 Rural/Urban Continuum Codes 
to classify county of residence as non-metropolitan (non-metro) or metropolitan (metro). 

Analysis.  Prevalence rates were estimated and compared for adults residing in non-metropolitan and 
metropolitan counties.  All analyses adjusted for the NSDUH’s complex sampling scheme and 
weights. 

Findings 

Figure 1 shows that past year depression was similar among non-metropolitan and metropolitan 
adults.   
Figure 1. Prevalence of Past Year Depression 
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The prevalence of using prescription medication for depressive feelings was significantly higher (P < 
.001) among non-metropolitan than metropolitan adults (58.2% vs. 48.6%, respectively) as shown in 
Figure 2.  The prevalence of receiving any treatment (seeing a health professional or using 
medication for depressive feelings) did not differ significantly between non-metropolitan and 
metropolitan adults (68.0% and 64.6%, respectively).  The prevalence of seeing a health professional 
to talk about depressive feelings also did not differ significantly between non-metropolitan and 
metropolitan adults (60.8% and 58.4%, respectively).    

Figure 2. Treatment Receipt among Adults with Past Year Depression 

Figure 3 displays the sources of treatment for depression.  The prevalence of seeing a general 
practice/family doctor for depressive feelings was higher among non-metropolitan than metropolitan 
adults (43.7% vs. 34.5%, respectively).  Rates of visiting a mental health professional were relatively 
lower than rates of seeing a general practice/family doctor among both metropolitan and non-
metropolitan adults.   
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Figure 3.  Types of Providers Persons Saw/Talked to about Depressive Feelings 

  Note:  Persons could choose more than 1 type of professional. 

Summary and Potential Policy Implications 

Unmet Treatment Needs for Depression.  Depression remains a relatively common health problem, 
afflicting approximately 7% of both non-metropolitan and metropolitan adults in the U.S.  A sizeable 
percentage of adults with depression (32.0% of non-metropolitan and 35.4% of metropolitan) do not 
receive any treatment, indicating substantial unmet treatment needs. 
Unmet treatment needs for depression may also have implications for suicide prevention and control 
among populations residing in non-metropolitan and metropolitan areas.  Rates of committed suicide 
have been much higher among residents of non-metropolitan compared to metropolitan counties for 
many decades.5  Moreover, a policy brief produced by the Rural and Underserved Health Research 
Center reported that suicidal thoughts, plans, and attempts are higher among adults 18 years of age 
and older residing in non-metropolitan than large metropolitan counties.6   

Reliance on General Practice/Family Doctors for Depression Treatment.  General practice/family 
doctors were the predominant source of treatment for depression among non-metropolitan adults.  
Fewer than 20% of non-metropolitan adults with depression received treatment from a mental health 
professional (e.g., a psychiatrist, psychologist, or social worker).  Non-metropolitan residents’ greater 
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reliance on general practice/family doctors than mental health professionals is likely partially 
attributable to a shortage of specialist mental health professionals (e.g., psychiatrists, psychologists, 
or social workers) in non-metropolitan counties.7   
Non-metropolitan adults’ higher rates of visiting general practice/family doctors for the treatment of 
depression are concerning because prior research found that the quality of treatment for depression in 
primary care is frequently inadequate.  A study based on analyses of the Medical Expenditure Panel 
Surveys for the years 2000-2004 found that non-metropolitan residents were less likely to receive a 
minimally adequate number of psychotherapy visits than metropolitan residents with depression.4  
Medical education, residency, and continuing education programs producing rural general 
practice/family doctors may need to continue or expand training about how to appropriately detect 
and treat depression. 
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Suicidal Thoughts, Plans, and Attempts by  
Non-Metropolitan and Metropolitan Residence 

Background 

Suicide is among the leading causes of death in the U.S.1 and suicide rates in non-metropolitan (rural) counties 
have historically exceeded those in metropolitan (urban) counties.2-4  A recent Centers for Disease Control and 
Prevention (CDC) report found that suicide occurred at much higher rates in rural than in urban areas of the 
country from 2001-2015.2  Information about the prevalence and correlates of suicidal thoughts, plans, and non-
fatal attempts could complement existing knowledge based on suicide rates and better inform the 
implementation of suicide prevention programs across non-metropolitan and metropolitan areas.  This study 
examined the prevalence of suicidal thoughts, plans, and attempts by year (2010-2016) and county type (non-
metropolitan, small metropolitan, and large metropolitan).   

Study Objectives 

1. To compare trends in the prevalence of suicidal thoughts, plans, and attempts among residents of non-
metropolitan, small metropolitan, and large metropolitan areas.

2. To identify demographic, social, and economic factors associated with suicidal thoughts, plans, and attempts
among residents of non-metropolitan, small metropolitan, and large metropolitan areas.

Key Findings 

• Mean prevalence rates for suicidal thoughts, plans, and attempts were significantly higher (P < .05)
among residents of non-metropolitan than large metropolitan counties.

• The adjusted odds of suicidal thoughts, plans, and attempts did not improve significantly from 2010 to
2016 among residents of any county type.

• The study findings suggest that suicide prevention interventions should be further targeted toward non-
metropolitan counties.  However, new interventions may need to be specifically developed to meet the
unique needs of residents in non-metropolitan counties.
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Methods 

Data. 
Data from the National Survey on Drug Use and Health (NSDUH) for the years 2010-2016 were used for this 
analysis.  Our analyses were restricted to adults ages 18 years and older as the NSDUH survey questions asking 
about suicidal thoughts and behaviors are not assessed in the adolescent population.i We combined seven years 
of NSDUH data from 2010-2016 into a single dataset to examine trends over time as well as examine 
differences in the prevalence of past-year suicidal thoughts, plans, and attempts among non-metropolitan 
(unweighted N=58,275; weighted N= 259,338,039), small metropolitan (unweighted N=98,725; weighted N= 
501,711,588), and large metropolitan adults (unweighted N=124,202; weighted N=901,054,153).    

Dependent Variables. 
Participants were asked the following three questions about past-year suicidal thoughts, plans, and attempts, all 
of which had dichotomous, yes or no responses: 

Suicidal thoughts. “At any time in the past 12 months, that is from [DATEFILL] up to and including 
today, did you seriously think about trying to kill yourself?” 

Suicidal plans. “During the past 12 months, did you make any plans to kill yourself?” 

Suicidal attempts. “During the past 12 months, did you try to kill yourself?”  

Independent Variables. 
 Non-metropolitan (outside a metropolitan statistical area), small metropolitan (a metropolitan area with <1 
million persons), and large metropolitan (a metropolitan area with > 1 million persons) county designations 
were determined for the NSDUH based on Rural/Urban Continuum Codes.  In addition to study year (2010-
2016) and county type, we included other variables that may be associated with past-year suicidal thoughts, 
plans, or attempts.  Demographics included age (18-25, 26-34, 35-49, 50-64, and 65+ years), gender, and 
race/ethnicity (white, Hispanic, black/African American, Asian, Native American, Pacific Islander, and 
multiracial).  Additional social and economic variables included total annual income (<$20k, $20k-$49,999k, 
$50k-$74,999, and >$75k), educational attainment (<high school degree, high school graduate, some college, 
and college graduate), and marital status (married, widowed, divorced or separated, and never married).  We 
also included whether the individual had ever served in the U.S. military. 

Statistical Analysis.   
Descriptive and bivariate analyses were used to examine the prevalence of suicidal thoughts, plans, and attempts 
among individuals in non-metropolitan, small metropolitan, and large metropolitan counties for the years 2010-
2016.  We then ran 4 logistic regression models for each of the 3 suicide variables for a total of 12 models.  We 
first examined factors associated with suicidal thoughts, plans, or attempts, with county type included in the 
models as a dummy variable.  Non-metropolitan county type was the reference group, meaning that adjusted 
odds ratios for small and large metropolitan county types should be interpreted in comparison to non-
metropolitan counties.  Non-metropolitan county type was the reference group, meaning that adjusted odds 
ratios for small and large metropolitan county types should be interpreted in comparison to non-metropolitan 
counties.  This preliminary model was used to determine if county type was a significant predictor of each 
suicide-related variable.  We then ran regression models for each suicide variable stratified by county 
designation (i.e., the first model examined predictors of suicidal thoughts among individuals in non-
metropolitan counties, the next model examined predictors among small metropolitan counties, and the third 
model examined predictors in large metropolitan counties).  All analyses accounted for the NSDUH’s sampling 
scheme and weights. 
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Findings 

Suicidal Thoughts.   
The overall mean prevalence of suicidal thinking from 2010-2016 was significantly higher (P < .05) among 
non-metropolitan and small metropolitan adults (4.1% and 4.2%, respectively) than large metropolitan adults 
(3.7%).  Figure 1 displays the prevalence of suicidal thoughts for by year and county type.  Prevalence rates of 
past-year suicidal thoughts remained fairly stable for all county types over time. 

Figure 1. Prevalence (%) of Past-Year Suicidal Thoughts by County Type, 2010-2016 

Note:  For suicidal thoughts, Unweighted =279,807; weighted N=1,654,910,777 

Appendix Table 1 shows that the adjusted odds of suicidal thoughts did not differ significantly between 
residents of large or small metropolitan counties compared to residents of non-metropolitan counties.  Among 
the full sample, the adjusted odds of suicidal thoughts were comparable across 2010 and 2015, but the adjusted 
odds were significantly higher (OR 1.11, 95% CI: 1.01-1.23) in 2016 relative to 2010.  Older age, male gender, 
higher income, and a history of military service were associated with lower odds of suicidal thoughts.  African 
Americans, Pacific Islanders, Asians, and Hispanics had lower odds of suicidal thoughts than whites; those 
identifying themselves as multiracial had higher odds of suicidal thoughts than whites.  Persons with high 
school and college degrees had lower odds of suicidal thoughts than those without a high school degree.  

Stratified analyses revealed some similarities as well as some differences in the factors associated with suicidal 
thoughts among residents of large metropolitan, small metropolitan, and non-metropolitan areas.  Among non-
metropolitan adults, the adjusted odds of suicidal thoughts did not differ between 2010 and any year thereafter.  
We highlight here additional selected findings from the stratified analyses and refer readers to Table 1 to see all 
the significant adjusted odds ratios, noting that odds ratios that are positively associated with suicidal thoughts 
are highlighted in yellow and those that are negatively associated with suicidal thoughts are highlighted in blue.  
Among adults in small metropolitan counties, the adjusted odds of suicidal thoughts were higher in 2012, 2015, 
and 2016 than in 2010.  Among large metropolitan residents, the adjusted odds of suicidal thoughts were 
slightly lower in 2011 than 2010, but no differences were found in any year thereafter.  Age, income, African 
American race, Hispanic ethnicity, and being a college graduate were consistently associated with lower 
adjusted odds of suicidal thoughts across county types.   
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Suicidal Plans.   
The overall mean prevalence of suicidal plans from 2010-2016 varied significantly (P < .001) by county type 
and was highest among residents of non-metropolitan (1.3%) counties.  Figure 2 displays trends in the 
prevalence of suicidal plans by county type for each year from 2010-2016. Rates of past-year suicidal plans 
remained stable for each county type between the years 2010 and 2016.  

Figure 2. Prevalence (%) of Past-Year Suicidal Plans by County Type, 2010-2016 

Note:  For suicidal plans, unweighted N=279,781; weighted N=1,654,710,453 

Appendix Table 2 shows that the adjusted odds of suicidal plans did not differ significantly between residents of 
large or small metropolitan counties compared to residents of non-metropolitan counties. Among the full 
sample, the adjusted odds of suicidal plans were comparable across 2010 and 2016.  We highlight here selected 
findings from the stratified analyses and refer readers to Table 2 to see all the factors that are significantly 
associated with the adjusted odds of suicidal plans after controlling for covariates, or all other variables in the 
model. Older age was associated with lower odds of suicidal plans among non-metropolitan, small metropolitan, 
and large metropolitan residents.  Persons who were divorced or never married had higher odds of suicidal plans 
than those who were married.  Higher income was associated with lower odds of suicidal plans for each county 
type.  African Americans and Hispanics had lower odds of suicidal plans than whites across each county type.  
Having a college degree and any military service were associated with lower adjusted odds of suicidal plans 
among residents of non-metropolitan and large metropolitan areas, but not among residents of small 
metropolitan areas. 
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Suicidal Attempts.   
The overall mean prevalence of suicidal attempts from 2010-2016 did not vary significantly by county type. 
Figure 3 displays the prevalence of suicidal attempts by county type for each year from 2010-2016.  

Figure 3. Prevalence (%) of Past Year Suicidal Attempts by County Type, 2010-2016 

Appendix Table 3 shows that the adjusted odds of suicidal attempts did not differ significantly between 
residents of large or small metropolitan counties compared to residents of non-metropolitan counties.  We 
highlight here selected findings from the stratified analyses and refer readers to Table 3 to see all the factors that 
are significantly associated with the adjusted odds of suicidal attempts after controlling for covariates, or all 
other variables in the model.  Among those living in large metropolitan counties, the adjusted odds of suicidal 
attempts were significantly higher in 2011, 2012, 2014, and 2015 relative to 2010.  Older age was associated 
with lower odds of suicidal attempts among non-metropolitan, small metropolitan, and large metropolitan 
residents, such that the odds of a past-year suicide attempt decrease as people age.  Persons who were divorced 
had higher odds of suicidal attempts than married persons across each county type.  Some college education and 
having a college degree were associated with lower adjusted odds of suicidal attempts across all county types.  
Any military service was associated with lower odds of suicidal attempts among non-metropolitan and small 
metropolitan residents, but not among large metropolitan residents. 

iTechnical Note: For years 2002-2014, NSDUH measured county type using the 2003 Rural-Urban Continuum Codes (RUCCs); 
however, beginning in 2015, NSDUH began using the 2013 RUCCs. Because the 2013 RUCCs used different census data and 
made changes to statistical area definitions, county measures in 2015-2016 were determined using different data; however, the 
definitions for non-metropolitan, small metropolitan, and large metropolitan county designation have not changed over time.  
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Conclusions and Potential Policy Implications 

Key findings and potential implications for prevention, intervention, and research are highlighted below:  

1. The prevalence of suicidal planning is highest among adults residing in non-metropolitan counties.  Also,
the adjusted odds of suicidal thoughts, plans, and attempts did not improve among residents of non-
metropolitan counties from 2010 to 2016.  Coupled with prior evidence indicating that non-metropolitan
areas have higher suicide rates,2 these findings suggest that suicide prevention interventions should be
further targeted toward non-metropolitan counties.

2. Rural residents may benefit from a rural-specific strategy for addressing suicide.  As noted in a recent
National Advisory Committee on Rural Health and Human Services report,5 the 2012 National Strategy for
Suicide Prevention6 does not explicitly address suicide in non-metropolitan areas.  The same report notes
that only 50% (12 of 24) of suicide prevention programs listed in the Substance Abuse and Mental Health
Services Administration (SAMHSA) database have actually been delivered in non-metropolitan areas.6

3. Among residents of non-metropolitan areas, having ever served in the military was protective against
suicidal thoughts, plans, and attempts.  However, the exact mechanism explaining this relationship is
unclear.  Given that individuals in this study who had a history of military service also had higher
educational attainment than those with no service history, it may be that education mediates the relationship
between military service and suicidal thoughts and behaviors, such that those in the military are more likely
to pursue additional education, thereby reducing their risk.  Another possible explanation could be due to
selection bias. Compared to the general population, individuals with current or former military experience
are more likely to die from a suicide attempt and also more likely to use a handgun.7 Because individuals
surveyed as part of the NSDUH are living, and because surveillance data on suicide deaths cannot be linked
to NSDUH data due to participant confidentiality, this is a limitation of the present study and is an area
where additional research could be useful for determining the mechanism(s) at work and how this might be
channeled in ways that reduce suicidal thoughts and behaviors among those in non-metropolitan areas.
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APPENDIX 

Table 1. Logistic Regressions of Past-Year Suicidal Thoughts 

aP < .05, bP < .01, cP < .001    
Note:  Yellow indicates a factor associated with higher odds of a suicide variable; blue indicates a factor associated with lower 
odds of a suicide variable. 

Full Sample Non-Metro. Small Metro. Large Metro. 
Variable OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 
County Type (ref=non-metro) 

 Small Metro 1.07 (0.99-1.16) - - - 
   Large Metro 1.06 (0.98-1.15) - - - 
Year (ref=2010) 

 2011 0.97 (0.88-1.08) 0.97 (0.76-1.22) 1.17 (0.98-1.38) 0.86 (0.74-0.99)a 
 2012 1.02 (0.91-1.15) 0.81 (0.62-1.07) 1.19 (1.01-1.41)a 1.00 (0.85-1.18) 
 2013 1.07 (0.95-1.21) 1.05 (0.82-1.34) 1.10 (0.91-1.32) 1.06 (0.89-1.26) 
 2014 1.07 (0.96-1.18) 1.11 (0.88-1.38) 1.12 (0.96-1.31) 1.02 (0.88-1.19) 
 2015 1.09 (0.98-1.21) 1.04 (0.83-1.30) 1.19 (1.02-1.38)a 1.05 (0.90-1.23) 
 2016 1.11 (1.01-1.23)a 0.97 (0.77-1.23) 1.21 (1.03-1.43)a 1.09 (0.94-1.27) 

Age 0.75 (0.73-0.78)c 0.75 (0.70-0.79)c 0.78 (0.75-0.82)c 0.74 (0.70-0.77)c

Male (ref=female) 0.91 (0.85-0.97)b 0.89 (0.77-1.02) 0.83 (0.75-0.92)c 0.96 (0.88-1.04) 
Marital status (ref=married) 

 Widowed 1.08 (0.88-1.34) 0.97 (0.66-1.43) 0.80 (0.58-1.11) 1.37 (1.01-1.88)a 
 Div/Sep 1.89 (1.73-2.06)c 1.76 (1.48-2.08)c 2.03 (1.77-2.33)c 1.83 (1.57-2.12)c

 Never married 1.55 (1.44-1.67)c 1.47 (1.25-1.74)c 1.55 (1.40-1.71)c 1.57 (1.40-1.75)c

Income 0.82 (0.80-0.85)c 0.80 (0.75-0.86)c 0.80 (0.77-0.84)c 0.84 (0.80-0.87)c

Race/Ethnicity (ref=white) 
 African American 0.59 (0.54-0.63)c 0.57 (0.45-0.71)c 0.60 (0.51-0.69)c 0.59 (0.53-0.66)c

 Native Am/AK Native 1.17 (0.92-1.48) 1.05 (0.71-1.57) 1.14 (0.70-1.86) 1.44 (0.87-2.39) 
 Pacific Islander 0.50 (0.34-0.74)c 0.43 (0.16-1.13) 0.60 (0.39-0.92)a 0.46 (0.25-0.85)b

 Asian 0.69 (0.60-0.80)c 1.19 (0.45-3.14) 0.56 (0.43-0.73)c 0.71 (0.59-0.84)c

>1 race (non-Hispanic) 1.25 (1.09-1.44)b 0.97 (0.67-1.40) 1.29 (1.04-1.59)a 1.31 (1.08-1.58)b

   Hispanic 0.56 (0.52-0.61)c 0.57 (0.43-0.74)c 0.55 (0.48-0.63)c 0.57 (0.50-0.64)c

Education (ref=<HS) 
 H.S. graduate 0.87 (0.79-0.97)b 0.82 (0.68-1.01) 0.86 (0.74-0.99)a 0.91 (0.80-1.04) 
 Some college 0.98 (0.89-1.08) 0.82 (0.68-0.99)a 0.99 (0.85-1.15) 1.05 (0.92-1.19) 
 College graduate 0.78 (0.71-0.87)c 0.75 (0.60-0.94)b 0.84 (0.70-0.99)a 0.79 (0.68-0.90)c

Any military service (ref=no) 0.77 (0.67-0.87)c 0.64 (0.50-0.86)b 0.73 (0.60-0.89)b 0.86 (0.70-1.06) 
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Table 2. Logistic Regressions of Past-Year Suicidal Plans 

Full Sample Non-Metro. Small Metro. Large Metro. 
Variable OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 
County Type (ref=non-metro) 

 Small Metro 0.98 (0.85-1.13) - - - 
   Large Metro 0.93 (0.80-1.08) - - - 
Year (ref=2010) 

 2011 0.93 (0.75-1.15) 1.04 (0.66-1.65) 0.86 (0.61-1.21) 0.93 (0.67-1.30) 
 2012 1.02 (0.84-1.23) 0.67 (0.41-1.11) 0.94 (0.68-1.29) 1.22 (0.89-1.68) 
 2013 1.01 (0.83-1.23) 1.01 (0.62-1.65) 0.97 (0.70-1.35) 1.04 (0.77-1.42) 
 2014 1.02 (0.85-1.21) 0.98 (0.63-1.52) 0.91 (0.66-1.24) 1.11 (0.84-1.48) 
 2015 1.04 (0.86-1.25) 0.95 (0.62-1.46) 0.83 (0.60-1.15) 1.24 (0.94-1.64) 
 2016 1.04 (0.86-1.24) 1.06 (0.68-1.64) 1.05 (0.77-1.43) 1.02 (0.79-1.33) 

Age 0.71 (0.67-0.75)c 0.69 (0.63-0.75)c 0.74 (0.68-0.79)c 0.71 (0.65-0.77)c

Male (ref=female) 0.84 (0.76-0.92)c 0.94 (0.75-1.17) 0.86 (0.73-1.01) 0.80 (0.69-0.92)b 
Marital status (ref=married) 

 Widowed 1.10 (0.77-1.56) 1.24 (0.63-2.44) 0.82 (0.46-1.48) 1.25 (0.75-2.09) 
 Div/Sep 2.38 (2.05-2.76)c 1.98 (1.45-2.71)c 2.42 (1.88-3.11)c 2.55 (2.00-3.25)c

 Never married 1.60 (1.40-1.83)c 1.30 (1.01-1.66)a 1.53 (1.21-1.94)c 1.77 (1.43-2.19)c

Income 0.76 (0.72-0.81)c 0.76 (0.68-0.85)c 0.72 (0.67-0.79)c 0.79 (0.73-0.86)c

Race/Ethnicity (ref=white) 
 African American 0.69 (0.60-0.80)c 0.51 (0.35-0.75)c 0.71 (0.54-0.92)b 0.73 (0.59-0.89)b

 Native Am/AK Native 1.48 (0.91-2.41) 1.47 (0.75-2.89) 1.06 (0.46-2.44) 2.09 (0.74-5.85) 
 Pacific Islander 0.40 (0.18-0.88)a 0.39 (0.10-1.46) 0.47 (0.18-1.21) 0.36 (0.08-1.54) 
 Asian 0.76 (0.56-1.03) 0.16 (0.07-0.39)c 0.67 (0.35-1.31) 0.84 (0.59-1.20) 
>1 race (non-Hispanic) 1.27 (1.01-1.61)a 1.22 (0.67-2.21) 1.07 (0.69-1.65) 1.45 (1.10-1.93)b 
Hispanic 0.56 (0.49-0.64)c 0.49 (0.34-0.71)c 0.54 (0.44-0.67)c 0.59 (0.48-0.73)c

Education (ref=<HS) 
 H.S. graduate 0.84 (0.72-0.97)a 0.88 (0.66-1.18) 0.85 (0.67-1.07) 0.81 (0.65-1.02) 
 Some college 0.92 (0.79-1.07) 0.83 (0.63-1.08) 0.96 (0.75-1.24) 0.94 (0.75-1.17) 
 College graduate 0.64 (0.54-0.74)c 0.56 (0.37-0.83)b 0.77 (0.59-1.01) 0.59 (0.47-0.74)c 

Any military service (ref=no) 0.68 (0.55-0.84)c 0.62 (0.39-0.97)a 0.76 (0.53-1.08) 0.66 (0.47-0.94)a 
aP < .05, bP < .01, cP < .001 
Note:  Yellow indicates a factor associated with higher odds of a suicide variable; blue indicates a factor associated with lower 
odds of a suicide variable. 
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Table 3. Logistic Regressions of Past-Year Suicidal Attempts 

Full Sample Non-Metro. Small Metro. Large Metro. 
Variable OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 
County Type (ref=non-metro) - - - 

 Small Metro 0.93 (0.78-1.12) - - - 
   Large Metro 0.92 (0.76-1.12) 
Year (ref=2010) 

 2011 1.10 (0.83-1.46) 0.69 (0.37-1.25) 0.80 (0.51-1.27) 1.66 (1.11-2.50)b 
 2012 1.14 (0.88-1.48) 0.72 (0.39-1.34) 0.96 (0.59-1.59) 1.60 (1.08-2.37)a 
 2013 1.18 (0.87-1.59) 0.83 (0.42-1.68) 1.16 (0.68-1.99) 1.42 (0.96-2.12) 
 2014 1.09 (0.82-1.44) 0.85 (0.46-1.57) 0.75 (0.45-1.26) 1.54 (1.04-2.30)b 
 2015 1.30 (0.98-1.72) 0.68 (0.36-1.26) 1.28 (0.84-1.95) 1.75 (1.18-2.61)b 
 2016 1.24 (0.94-1.64) 0.83 (0.46-1.49) 1.27 (0.83-1.92) 1.49 (0.98-2.27) 

Age 0.65 (0.60-0.71)c 0.57 (0.49-0.66)c 0.64 (0.56-0.75)c 0.68 (0.61-0.77)c 
Male (ref=female) 0.73 (0.63-0.84)c 0.88 (0.66-1.16) 0.62 (0.50-0.77)c 0.75 (0.62-0.92)b 
Marital status (ref=married) 

 Widowed 1.42 (0.87-2.32) 2.39 (0.94-6.10) 1.56 (0.75-3.23) 0.97 (0.42-2.25) 
 Div/Sep 2.50 (1.95-3.22)c 1.94 (1.22-3.08)b 3.50 (2.47-4.97)c 2.21 (1.37-3.56)c 
 Never married 1.64 (1.32-2.04)c 1.13 (0.75-1.69) 1.80 (1.24-2.62)b 1.79 (1.29-2.47)c 

Income 0.76 (0.70-0.81)c 0.82 (0.69-0.97)a 0.73 (0.67-0.81)c 0.75 (0.67-0.85)c 
Race/Ethnicity (ref=white) 

 African American 0.89 (0.74-1.08) 1.05 (0.68-1.63) 1.16 (0.79-1.70) 0.75 (0.56-1.00)a 
 Native Am/AK Native 1.53 (0.79-2.96) 1.17 (0.68-2.03) 1.06 (0.43-2.57) 3.13 (0.81-12.18) 
 Pacific Islander 0.62 (0.21-1.82) 0.67 (0.11-4.14) 0.27 (0.11-0.68)b 0.80 (0.18-3.54) 
 Asian 1.32 (0.88-2.00) 0.22 (0.07-0.71)b 1.09 (0.48-2.46) 1.39 (0.86-2.25) 
>1 race (non-Hispanic) 1.15 (0.86-1.53) 1.30 (0.62-2.70) 0.79 (0.48-1.30) 1.38 (0.94-2.01) 
Hispanic 0.74 (0.63-0.87)c 0.77 (0.48-1.25) 0.71 (0.52-0.97) a 0.73 (0.57-0.94)b

Education (ref=<HS) 
 H.S. graduate 0.70 (0.58-0.84)c 0.72 (0.48-1.08) 0.75 (0.55-1.02) 0.66 (0.50-0.89)b 
 Some college 0.59 (0.48-0.73)c 0.65 (0.43-0.99)a 0.59 (0.39-0.87)b 0.58 (0.42-0.80)c 
 College graduate 0.36 (0.27-0.47)c 0.26 (0.13-0.48)c 0.36 (0.25-0.52)c 0.37 (0.25-0.56)c 

Any military service (ref=no) 0.68 (0.49-0.92)b 0.49 (0.25-0.97)a 0.56 (0.33-0.95)a 1.01 (0.84-1.20) 
aP < .05, bP < .01, cP < .001 
Note: Yellow indicates a factor associated with higher odds of a suicide variable; blue indicates a factor associated with lower 
odds of a suicide variable. 
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Non-Metropolitan and Metropolitan Trends in Mental Health Treatment Availability 
in Community Health and Community Mental Health Centers  

Tyrone F. Borders, PhD; Timothy Williams, DrPH; Katie Youngen, MPH; Julia Cecil, MBA, MA 

Background and Purpose 

Nearly one in five U.S. adults have a mental illness (52.9 million in 2020) and 54% did not receive mental 
health services in the past year.1,2  Although prior research yielded no evidence of geographic differences 
in the prevalence of mental illness,3 mental health treatment access is poorer in non-metropolitan 
compared to metropolitan communities.  Rurality of residence is associated with higher unmet need for 
mental health treatment4 and non-metropolitan counties have fewer mental health professionals than 
metropolitan counties.5,6  

Community mental health centers (CMHCs) and community health centers (CHCs) are two types of 
Federally funded sites where persons may seek mental health treatment.  CMHCs were popularized 
during the 1960s as a way to shift mental health treatment from psychiatric institutions to local 
communities.7,8  Today, CMHCs are funded in part by the Community Mental Health Services Block Grant, 
which is awarded to states by the Substance Abuse and Mental Health Services Administration (SAMHSA) 
and is intended to give state officials flexibility in administering CMHC services.9   

CHCs are “community-based and patient-directed organizations that deliver comprehensive, culturally 
competent, high-quality primary health care services.”10  CHCs can apply for and receive Federal funding 
to achieve Federally Qualified Health Center (FQHC) designation.11  The majority of the more than 28 
million people, or roughly 9% of the U.S. population, who receive services from FQHCs are either 
Medicaid beneficiaries (46%) or uninsured (22%).12 

The purpose of this study is to show how the supply of CMHCs and CHCs delivering mental health services 
changed over time, or from 2000 to 2019, in non-metropolitan and metropolitan areas. 

  Brief Report   June 2022 

University of Kentucky 
760 Press Ave. Suite 360 
Lexington, KY 40536 
ruhrc.uky.edu 

 

 

Key Findings 

 The supply of community mental health centers (CMHCs) decreased substantially from 2000 to
2019 and became nearly non-existent in non-metropolitan counties.
 The number of CMHCs in non-metropolitan counties declined from 182 to 15.
 The number of CMHCs in metropolitan counties declined from 582 to 104.

 The supply of community health centers (CHCs) offering mental health services increased
substantially over the same time period, or from 2000 to 2019.
 The number of CHCs in non-metropolitan counties increased from 184 to 573.
 The number of CHCs in metropolitan counties increased from 126 to 797.

http://ruhrc.uky.edu/
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Methods 

Data.  The Health Resources and Services Administration (HRSA) provided historical data for CHCs and 
CMHCs (from 2000 to 2019) in non-metropolitan and metropolitan counties of the U.S.  CHCs were 
considered to have provided some form of mental health treatment if they treated more than one person 
for a mental health condition and/or they had at least one full-time equivalent mental health provider on 
staff.  Some CHCs operate more than one delivery site – we note that a CHC only had to offer mental 
health services at a single site to be classified as providing mental health treatment.   

Non-Metropolitan vs. Metropolitan Location.  Metropolitan and non-metropolitan county status of the 
primary CHC site and CMHC site were determined using the core-based statistical area (CBSA) 
classification of each county’s location.   

Analysis.  We created figures to visualize trends in the number of CHCs providing mental health services 
and the number of CMHCs from 2000 to 2019 in non-metropolitan and metropolitan counties. 

Findings 

As presented in Figure 1, the total number of CHCs with at least one site that offered mental health 
services rose from 310 in 2000 to 1370 in 2019 (a 341.9% increase).  The number of CHCs in metropolitan 
counties rose at a faster rate (from 126 to 797, or a 532.5% increase) relative to non-metropolitan 
counties (from 184 to 573, or a 211.4% increase).   

Figure 1:  Number of Community Health Centers (CHCs) Providing Mental Health Services 
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As presented in Figure 2, the total number of CMHCs declined from 764 in 2000 to 119 in 2019 (an 84.4% 
decrease).  The number of CMHCs in non-metropolitan counties declined at a faster rate (from 182 to 15, 
or a 91.8% decrease) relative to metropolitan counties (from 582 to 104, or an 82.1% decrease).   

Figure 2:  Number of Community Mental Health Centers (CMHCs) 

Limitations.  The data analyzed for this report do not reflect the types and volume of mental health 
services provided in CHCs and CMHCs.  It is plausible that CHCs offer a narrower range of services than 
CMHCs. 

Conclusions 

This report highlights that the supply of CHCs offering mental health services increased while the supply 
of CMHCs decreased since 2000.  Gains in CHCs offering mental health services were pronounced in both 
non-metropolitan and metropolitan counties, although growth was faster in metropolitan counties.  

Similarly, other research has reported that increasing numbers of CHCs are offering mental health services 
and that a growing proportion of CHC patients present for mental health and substance abuse 
treatment.13-15  A 2019 study concluded that average annual growth in the percentage of patients seeking 
mental health treatment at CHCs was higher than the average annual growth in the percentage of 
patients overall, with the greatest gains observed in non-metropolitan counties.16  The authors credit this 
growth to a concerted Federal effort to incorporate behavioral health services into primary care settings, 
including HRSA’s Integrated Behavioral Health Services grant program, which is specifically intended to 
assist FQHCs with achieving this goal. 

In closing, the increased supply of CHCs offering mental health services in non-metropolitan counties may 
have continued to assure or even increase access to some mental health treatment during a decline in the 
supply of CMHCs.  However, additional surveillance is necessary to monitor the accessibility of particular 
types of mental health services in non-metropolitan counties. 
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KEY FINDINGS 

▪ The past year prevalence of serious mental illness (SMI) was significantly higher among non-

metropolitan than metropolitan (5.90% vs. 5.18%, P < .03) adults.

▪ Only 67.58% of non-metropolitan and 64.29% of metropolitan adults with SMI received any mental

health (MH) treatment in the past year.

▪ Additional analyses revealed the following non-metropolitan/metropolitan treatment differences:

o A higher percentage of non-metropolitan than metropolitan adults with SMI received only

medication for MH treatment (24.50% vs. 18.53%, P < .02).

o A higher percentage of metropolitan than non-metropolitan adults with SMI received inpatient,

outpatient, and medication (5.42% vs. 2.63%, P < .02).

o A significantly higher percentage of non-metropolitan than metropolitan adults with SMI

reported that they did not seek mental health treatment because they had no transportation or

treatment was inconvenient (11.57% vs. 6.87%, P < .03).

\

Serious Mental Illness and Mental Health Treatment Utilization among 

Adults Residing in Non-Metropolitan and Metropolitan Counties  

Tyrone F. Borders, Ph.D.; Timothy Williams, Dr.P.H. 

BACKGROUND 

Serious mental illness (SMI) is defined as any mental illness (AMI) that results in severe impairment in the 
ability to perform major life functions.1,2  Mental health disorders that often result in severe impairment 
and SMI include psychotic disorders (e.g., schizophrenia or schizoaffective disorder), affective disorders 
(e.g., major depressive and bipolar disorders), anxiety disorder, eating disorder, and personality disorder.1 

Recently, the links between SMI and so-called “deaths of despair,” or deaths from alcohol use, drug use, 
and suicide, have become a prominent public health concern.3-6  Persons with SMI also tend to have 
elevated rates of morbidity and mortality for chronic physical illnesses such as cardiovascular diseases, 
some cancers, and diabetes and there is an extensive body of work showing an association between SMI 
and premature mortality.6-11  People with SMI commonly face many barriers to receiving treatment12 and 
these barriers may be more difficult to overcome for those in non-metropolitan counties.  Mental health 
treatment providers tend to be relatively scarce in non-metropolitan areas of the country,13,14 potentially 
resulting in fewer non-metropolitan residents receiving care for SMI.   
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Yet, little recent research has compared the prevalence of SMI and mental health treatment utilization 
among non-metropolitan and metropolitan adults.15 

STUDY PURPOSE 

The objectives of this study were to: 

1) Estimate and compare the prevalence of SMI among adults residing in non-metropolitan and
metropolitan counties nationally.

2) Estimate and compare the prevalence of mental health treatment utilization and reasons for not
seeking mental health treatment among adults with SMI residing in non-metropolitan and
metropolitan counties nationally.

METHODS 

Data.  We analyzed public use data from the 2019 National Survey on Drug Use and Health (NSDUH), a 
nationally representative in-person survey administered by the Substance Abuse and Mental Health 
Services Administration (SAMHSA).  NSDUH is the primary source of information on mental health, 
substance use, and treatment access among the civilian, non-institutionalized population ages 12 years 
and older in the U.S.  The focus of this brief is on adults, or persons 18 years of age and older.   

Serious Mental Illness (SMI).  Adult NSDUH participants are considered to have SMI if they have met 
Diagnostic and Statistical Manual-IV (DSM-IV) criteria in the past year for a mental, behavioral, or 
emotional disorder (excluding substance use disorders and developmental disabilities) that substantially 
impaired their ability to perform major life functions.  The NSDUH assesses SMI with a proprietary 
algorithm incorporating participants’ responses to two scales embedded in the survey, the K6 instrument 
and an abbreviated form of the World Health Organization Disability Assessment Scale (WHODAS).   

Mental Health Treatment Utilization.  The NSDUH reports four, non-mutually exclusive indicators of past 
year mental health treatment utilization:  1) any mental health treatment (outpatient 
treatment/counseling, prescription medication for mental health, or inpatient treatment/counseling), 2) 
outpatient mental health treatment/counseling, 3) prescription medication for mental health, and 4) 
inpatient mental health treatment/counseling.   

In addition, the NSDUH reports eight mutually exclusive indicators of past year mental health treatment 
utilization:  1) inpatient only, 2) outpatient only, 3) prescription medication only, 4) inpatient and 
outpatient only, 5) inpatient and prescription medication only, 6) outpatient and prescription medication 
only, 7) inpatient, outpatient, and prescription medication, and 8) no treatment.  

Reasons for Not Receiving Mental Health Treatment.  The NSDUH also assesses unmet need for mental 
health treatment by asking respondents, “During the past 12 months, was there any time when you 
needed mental health treatment or counseling for yourself but didn’t get it?” with a yes/no response 
option.  Participants who respond affirmatively are then asked to choose any of several possible reasons 
why they did not receive treatment, which are listed below: 
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Anonymity concern reasons:  you were concerned that getting mental health treatment or counseling 
might cause your neighbors or community to have a negative opinion of you; you were concerned the 
information you gave the counselor might not be kept confidential; you didn’t want others to find out 
that you needed treatment.   

Negative attitudes and consequences reasons:  you were concerned that getting mental health 
treatment or counseling might have a negative effect on your job; you were concerned that you might 
be committed to a psychiatric hospital or might have to take medicine.   

Perceived need and benefit reasons:  you didn’t think you needed treatment at the time; you thought 
you could handle the problem without treatment; you didn’t think treatment would help. 

Financial reasons:  you couldn’t afford the cost; your health insurance does not cover or does not pay 
enough for mental health treatment or counseling.   

Accessibility reasons:  you did not know where to get services; you didn’t have time (because of job, 
childcare, or other commitments); you had no transportation, or treatment was too far away, or the 
hours were not convenient.   

Other:  some other reason. 

Non-Metropolitan/Metropolitan Residence.  The 2019 NSDUH used 2013 Rural/Urban Continuum Codes 
to classify county of residence as non-metropolitan or metropolitan.  

Analysis.  We conducted descriptive analyses to compare and contrast prevalence rates for SMI, mental 
health treatment utilization, reasons for not seeking mental health treatment among adults residing in 
non-metropolitan and metropolitan counties.  All analyses accounted for the NSDUH’s complex sampling 
scheme and weights. 

FINDINGS 

The prevalence (%) of past year SMI was significantly higher (P < .03) among adults residing in non-
metropolitan than metropolitan counties as displayed in Figure 1.  

Figure 1.  Serious Mental Illness by County Type 
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Figure 2 portrays mental health treatment utilization among persons with SMI.  Although SMI was slightly 
more prevalent among non-metropolitan adults, the prevalence of past year mental health treatment 
utilization did not differ significantly among adults with SMI residing in non-metropolitan and 
metropolitan counties.   

Figure 2.  Mental Health Treatment Utilization by County Type 

Table 1 shows describes the utilization of single types or combinations of mental health treatment by 
county type.  A higher proportion of non-metropolitan than metropolitan adults with SMI received 
medication only (24.50% vs. 18.53%).  A higher proportion to metropolitan than non-metropolitan adults 
with SMI received inpatient, outpatient, and medication (5.42% vs. 2.63%). 
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Table 2 describes self-reporting reasons for not seeking mental health treatment by county type.  A 
significantly higher percentage of non-metropolitan adults than metropolitan adults with SMI reported 
that they did not seek mental health treatment because they had no transportation or treatment was 
inconvenient (11.57% vs. 6.87%).   

Table 2.  Reasons for Not Seeking Need Mental Health Treatment by County Type 

Note:  Persons could choose more than one reason. 

Reason 
Category 

Reason 
Item 

     Metropolitan 

% 

Non-
Metropolitan 

% P value 

Anonymity Fear of neighbors' negative opinion     11.29 9.53 <.51 

Didn’t want others to find out 7.02 11.40 <.10 

Confidentiality concerns 12.18 13.99 <.54 

Negative attitudes 
and consequences 

Fear of negative effect on job 12.39 11.22 <.59 
Fear of being 
committed/medicated 20.04 24.85 <.29 

Perceived need 
and benefits 

Didn't think treatment was 
needed 7.53 10.31 <.22 
Could handle problem without 
help 10.16 11.01 <.81 

Didn't think treatment would help 13.38 15.01 <.61 

Financial Could not afford cost 47.47 45.36 <.69 

Insurance does not cover at all 7.52 8.31 <.80 

Insurance does not pay enough 17.23 15.00 <.54 

Accessibility Didn’t have time 18.97 20.34 <.72 

No transportation or inconvenient 6.87 11.57 <.03 

Did not know where to go 24.99 23.84 <.80 

Other Some other reason 15.37 14.59 <.79 
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CONCLUSIONS 

Summary.  This report found that the prevalence of past year SMI is higher among adults residing in non-
metropolitan than metropolitan counties.  Regardless of county type, unmet treatment needs remain, as 
only 68% of non-metropolitan and 64% of metropolitan adults with SMI received any mental health 
treatment in the past year.  In other words, approximately 32% of non-metropolitan and 36% of 
metropolitan adults with SMI received no mental health treatment at all in the prior year.  Interestingly, 
rates of unmet treatment needs for SMI are very similar to rates of unmet treatment needs that we found 
for major depression in a prior study.16  

Supplemental findings indicate that a higher proportion of non-metropolitan than metropolitan adults 

with SMI receive medication alone.  Our prior report on treatment among adults with major depression 

yielded a similar finding.16  In contrast, a higher proportion of metropolitan than non-metropolitan adults 

received inpatient, outpatient, and medication.  The greater reliance on medication among non-

metropolitan adults with SMI may be attributable to a lower availability of mental health counselors in 

non-metropolitan counties and barriers to traveling elsewhere for treatment.  Supporting this 

explanation, non-metropolitan adults more frequently reported that not having transportation or 

convenient treatment was a deterrent to seeking mental health services.  Regardless of county residence, 

the most commonly reported barriers to receiving mental health treatment among persons with SMI 

were not knowing where to go, a fear of being committed/medicated, and not having time for treatment.  

Limitations.  One limitation of this study that the NSDUH does not include persons who are homeless or 

incarcerated, which likely underestimates the number of persons with SMI.  The Substance Use and 

Mental Health Services Administration (SAMHSA) recently funded the Mental and Substance Use 

Disorders Prevalence Study (MDPS) to provide contemporaneous estimates of mental health disorders 

among community-dwelling and institutionalized adults, but whether the MDPS will have a sufficient 

sample size to compare non-metropolitan and metropolitan adults remains unclear.  

Potential Implications.  Collectively, the findings reported here suggest that additional policies and 

programs are warranted to ensure access to mental health services for non-metropolitan and 

metropolitan residents.  Further expansion of telehealth, which has been shown to be effective for 

delivering mental health services,17-19  could help overcome the transportation and convenience barriers 

faced by some non-metropolitan adults with SMI.  Task-sharing, which involves sharing some elements of 

health care delivery between highly trained mental health professionals (e.g., psychiatrists and clinical 

psychologists) and primary care professionals (e.g., primary care physicians and nurse practitioners) is 

another strategy that has been shown to be effective for expanding access to mental health services in 

low-resource settings and which could be expanded into non-metropolitan counties.20  Future research 

should further investigate the effectiveness of telemedicine and task-sharing for improving access to 

mental health treatment among non-metropolitan adults with SMI.   
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Partial Psychiatric Hospitalization Program Availability in  
Non-Metropolitan and Metropolitan Hospitals Nationally 

Timothy Williams, MS; Tyrone F. Borders, PhD; Lindsey Jasinski, PhD 

Background and Purpose 

Partial psychiatric hospitalization programs (PPHPs) are intended to reduce or altogether avoid inpatient 
psychiatric stays by allowing persons to reside at home while receiving intensive and structured psychiatric 
services, routine psychiatric evaluation, medication management, and individual and group counseling in 
outpatient settings. PPHPs fill an important role in the continuum of care by acting as transitional care for 
patients moving from inpatient to outpatient treatment, or vice-versa. PPHPs are useful for people who are 
discharged from a hospital but continue to need more comprehensive and structured services than what are 
typically available in outpatient programs. Conversely, patients in outpatient treatment may be referred to a 
PPHP if they need more intensive services but do not need to be hospitalized. PPHPs cater to the unique needs 
of individual patients and are used to treat a range of behavioral health conditions, including mood disorders, 
personality disorders, substance use disorders, and eating disorders. Evidence suggests they are effective 
compared to other forms of psychiatric treatment.1-7 PPHPs are sometimes available in community mental 
health centers, though they are most frequently offered by hospitals, and treatment is covered by Medicare and 
Medicaid in most cases.8-10 Patients typically visit PPHPs several days per week for one to five weeks. The 
duration of a PPHP is primarily determined by the treatment objectives of the patient as well as other factors 
such as insurance coverage. For instance, Medicare requires beneficiaries to participate in treatment sessions for 
at least 20 hours per week.11 Because patients appropriate for PPHPs tend to have complex comorbidities and 
severe symptoms, acute and long-term stabilization is a standard goal for patients in PPHPs.12  

Intensive outpatient psychiatric programs are a distinct form of outpatient treatment and share some similarities 
with PPHPs, such as multiple weekly treatment sessions. However, patients in PPHPs require a wider range of 
psychiatric, counseling, and nursing services beyond what is ordinarily provided in a regular outpatient or 
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Overview of Key Findings 
▪ Partial psychiatric hospitalization programs (PPHPs) are intended to reduce or avoid inpatient stays by

allowing patients to reside at home while receiving intensive psychiatric services in outpatient settings.

▪ A significantly smaller proportion of non-metropolitan than metropolitan hospitals offer PPHPs.

▪ 11.4% of non-metropolitan compared to 38.7% of metropolitan hospitals offer PPHPs.

▪ Regardless of location, hospitals that offer PPHPs have higher patient volumes and more beds than
hospitals that offer PPHPs through affiliated providers or do not offer PPHPs at all.
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intensive outpatient program.10 Furthermore, treatment in a PPHP affords greater autonomy than inpatient 
hospitalization and at a lower cost. In summary, PPHPs are a vital piece in the continuum of mental health 
services. Although some evidence indicates that PPHP utilization has grown overall over the past two decades, 
very little information exists about the availability of PPHPs in non-metropolitan as compared to metropolitan 
hospitals.10 The purpose of this brief is to: 

1. Provide national estimates of PPHP availability among non-metropolitan and metropolitan hospitals; and
2. Describe hospital characteristics associated with the provision of PPHPs.

Methods 

Data. We conducted analyses of the 2016 American Hospital Association (AHA) Annual Survey of Hospitals, 
which collects information yearly from all hospitals in the U.S. and its territories. We excluded from the 
analyses hospitals located outside the 50 states or Washington, D.C. Because we were interested in the 
availability of PPHPs in community hospitals, we also excluded psychiatric hospitals or substance abuse 
treatment facilities, children’s hospitals, and rehabilitation hospitals. The final sample size was 4,011 hospitals. 
Availability of PPHPs Variables. The primary dependent variable is whether a hospital offered PPHPs. If a 
hospital reported offering PPHPs, it was also asked to indicate whether the program was offered a) by the hospital 
itself or “in-house,” b) by another provider within the hospital’s larger health care system, or c) through a joint 
venture with another provider outside of the hospital’s health care system.   
Non-Metropolitan vs. Metropolitan Location and Other Independent Variables. The AHA survey used the 
U.S. Census Bureau’s core-based statistical area criteria to classify hospitals according to location in a 
metropolitan (N = 2,483), micropolitan (N = 663), or non-core non-metropolitan (N = 865) county. 
Micropolitan and non-core non-metropolitan hospitals were combined into a non-metropolitan category (N = 
1,528). Other independent variables included each hospital’s number of licensed beds, staffed beds, and 
psychiatric care beds; number of admissions during the fiscal year; and whether the hospital offered residential 
psychiatric services. 
Analysis. We conducted descriptive analyses to compare the availability of PPHPs between non-metropolitan 
and metropolitan hospitals and whether they offered PPHPs in-house, through their larger health care system, or 
through a joint venture. We then stratified non-metropolitan and metropolitan hospitals with PPHPs according 
to whether they offered PPHPs in-house and compared hospital characteristics across hospitals offering in-house 
(i.e., a hospital-based PPHP) or out-of-house (i.e., a health system or joint venture PPHP) PPHPs.§ 

Findings 

Figure 1 depicts the availability of PPHPs in non-metropolitan and metropolitan hospitals. More than one-third 
(38.7%) of all metropolitan hospitals offer any PPHP (i.e., a PPHP offered by the hospital, affiliated health care 
system, or joint venture between the hospital and another health care provider). In contrast, only 11.4% of non-
metropolitan hospitals offer PPHPs, a statistically significant difference (P < .0001). There are similarly large 
and statistically significant (P < .0001) differences between the percentages of non-metropolitan and 
metropolitan hospitals offering PPHPs in the hospital (4.6% and 18.9%) or through another provider in their 
health care system (4.7% and 19.9%). We found no significant difference (P = .0533) in the proportion of non-
metropolitan and metropolitan hospitals offering PPHPs through a joint venture. 

§ Tests of significance were performed but results are not presented here. We used chi-square tests and Welch-Satterthwaite t-tests for between-
group comparisons of proportions and means, respectively. Statistical significance was determined using α = 0.05 for all statistical tests.
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Figure 1. Percentages of Non-Metropolitan and Metropolitan Hospitals Offering PPHPs 

*P < .0001; **P = .0533

We next compared characteristics of hospitals offering hospital-based PPHPs against hospitals offering PPHPs 
at another site through an affiliated health care system or joint venture as well as against hospitals that did not 
offer PPHPs at all (see Table 1). Regardless of non-metropolitan or metropolitan location, hospitals offering 
hospital-based PPHPs on average have more licensed and psychiatric beds as well as higher inpatient admission 
volumes than those offering PPHPs elsewhere in their health care system, through a joint venture, or not at all 
(P < .0001). Lastly, significantly lower proportions of metropolitan and non-metropolitan hospitals with a 
residential psychiatric unit offered hospital-based PPHPs than affiliated PPHPs (P < .0001). 

Table 1. Characteristics of Non-Metropolitan and Metropolitan Hospitals Offering PPHPs 

Table 2 shows the availability of PPHPs in non-metropolitan and metropolitan hospitals by hospital bed size. In 
general, the availability of hospital-based PPHPs increased with bed size among non-metropolitan and 
metropolitan hospitals. Similarly, the availability of affiliated PPHPs tended to increase with bed size among 
non-metropolitan and metropolitan hospitals. In other words, Table 2 provides additional evidence that larger 
hospitals in both non-metropolitan and metropolitan areas more frequently offer PPHPs than smaller hospitals.  
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Table 2. Percentages of Non-Metropolitan and Metropolitan Hospitals Offering PPHPs by Bed Size 

Conclusions and Potential Policy Implications 

The findings presented here indicate that the availability of PPHPs is significantly lower in non-metropolitan 
than metropolitan community hospitals. PPHPs fill a gap between ambulatory and inpatient psychiatric services 
and often serve as a form of transitional care for patients who are moving from one of these modalities to the 
other. PPHPs can also be used as a substitute for costly inpatient hospitalizations, and evidence suggests that 
they are effective compared to other forms of psychiatric treatment.6,7 

However, the wide range of services involved in PPHPs means providers offering these programs must commit 
substantial resources to them which they may not have available, particularly related to specialized staffing (i.e., 
psychiatrists, etc.). This could be particularly true in non-metropolitan areas where low revenues and staff 
shortages are more typical.13 Indeed, fewer than 5% of non-metropolitan hospitals included in this study offer 
these programs in-house and more than half of these particular facilities have more than 100 licensed beds. 
Furthermore, this study found that both non-metropolitan and metropolitan hospitals that provide PPHPs in-
house had significantly higher patient volumes and capacities than those that did not directly offer the programs 
in the hospital. Among the 1,528 non-metropolitan hospitals included in this study, 626 (41.0%) had 25 or fewer 
licensed beds (Table 2). The vast majority (582, 93.0%) of the small hospitals represented in the AHA survey do 
not offer PPHPs at all and nearly all of these facilities (595, 95.1%) have been designated as Critical Access 
Hospitals (CAHs) by the Centers for Medicare & Medicaid Services. The CAH designation was created to 
improve the ability of rural hospitals to provide high-quality care to area residents by making it more financially 
viable to do so.14 Taken together, all of this suggests that persons who do not live near larger hospitals have 
limited access to PPHPs.  

Although lower percentages of non-metropolitan than metropolitan hospitals offer PPHPs, how this influences 
non-metropolitan residents’ receipt of intensive outpatient mental health services remains unclear. Federally 
Qualified Health Centers (FQHCs) are required to directly provide or offer referrals for outpatient behavioral 
health services, but it is unlikely that FQHCs possess the necessary infrastructure to provide intensive outpatient 
mental health services comparable to hospital-based PPHPs.  

The scarcity of PPHPs in non-metropolitan hospitals may have implications for the treatment of substance use 
disorder. As previously reported by our research center, 2.9% of U.S. adults ages 18 to 64 years of age who 
resided in a non-metropolitan county satisfied criteria for a past year drug use disorder, but only 13.7% of those 
persons received any formal treatment.15,16 Financial or other policies that encourage CAHs and other rural 
hospitals to expand PPHPs could increase access to substance use disorder treatment. 
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The scarcity of PPHPs in non-metropolitan hospitals may also have implications for the treatment of individuals 
contemplating suicide, which is of critical public health concern because suicide rates in non-metropolitan 
counties have exceeded rates in metropolitan counties for several decades.17-19 Related research conducted by 
our research center found that prevalence rates for suicidal thoughts, plans, and attempts are higher among 
adults 18 years of age and older residing in non-metropolitan than large metropolitan counties.20 Because 
PPHPs serve as an important treatment source for individuals considering suicide, policies that encourage CAHs 
and other rural hospitals to provide substance use treatment as part of PPHPs could help to reduce the incidence 
of suicide.   

Because Medicare and most Medicaid programs cover PPHP services, our findings have potential implications 
for Federal and state health policies aimed at improving access to mental health services. Residents of non-
metropolitan counties are disproportionately older than those in metropolitan counties, meaning a larger share 
are currently eligible for Medicare.21 PPHP services are covered by Medicare Part B, and Medicare 
reimbursement rates for PPHPs are generally lower than those for inpatient hospitalizations.22 

In summary, significantly lower proportions of non-metropolitan hospitals provide PPHPs than metropolitan 
hospitals. The relative scarcity of PPHPs in non-metropolitan hospitals suggests that additional programs or 
policies are warranted to ensure non-metropolitan residents’ access to psychiatric services. 

References 
1. McHugh RK, Kertz SJ, Weiss RB, Baskin-Sommers AR, Hearon BA, Bjorgvinsson T. Changes in distress

intolerance and treatment outcome in a partial hospital setting. Behav Ther. 2014;45(2):232-240.
2. Bateman A, Fonagy P. 8-year follow-up of patients treated for borderline personality disorder: mentalization-

based treatment versus treatment as usual. Am J Psychiatry. 2008;165(5):631-638.
3. Kerrigan AJ, Kaough JE, Wilson BL, Wilson JV, Boeringa JA, Monga TN. Vocational rehabilitation outcomes

of veterans with substance use disorders in a partial hospitalization program. Psychiatr Serv. 2000;51(12):1570-
1572.

4. Zipfel S, Reas DL, Thornton C, et al. Day hospitalization programs for eating disorders: A systematic review of
the literature. Int J Eat Disord. 2002;31(2):105-117.

5. Fullerton CA, Lin H, O’Brien PL, Lenhart GM, Crable EL, Mark TL. Intermediate services after behavioral
health hospitalization: effect on rehospitalization and emergency department visits. Psychiatr Serv.
2016;67(11):1175-1182.

6. Sederer LI. Inpatient and partial hospital care under Medicare. Psychiatr Serv. 2001;52(8):1023-1025.
7. Horvitz-Lennon M, Normand SL, Gaccione P, Frank RG. Partial versus full hospitalization for adults in

psychiatric distress: a systematic review of the published literature (1957-1997). Am J Psychiatry.
2001;158(5):676-685.

8. Garfield RL, Lave JR, Donohue JM. Health reform and the scope of benefits for mental health and substance use
disorder services. Psychiatr Serv. 2010;61(11):1081-1086.

9. Zur J, Musumeci M, Garfield R. Issue Brief: Medicaid’s role in financing behavioral health services for low
income individuals. Menlo Park, CA: The Henry J. Kaiser Family Foundation.
https://www.kff.org/medicaid/issue-brief/medicaids-role-in-financing-behavioral-health-services-for-low-
income-individuals/. Accessed July 24, 2019.

10. Leung MY, Drozd EM, Maier J. RTI International. Impacts associated with the Medicare Psychiatric PPS: a
study of Partial Hospitalization Programs. Baltimore, MD: Centers for Medicare & Medicaid Services Office of
Research, Development, and Information; February 2009. https://www.cms.gov/Research-Statistics-Data-and-
Systems/Statistics-Trends-and-Reports/Reports/downloads/Leung_PHP_PPS_2010.pdf. Accessed July 24, 2019.



Partial Hospitalization Program Availability Policy Brief 

Rural & Underserved Health Research Center Page 86 

11. US Government Publishing Office. 42 CFR 410.43 – Partial hospitalization services: Conditions and exclusions.
https://www.govinfo.gov/content/pkg/CFR-2011-title42-vol2/pdf/CFR-2011-title42-vol2-sec410-43.pdf.
Accessed May 5, 2019.

12. Neuhaus EC. Fixed values and flexible partial hospitalization program model. Harv Rev Psychiatry.
2006;14(1):1-14.

13. Ellis AR, Konrad TR, Thomas KC, Morrissey JP. County-level estimates of mental health professional supply in
the United States. Psychiatr Serv. 2009;60(10):1315-1322.

14. Critical Access Hospitals. Rural Health Information Hub; 2018. https://www.ruralhealthinfo.org/topics/critical-
access-hospitals. Accessed July 13, 2019.

15. Borders TF, Wen H. Illicit Drug and Opioid Use Disorders among Non-Metropolitan Residents
Nationally. Lexington, KY: Rural and Underserved Health Research Center; 2018.
https://ruhrc.uky.edu/publications/illicit-drug-and-opioid-use-disorders-among-non-metropolitan-residents/ .
Accessed August 12, 2019.

16. Borders TF, Wen H. Perceived Treatment Need and Utilization for Illicit Drug and Opioid Use Disorders in
Non-Metropolitan Areas. Lexington, KY: Rural and Underserved Health Research Center; 2018.
https://ruhrc.uky.edu/publications/perceived-treatment-need-and-utilization-for-illicit-drug-and-opioid-use-
disorders-in-non-metropolitan-areas/. Accessed July 24, 2019.

17. National Institute of Mental Health. Suicide [website]. Bethesda, MD: National Institute of Mental Health; 2018.
https://www.nimh.nih.gov/health/statistics/suicide.shtml. Accessed September 20, 2018.

18. Ivey-Stephenson AZ, Crosby AE, Jack SPD, Haileyesus T, Kresnow-Sedacca MJ. Suicide trends among and
within urbanization levels by sex, race/ethnicity, age group, and mechanism of death-United States, 2001-2015.
MMWR Surveillance Summaries. 2017;66(18):1-16.

19. Singh GK, Siahpush M. Increasing rural-urban gradients in US suicide mortality, 1970-1997. Am J Public
Health. 2002;92(7):1161-1167.

20. Harp K, Borders TF. Trends in Suicidal Thoughts, Plans, and Attempts by Non-Metropolitan and Metropolitan
Residence. Lexington, KY: Rural and Underserved Health Research Center; 2019.
https://ruhrc.uky.edu/publications/suicidal-thoughts-plans-and-attempts-by-non-metropolitan-and-metropolitan-
residence/. Accessed August 12, 2019.

21. Glasgow N, Brown DL. Rural ageing in the United States: trends and contexts. J Rural Stud. 2012;28(4):422-
431.

22. Medicare Program: Changes to Hospital Outpatient Prospective Payment and Ambulatory Surgical Center
Payment Systems and Quality Reporting Programs. Department of Health and Human Services, Centers for
Medicare & Medicaid Services, 42 CFR Parts 416 and 419. Federal Register. 2018;83(225):58818.
https://www.gpo.gov/fdsys/pkg/FR-2018-11-21/pdf/2018-24243.pdf. Accessed July 24, 2019.

About the Authors 
Tim Williams is a DrPH student in Health Management and Policy. Ty Borders is a Professor and Foundation for a 
Healthy Kentucky Endowed Chair in Rural Health Policy. Lindsey Jasinksi is an Assistant Professor of Psychiatry 
and Director of Psychology Services at Eastern State Hospital. All are with the University of Kentucky. 

Acknowledgments 
We thank Julia Cecil, MA, MBA, for her managerial and editorial assistance. 

Contact Information 
Ty Borders, PhD, Director, Rural and Underserved Health Research Center      email:  ty.borders@uky.edu 

Suggested Citation 
Williams T, Borders TF, Jasinksi L. Partial Psychiatric Hospitalization Program Availability in Non-Metropolitan 
and Non-Metropolitan Hospitals Nationally. Lexington, KY: Rural and Underserved Health Research Center; 2019. 

https://www.ruralhealthinfo.org/topics/critical-access-hospitals
https://www.ruralhealthinfo.org/topics/critical-access-hospitals
https://ruhrc.uky.edu/publications/illicit-drug-and-opioid-use-disorders-among-non-metropolitan-residents/
https://ruhrc.uky.edu/publications/perceived-treatment-need-and-utilization-for-illicit-drug-and-opioid-use-disorders-in-non-metropolitan-areas/
https://ruhrc.uky.edu/publications/perceived-treatment-need-and-utilization-for-illicit-drug-and-opioid-use-disorders-in-non-metropolitan-areas/
https://ruhrc.uky.edu/publications/suicidal-thoughts-plans-and-attempts-by-non-metropolitan-and-metropolitan-residence/
https://ruhrc.uky.edu/publications/suicidal-thoughts-plans-and-attempts-by-non-metropolitan-and-metropolitan-residence/
mailto:ty.borders@uky.edu


Page 1 This project was supported by the Federal Office of Rural Health Policy (FORHP), Health Resources and Services Administration (HRSA), U.S. 
Department of Health and Human Services (HHS) under cooperative agreement # U1CRH30041. The information, conclusions and opinions 
expressed in this document are those of the authors and no endorsement by FORHP, HRSA, HHS, or the University of Kentucky is intended or 
should be inferred.  ©2018 Rural & Underserved Health Research Center, University of Kentucky. 

 

This project was supported by the Federal Office of Rural Health Policy (FORHP), Health Resources and Services Administration (HRSA), U.S. 
Department of Health and Human Services (HHS) under cooperative agreement # U1CRH30041. The information, conclusions and opinions 
expressed in this document are those of the authors and no endorsement by FORHP, HRSA, HHS, or the University of Kentucky is intended 
or should be inferred.  ©2018 Rural & Underserved Health Research Center, University of Kentucky. 

 

 

 

Rural Family Physicians Have a Broader Scope of Practice 
 than Urban Family Physicians 
Lars E. Peterson, MD, PhD; Bo Fang, PhD 

Overview of Key Findings 

▪ Little is known about whether rural family physicians provide a broader scope of practice, defined as the
range of clinical and procedural services that they provide, than metropolitan family physicians.

▪ Using data from 18,846 family physicians, we examined variations in the provision of 21 clinical services
(e.g., inpatient care, home visits, and obstetrics) and 18 procedural services (e.g., prenatal ultrasound,
endoscopy, and office skin procedures) across metropolitan, large rural, small rural, and frontier areas.

▪ We found that the percentage of family physicians providing each type of clinical and procedural service
rises with increasing rurality.

Introduction 
Rural America has faced a perpetual disadvantage with fewer health care resources compared to urban areas.  
Due to lower availability of specialized health care services in rural areas and often long travel times to access 
such services, rural clinicians may be called upon to provide a broader range of health care services and 
procedures than their urban counterparts.  Family physicians are the most prevalent physicians in rural areas and 
their training and scope of practice is unbounded by gender, age, organ system, or site of care.  Past work has 
documented that the scope of practice of the average family physician is contracting1-3 but that rural family 
physicians maintain a broader scope of practice than urban family physicians.4,5  Prior research has also shown 
that patients of physicians with a broader scope of practice have lower overall health care costs and lower odds 
of hospitalization.6  Despite these findings, it remains unknown whether scope of practice becomes broader with 
increasing rurality and whether procedures commonly performed in family medicine also vary between rural 
and urban family physicians.  

Study Purpose 
The purpose of this study was to determine differences in scope of practice for clinical and procedural care 
between rural and urban family physicians nationally. 

Methods 
Data Source.  We used data from 18,846 family physicians that completed the American Board of Family 
Medicine (ABFM) Family Medicine Certification Examination practice demographic questionnaire in 2014 and 
2015.  Completing the questionnaire is a mandatory component of examination registration and occurs three to 
four months prior to the examination.  Data elements captured include practice organization, size, features, 
address, and care team members; performance of clinical services; and sites of care.  One in four family 
physicians also answered questions regarding whether they performed specific procedures.   
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Scope of Practice.  Scope of practice was defined as whether a family physician provided each of 21 clinical 
services (e.g., home visits, inpatient care, and obstetrics) and each of 18 procedural services (e.g., prenatal 
ultrasound, endoscopy, and office skin procedures). 

Rurality.  Rurality was determined using four categories derived from Rural Urban Continuum Codes:  frontier 
(<2,500), small rural (2,500-19,999), large rural (20,000-250,000), and metropolitan (>250,000). 

Analysis.  Differences in scope of practice by rurality of practice setting were determined using Chi-Square 
tests.  

Findings 
Our sample included 18,846 family physicians who sought to continue their ABFM certification in 2014 and 
2015 (Table 1).  Of these, 83.4% were in metropolitan areas, 6.6% in large rural, 8.5% in small rural, and 1.4% 
in frontier areas.  Family physicians in rural areas were generally older, male, and U.S. medical graduates.   

Table 1. Characteristics of Sample by Rurality (N=18,846) 

Physician Characteristics 

Metropolitan 

(n=15,725) 

Large Rural 

(n=1,248) 

Small Rural 

(n=1,601) 

Frontier 

(n=272) 

Mean Age in Years 

(95% Confidence Interval)*  

51.5 

(51.4-51.7) 

52.9 

(52.4-53.3) 

52.8 

(52.4-53.2) 

53.3 

(52.2-54.4) 

Male vs. Female (% Male)*  60.1% 70.0% 72.2% 69.9% 

MD vs. DO (% MD) 90.7% 88.5% 90.3% 91.5% 

US vs. Intl Med Grad (% IMG)* 20.7% 11.9% 10.1% 8.1% 

* P value < .05 for either t-test or Chi-Square test across the four categories.

We found significant variation in scope of practice between urban and rural family physicians (Figure 1).  Rural 
family physicians were more likely to provide obstetrical deliveries, newborn care, pediatric care, occupational 
medicine, sports medicine, palliative care, and mental health care than urban family physicians.  Rural family 
physicians were also more likely to see patients in the hospital and nursing home and to conduct home visits.  
The percentage of family physicians who provided these services was greater with increasing rurality.     

About 24.9%, or 4,702 of the 18,846 respondents, were also asked whether they performed specific procedures.  
Of these, 321 were in large rural, 397 in small rural, and 72 in frontier areas.  Similar to clinical services and 
sites of care, a higher percentage of rurally located family physicians, in general, provided each procedure than 
urban family physicians, with the exception of cosmetic procedures, musculoskeletal ultrasound, and both types 
of procedural contraception (Figure 2).   

In keeping with rural family physicians providing more musculoskeletal and sports medicine care, they also 
reported higher rates of performing joint aspirations / injections and fracture care.  Consistent with rural family 
physicians being more likely to see patients in the hospital, they were more likely to also provide lumbar 
punctures, central lines, and thora- and paracenteses.  Rural family physicians were also more likely to provide 
advanced diagnostic care including endoscopy, colonoscopy, and cardiac stress testing.   
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Figure 1. Percentage of Family Physicians Providing Clinical Services by Rurality in 2014 and 2015 (N=18,846) 

Chi-Square test was significant (P<.05) across the four categories for all variables 
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Figure 2. Percentage of Family Physicians Providing Procedural Care by Rurality in 2014 and 2015 (N=4,702) 

*P value < .05 for Chi-Square test across the four categories
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Conclusions and Potential Policy Implications 
Using data from over 3,000 rural and 15,000 urban family physicians, we confirmed prior findings that rural 
family physicians have a broader scope of practice than urban family physicians.  We extended existing 
knowledge by documenting gains in scope of practice and procedural care within rural areas with increasing 
rurality.  Prior research has shown declines in the numbers of family physicians providing pediatric, mental 
health, and women’s health care,1-3 but we found that rural family physicians were providing these services at 
high levels, consistent with comprehensive care.   

In summary, rural family physicians generally have a broader scope of practice than urban family physicians,4,5 
and the scope of practice expands with increasing rurality.  Potential policy implications emerging from this 
brief include: 

1) Despite evidence that the scope of practice of family physicians has been shrinking over time, policies that
encourage family physicians to maintain a broad scope of practice may be necessary in rural areas where
there are fewer options to access more specialized medical services.

2) With strong evidence that overall health care costs and hospitalization rates are lower when physicians have
a broader scope of practice,6 measures of primary care and subsequent payments for care may need to be
developed to reward physicians who “do more” for their patients.
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Rural Family Physicians in Patient Centered Medical Homes 

Have a Broader Scope of Practice 

Lars E. Peterson, MD, PhD; Bo Fang, PhD 

Overview 

▪ Rural family physicians often have a broader scope of practice, defined as the range of clinical and
procedural services that they provide, than urban family physicians.  The Patient Centered Medical
Home (PCMH) model of care is intended to provide accessible and comprehensive care, but little is
known about how practicing in a PCMH is associated with rural family physicians’ scope of practice.

▪ Using data from 18,846 family physicians nationally, we found that rural family physicians working in
PCMH practices generally provide a wider scope of clinical and procedural services than those not
working in PCMH practices.

Introduction 

Rural America generally has fewer health care resources compared to urban areas.  Rural clinicians often 
provide a broader range of services than their urban counterparts due to lower availability of subspecialty care in 
rural areas.  Past work has documented this phenomenon among family physicians.1,2  

The Patient Centered Medical Home (PCMH) model should provide patients with comprehensive health care, a 
whole person-centered approach, coordination of care, improved accessibility, and higher quality care.  While 
rural practices have reported equivalent readiness for PCMH transformation compared to urban practices,3 they 
may have difficulty transforming their care due to lack of resources.4  Family physicians are more likely to work 
in a PCMH when they are in large practices, which are less common in rural areas.5  This suggests that the 
PCMH model may be a way for rural family physicians to organize their practices to better meet their patients’ 
needs, but they may lack the financial and human capital infrastructure to do so.  Thus, rural practices which 
have already achieved PCMH status may provide a broader scope of care to their patients.   

Purpose 

The purpose of this study was to determine whether rural family physicians who work in a PCMH practice have 
a broader scope of practice than those not in PCMH practices.   
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Methods 

Data.  We used data from 18,846 family physicians seeking to continue their ABFM certification who 
completed the Family Medicine Certification Examination practice demographic questionnaire in 2014 and 
2015.  Completing the questionnaire is a mandatory component of examination registration and occurs three to 
four months prior to the examination.  Data elements captured include practice organization, size, features, 
address, and care team members; performance of clinical services; sites of care; and PCMH status.  One in four 
family physicians also answered questions regarding whether they performed specific procedures. 

Scope of Practice.  Scope of clinical services was defined as whether a family physician provided each of 21 
clinical services (e.g., home visits, inpatient care, and obstetrics) and scope of procedural services was defined 
as whether a family physician provided each of 18 procedural services (e.g., prenatal ultrasound, endoscopy, 
and office skin procedures). 

Rurality of Practice.  Rurality was defined using 4 categories derived from the Rural Urban Continuum Codes 
grouping by population size:  large rural (20,000-250,000), small rural (2,500-19,999), and frontier (<2,500). 

Analysis.  As we were interested in differences within rural areas (large rural, small rural, and frontier) by 
PCMH status, we characterized scope of clinical services and procedural care by PCMH status within each rural 
category.  Statistical significance was determined via Chi-Square tests.  

Findings 

Sample Statistics.  The analytical sample included 3,121 rural family physicians who sought to continue their 
ABFM certification in 2014 and 2015 (Table 1).  Of the 3,121 rural family physicians, 1,248 were in large rural, 
1,601were in small rural, and 272 were in frontier areas.  Having a PCMH declined with increasingly rurality. 
Of those family physicians practicing in any rural area, 790 (25.3%) were asked whether they performed 
specific procedures.  Of these, 321 were in large rural, 397 in small rural, and 72 in frontier areas.   

Table 1. Personal and Practice Characteristics of Family Physicians by Rurality 
Large Rural Small Rural Frontier 

Physician Characteristics n=1,248 n=1,601 n=272 

Mean Age in Years   

(95% Confidence Interval)  

52.9 

(52.4-53.3) 

52.8 

(52.4-53.2) 

53.3 

(52.2-54.4) 

Male vs. Female (% Male) 70.0% 72.2% 69.9% 

MD vs. DO (% MD) 88.5% 90.3% 91.5% 

US vs. International Medical Graduate (% IMG) 11.9% 10.1% 8.1% 

Practice Characteristics 

PCMH vs. not PCMH (% PCMH) 23.9% 22.2% 21.3% 
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Scope of Clinical Services Provided by Physicians in PCMH and non-PCMH Practices, by Rurality 

Within large rural areas, we found that having a PCMH was associated with providing a wider scope of clinical 
services (see Figure 1).  For example, 93.6% of physicians in PCMH practices and 86.7% of physicians in non-
PCMH practices in large rural areas provided pediatric care.  All differences in scope of clinical services 
provided between family physicians in PCMH and non-PCMH practices were significant (P < .05) except for 
obstetrical, prenatal care, major surgery, inpatient care, and nursing home care.   

Figure 1.  Scope of Clinical Services in PCMH/non-PCMH in Large Rural Areas 
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Within small rural areas, we also found that having a PCMH was associated with providing a wider scope of 
clinical services (see Figure 2).  All differences between physicians in PCMH and non-PCMH practices were 
significant (P < .05) except for major surgery, inpatient care, nursing home care, and home visits. 

Figure 2.  Scope of Clinical Services in PCMH/non-PCMH in Small Rural Areas 
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Within frontier areas (see Figure 3), no differences between physicians practicing in PCMH and non-PCMH 
practices were significant (P < .05) except for chronic disease management and preventive services. 

Figure 3.  Scope of Clinical Services in PCMH/non-PCMH in Frontier Areas 
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Figure 4 illustrates differences in the percentages of physicians providing each clinical service between those 
working in PCMH and non-PCMH practices.  The largest differences were generally in large and small rural 
areas.  Services associated with preventive care (chronic disease management, preventive care) were each at 
least 10% more commonly provided by family physicians in all rural PCMH practices than those in rural non-
PCMH practices.  Women’s health and newborn care were also more likely to be provided by family physicians 
in rural PCMH practices.  Services indicating coordination of care with surgeons (pre- and post-op care) were 
more commonly performed by family physicians in rural PCMH practices. 

Figure 4.  % Differences between PCMH/non-PCMH 
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Scope of Procedures Provided by Physicians in PCMH and non-PCMH Practices, by Rurality 

Within large rural areas, we found that family physicians in PCMH practices had higher rates for 8 of 18 
procedural care services than family physicians in non-PCMH practices (see Figure 5).  Differences were 
significant (P < .05) for office skin procedures, central lines, thoracentesis, paracentesis, lumbar punctures, and 
circumcisions.  Consistent with family physicians in rural PCMHs being less likely to provide inpatient care, 
they were also less likely to provide hospital-based procedures such as lumbar punctures and thora- and 
paracenteses, than family physicians in rural non-PCMHS.  

Figure 5.  Scope of Procedures in PCMH/non-PCMH in Large Rural Areas 
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Within small rural areas, we found that family physicians practicing in PCMH practices had higher rates for 12 
of 18 procedural services than family physicians in non-PCMH practices (see Figure 6).  Differences between 
PCMH and non-PCMH practices were significant (P < .05) for office skin procedures, endometrial biopsies, 
central lines, cosmetic procedures, circumcisions, and intrauterine device insertion.   

Figure 6.  Scope of Procedures in PCMH/non-PCMH in Small Rural Areas
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Within frontier areas, family physicians in PCMH practices had higher rates for only 1 of 18 procedural 
services (see Figure 7).  Differences were significant (P < .05) for thoracentesis and lumbar puncture only. 

Figure 7.  Scope of Procedures in PCMH/non-PCMH in Frontier Areas 
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Figure 8.  % Differences between PCMH/non-PCMH 
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Figure 8 summarizes differences in rates of procedural services between PCMH and non-PCMH practices 
within large rural, small rural, and frontier areas.  Family physicians practicing in PCMHs in small rural areas 
reported over 10% higher rates of providing IUD insertion, endometrial biopsies, neonatal circumcision, and 
office skin procedures than those practicing in non-PCMHs.  Within frontier areas, family physicians practicing 
in PCMHs reported over 10% lower rates of providing endometrial biopsies, neonatal circumcision, simple 
fracture care, and inpatient-related procedures (lumbar punctures, thora- and paracenteses) than those practicing 
in non-PCMHs. 

Conclusions and Potential Policy Implications 

Using data from over 3,000 rural family physicians nationally, we found evidence that the PCMH model is, in 
general, associated with rural family physicians providing a higher number of clinical services and procedures. 
The main diverging finding was that rural, and especially frontier, family physicians practicing in PCMHs 
reported lower rates of providing inpatient care and inpatient-related procedures.   

The PCMH model is supposed to provide patients with more accessible, comprehensive, and coordinated health 
care.  Our findings suggest that this model is largely meeting these goals in the practices of rural family 
physicians.  Prior research has shown declines in the numbers of family physicians providing pediatric, mental 
health, and women’s health care,6-8 but we found that rural PCMH practices were providing these services at 
high levels, consistent with comprehensive care.  

The lower rates of inpatient care and corresponding procedures by family physicians working in rural PCMHs 
may be explained by contractual care arrangements with hospitalists, but hospitalists are less common in small 
hospitals.9 Deferring inpatient care to hospitalists may boost ambulatory productivity,10 and adding hospitalist 
services is one way for rural hospitals to recruit other physicians.11 

In summary, the PCMH model appears to be associated with an increased scope of health care services 
available to rural patients.  Potential policy implications emerging from the findings of this research report 
include: 

1) Policies and programs that support rural practices seeking to transform to the PCMH model may need to be
investigated.

2) Financial payments that encourage family physicians to provide a broader scope of practice within a PCMH
may be beneficial.
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POLICY BRIEF

Declining Endoscopic Care by Family Physicians in
Both Rural and Urban Areas
Lars E. Peterson, MD, PhD, Urooj Nasim, and Vashisht Madabhushi, MD

Using data from 2014 through 2016, we demonstrated a decline in the percentage of family physicians
providing endoscopic services in both rural and urban areas. Our findings suggest that forces in the
health care system may be influencing the reduction in scope, rather than specific geographic factors.
(J Am Board Fam Med 2019;32:460–461.)

Keywords: Endoscopy, Family Physicians, Geography, Health Policy, Rural Health

The scope of practice of family physicians (FPs) has
been decreasing over the past decade in core as-
pects of family medicine such as maternity care,1,2

care of children,3 and women’s health.4 During this
decline, rural FPs continue to have a broader scope
of practice than urban FPs across multiple clinical
services.4 What remains unknown is whether the
declines in care that may be considered a core
aspect of family medicine are evenly distributed
between rural and urban areas and whether it ex-
tends to services outside of the usual training and
competency of FPs, with endoscopic services being

one such example. One study from a single resi-
dency network found a precipitous decline in pro-
vision of sigmoidoscopy from 2000 to 2012 by
residency graduates from 42% to 4% while the
provision of colonoscopies remained around 5%.2

Our objective was to determine if the percentage of
FPs providing endoscopic services is declining in
both rural and urban areas.

We used data from the 2014 through 2016 Amer-
ican Board of Family Medicine Family Medicine Cer-
tification Examination registration questionnaire.6 If
physicians registered for the examination multiple
times, their most recent data were included. A repre-
sentative subset of these FPs answered questions
about whether they provided colonoscopy, flexible
sigmoidoscopy, or endoscopy.6 Primary practice ad-
dress was geocoded and rural or urban status assigned
using the Rural Urban Continuum Codes.7 We con-
ducted Cochran-Armitage tests for trend for each
service by rural/urban status. The American Academy
of Family Physicians Institutional Review Board ap-
proved this study.

The response rate was 100%. After excluding physi-
cians living outside the United States and those without
geocoded addresses (n � 18), our final sample size was
6317. The sample was concentrated in urban areas:
82.9% urban and 17.1% rural. Rural FPs provided each
of the 3 endoscopic services more commonly than urban
FPs (Figure 1). For all 3 services, the relative percentage
of rural FPs providing each declined by nearly half. Only
colonoscopies by urban FPs did not have a statistically
significant decline over time.

The decline in the provision of endoscopic services
by FPs has 2 notable implications on the experience
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of patients. On one hand, this decrease may increase
patient safety if low-volume FPs are no longer pro-
viding services. Low procedural volume is indepen-
dently associated with complications,8 and past
work found that the decline in FPs delivering
babies was mostly from low-volume physicians.9

However, our data did not capture volume. On
the other hand, our study may indicate declining
access to endoscopic services, since the decrease
in the scope of practice of FPs is borne not only
by FPs in urban areas, where other physicians
may provide services, but also by rural FPs, who
are crucial for access to health care. Our results
also confirm that the erosion of comprehensive
care by FPs extends to services beyond the usual
training of FPs. Health care systems and FPs
should find ways to safely provide endoscopic
care for all Americans.

To see this article online, please go to: http://jabfm.org/content/
32/4/460.full.
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Figure 1. Percentage of family physicians performing endoscopic procedures by urban/rural location from 2014
through 2016 (n � 6,317). Error bars are standard error.
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COMMENTARY

Endoscopic Services in the United States: By
Whom, for What, and Why?
James W. Feimster, MD, and John D. Mellinger, MD, FACS

(J Am Board Fam Med 2019;32:454–456.)

The Peterson et al1 article in the Journal examines
the declining volume of endoscopic procedures
performed by family physicians (FPs) in both urban
and rural settings. In a relatively short, 3-year time
period, the percentage of colonoscopies, sigmoid-
oscopies, and upper endoscopies performed by ru-
ral FPs declined by half. Urban FPs performed
fewer endoscopic procedures overall in comparison
to their rural counterparts; however, they also ex-
perienced a statistically significant decline in sig-
moidoscopies and endoscopies over the study inter-
val. This commentary will focus on the relevance of
this issue from the standpoint of health care delivery
with particular reference to colorectal cancer (CRC)
screening, assessments of endoscopic quality, and po-
tential solutions, including training paradigms in flex-
ible endoscopy.

Importance of Endoscopic Screening
While a variety of diseases are managed diagnosti-
cally and therapeutically through flexible endos-
copy, colorectal neoplasia is demographically the
most important. CRC screening specifically re-
mains a high priority as it is the third most common
cancer in men and women in the United States.2 A
number of modalities are available for CRC screen-
ing,3,4 but 62% of patients choose screening

colonoscopy.3 The advantages of colonoscopy are
several, including a high sensitivity for detecting
cancer and adenomas, the potential for synchro-
nous diagnosis and treatment, and intervals of 10
years between interventions following normal ex-
aminations in average risk settings.4

Assessing Endoscopic Quality
The quality of colonoscopy is critical in achieving the
overall goal of screening, namely reduction in cancer
risk. The adenoma detection rate (ADR) is a quality
measure defined as the proportion of screening
colonoscopies that detect at least 1 adenoma or CRC.
Corley et al5 studied more than 250,000 colonosco-
pies with a 10-year follow-up period and demon-
strated that the ADR was inversely associated with
risk for interval CRC. Specifically and powerfully, for
every 1% increase in ADR, there was a corresponding
3% decrease in CRC.5

Another quality measure of adequate endoscopic
evaluation of the colon is the withdrawal time,
defined as the time from cecal intubation to the
point when the colonoscope is completely removed
from the rectum.7 A mean withdrawal time of at
least 6 minutes has been recommended by a multi-
society task force.8 Barclay et al7 evaluated 2053
screening colonoscopies performed by 12 experi-
enced gastroenterologists and found an almost linear
relationship between withdrawal time and neoplasia
detection rates. In addition, advanced neoplasia was
detected more frequently in colonoscopies that had
longer withdrawal times.

The adequacy of the bowel preparation before
screening colonoscopy has also been shown to be
related to the overall quality and yield of endo-
scopic evaluation. Failure to adequately prepare the
colon can lead to missed lesions and the need for
repeat colonoscopies at earlier intervals.9

In summary, to achieve the public health goal of
colonoscopy, namely reduction of CRC, it is ap-
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parent that inspection quality as reflected by prep
adequacy and withdrawal time, and cancer precur-
sor recognition and management as reflected by
ADR, be consistently achieved.

Who Should Provide Endoscopic Services
Endoscopic services are currently performed by gas-
troenterologists, surgeons, FPs, and advanced prac-
tice providers throughout the United States. The
American Society for Gastrointestinal Endoscopy
(ASGE) and American Board of Surgery (ABS) have
recently documented their respective stances on
training endoscopic practitioners. These stances have
not been in full agreement, with contrasting literature
being cited by various groups.11 The ASGE recom-
mendations currently require a minimum of 130
esophagogastroduodenoscopy (EGDs) with success-
ful intubation of the esophagus and pylorus in over
95% of cases, and 275 colonoscopies with a cecal
intubation rate of 90% as a beginning experience for
entertaining competence.12 The limitations of a
purely number-based approach to competence are
well recognized by all societies, as learning curves
across many procedural domains including endoscopy
are clearly dependent on individual as well as educa-
tional variables.13

The ABS recently emphasized the foundational
importance of competency rather than volume-only
based resident training. Their recertification case log
data demonstrates a high reliance on surgeons in the
provision of endoscopic services, especially in rural
areas.11 In the United States, 39.8% of a general
surgeons’ procedural practice in rural and under-
served areas involves flexible endoscopic procedures.
In Canada, surgeons were found to be the primary
physicians providing flexible endoscopic services in
rural areas.14,15 The ABS requires that all graduating
general surgery residents achieve the endoscopic case
volume minimum requirements of the Residency Re-
view Committee for Surgery of the Accreditation
Council for Graduate Medical Education, specifically
to include 35 esophagogastroduodenoscopies and 85
colonoscopies by the completion of a 5-year resi-
dency. The ABS has also sanctioned a standardized
scoring tool assessing performance on such clinical
endoscopic procedures as a required assessment for all
residents nationwide.16 Within the past several years
the ABS, in collaboration with The Society of Amer-
ican Gastrointestinal and Endoscopic Surgeons, has
developed a curriculum to improve endoscopic train-

ing in surgical residencies called Fundamentals of
Endoscopic Surgery. This curriculum, required of all
general surgery residents nationwide for board exam-
ination eligibility, includes Web-based didactics in
flexible endoscopy as part of a longitudinal curricular
strategy over the course of a 5 year residency, and
culminates in a high-stakes cognitive and technical
examination, the latter being performed on a virtual
reality simulator.11

FPs trained in endoscopic services, as men-
tioned in this article of the Journal, can provide
CRC screening, and perform approximately 2%
of all colonoscopies in the United States.17 Sev-
eral studies have shown that FPs and primary
care physicians (PCPs), particularly when a spe-
cialist is on standby, can achieve the same bench-
marks of endoscopic quality, including ADR, as
compared with experienced gastroenterolo-
gists.17-20 A meta-analysis performed by Wilkins
et al18 examined 18,292 patients who underwent
colonoscopy performed by PCPs. The mean es-
timated ADR was 28.9% and major complication
rate was 0.04%. They concluded that PCPs are
able to achieve quality and safety metrics compa-
rable to those of other providers, as advocated for
by associations including ASGE, the American
College of Gastroenterology, and Society of
American Gastrointestinal and Endoscopic Sur-
geons.18

Lastly, nonphysicians (ie, nurses, nurse prac-
titioners, and physician assistants) have been
studied in their performance of upper and lower
endoscopies. A systematic review and meta-anal-
ysis in 2014 demonstrated that the majority of
studies involving nonphysician performance of
endoscopy focused on flexible sigmoidoscopy for
CRC screening. The adverse event rate was 0.3
per 1000 sigmoidoscopies with adenoma detec-
tion rates ranging from 9.9% to 23.7%. In those
studies that included colonoscopies performed by
nonphysicians (n � 3), the cecal intubation rate
was 93.5%, ADR was 26.4%, and adverse event
rate 2.2 per 1000 colonoscopies. The meta-anal-
ysis concluded that nonphysicians can perform
endoscopy, particularly sigmoidoscopies, with
similar outcomes and adverse events compared
with physicians.21 The expanded use of endo-
scopic techniques by FPs, other PCPs, and non-
physicians may allow for wider access of CRC
screening throughout the US, especially in rural
and underserved areas.
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Ways Forward
Endoscopic services continue to be vital in screen-
ing programs for CRC, as well as in diagnosing and
treating other common and demographically im-
portant gastrointestinal pathologies. No matter
who the provider of endoscopic services is, access to
these services, especially in rural and underserved
areas is vital to public health. Standardized compe-
tency-based strategies, of which Fundamentals of
Endoscopic Surgery is a prototype, coupled with
ongoing practice performance benchmarking and
quality assurance measures, can serve to ensure
access, including in areas that are underserved by
specialty providers. To achieve the goals of endo-
scopic care, and especially with reference to the
demographically important area of CRC screening,
it is critical that any and all providers be capable of
and accountable to quality benchmarks, and able to
provide appropriate intervention for the pathology
identified so as to avoid unnecessary duplication of
procedures. In the authors’ opinion, FPs can, and
in all likelihood should remain part of that equa-
tion, given their demonstrated commitment as a
specialty to all segments of the population served.

To see this article online, please go to: http://jabfm.org/content/
32/4/454.full.
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WORKING TO ADVANCE THE HEALTH OF 
RURAL AMERICANS: AN UPDATE FROM 
THE ABFM
Over the past 5 decades, existing disparities between 
the health of rural and urban Americans has grown 
across a range of outcomes. According to the Centers 
for Disease Control and Prevention (CDC),1 the 46 
million people living in rural America are not only 
increasingly more likely than urban counterparts to 
die from each of the top 5 sources of adult mortal-
ity—heart disease, cancer, unintentional injury, 
chronic lower respiratory disease, and stroke—but also 
experienced a widening gap in child and adolescent 
death rates between 1999-2017.2 James and colleagues 
describe a “rural mortality penalty,” first emerging 
in the mid-1980s, and rapidly growing higher in the 
subsequent decades to which 448,000 excess deaths 
can be attributed by 2007.3 Many rural areas have 
longstanding disparities compared with urban areas 
in social determinants of health4,5—poverty, intimate 
partner violence, access to services, economic opportu-
nity, homelessness—and these are often concentrated 
in rural areas with high percentages of minorities.6 
New challenges such as the opioid epidemic and 
increasing multimorbidity have compounded these 
longstanding disparities in social determinants while 
access to health care services in rural areas is also in 
decline. For example, a recent paper found that from 
2005 to 2015, the supply of primary care physicians, 
relative to the population, decreased with rural coun-
ties declining more on average than urban counties 
(–7.0 per 100,000 population vs –2.6 per 100,000 
population).7 Additionally, 162 rural hospitals closed 
between 2005-2019 in an accelerating fashion.8 Access 
to specialty health care services remains a significant 
challenge for rural populations.

The American Board of Family Medicine (ABFM) 
and its collaborators have been involved in extensive 
research to understand the role of Family Physicians 
(FPs) in order to stem the tide of worsening disparities 
in this withering ecology of rural health care delivery. 
Given their ability to care for all populations across all 
settings, FPs distribute more evenly with the popula-
tion across the rural/urban continuum than subspecial-

ists who require a large referral base or specialized 
facilities. In relation to other primary care physicians, 
research using 2010 data found that 80% of the US 
population was urban, as well as 90% of general inter-
nists and 78% of both FPs and general pediatricians.9 
But general pediatricians were more concentrated in 
higher population rural area leaving isolated/frontier 
areas to FPs.

One solution to maintain the presence of FPs in 
rural areas is training residents in rural settings and 
ensuring students with rural backgrounds enroll in 
medical school. Both primary care and rural physi-
cian production are concentrated in a small number of 
academic health centers (“sponsoring institutions”).10 
Training in an underserved setting is associated with 
practicing in an underserved setting. ABFM associated 
research has shown higher rural practice of graduates 
with increasing rurality of the sponsoring institu-
tion10 and that training in a federal qualified health 
center (FQHC), teaching health center, community 
health center, rural health clinic, or critical access 
hospital (CAH) were all associated with higher rates 
of return to these settings.11,12 While rural hospitals 
are closing, the number of CAH has grown and as of 
2009, very few had prior graduate medical education 
(GME) funding and may be eligible to start training 
programs.13 Student debt is increasing and graduating 
residents with high debt levels are less likely to intend 
to practice in underserved settings14 or participate in 
the National Health Service Corps.15

Another way to ensure access to care in rural areas 
is by FPs having a broad scope of practice that not 
only includes treating chronic and acute conditions 
and providing procedural care to patients of all age 
ranges but also providing care in outpatient, inpatient, 
and emergency settings. Comprehensiveness is a core 
feature of primary care and past work by Starfield, and 
ABFM,16 has shown when physicians “do more” their 
patients have better outcomes. Rural FPs practicing 
more broadly than urban FPs has been demonstrated 
using both Medicare claims data and self-reported data 
collected during ABFM examination registration based 
on the number of services provided and sites where 
care is delivered.16–20 A recent analysis found that rural 
FPs working in patient-centered medical homes had 
an even higher scope, except for inpatient care and 
inpatient-related procedures.21 By site of care or service 
delivered, rural FPs provide more maternity care,19,22,23 
care of children,24 women’s health,25 placement of 
long-acting reversible contraception and intrauterine 
devices (LARC/IUDs),26 home visits,27 mental health 
care,28 endoscopic care,29 and emergency department 
care.30,31 Patients located in rural areas are more likely 
to only see a primary care physician for mental health 
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care.32 However, scope may be declining in rural areas 
as evidence shows that over time fewer rural FPs are 
providing maternity care,23 mental health care,28 endo-
scopic services,29 and women’s health.25 Recent work 
found that early-career FPs who intended to provide 
maternity care at residency graduation had difficulty 
finding jobs that offered OB, but FPs going rural had a 
slightly easier time doing so.33

The ecology of rural practice for FPs is different 
than urban practice. Small and solo practices are more 
common in rural areas.34 Rural FPs enjoy higher con-
tinuity with their patients.35 Rural practices are more 
likely to have either a nurse practitioner, physician assis-
tant, or certified nurse midwife;36 however, the presence 
of a mental health clinician decreased with increasing 
rurality.37 Rural FPs have been adopting electronic 
health records at the same rate as urban FPs.38

The ABFM remains committed to advancing the 
health of rural Americans, not only through its ongo-
ing commitment to continuous certification of its dip-
lomates, but also through the advancement of research 
related to rural America and its primary care work-
force. The above findings were produced using ABFM 
data collected during examination registration of 
graduating residents and practicing family physicians39 
and from the National Graduate Survey.40 These 
analyses were done in collaboration with a diverse 
group of investigators at multiple institutions around 
the country. The ABFM has been a partner with the 
University of Kentucky’s federally funded Rural and 
Underserved Health Research Center and has a bur-
geoning collaboration with The Collaborative for Rural 
Primary care, Research, Education, and Practice (Rural 
PREP). Senior ABFM staff are dedicating their time 
and service to advancing national conversations to 
impact and improve rural health data, rural GME, and 
high-performing rural primary care teams, via national 
advisory service and writing for the Council on Gradu-
ate Medical Education Congressional advisory group, 
the National Academy of Medicine, the Accreditation 
Council for Graduate Medical Education, and the 
National Committee for Vital and Health Statistics. As 
of this writing, ABFM research staff is in discussions 
with HRSA about how our data can help them evalu-
ate their training programs to better target their dollars 
to programs with demonstrated outcomes.

The ABFM will continue to support Family Medi-
cine’s role in the delivery of health care, and the cre-
ation of health in rural America. We have carefully 
developed and assembled rich data resources through 
surveys, the PRIME registry, Medicare claims files, 
and other sources that drive a host of collaborative 
research efforts characterizing the rural primary care 
workforce, its training pipeline, and gaps in access to 

maternity, behavioral, and other dimensions of care 
as well as potential solutions. Our work to simplify 
measurement of what really matters in primary care, to 
ensure payment incentivizes best practices and lowers 
clinician burnout, is intended to inform pathways to 
better rural health.

Aware that health care is a minority contribu-
tor to overall health, we also must work to better 
understand and measure social deprivation, as well as 
the role of FPs and primary care teams in its reduc-
tion. Family Medicine can advocate for social policies 
and regulations that ensure the chances of living a 
healthy productive life do not depend on accident 
of the “geography” of birth. Similarly, while FPs are 
the predominant physician specialty in rural America 
and practice broadly, we cannot expect to succeed in 
advancing rural health alone. We must collaborate with 
other specialty and health professional colleagues. This 
echoes a call from 30 years ago when ABFM leader-
ship wrote that “family medicine alone should not 
bear full responsibility for rural health and surgery, 
psychiatry, OB/gyn, medicine, and pediatrics should 
contribute for rural training and care.”41 And as noted 
by a team of young leaders convened by the ABFM,42 
FPs play critical roles in the development of “Com-
munities of Solution,” working in multisectoral teams 
capable of pursuing health and tackling the “problem-
sheds” that plague rural America. This requires FPs to 
see their roles as extending beyond the walls of their 
practices to address broader rural health and social 
issues, the opioid epidemic and rising rates of suicide 
being only two of many contemporary examples. 
The ABFM is committed to these solutions not only 
through the refinement of certification for rural FPs, 
but also through research, data collection, and assem-
bly intended to drive conversations relevant to FPs, the 
patients and communities they serve, and the work and 
roles that they play in a broader rural landscape. Broad 
solutions are needed to meet the health care needs of 
rural areas. Are we up to the challenge?

Lars E. Peterson, MD, PhD; Warren P. Newton,  
MD, MPH; Andrew W. Bazemore, MD, MPH,  

American Board of Family Medicine, Lexington, KY
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Abstract

Purpose: Scope of practice of family physicians (FPs) has been decreasing
overall. Our objective was to determine if the distribution of declining scope
occurs across urban and rural settings.
Methods:Weused secondary data from practicing FPs collected on the Ameri-
can Board of Family Medicine examination registration demographic question-
naire from 2014 to 2016 on scope of practice merged with county-level data
from the Area Health Resources File. Rurality was assigned using 4 population-
based groupings from the Rural Urban Continuum Codes. Outcome mea-
sures were scope of practice score (0-30, higher score reflecting broader scope)
and provision of specific types of care/procedures. Bivariate statistics assessed
changes in scope of practice over time. Adjusted regression models tested as-
sociations between time, physician, practice, and county characteristics with
scope of practice score.
Findings: Our sample was 27,343 practicing FPs. Overall, the scope score de-
creased from 15.5 to 15.0 (P value < .05) but was significant only for urban
settings. Regression analysis found that scope decreased each year (β = –0.15),
broader scope for rural FPs, and no interaction between year and rural.
Conclusions: The decrease in FP scope of practice is largely an urban phe-
nomenon. FPs in rural areas have a broad scope of practice, which may ensure
access to care in rural areas that rely on FPs to provide a large portion of health
care services. However, county characteristics like persistent poverty and the
presence of nurse practitioners, physician assistants, and other physicians were
associated with changes in scope that may modify the gains associated with
rurality.

Key words family physicians, rural health, scope of practice.

Primary care has 4 key attributes, often defined as the
4 C’s: first contact, comprehensiveness, coordination of
care, and continuity of care.1 Populations are health-
ier, health care costs are lower, and quality of care is
improved where primary care is stronger.1–3 Of these
components, comprehensiveness is perhaps the most
crucial. By employing a broad scope of practice to address
the vast majority of a patient’s medical problems, primary
care clinicians are better able to provide care that meets

the patients’ values and preferences. Family physicians’
(FPs) scope of practice is broader than other specialties
and is not limited by the gender or age of a patient, by
site of care delivery, or by pathophysiology of disease.4,5

Prior work has found that the scope of practice of FPs
has declined over the past 15 years, with certain prac-
tice areas such as maternity care, women’s health care
in general, and pediatric care being particular causes for
concern.6–10 For example, 73%of FPs addressingwomen’s
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health in 2003 declined to 51% in 2009,7 23.3% of FPs
providing maternity care in 2000 declined to 9.7% in
2010,6 and 78% of FPs providing pediatric care in 2000
declined to 68% in 2009.8

Variation in FP scope of practice is associated with
several physician and practice characteristics. Emphasis
on comprehensiveness in residency training is associated
with broadened FP scope of practice11 as is the pres-
ence of nonphysician clinicians like physician assistants
(PAs),12 while the desire for work-life balance may be
associated with narrowed FP scope of practice.13–15 Ur-
banicity and rurality are among the factors with the
strongest relationship with scope of practice, with ru-
ral FPs consistently maintaining broader scope.16,17 Re-
duced competition with specialists could be a driving
factor behind this difference, as rural populations are
not large enough to support many specialists.18 This in-
cludes more general specialties like internal medicine, pe-
diatrics, and OB/GYN which are less available with in-
creasing rurality.19,20 Nonphysician health care profes-
sionals, specifically nurse practitioners (NPs) and PAs, are
more available in rural areas.19 The implication of this is
that comprehensive practice by FPs is essential for the pro-
vision of health care in rural areas.
As previously stated, collaboration with NPs and PAs

in patient care is associated with increased FP scope of
practice;12 however, the extent to which NPs and PAs can
serve as substitutes for services typically administered by
FPs is unclear. NPs and PAs face widely varying restric-
tions on their ability to provide health care based on state
laws, though there is a general trend of increased freedom
in rural areas.
Though the general trend of declining scope of practice

among FPs is well-documented, it is not yet known if the
decline is taking place in both urban and rural areas. Ur-
ban FPs may have declining scope due to ease of referral
to specialists, but it is also possible that the forces driving
a reduction in scope are equally borne by rural and urban
FPs. In this study, we determine the geographic nature of
the decline in FP scope of practice.

Methods

We used data from physicians seeking to continue, at a
minimum 7-10 years from residency graduation, their
American Board of Family Medicine (ABFM) certification
from 2014 to 2016. A practice demographic questionnaire
is a required component of exam registration and collects
data on scope of practice, practice organization and lo-
cation, and other practice characteristics.21 The question-
naire has been a component of examination registration
for over 30 years and the ABFM privacy policy allows its

use for evaluation and research. All physicians received a
core set of questions and additionally, each was given a
rotating question set. Past work shows this methodology
provides representative samples of the overall examina-
tion cohort.21 During our study period, 1 of the question
sets asked additional scope and procedure questions. We
limited the time period for the study to 2014-2016 due to
multiple changes to the questionnaire outside the study
period.
We limited our sample to US-located physicians. The

street address of the primary practice location was
geocoded and then Rural Urban Continuum Codes
(RUCC) were used to create 4 categories: metropolitan
“urban” areas (RUCC 1-3); large rural counties with pop-
ulations of 20,000+ (RUCC 4-5); small rural counties with
populations 2,500-19,999 (RUCC 6-7); and isolated ru-
ral counties with populations <2,500 (RUCC 8-9). For
each physician we calculated the Scope of Practice for Pri-
mary Care (SP4PC) Score from the reported provision of
22 clinical services or sites where care is delivered.22 The
items included are all listed in Table 1. The SP4PC score
was developed using the Rasch model, and the number of
different services provided is summed up and then con-
verted to a scaled score between 0 and 30, with a higher
number reflecting a broader scope of practice. Prior work
has shown the SP4PC is higher for rural physicians23 and
also declines as physicians age.24 We also used variables
on practice organization and faculty status as these were
previously found to be associated with scope of practice.23

Physician demographic information was gathered from
ABFM administrative data sets.
We used the 2016-2017 Area Health Resources File

to obtain county-level data. Lower socioeconomic status
of the county was captured by persistent poverty status,
which may lead to long-term underinvestment in health
care systems. Persistent poverty is defined as 20% ormore
of a county’s population living in poverty over the past 30
years according to the 1990, 2000, and 2010 censuses.25

We determined the number of nonfederal patient care
physicians in the county, those in primary care specialties,
and the numbers of advanced practice nurses and NPs
(referred to as just NPs hereafter) and PAs. We normal-
ized each of the counts of clinicians to per 10,000 county
population. To reflect the emphasis on primary care in a
county, we divided the number of primary care physicians
by total physicians. As some scope elements are related to
hospital care, we included a variable indicating whether
the county had a short-term general community hospital.
If a physician registered for the ABFM examination

more than once during the study period, we retained
their most recent response. We then described our data.
Chi-square and ANOVA tests assessed for differences in
scope of practice within urban, large rural, small rural,

The Journal of Rural Health 37 (2021) 734–744 © 2020 National Rural Health Association 735
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Decline of Urban Family Physician Scope of Practice Nasim et al.

Table 1 Scope of Practice Score and Contributing Services by Rurality and Time

2014

(n = 9,629)

Mean (SD)

2015

(n = 8,053)

Mean (SD)

2016

(n = 9,661)

Mean (SD) P Value

Scope of practice for

primary care score

15.5 (2.9) 15.4 (2.9) 15.0 (3.0)∗ <.0001

Urban 15.3 (2.8) 15.1 (2.9) 14.8 (2.9)∗ <.0001

Large rural 16.1 (3.1) 16.1 (2.8) 15.8 (3.0) .3398

Small rural 17.0 (3.3) 16.9 (3.2) 16.6 (3.3) .0966

Frontier 17.6 (3.9) 17.4 (3.2) 16.6 (3.4) .0733

Ages of patients served % FPs

participating2014

% FPs

participating2015

% FPs

participating2016

Newborn care

Urban 53.9 53.6 50.6∗ .0003

Large rural 62.5 61.2 59.2 .6034

Small rural 69 69 66.8 .6805

Frontier 72.6 74.6 66.7 .5059

Pediatric care/children

Urban 81.1 81.0 77.9∗ <.0001

Large rural 89.8 87.4 84.2∗ .0379

Small rural 93.7 93 91.9 .6100

Frontier 96.8 91 94.2 .3618

Adolescent medicine

Urban 88.7 88.6 86.4∗ <.0001

Large rural 92.2 91.8 90.9 .7832

Small rural 96.3 95.2 94.3 .3728

Frontier 96.8 93.4 94.7 .6302

Adult medicine

Urban 99.3 99.3 99.0 .2764

Large rural 99.6 99.8 99.7

Small rural 99.8 99.7 99.6

Frontier 100 98.4 100

Geriatric medicine

Urban 97.5 97.8 97.7 .6805

Large rural 99 99.2 98.9 .8359

Small rural 100 99.6 99.3∗

Frontier 100 99.2 99.3

OB/maternity
Prenatal care

Urban 8.6 8.5 7.9 .4957

Large rural 11.1 9.6 10.3 .8258

Small rural 20.1 19.2 18.5 .8359

Frontier 29.8 23.8 16.7 .0501

Obstetrical care

Urban 6.2 5.9 5.5 .3728

Large rural 11.3 9.9 10.8 .8085

Small rural 21.4 18.4 21.0 .5000

Frontier 20.2 22.9 15.2 .3618

Women’s health

Urban 82.2 80.7 79.5∗ .0004

Large rural 82.2 82.4 79.5 .6100

Small rural 84.4 83.6 82.4 .6884

Frontier 90.3 86.9 81.2 .2921

(Continued)
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Nasim et al. Decline of Urban Family Physician Scope of Practice

Table 1 (Continued)

2014

(n = 9,629)

Mean (SD)

2015

(n = 8,053)

Mean (SD)

2016

(n = 9,661)

Mean (SD) P Value

Sites of care
Acute/urgent care

Urban 11.9 11.8 6.9∗ <.0001

Large rural 7.9 10.5 4.9∗ .0216

Small rural 4.6 7.9 5 .0558

Frontier 4.8 5.7 5.1 .6805

Emergency care

Urban 5.7 5 3.3∗ <.0001

Large rural 12.2 10 6.9 .0216

Small rural 23.4 24.7 18.4∗ .0558

Frontier 35.5 27.9 23.2 .6805

Inpatient care

Urban 30.2 27.2 25.6∗ <.0001

Large rural 40.8 41.5 36.7 .4717

Small rural 57.8 55.3 52.8 .2764

Frontier 61.3 55.0 53.6 .5200

School health

Urban 2.3 2.3 1.3∗ <.0001

Large rural 2.5 1.5 1.8 .6034

Small rural 2.7 1.4 1.9 .3618

Frontier 3.2 0.8 0.7

Services
Mental health

Urban 79.3 77.7 75.9∗ <.0001

Large rural 80.3 83.4 81.2 .5381

Small rural 82.9 82.9 81.6 .8123

Frontier 85.5 87.7 84.8 .8359

Musculoskeletal

care/orthopedics

Urban 91.3 90.9 90.0 .0606

Large rural 90.1 93.3 92.2 .2674

Small rural 91.4 92.4 90.9 .7400

Frontier 96.8 95.1 91.3 .3647

Sports medicine

Urban 65.7 62.9 61.1∗ <.0001

Large rural 69.4 70.6 66.6 .5321

Small rural 75.2 72.9 70.2 .2466

Frontier 75.0 77.1 67.4 .3404

Occupational medicine

Urban 35.6 33.7 30.4∗ <.0001

Large rural 51.6 47.1 45.2 .1570

Small rural 58.8 57.5 50.6∗ .0115

Frontier 59.7 53.3 48.6 .3618

Office surgery

Urban 64.1 63 58.4∗ <.0001

Large rural 70.8 72.1 67.1 .3618

Small rural 73.4 73.4 69.1 .2466

Frontier 80.7 77.9 71.7 .3618

Preoperative care

Urban 73.9 71.6 70.5∗ <.0001

Large rural 77.0 76.1 76.7 .9096

Small rural 79.1 75.9 75.7 .3618

Frontier 83.1 82.8 74.6 .3618

(Continued)

The Journal of Rural Health 37 (2021) 734–744 © 2020 National Rural Health Association 737

 17480361, 2021, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jrh.12540 by Julia C

ecil , W
iley O

nline L
ibrary on [18/07/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Decline of Urban Family Physician Scope of Practice Nasim et al.

Table 1 (Continued)

2014

(n = 9,629)

Mean (SD)

2015

(n = 8,053)

Mean (SD)

2016

(n = 9,661)

Mean (SD) P Value

Postoperative care

Urban 40.8 40.5 39.6 .4839

Large rural 49.3 46.7 49.8 .6770

Small rural 57.8 55.5 57.9 .7066

Frontier 61.3 63.1 55.1 .4717

Major surgery

Urban 2.1 1.8 1.9 .4876

Large rural 4.0 2.7 2.9 .5321

Small rural 8.7 6.9 8.2 .5321

Frontier 7.3 10.7 6.5 .5112

Pain management

Urban 62.5 60.1 60.0∗ .0108

Large rural 66.8 66.5 69.2 .6805

Small rural 68.6 69.5 67.9 .8587

Frontier 74.2 76.2 67.4 .6110

Palliative care

Urban 48.2 45.8 42.3∗ <.0001

Large rural 64.8 63.7 60.2 .3728

Small rural 72.9 72.7 67.3 .0943

Frontier 78.2 74.6 71.0 .5321

∗P value statistically significant at α = .05; Urban: 250,000+ population; large rural: 20,000-250,000; small rural: 2,500-19,999; frontier: <2,500.

and isolated counties from 2014 to 2016. We ran a
linear regression model to test associations of the SP4PC
score with physician, practice, and county characteristics.
We tested for an interaction between year and rural
category, finding no evidence for one, so we opted to
report the main effects as the direction and magnitude
of the estimates were largely the same between models
with and without the interaction term. We adjusted
our P values due to the large number of comparisons
made by using the False Discovery Rate method26 in 3
groups of variables, physician demographics and practice
characteristics, county-level geographic variables, and
scope/procedural variables. We report the adjusted P
values; lack of a P value indicates a low number of
expected cell counts for the intended comparison. SAS
Version 9.4 (SAS Institute Inc., Cary, NC) was used for all
analyses. The American Academy of Family Physicians
Institutional Review Board approved this study.

Results

From 2014 to 2016, 27,343 unique FPs completed the
examination registration questionnaire and resided in
the United States. There was strong variation in the
sample sizes for each rurality category and each practice
area/procedure, from a high of 8,115 responses for the

Table 2 Number of Respondents for Modules by Year and Rurality

Practice Areas Module Procedures Module

2014 2015 2016 2014 2015 2016

Urban 8,028 6,695 8,115 2,012 1,667 1,557

Large rural 674 523 613 165 140 125

Small rural 803 713 795 194 286 185

Isolated 124 122 138 36 28 22

practice area module in 2016 among urban FPs to a low
of 22 responses for the procedure module in 2016 among
frontier FPs. The sample sizes are summarized in Table 2.
Table 3 shows the demographics of the respondents and

county characteristics. The proportion of FPs who were
non-White, female, or international medical graduates
decreased as rurality increased. The largest non-White
racial category was Asian, with 15.5% of urban FPs
and 4.0% of frontier FPs identifying as such. Mean age
was just over 50 years for all settings. Approximately
90% of FPs in all settings were MDs. The percent of
counties in persistent poverty and the percent of physi-
cians who practice in primary care both increased with
rurality, while the availability of physicians, PAs, NPs,
and hospitals all decreased with rurality.

738 The Journal of Rural Health 37 (2021) 734–744 © 2020 National Rural Health Association

 17480361, 2021, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jrh.12540 by Julia C

ecil , W
iley O

nline L
ibrary on [18/07/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Nasim et al. Decline of Urban Family Physician Scope of Practice

Table 3 Personal, Practice, and County Characteristics of Family Physicians Registering for the American Board of Family Medicine Continuing Certifica-

tion Examination by Rurality (n = 27,442)

Urban

(n = 22,894)

Large Rural

(n = 1,822)

Small Rural

(n = 2,325)

Isolated

(n = 401) Total

Individual characteristics

Mean age (SD) 51.4 (8.8) 52.8 (9.0) 52.7 (8.9) 53.0 (9.3) 51.7 (8.8)∗

MD degree 90.7 88.7 90.0 92.8 90.6∗

Female gender 40.9 31.3 28.7 29.7 39.1∗

International medical graduate 21.0 11.7 10.4 10.1 19.3∗

Race

White 75.0 88.5 90.2 92.0 77.4∗

Black 6.6 3.2 3.5 2.5 6.0

Asian 15.5 6.4 4.5 4.0 13.8

Other 3.0 1.8 1.9 1.6 2.7

Hispanic ethnicity 6.9 3.2 3.1 2.7 6.2∗

Practice organization

Solo 11.8 10.6 9.2 9.0 11.4∗

Group 39.0 33.2 32.9 23.8 37.9∗

Other 49.2 56.2 57.9 67.2 50.7∗

Faculty at medical school or residency 28.3 25.6 25.2 25.1 27.8

County characteristics

Persistent poverty 2.6 6.1 9.9 13.8 3.7∗

Percent of nonfederal patient care MDs in primary care 34.3 48.3 67.7 77.8 38.7∗

Mean nonfederal patient care MD per 10,000 population (SD) 30.6 (18.2) 18.5 (14.4) 11.8 (7.6) 8.6 (7.1) 27.9 (18.3)∗

Mean physician assistants per 10,000 population (SD) 3.8 (2.7) 3.4 (2.3) 2.6 (2.4) 2.9 (3.4) 3.7 (2.7)∗

Mean advanced practice nurses/nurse practitioners per

10,000 population (SD)

15.1 (9.4) 13.7 (8.8) 10.7 (6.0) 9.8 (5.8) 14.5 (9.2)∗

Has at least one general community hospital 98.0 99.6 95.2 72.2 97.5∗

∗Chi-square or ANOVA significant for differences across rural/urban.

Urban: 250,000+ population; large rural: 20,000-250,000; small rural: 2,500-19,999; frontier: <2,500.

Overall, the mean SP4PC score decreased significantly
between 2014 and 2016 (15.5 to 15.0, P< .001) (Table 1).
When analyzed by each urban/rural category the only
statistically significant decline was in urban areas. The
percentage of urban FPs providing care in a particular
practice area used to calculate the SP4PC score declined
significantly in 15 of the 22 practice areas (Table 1). Of the
15 additional procedures, which are not included in the
SP4PC score (Table 4), the percentage of urban physicians
providing each significantly declined in only 4 cases.
In large rural settings, the only 2 practice areas that saw

a statistically significant decline in participating FPs were
pediatrics (89.8% to 84.2%, P = .0379) and acute/urgent
care (7.9% to 4.9%, P = .0216), while the only proce-
dure with a statistically significant decline in the large
rural category was simple fracture (57.0% to 41.6%, P
= .0163). In small rural settings, emergency room care
(23.4% to 18.4%, P = .0241) and occupational medicine
(58.8% to 50.6%, P = .0115) were the only practice
areas with statistically significant declines. There were no
statistically significant declines in any practice category
in frontier settings, and endometrial biopsy was the only
procedure that declined (50.0% to 13.7%, P = .0216).

The regression analysis revealed statistically significant
associations with scope score and all physician, practice,
and county characteristics analyzed (Table 5). Over time
the scope score decreased by 0.15 (95% CI: –0.1918 to –
0.1138) points per year. Scope score increased in a nearly
dose-dependent fashion with increasing rurality; how-
ever, there was no evidence of an interaction between
rural location and year (not shown) so models without
the interaction are reported. Other characteristics with the
largest positive adjusted association with scope score were
faculty status, at 1.4104, (95% CI: 1.3361 to 1.4846) and
practicing in a group setting (β = 1.0304, 95% CI: 0.9596
to 1.1012). The characteristics with the largest negative
association with scope score were Black and Asian racial
identity and international medical graduate status (β =
–0.5118, 95% CI: –0.715 to –0.5301). Other than degree
of rurality, being in a persistent poverty county had the
largest association with scope score at the county level (β
= –0.4622, 95% CI: –0.6393 to –0.2851). The size of the
negative association is an order of magnitude larger than
associations with the availability of other health care
professionals (physicians per 10,000: 0.0059, 95% CI:
0.0028 to 0.0091; PAs per 10,000: 0.0528, 95%CI: 0.0375

The Journal of Rural Health 37 (2021) 734–744 © 2020 National Rural Health Association 739
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Decline of Urban Family Physician Scope of Practice Nasim et al.

Table 4 Procedural Care by Year and Rurality

2014

(n = 2,407)

2015

(n = 2,021)

2016

(n = 1,889) P Value

Outpatient procedures
Office skin

Urban 76.9 77.9 71.4∗ .0002

Large rural 80.61 86.43 88.00 .4272

Small rural 85.57 82.80 85.95 .6805

Frontier 88.89 71.43 95.45

Cosmetic procedures

Urban 4.0 4.2 2.9 .2724

Large rural 2.42 2.14 0.80

Small rural 4.12 2.69 2.16 .6686

Frontier 5.56 3.57 0.0

Neonatal circumcision

Urban 13.0 13.1 10.8 .2292

Large rural 24.24 27.14 22.40 .8123

Small rural 32.47 33.87 30.81 .8359

Frontier 36.11 21.43 18.18 .3618

Cardiac stress test

Urban 4.8 4.1 3.9 .5773

Large rural 8.48 7.14 5.60 .7198

Small rural 20.62 18.28 16.76 .7198

Frontier 19.44 10.71 9.09

Women’s health
Endometrial biopsy

Urban 20.8 20.7 16.4∗ .0079

Large rural 18.79 29.29 21.60 .2849

Small rural 30.41 27.42 32.43 .6805

Frontier 50.00 21.43 13.64∗ .0216

IUD insertion

Urban 17.7 18.7 16.2 .3618

Large rural 16.36 19.29 18.4 .8359

Small rural 20.10 20.43 28.11 .2937

Frontier 38.89 21.43 9.09 .0938

LARC

Urban 10.4 11.6 11.9 .5623

Large rural 7.27 13.57 12.00 .3618

Small rural 10.82 11.83 14.05 .7198

Frontier 27.78 7.14 22.73 .3097

Prenatal ultrasound

Urban 3.4 3.7 3.4 .9212

Large rural 5.45 3.57 4.00 .7709

Small rural 6.70 5.38 8.65 .6237

Frontier 5.56 0.0 4.55

Orthopedic care
Simple fracture

Urban 45.1 47.1 41.8∗ .0387

Large rural 56.97 62.14 41.60∗ .0163

Small rural 66.49 66.67 69.73 .8359

Frontier 91.67 67.86 68.18 .1045

Musculoskeletal ultrasound

Urban 3.4 3.4 4.6 .3310

Large rural 1.21 1.43 4.8

Small rural 3.09 1.61 6.5 .1365

Frontier 8.3 0.0 0.0

(Continued)
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Nasim et al. Decline of Urban Family Physician Scope of Practice

Table 4 (Continued)

2014

(n = 2,407)

2015

(n = 2,021)

2016

(n = 1,889) P Value

Joint injection/aspiration

Urban 60.4 60.3 55.0∗ .0106

Large rural 67.88 72.14 70.4 .8363

Small rural 72.68 74.73 80.00 .4839

Frontier 88.89 75.00 59.09 .1045

Hospital-based procedures
Central lines

Urban 5.4 4.8 4.3 .4975

Large rural 7.27 10.71 7.20 .6473

Small rural 14.43 12.37 17.84 .5200

Frontier 13.89 10.71 13.64

Thoracentesis

Urban 4.3 3.2 3.4 .3404

Large rural 11.52 10.00 8.80 .7996

Small rural 14.43 14.52 18.38 .6805

Frontier 36.11 21.43 9.09 .1410

Paracentesis

Urban 4.6 3.2 3.9 .2764

Large rural 7.88 10.71 7.20 .7400

Small rural 13.40 11.29 9.19 .6100

Frontier 30.56 25.00 18.18 .6362

Lumbar puncture

Urban 9.1 8.0 6.7 .1204

Large rural 16.36 22.14 13.60 .4210

Small rural 27.84 24.19 29.19 .6805

Frontier 41.67 17.86 13.64 .0767

∗P value statistically significant at α = .05.

to 0.0681; NPs per 10,000: –0.0166, 95% CI: −0.0223
to −0.0109) and twice as large as having a hospital
(−0.2734, 95% CI: −0.4928 to –0.0540). Interestingly,
having more health care professionals in a county is
generally associated with an increase in scope score.

Discussion

Using a large national sample, we found that the decline of
scope of practice in FPs is largely an urban phenomenon.
Although the provision of individual services decreased in
large rural, small rural, and frontier settings from 2014 to
2016, most of these decreases were not statistically signif-
icant, likely due to small sample size or large variation in
number of FPs representing the geographic area from year
to year.
We found associations between scope of practice and

several physician/county characteristics that could serve
as viable policy targets to combat declines in scope of prac-
tice. The mechanisms behind some of these characteristics
are clear—for example, FPs who serve as faculty occupy
a teaching role, and as such they participate in a greater

variety of clinical work while training future FPs. Family
medicine training programs also utilize volunteer faculty,
and there is likely a strong preference on the part of these
programs for recruiting broad scope volunteer faculty as
there is a relationship between broad scope of practice of
volunteer faculty and family medicine residency match
rates among medical students.27 The association between
FPs of non-White race/ethnicity and lower scope of prac-
tice may also be explained by the disproportionate dis-
tribution of non-White FPs across rurality—Black, Asian,
and Hispanic FPs make up a far greater proportion of ur-
ban family physicians than rural, as shown in our analysis.
Among county characteristics, several results proved

interesting. First, persistent poverty was associated with
lower scope of practice, but the percentage of counties in
persistent poverty is significantly higher with increasing
rurality. This indicates that persistent poverty in a county
could cancel out some of the gains of scope of practice
associated with increased rurality. For example, a 2007
report revealed that rural persistent poverty counties
had fewer FPs per 100,000 population.28 This is another
reversal of a distribution pattern showing increasing FPs
per 100,000 population with increasing rurality.19 The

The Journal of Rural Health 37 (2021) 734–744 © 2020 National Rural Health Association 741
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Decline of Urban Family Physician Scope of Practice Nasim et al.

Table 5 Adjusted Associations Between Personal and County Characteristics of Family Physicians Registering for the American Board of Family Medicine

Continuing Certification Examination and Scope of Practice for Primary Care Score (n = 27,442)

Change in Scope

of Practice Score

95% Confidence

Interval

Per year change over study period –0.1528 –0.1918 to –0.1138

Individual characteristics

Per year increase in age –0.0333 –0.0372 to –0.0294

DO degree –0.3910 –0.5044 to –0.2776

Female gender –0.2170 –0.2869 to –0.1471

International medical graduate –0.6226 –0.7150 to –0.5301

Race

White Ref

Black –0.8393 –0.9796 to –0.6991

Asian –0.5118 –0.6200 to –0.4036

Other –0.3749 –0.5776 to –0.1721

Hispanic ethnicity –0.4688 –0.6082 to –0.3294

Practice organization

Solo 0.6114 0.5029 to 0.7199

Group 1.0304 0.9596 to 1.1012

Other Ref

Faculty at medical school or residency 1.4104 1.3361 to 1.4846

County characteristics

Rural urban continuum code

Urban Ref

Large rural 0.5098 0.3719 to 0.6477

Small rural 0.7545 0.6058 to 0.9032

Frontier 0.8886 0.5818 to 1.1954

Persistent poverty –0.4622 –0.6393 to –0.2851

Percent of nonfederal patient care MD’s in primary care 0.0337 0.0305 to 0.0369

Nonfederal patient care MD per 10,000 population 0.0059 0.0028 to 0.0091

Physician assistants per 10,000 population 0.0528 0.0375 to 0.0681

Advanced practice nurses/nurse practitioners per 10,000 population –0.0166 –0.0223 to –0.0109

Has at least one general community hospital –0.2734 –0.4928 to –0.0540

combined county characteristics of decreased FP scope of
practice and decreased FP availability all support the idea
that individuals living in persistent poverty counties do
not receive equitable access to health care.29 Increased
scope of practice has been shown to increase health
equity, and FP recruitment and support for providing
comprehensive care may be a viable policy target to miti-
gate this source of inequity. This need may be high as past
work found that NPs and PAs were not more likely to be
located in areas with the greatest primary care need.30,31

Another interesting result from the regression analysis
was that increased numbers of health care professionals
in a county is generally associated with an increase in FP
scope score. One hypothesis is that increased numbers of
physicians, particularly specialists, creates a substitution
effect that would drive down scope of practice in FPs. Al-
ternatively, it is possible that the presence of other pro-
fessionals may either create competition to increase scope
or allow FPs to do more because others can take up the
care. The composition of specialties of the other physicians

likely plays a role in which mechanism predominates—
with more specialists, one could expect decreased FP
scope of practice due to the substitution effect; with more
FPs, one could expect increased FP scope of practice as
FPs compete with each other for patients by offering more
services. In support of the latter view, we found a positive
relationship between scope score and the percentage of
physicians in primary care in the county. Previous work,
using the same data, found that working with either a
PA or NP increased FP scope, with a larger association for
PAs.12 We found similar associations at the county level
with more PAs in the county associated with increased
scope for FPs but more NPs associated with lower scope.
Our study is subject to limitations. First, our data are

cross-sectional and we cannot say that a particular physi-
cian stopped providing a service. Second, our definition
of scope of practice used available data and does not
fully capture every clinical service and activity a FP may
provide. Third, our data only reflect physicians certified
with the ABFM. Doctors of Osteopathy who trained in

742 The Journal of Rural Health 37 (2021) 734–744 © 2020 National Rural Health Association
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an osteopathic residency can certify with an osteopathic
board, and past work found that the proportion of DOs in
primary care increases with increasing rurality, but it did
not differentiate between ABFM and osteopathic certified
FPs.32 This may limit the generalizability of our findings,
but the same paper found that two-thirds of FPs in rural
areas were MDs, thus favoring generalizability.

Conclusion

The decline in FP scope of practice requires much further
study to fully determine the factors contributing to it and
the barriers to its reversal. Other aspects of FP practices
that have not yet been explored for their effect on scope of
practice include different reimbursement methods (cap-
itation, fee-for-service, etc) and state-level policies pro-
moting primary care, such as minimum spend programs,
as these programs grow in number. Continuing to paint as
complete a picture as possible of this decline in FP scope
of practice is necessary to promote its reversal to ensure
that all Americans, urban and rural, receive the primary
care that they need.
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Original Research

Introduction

Colorectal cancer accounts for an estimated 8% of new 
cancer cases and 9% of cancer deaths.1 A study based on 
2009-2013 data from the North American Association of 
Central Cancer Registries (NAACCR) found that colorec-
tal cancer incidence rates were significantly higher in non-
metropolitan (rural) than metropolitan (urban) counties 
(43.9 vs 40.1 per 100 000).2 Screenings are highly effective 
for detecting colorectal cancer,3,4 but few contemporary 
studies have investigated potential rural versus urban 
in equities in colorectal cancer screening. Findings from the 
2005 Behavioral Risk Factor Surveillance System (BRFSS) 
showed that residents of rural areas had lower adjusted 
rates of colorectal screening compared to residents of 
urban areas (48%vs 54%).5 However, that study is based 
on data collected prior to Medicaid and private insurance 

expansions occurring after the Affordable Care Act (ACA). 
More recent estimates from the 2018 BRFSS found that 
colorectal screening rates were lower among non-metro-
politan than metropolitan residents across age categories  
of 50-75, 50-64, and 65-75.6 In addition, analyses of the 
National Health Interview Survey (NHIS) indicated that 
colorectal cancer screening rates rose at a faster pace 
between 2008 and 2018 among metropolitan (58.1%-66%) 
than non-metropolitan residents (48.5%-60.6%).7
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The Medicare Access and CHIP Reauthorization Act 
(MACRA) of 2015 may have contributed to increases in 
colorectal cancer screening rates, and attenuated rural/urban 
disparities, as MACRA established financial incentives for 
health care professionals to provide high-quality health ser-
vices.8,9 The MACRA stipulates that health care profession-
als who receive outpatient Medicare reimbursement must 
participate in a Quality Payment Program.8-10 Health care 
professionals satisfy the Quality Payment Program require-
ment by participating in the Merit-Based Incentive Payment 
System (MIPS), unless they are eligible and decide to enroll 
in the Advanced Alternative Payment Model (APM) or are 
not required to participate because they have a low volume 
of patients with Medicare.11,12 Under MIPS, health care pro-
fessionals have to choose to report data for a minimum of 6 
clinical quality performance measures, which Medicare then 
uses to partially modify reimbursement.12 One clinical qual-
ity indicator that is particularly relevant to primary care is 
the colorectal cancer screening rate, as primary care profes-
sionals (PCPs) routinely manage their patients’ colorectal 
cancer prevention screenings either through direct testing 
(eg, fecal occult blood testing, or FOBT) or, more frequently, 
referring patients for a colonoscopy/sigmoidoscopy.13

In addition to rural/urban disparities, prior research 
points to racial and ethnic inequities in colorectal cancer 
screening rates.14-17 Two studies based on analyses of the 
2008 BRFSS showed that persons who were Black/African 
American were more likely to receive colorectal cancer 
screening than person who were White,14,15 but one of these 
studies showed that the association between Black/African 
American race and screening was confined to those residing 
in an urban area.14 Other research has found that persons 
who are of Hispanic ethnicity are less likely to receive 
colorectal cancer screenings than persons who are White or 
Black/African American.6,16 Whether racial or ethnic varia-
tions exist within primary care practices located across rural 
and urban counties has not been investigated.

Within the context of managing colorectal cancer 
screening among their patient populations, PCPs may also 
need to consider community-level social and economic 
factors that influence colorectal cancer screenings. One 
study found that a greater percentage of the population liv-
ing below the federal poverty level was associated with 
greater odds of never receiving colorectal cancer screen-
ing.18 In a study based on analyses of metropolitan respon-
dents to the 2002 national BRFSS, area-level poverty rates 
were associated with higher odds of not receiving colorec-
tal cancer screening.18 Other analyses of the 2006 BRFSS 
in Missouri found that a higher area-level poverty rate was 
associated with lower odds of receiving a colorectal can-
cer screening.19 A more recent study based on data from 
primary care practices in 3 midwestern states found that 
worse area deprivation (as based on the area deprivation 
index derived from the American Community Survey) was 

associated with lower odds of patients receiving recom-
mended colorectal cancer screening.20 Even when adjust-
ing for area deprivation, patients residing in rural areas 
had lower odds of colorectal cancer screening than those 
residing in urban areas.20

This paper provides new insight into the degree to which 
rural and urban primary care practices manage their 
patients’ colorectal cancer screenings amid implementa-
tion of MACRA within the context of area-level racial/eth-
nic, social, and economic factors. Our specific hypotheses 
are that colorectal cancer screening rates are lower among 
primary care practices that are (1) located in rural relative 
to urban counties, (2) in counties with higher percentages 
of the population that are racial or ethnic minorities, and 
(3) in counties with greater social deprivation.

Methods

Overview

We assembled and analyzed longitudinal, practice-level 
colorectal cancer screening data from the American Board 
of Family Medicine (ABFM) PRIME Registry coupled 
with county-level contextual indicators of social depriva-
tion and demographic characteristics. To test for changes 
within practices across time, we restricted the sample to 
practices that had complete colorectal screening data for 
each quarter of the year from 2016, or the year prior to 
MACRA implementation, to the last quarter of 2020. A total 
of 139 practices had complete quarterly practice-level 
screening performance data for the study period. The proj-
ect received IRB approval.

Data Sources

The PRIME Registry21 is a Centers for Medicare and 
Medicaid Services (CMS)-certified Qualified Clinical Data 
Registry open to all primary care clinicians and captures 
electronic health record (EHR) data from more than 2500 
clinicians in approximately 800 practices in 47 states caring 
for 5.4 million patients. PRIME practices are disproportion-
ately rural (39%), small (average less than 3 clinicians), and 
independently owned, compared to all U.S. primary care 
practices. Less than half (46.2%) of the patients are White, 
7.3% are Black, 20.5% are Hispanic, 0.4% are American 
Indian/Alaska Native, and 0.2% are Native Hawaiian or 
Pacific Islander (the remaining balance is a mixture of mul-
tiple, other, or not specified). Additionally, PRIME includes 
patients of all ages with at least 40% of patients meeting age 
requirements for colorectal cancer screening. We combined 
PRIME data with county-level demographic information 
from the 2019 to 2020 Health Resources and Services 
Administration (HRSA) Area Health Resources File (AHRF) 
and the social deprivation index from the Graham Center.
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Dependent Variable

The dependent variable is the proportion of patients in a 
practice that received guideline recommended colorectal 
screenings (ie, the percentage of adults 50-75 years of age 
who had appropriate screenings for colorectal cancer, or 
CMS quality indicator #113).

This measure was developed by the National Committee 
for Quality Assurance (NCQA) and is used by CMS (see 
https://qpp.cms.gov/docs/QPP_quality_measure_specifica-
tions/Claims-Registry-Measures/2018_Measure_113_
Registry.pdf for details). Briefly, the denominator is the 
number of patients who were 50 to 75 years of age on the 
date of a visit and during the period of assessment. Patients 
who had colorectal cancer or a total colectomy were 
excluded. The numerator is the number of patients with at 
least one colorectal screening over the period of assessment 
(the screening could be provided by the primary care physi-
cian or a specialist, such as a gastroenterologist). Colorectal 
screenings are defined as fecal occult blood test (FOBT) 
during the period of assessment, flexible sigmoidoscopy 
during the period of assessment or the prior 4 years, a colo-
noscopy during the period of assessment or prior 9 years, a 
computed tomography (CT) colonography during the 
period of assessment or 4 prior years, or a fecal immuno-
chemical DNA test (FIT-DNA) during the period of assess-
ment or prior 4 years.

Independent Variables

The main independent variable is rurality of the practice 
location, which is defined according to U.S. Office of 
Management and Budget (OMB) classifications of metro-
politan (urban) and non-metropolitan (rural) counties. A 
metropolitan county has an urban core with more than 
50 000 persons, and all other counties are considered non-
metropolitan.22 We also included the practice’s Census 
Region, as prior research has indicated colorectal cancer 
screening variations across states6 and regions.14 Because 
we did not have information on the demographic character-
istics of patients in a primary care practice, we included 
from the AHRF 2010 Census estimates (2010 Census num-
bers are the most recent age distribution estimates in the 
AHRF) of the proportion of the county population that was 
45 to 74 years of age as this reflects potential demand for 
colorectal cancer screening (we note that that the AHRF 
does not report the proportion with a cut off 50 years of age 
and thus we used 45 years of age as the cut off). We also 
obtained from the AHRF 2018 estimates (2018 represents 
the “center” of our sample) of the proportions of the county 
population that were White, Black, Asian, and Hispanic 
because prior research has indicated racial and ethnic varia-
tions in colorectal screening rates.14-17 Gender, race, and 
ethnicity were derived using 2018 Census estimates as that 
year is the “center” of our sample.

County-level social deprivation was assessed using the 
Social Deprivation Index (SDI).23 The SDI is based on the 
7 factors contained in the American Community Survey 
(ACS): the percentages of population living in poverty, 
with less than 12 years of education, residing in a single 
parent household, residing in rental housing, residing in 
overcrowded housing, and without an automobile and the 
percentage of the population under 65 years of age that is 
unemployed.

We created a discrete numeric variable reflecting years 
since 2016, thereby testing for changes in colorectal cancer 
screening rates in the year leading up to the implementation 
of MACRA and the years following its implementation on 
January 1, 2017. We also included dummy variables for 
each quarter within each year.

Analysis

We first descriptively compared colorectal screening rates 
across rural and urban practices and time (quarters within 
years). Next, we conducted repeated measures regression 
analyses using SAS Proc Mixed to account for correlations 
in the repeated quarterly colorectal cancer screening rates 
within practices. We tested for an interaction between rurality 
and year to determine if changes in colorectal cancer screen-
ing rates differed by rurality, but the interaction term was 
insignificant and therefore removed from the final model.

Results

Table 1 shows the means and standard deviations (SD) for 
colorectal screening rates among all practices and by rural/
urban location for each quarter in 2016 through 2020. 
Figure 1 graphically illustrates changes in colorectal screen-
ing rates among rural and urban practices. Colorectal 
screening rates were approximately 64% in rural and urban 
practices in the first quarter of 2016. Colorectal screening 
rates increased to approximately 80% and 83% in rural and 
urban practices, respectively, in the last quarter of 2020.

Table 2 shows findings from the repeated measures 
regression analysis. When adjusting for other factors, a lack 
of a rural/urban difference in screening rates persisted. 
Colorectal screening rates increased by approximately 4% 
per year, as indicated by the estimate of 4.22 for the years 
since 2016. The quarter within year was not associated with 
screening rates. A higher SDI score, indicating worse social 
deprivation, was associated with a slightly higher screening 
rate. Higher percentages of the population aged 45 to 
74 years of age and Hispanic were associated with lower 
screening rates, whereas greater percentages of White, 
Black, and Asian were associated with higher screening 
rates. Practices located in the Northeast U.S. had higher 
screening rates and those in the Midwest and West had 
lower screening rates relative to practices in the South.

https://qpp.cms.gov/docs/QPP_quality_measure_specifications/Claims-Registry-Measures/2018_Measure_113_Registry.pdf
https://qpp.cms.gov/docs/QPP_quality_measure_specifications/Claims-Registry-Measures/2018_Measure_113_Registry.pdf
https://qpp.cms.gov/docs/QPP_quality_measure_specifications/Claims-Registry-Measures/2018_Measure_113_Registry.pdf
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Discussion

This study yielded new information about rural and urban 
primary care practices’ management of their patients’ 
colorectal cancer screenings during implementation of 
MACRA. Specifically, our findings suggest that primary 
care practices in rural and urban counties improved their 
colorectal cancer screening performance approximately  
4% per year since 2016, or 1 year prior to the MACRA 
implementation. We did not detect any differences between 
practices located in rural and urban counties, suggesting 
that rural/urban disparities reported in prior literature may 

have attenuated in recent years. Our study’s findings regard-
ing rural and urban location could also differ from prior 
research as we used practice-level data from a national 
primary care quality improvement registry, as opposed to 
individual-level data from population-based surveys.5-7

Our hypothesis that primary care practices in counties 
with greater (worse) social deprivation would have lower 
screening rates was also not confirmed. Rather, in contrast to 
prior research indicating that greater area deprivation and 
poverty are associated with lower odds of colorectal cancer 
screenings,18-20 we found that greater area-level social depri-
vation was associated with higher screening rates. One 
explanation for these divergent findings is that the current 
study relied on practice-level screening rates, whereas the 
aforementioned studies had information about individual 
persons’18,19 or patients’20 screening histories. Another expla-
nation for the current study’s finding is that counties with 
worse social deprivation have better primary care resources, 
which then contribute to higher screening rates. Related to 
social and economic resources, some patients may fall into a 
health insurance gap or “doughnut hole” in which they do not 
qualify for public insurance coverage and are unable to pur-
chase private health insurance. However, our study’s use of 
practice level data precluded our ability to examine how indi-
vidual patients’ insurance coverage may have influenced 
their receipt of colorectal cancer screenings.

Table 1. Colorectal Screening Performance Rates by Rural/Urban Practice and Time.

Year
Quarter 
in year

Total Rural (Non-Metro) Urban (Metro)

N = 139 Practices N = 31 Practices N = 108 Practices

Mean SD Mean SD Mean SD

2016 1 64.3 (27.2) 64.2 (26.5) 64.4 (27.5)
2 66.1 (27.4) 65.5 (26.3) 66.2 (27.9)
3 66.2 (28.1) 64.6 (29.7) 66.7 (27.7)
4 67.1 (26.4) 62.0 (27.9) 68.6 (25.9)

2017 1 69.5 (25.7) 68.5 (24.9) 69.9 (26.0)
2 68.9 (23.7) 66.5 (21.7) 69.5 (24.2)
3 70.4 (22.7) 69.7 (20.7) 70.6 (23.4)
4 70.5 (23.0) 70.2 (19.6) 70.6 (24.0)

2018 1 71.7 (22.0) 71.7 (19.0) 71.7 (22.8)
2 71.2 (18.5) 70.7 (18.0) 71.4 (18.7)
3 72.0 (18.2) 71.6 (17.7) 72.1 (18.4)
4 75.3 (19.1) 72.8 (18.2) 76.0 (19.4)

2019 1 80.0 (18.0) 77.3 (17.0) 80.8 (18.3)
2 80.2 (17.1) 77.2 (16.9) 81.0 (17.2)
3 79.8 (17.4) 76.3 (17.2) 80.9 (17.5)
4 75.1 (19.7) 71.9 (19.6) 76.0 (19.7)

2020 1 82.7 (15.6) 80.8 (15.3) 83.3 (15.8)
2 82.5 (15.6) 80.5 (15.4) 83.1 (15.7)
3 81.8 (15.7) 80.2 (14.9) 82.2 (15.9)
4 82.1 (15.6) 80.0 (15.2) 82.6 (15.7)

Figure 1. Colorectal cancer screening rates by rural/urban 
practice and time.
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Our hypothesis that practices located in counties with 
higher percentages of the population who are racial or eth-
nic minorities would have lower screening rates was con-
firmed, at least in regard to Hispanic ethnicity. This finding 
is consistent with other studies that have found that persons 
who are Hispanic are less likely to receive colorectal  
cancer screenings than persons who are White or Black/
African American.6,16 In contrast, higher percentages of the 
population that were white, Black, and Asian were posi-
tively associated with screening rates. One other area-level 
demographic characteristics, the proportion of the popula-
tion 45 to 74 years of age and male, was negatively associ-
ated with screening rates. We posit that primary care 
practices located in counties with higher proportions of 
persons ages 45 to 74 years may not be able to keep up with 
demand for colorectal cancer screenings. Prior research 
also indicates that individuals who are male have a higher 
likelihood of colorectal cancer screening than those who 
are female.24 This could similarly translate into greater 
unmet demand for colorectal cancer screenings in counties 
with higher proportions of males.

Lastly, like prior research making use of individual sur-
vey responses to the 2008 BRFSS, we found regional varia-
tions in colorectal screening rates.14 Because colorectal 
cancer mortality rates are particularly high in the southern 
U.S.,25 one might conclude that colorectal cancer screening
rates would be lower in the same region. However, our
findings suggest that primary care practices located in the
Midwest and West have lower screening rates than those
in the South. One potential explanation for the latter finding

is that public health attention has focused on increasing 
screening in the South. Other regions may now need to fur-
ther promote or colorectal screenings.

The current study focused on primary care practices in 
rural and urban areas, but the findings may differ for other 
physician specialties. Family physicians may deliver endo-
scopy services, but prior research showed that fewer than 
5% actually do so and that the percentages declined bet-
ween 2014 and 2016.26 In a study based on 2006 and 2007 
Medicare Beneficiary Survey and Medicare claims, resi-
dents of metropolitan areas whose usual physician was a 
general internist had higher odds of colorectal screening 
than those whose usual physician was a family physician.27 
However, there was no association between physician spe-
cialty and colorectal screening among non-metropolitan 
residents.27 Future research should further explore colorectal 
screening performance by usual source of care and primary 
care clinicians, including nurse practitioners and physician 
assistants.

The U.S. Preventive Services Task Force (USPSTF) 
recently revised its colorectal cancer screening recommen-
dations in 2021 to include persons 45 to 49 years of age, but 
it graded the evidence supporting screening among this 
lower age group as a B compared to an A for 50 to 75 years 
of age.4 The CMS has not commented about whether it  
will modify its colorectal screening measure in the MIPS 
to include this younger age group. Thus, further research 
should also address how any change in age-based screening 
recommendations are effectively adopted in primary care 
practices.

Table 2. Repeated Measures Regression of Colorectal Screening Rates.

Effect Estimate Standard Error P-value

Intercept 14.507 19.101 .449
Years since 2016 (MACRA implemented 2017) 4.217 0.282 <.0001
Quarter 2 0.074 1.102 .947

3 0.356 1.104 .747
4 0.229 1.126 .839
1 Reference

SDI Score 0.175 0.0252 <.0001
% Age 45-74 −0.581 0.133 <.0001
% Male −0.165 0.303 .587
% White 0.840 0.0947 <.0001
% Black 0.319 0.0926 .001
% Asian 1.636 0.184 <.0001
% Hispanic −0.229 0.0354 <.0001
Region Northeast 6.587 1.677 .0001

Midwest −5.527 1.189 <.0001
West −10.152 1.340 <.0001
South Reference

Rurality Non-metro 0.3584 1.246 .7741
Metro Reference
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Limitations to our study include lack of detail on patient 
level differences and the screening method. For instance, 
differences in colorectal cancer screening rates for women 
in rural and urban areas have been found,28 but our prac-
tice-based analyses could not address this. Past work has 
revealed differences in screening methods between rural 
and urban populations, with increasing use of FOBT in 
rural areas compared to urban areas.5 Proximity of endos-
copy services is also a barrier to rural populations utilizing 
this method.29 Lastly, because all of the practices were 
“exposed” to MACRA, the study had no non-exposure 
comparison group. It is possible that the annual increases 
in colorectal cancer screening are attributable to factors 
beyond MACRA, such as public health messages encour-
aging colorectal cancer screening.

Conclusion

Among both rural and urban primary care practices partici-
pating in a national quality improvement registry, colorectal 
screening rates improved dramatically from 2016 to 2020. 
These increases may be partially attributed to the imple-
mentation of MACRA, as well as overall public health mes-
saging aimed at colorectal cancer screening awareness. 
Although we found no rural versus urban differences, 
other demographic and social disparities were evident. To 
improve their colorectal cancer screening performance, and 
increase their Medicare reimbursement, practices should 
consider collaborating with community-based organiza-
tions to tailor and target colorectal cancer screening mes-
sages, modify clinic office hours, or develop other strategies 
to better accommodate populations who are relatively older, 
Hispanic, and have higher social deprivation.
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The Racial and Ethnic Diversity of the Family Physician Workforce in Non-

Metropolitan and Metropolitan Counties 
Lars E. Peterson, MD, PhD; Zachary J. Morgan, MS 

Overview of Key Findings 

▪ The family physician workforce is becoming more racially diverse; however, non-metropolitan family
physicians are not.

▪ Using data from over 24,000 family physicians who either registered to continue their American Board
of Family Medicine (ABFM) certification or completed the graduate survey from 2017 to 2019, we
found that early career family physicians are more diverse than later career physicians (66.9% vs. 72.8%
White; 58.3% vs. 44.0% female) but, in both groups, the percentage of White non-metropolitan family
physicians was even higher (82.7% to 90.5%).

▪ Minority non-metropolitan family physicians, particularly Black and Native American/Alaska Native
physicians, are more likely to practice in persistent poverty counties. The lack of resources in these
counties may make delivering health care harder.

Introduction 

Rural America faces well-known challenges in access to health care and relies considerably on the availability of 
Family Physicians (FPs), the most widely and evenly distributed medical specialty across the rural continuum.1  On 
average, rural populations have a greater proportion of Whites than urban populations, but variation exists with rural 
minorities often concentrated in counties with higher social deprivation.2,3  In general, physicians are 
disproportionately White and male compared to the U.S. workforce and population.4,5  

Greater supply of primary care physicians, which includes FPs, general internists, and pediatricians, is associated 
with lower all cause mortality6,7 and lower disparities in health outcomes.7  Additionally, a growing body of work 
shows that racial/ethnic concordance of clinicians and patients improves health outcomes by increasing access to care 
for underserved populations and by increasing opportunities for racial/ethnic minority patients to see practitioners 
with whom they share a common race, ethnicity, or language.8  This may be particularly important in rural counties 
that are majority minority where there are higher rates of premature mortality9 and cancer mortality.10   

Little is known about racial and ethnic distribution of FPs according to rurality and how this compares to urban FPs.  
In 2012, among physicians in a combined FP/general practitioner group, Native Americans and Whites were more 
likely to practice in rural locations than physicians in other racial and ethnic categories.11  Additionally, there is 
variation among racial/ethnic categories in practice location in Health Professional Shortage Areas (HPSAs).11  Other 
studies have found that racial/ethnic minority physicians are more likely to practice in areas with more Spanish 
speakers,12 and international medical graduates (IMGs) are more likely to practice in areas with a higher proportion 
of the racial/ethnic group they identify with13 and in rural areas of higher need.14  Thus, it is likely that minority rural 
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FPs may not be distributed evenly across rural areas.  Our objective was to determine the distribution of FPs in rural 
areas by race/ethnicity and also whether rural minority physicians were more likely to be in underserved rural areas. 

Methods 

We used data from the 2017 through 2019 American Board of Family Medicine (ABFM) Family Medicine 
Certification Examination practice demographic questionnaire and the National Graduate Survey (NGS).15,16  FPs 
take the ABFM exam every 7-10 years throughout their careers and this group is our “later career” cohort.  The NGS 
is administered to FPs three years after residency graduation and this group is our “early career” cohort.  Each 
instrument has common items that capture practice organization, size, and address. Race is collected on the 
certification examination questionnaire; for the NGS respondents, we linked to their initial certification examination 
data to obtain race/ethnicity data.  Race data were collected as a “select best” option with an “other” option added in 
2016, which means “other” was not available to the NGS respondents.  Hispanic ethnicity is collected in a separate 
question.  Gender was collected separately from either instrument and is recorded as male or female only. We 
geocoded practice address to the county level and linked to the Area Health Resources File to obtain persistent 
poverty and full primary care Health Professional Shortage Area (HPSA) status.  

We limited our sample to FPs in the United States and who primarily provided outpatient continuity care.  We used 
descriptive and bivariate statistics to test for differences by race/ethnicity between cohorts and over time.  To study 
whether non-metropolitan minority FPs were more likely to practice in underserved settings, we conducted an 
analysis of only non-metropolitan FPs by county characteristics.   

Findings 

Our sample included 5,063 early career FPs from the NGS and 19,234 FPs who sought to continue their ABFM 
certification (Tables 1 and 2).  In both groups around 9% were practicing in micropolitan counties, but early career 
FPs were more likely to be in non-core/non-metro counties than later career FPs (7.3% vs. 6.3%).  In both cohorts, 
FPs in micropolitan and non-core/non-metro areas were generally White, non-Hispanic, and U.S. medical graduates.  
Early career FPs were more racially/ethnically diverse, and majority female, compared to the continuing certification 
cohort and more females were in non-core/non-metro counties in this cohort. 

Table 1. Personal and Practice Characteristics of Early Career Family Physicians Practicing Outpatient Care Who 
Completed the American Board of Family Medicine National Graduate Survey from 2017 to 2019 by Rurality 
(N=5,063) 

National Graduate Survey 

Metropolitan Micropolitan 
Non-Core Non-
Metropolitan Total 

N=4,242 N=450 N=371 N=5,063 

Mean Age in Years (95% CI) 35.6 (35.5, 35.7) 35.3 (34.9, 35.7) 35.4 (35.0, 35.8) 
35.6 (35.4, 

35.7) 
Gender* 

Male 1,709 (40.3%) 234 (52.0%) 166 (44.7%) 2,109 (41.7%) 
Female 2,533 (59.7%) 216 (48.0%) 205 (55.3%) 2,954 (58.3%) 

Degree Type 
MD 3,374 (79.5%) 354 (78.7%) 301 (81.1%) 4,029 (79.6%) 
DO 868 (20.5%) 96 (21.3%) 70 (18.9%) 1,034 (20.4%) 

Site of Medical School* 
International Medical Graduate 1,211 (28.5%) 104 (23.1%) 62 (16.7%) 1,377 (27.2%) 
US/CAN Medical Graduate 3,031 (71.5%) 346 (76.9%) 309 (83.3%) 3,686 (72.8%) 

Race* 
White 2,839 (66.9%) 372 (82.7%) 329 (88.7%) 3,540 (69.9%) 
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Asian 1,009 (23.8%) 46 (10.2%) 24 (6.5%) 1,079 (21.3%) 
Black or African American 316 (7.4%) 25 (5.6%) 14 (3.8%) 355 (7.0%) 
American Indian or Alaska Native 45 (1.1%) 5 (1.1%) 3 (0.8%) 53 (1.0%) 
Native Hawaiian or Other Pacific 33 (0.8%) 2 (0.4%) 1 (0.3%) 36 (0.7%) 
Other 

Ethnicity* 
Not Hispanic or Latino 3,857 (90.9%) 429 (95.3%) 360 (97.0%) 4,646 (91.8%) 
Hispanic or Latino 385 (9.1%) 21 (4.7%) 11 (3.0%) 417 (8.2%) 

* P value < .05 for either t-test or Chi-Square test across the four categories.

The proportion of White FPs increases with rurality in both cohorts.  The proportion of Asian FPs decreases 
precipitously outside of metropolitan counties in both cohorts.  In the continuing certification cohort, the proportion 
of American Indian/Alaska Native FPs is double in micropolitan and non-core/non-metro counties compared to 
metropolitan counties (0.7% vs 1.5-1.7%). 

Table 2. Personal and Practice Characteristics of Family Physicians Practicing Outpatient Care Who Registered for 
the American Board of Family Medicine National Continuing Certification Examination from 2017 to 2019 by 
Rurality (N=19,234) 

Continuing Certification 

Metropolitan Micropolitan 
Non-Core Non-
Metropolitan Total 

N=16,277 N=1,745 N=1,212 N=19,234 
Mean Age in Years (95% CI)* 51.7 (51.5, 51.8) 52.7 (52.3, 53.1) 53.0 (52.5, 53.5) 51.9 (51.7, 52.0) 
Gender* 

Male 8,855 (54.4%) 1,119 (64.1%) 799 (65.9%) 10,773 (56.0%) 
Female 7,422 (45.6%) 626 (35.9%) 413 (34.1%) 8,461 (44.0%) 

Degree Type* 
MD 14,667 (90.1%) 1,532 (87.8%) 1,077 (88.9%) 17,276 (89.8%) 
DO 1,610 (9.9%) 213 (12.2%) 135 (11.1%) 1,958 (10.2%) 

Site of Medical School* 
International Medical Graduate 3,514 (21.6%) 177 (10.1%) 99 (8.2%) 3,790 (19.7%) 
US/CAN Medical Graduate 12,763 (78.4%) 1,568 (89.9%) 1,113 (91.8%) 15,444 (80.3%) 

Race* 
White 11,369 (69.8%) 1,532 (87.8%) 1,097 (90.5%) 13,998 (72.8%) 
Asian 2,714 (16.7%) 89 (5.1%) 38 (3.1%) 2,841 (14.8%) 
Black or African American 1,015 (6.2%) 47 (2.7%) 32 (2.6%) 1,094 (5.7%) 
American Indian or Alaska Native 118 (0.7%) 26 (1.5%) 20 (1.7%) 164 (0.9%) 
Native Hawaiian or Other Pacific 91 (0.6%) 4 (0.2%) 2 (0.2%) 97 (0.5%) 
Other 970 (6.0%) 47 (2.7%) 23 (1.9%) 1,040 (5.4%) 

Ethnicity* 
Not Hispanic or Latino 15,044 (92.4%) 1,691 (96.9%) 1,194 (98.5%) 17,929 (93.2%) 
Hispanic or Latino 1,233 (7.6%) 54 (3.1%) 18 (1.5%) 1,305 (6.8%) 

* P value < .05 for either t-test or Chi-Square test across the four categories.



Racial and Ethnic Diversity of Family Physicians Policy Brief 

Rural & Underserved Health Research Center Page 132

Figure 1. Race of Early Career Family Physicians Practicing Outpatient Care Who Completed the American Board 
of Family Medicine National Graduate Survey from 2017 to 2019 by Rurality (N=5,063) 

Looking at changes in racial diversity of FPs over time (Figures 1 and 2), the only significant change was the decline 
in the proportion of White FPs in metropolitan counties in the continuing certification cohort from 2017 to 2019 
(73.4% to 67.1%), with an increase in Asian FPs (14.9% to 18.3%).  Due to small sample sizes (n=12 to 4 in each 
year), the decline of Asian FPs in the NGS cohort in non-core/non-metro counties from 9.9% to 3.1% was not 
significant.  
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Figure 2. Race of Family Physicians Practicing Outpatient Care Who Registered for the American Board of Family 
Medicine National Continuing Certification Examination from 2017 to 2019 by Rurality (N=19,234)  

Restricting our sample to micropolitan and non-core/non-metro FPs, we found that Black FPs in both cohorts were 
more likely to practice in persistent poverty counties (Figure 3).  Among early career FPs, 9.2% in persistent poverty 
counties were Black, compared with 4.8% overall.  In later career FPs, the differences are higher with 11.2% of FPs 
in persistent poverty counties being Black, compared with 2.7% overall. 
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Figure 3. Race of Rural Family Physicians in Persistent Poverty and Full Primary Care Health Professional Shortage 
Area (HPSA) Counties by Stage in Career (n=3,778)

Conclusion/Discussion 

Using data from multiple years and more than 24,000 FPs at different career stages, we found that younger FPs are 
more racially diverse and more likely to be female than older FPs.  However, these gains in racial diversity overall 
have not reached the non-metropolitan FP workforce.  While non-metropolitan FPs are disproportionately male, 
among early career FPs females were more common in non-core/non-metro counties.  In non-metropolitan America, 
Black FPs are more likely to practice in persistent poverty counties.   

Implications

Rural areas are largely dependent on FPs for medical care.  Increasing the diversity of the health professions 
workforce is one component of policies to improve health outcomes.  Collecting more detailed data, including on 
sexual orientation and gender identity, will improve the ability of health care organizations and policymakers to 
achieve this goal.  

Most non-metropolitan FPs are still White and male but overall, FPs are increasingly racially/ethnically diverse.  
Rural Black FPs are more likely to practice in persistent poverty counties that are at further disadvantage, particularly 
if these counties are majority minority.  Increasing resources to support these professionals in providing care is 
crucial to improving the health of rural and disadvantaged populations.   
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Medicare-paid Naloxone: Trends in Non-metropolitan and Metropolitan Areas 

Chris Delcher, PhD; Yue Cheng, MS; Minji Sohn, PhD; Jeffery Talbert, PhD; Patricia R. Freeman, PhD 

Overview of Key Findings 

▪ Medicare pays for the largest share (>30%) of naloxone dispensed from retail pharmacies in non-
metropolitan areas.

▪ Medicare-paid dispensing has grown since 2013, but from 2017-2018 dispensing growth in non-
metropolitan areas slowed considerably compared to metropolitan areas (42% v 121%,
respectively).

▪ As of 2018, the rate of naloxone dispensing to Medicare enrollees in metropolitan areas was
approximately double that in non-metropolitan areas (4.9 v 2.9 per 1,000 enrollees, respectively).

Introduction 

The U.S. Centers for Disease Control and Prevention (CDC), the U.S. Food and Drug Administration, and 
other state and federal public health agencies have made increasing access to naloxone, the life-saving 
opioid overdose reversal medication, a national priority.1-3 For example, in April 2018, the U.S. Surgeon 
General specifically encouraged the use of naloxone with an emphasis on groups at higher risk for overdose 
such as those receiving high-dose prescription opioids.4 A sizable segment of Medicare enrollees would 
likely benefit from access to naloxone given that approximately 28% of Medicare Part D beneficiaries with 
new opioid use were prescribed high doses.5   

According to the U.S. Centers for Medicare & Medicaid Services (CMS), naloxone dispensing in Medicare 
has increased markedly in recent years. CMS reported that naloxone prescriptions in Medicare Part D 
increased 141% from 2016 to 2017 and 148% from 2017 to 2018.1 Sohn et al. found that Medicare’s share 
of the payer volume of naloxone had also increased from 11% to 29% from 2011 to 2017.6 The most recent 
national data available (2018) indicate that Medicare Part D is the payer for more than one-third of all 
naloxone dispensed from retail pharmacies.7 This is not surprising given that the prevalence of both chronic 
pain and high impact chronic pain is higher in persons over age 65.8 Interestingly, these data also show that 
prevalence of chronic and high impact chronic pain increases with rurality. However, existing national and 
state analyses do not provide any insight into naloxone access differences by metropolitan and non-
metropolitan areas. Ensuring naloxone access in non-metropolitan areas is an important goal given that 
these areas have rates of drug overdose deaths on par with those in metropolitan areas and opioid-related 
mortality grew by 721% in non-metropolitan areas from 1999-2016.9 Furthermore, 72% of rural counties 
lack an opioid treatment program (OTP), nearly 65% and 81% of non-metropolitan counties lack a 

Policy Brief           May 2021 

University of Kentucky 
Healthy Kentucky Research Bldg. 
760 Press Ave., Suite 360 
Lexington, KY 40536 
ruhrc.uky.edu 

http://ruhrc.uky.edu/


Medicare-paid Naloxone: Trends in Metropolitan and Non-Metropolitan Areas        Policy Brief 

Rural & Underserved Health Research Center Page 137

psychiatrist or psychiatric nurse practitioner, respectively, and providers in rural areas are less likely to 
receive promotional material for opioid use disorder medications. In addition, a larger proportion of the 
rural population is 65 and older.10–14 We are aware of only one study (2019) showing that non-metropolitan 
counties were less likely to be high-naloxone dispensing areas compared to metropolitan counties.7  

Given these gaps, the purpose of this policy brief is to examine trends in Medicare-paid naloxone 
dispensing rates in non-metropolitan versus metropolitan areas from 2014 to 2018. 

Methods 

The IQVIA National Prescription Audit (NPA) provided national estimated counts of naloxone dispensed. 
The NPA covers nearly 90% of all-payer, naloxone-dispensed transactions and is weighted to represent 
100% of naloxone prescriptions from retail pharmacies in the U.S. The NPA provided information on 
product, month, payer type, state, 3-digit ZIP Code of the pharmacy, and dispensing count for all 50 states 
and the District of Columbia. Payer types included cash, commercial insurance, Medicare Part D, Medicaid 
Fee for Service (FFS), and Medicaid managed care.  

The data were aggregated to the 3-digit ZIP Code (929 areas comprising approximately 42,000 5-digit ZIP 
Codes), a geographic unit used by data providers to avoid the risk of inadvertent statistical disclosure.15 
Therefore, to examine dispensing by metropolitan and non-metropolitan areas, we estimated county-level 
naloxone dispensing by 1) acquiring the population in ZIP Code tabulation areas (ZCTA),16 which 
approximate 5-digit ZIP Codes located in 3-digit ZIP Codes; 2) linked ZCTAs to counties; and 3) weighted 
3-digit counts based on county populations. ZCTAs and the crosswalk file are both available from the U.S.
Census Bureau.17 The method and analytic code was provided by Sullivan et al (2020).16 Metropolitan and
non-metropolitan areas were defined using the Rural-Urban Continuum Codes (2013) where county
designations 1-3 were metropolitan and 4-9 were non-metropolitan.18

To calculate calendar year annual dispensing rates per Medicare enrollees in Part D prescription plans, we 
divided the annual count of naloxone paid for by Medicare by the annual number of enrollees in Medicare 
Part D stratified by metropolitan and non-metropolitan areas. Medicare enrollment data were available 
from 2015 to 2018.19   

Because implementation of state laws mandating the co-prescribing of naloxone to persons at risk for 
opioid overdose can abruptly and significantly increase the rate of naloxone dispensed in states passing 
them,20 we performed a sensitivity analysis to see if the 2018 rate difference could be attributable to the 
inclusion of states with mandatory versions of these laws in either 2017 (delayed effects) or 2018. These 
states were Arizona, Florida, New Mexico, Rhode Island, Virginia, Vermont, and Washington.21  

Findings 

Nationally, naloxone prescriptions paid for by Medicare increased by 216% between 2016 and 2017 and 
120% between 2017 and 2018 (Table 1). The growth rate in the most recent period (120%) was 
considerably higher than for the other payer types (Medicaid FFS: 54%, Medicaid MCO: 82%, 
Commercial: 42%). Cash payments declined by 43%.  
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Table 1. Percentage change in volume of Medicare-paid naloxone prescriptions dispensed by retail 
pharmacy in the U.S., 2016 to 2017 and 2017 to 2018. 

*Although consistent, the percentage change in this study is different from
that reported by CMS and may be due to methodological differences.

Since 2014, Medicare-paid naloxone dispensing has been higher in non-metropolitan areas (~19% in 2014, 
~38% in 2018) compared to metropolitan areas (~16% in 2014, ~36% in 2018). As of 2018, Medicare 
surpassed commercial payers as the largest payer of naloxone in both non-metropolitan and metropolitan 
areas of the United States (see Table 2).  

Table 2. The percentages of naloxone prescriptions dispensed from retail pharmacies by payer types in 
metropolitan and non-metropolitan areas by year.  

2013 2014 2015 2016 2017 2018 

Payer type Non-
Metro 

Metro Non-
Metro 

Metro Non-
Metro 

Metro Non-
Metro 

Metro Non-
Metro 

Metro Non-
Metro 

Metro 

Cash 73.6% 51.4% 43.8% 31.5% 24.4% 19.8% 12.6% 9.4% 6.5% 6.7% 3.4% 2.2% 

Commercial 
Insurance 17.7% 23.8% 27.6% 33.6% 30.2% 36.6% 34.4% 44.9% 34.0% 39.2% 30.2% 33.2% 

Fee-for-
service 

Medicaid 2.8% 8.3% 7.8% 12.0% 15.5% 14.6% 13.2% 13.1% 12.7% 11.7% 12.9% 10.8% 

Managed 
Care 

Medicaid 0.2% 4.8% 2.2% 7.4% 7.8% 11.6% 10.5% 11.9% 14.2% 15.9% 15.2% 17.9% 

Medicare 
Part D 5.7% 11.8% 18.6% 15.6% 22.2% 17.5 % 29.3% 20.6% 32.6% 26.4% 38.3% 36.0% 

Also, since 2013, Medicare-paid naloxone dispensing has essentially increased by triple-digit percentages 
in both metropolitan and non-metropolitan areas (Table 3). In 2018, Medicare-paid naloxone dispensing 
showed positive growth rates of 42% and 137% in non-metropolitan and metropolitan areas, respectively, 
but this was substantially slower growth than in all prior years. Examining these rates as year-over-year 
ratios in metropolitan/non-metropolitan areas, ratios remained consistently on par from 2014 to 2017 (i.e., 
close to 1.0). However, in 2018, Medicare-paid naloxone dispensing growth in metropolitan areas outpaced 
that in non-metropolitan areas by more than 3 times (3.26).   

% Change 

Payer type 2016 to 2017 2017 to 2018 

Medicare* 216% 120% 

Medicaid fee-for-service 125% 54% 

Medicaid managed care organization 231% 82% 

Commercial 121% 42% 

Cash 72% -43%
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Table 3. Number of Medicare-paid naloxone prescriptions from retail pharmacies, percentage change 
and change ratio in non-metropolitan and metropolitan areas in the U.S., 2013 to 2018. 

The Medicare-paid naloxone dispensing rate (Table 4) increased nationally from 0.12 per 1,000 
beneficiaries in 2015 to 4.56 per 1,000 in 2018. Dispensing rates in metropolitan and non-metropolitan 
areas (Figure 1, Table 5) were largely on par until 2018 when rates in metropolitan areas approximately 
doubled (1.72) those in non-metropolitan areas (4.92 compared to 2.85 per 1,000 Medicare enrollees, 
respectively). This result is consistent when examining the rate per 1,000 using the number of county 
residents older than 65 as the denominator.  

Table 4. Naloxone dispensing from retail pharmacies to Medicare Part D enrollees in the U.S., 2015 to 
2018. 

Year Naloxone dispensed (No.) Medicare enrollees (No.) Rate (per 1000) 

2015 4,654 38,019,814 0.12 

2016 28,534 40,597,528 0.70 

2017 89,981 42,125,229 2.14 

2018 198,783 43,634,677 4.56 

Table 5. Naloxone dispensing from retail pharmacies to Medicare Part D enrollees in non-metropolitan 
and metropolitan areas in the U.S., 2015 to 2018. 

Non-metropolitan Metropolitan 

No. Medicare 
enrollees (No.) 

Rate (per 
1000) 

No. Medicare 
enrollees (No.) 

Rate ((per 
1000)) 

2015 672 6,448,389 0.10 3,982 31,571,425 0.13 

2016 4,558 7,229,972 0.63  23,976 33,367,556 0.72 

2017 15,337 7,431,717 2.06 74,643 34,693,512 2.15 

2018 21,793 7,645,066 2.85 176,989 35,989,611 4.92 
Note: The rate per 1,000 using number of residents > 65 years old in non-metropolitan areas was 0.12, 0.55, 1.86, and 2.48; 
for metropolitan areas it was 0.12, 0.64, 2.02, and 4.22 from 2015 to 2018, respectively. 

Non-metropolitan Metropolitan Total Change Ratio 

Year  No. 

 % Change 
from prior 
year No. 

 % Change 
from prior 
year No. 

% Change 
from prior 
year 

Metro/Non-
Metro 

2014 119 573% 911 519% 1031 525% 0.91 

2015 672 460% 3,982 337% 4,654 351% 0.73 

2016 4,558 578% 23,976 502% 28,534 513% 0.87 

2017 15,337 236% 74,643 211% 89,981 215% 0.89 

2018 21,793 42% 176,989 137% 198,783 121% 3.26 
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Figure 1. Medicare-paid naloxone dispensing rate per 1,000 enrollees in Medicare Part D in non-
metropolitan and metropolitan areas in the U.S., 2015 to 2018.   

In the sensitivity analysis, after excluding states with co-prescribing laws, the rate ratio was somewhat 
attenuated (1.63) but could not completely account for the difference between non-metropolitan and 
metropolitan areas. 

Discussion 

As of 2018, Medicare Part D was the largest single payer (by volume percentage) of naloxone prescriptions 
in both non-metropolitan and metropolitan areas of the United States. Our findings suggest that Medicare-
paid dispensing rates in metropolitan areas have begun to outpace those in non-metropolitan areas. To a 
certain degree, this trend may appropriately reflect the recognition that urban areas of the United States 
have experienced higher overdose death rates involving synthetic opioids other than methadone compared 
to rural areas since 2015.22 Even so, as naloxone prescriptions are dispensed to patients from community 
pharmacies, changes in the number of pharmacies in non-metropolitan areas could lead to disparities in 
dispensing. Previous research has shown that the number of independently owned rural pharmacies 
declined by 16.1% from 2003-2018, raising concerns that areas dependent on a sole pharmacy are at risk of 
losing access to many essential clinical services should that pharmacy close.23 Further research is needed to 
understand the relationship between dispensing disparities and pharmacy closures.  

Our findings are largely consistent with the CDC’s analysis of all-payer naloxone, but their analysis 
suggests that the disparity is driven by increasing rates in micropolitan areas versus rural areas (1.4 times 
higher) in 2018.7 Ongoing efforts are needed to monitor these dispensing trends with improved urban/rural 
specification to avoid preventable health care access barriers.  

CMS initiatives implemented during and after our study period will warrant future examination. Three 
policy changes may provide insight for future research. First, more recent data may allow us to examine 
whether the U.S. Surgeon General’s effort to increase naloxone use in 2018 may have contributed to uptake 
differences in metropolitan versus non-metropolitan areas.24 Second, in 2019, CMS launched a series of 
initiatives to address opioid misuse, including encouraging Medicare Part D plan sponsors to lower cost-
sharing for naloxone as out-of-pocket costs for naloxone were still relatively high for this period.25,26 Third, 
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research is needed into whether the dispensing disparities that we found are driven by differences in the risk 
profile of Medicare populations living in these areas. The CDC found that naloxone prescriptions among 
Medicare Part D patients had increased for some high-risk enrollees as recommended. However, only a 
small proportion of Medicare enrollees at the highest risk of overdose were being co-prescribed 
naloxone.7,27 Further, the CDC found that as the percentage of the population with Medicare increased, so 
too did the likelihood of a county being a low naloxone dispensing area after controlling for rural status.7 
Focusing on Medicare-paid naloxone is important partly because a recent report indicated that opioid 
prescriptions in Medicare increased by 2% from 2011 to 2019, whereas other payers saw double-digit 
decreases.28  

Limitations. Medicare Part D is only a subset of Medicare patients and does not include all patients in fee-
for-service or Medicare Advantage plans. Naloxone prescription counts in metropolitan and non-
metropolitan areas are based on estimates derived from statistical methods that extrapolate the volume of 
naloxone dispensed in pharmacies to the county level. Although patients are expected to live relatively 
close to their pharmacy, pharmacy availability in non-metropolitan areas is dynamic and our findings may 
not reflect residential context.29 Furthermore, the county population data available cover only 2010, and 
metropolitan/non-metropolitan designations are from 2013. More research is planned to understand the 
variability in naloxone dispensing introduced by this method. Even so, metropolitan and non-metropolitan 
areas are still relatively large aggregations of counties that may mitigate some of this error, and our results 
are comparable to the CDC’s in 2018 which had access to county-level data. Race/ethnicity data are not 
available for our naloxone dispensing data. Our data may not be comparable to more recent analyses due to 
a methodology change from IQVIA.30 

Conclusion 

We expect Medicare to remain a critical payer for naloxone in the United States. Medicare beneficiaries 
visit retail pharmacies more frequently than their primary care physicians,31 especially in non-metropolitan 
areas. Continued emphasis on retail pharmacy distribution of naloxone in these areas is warranted, 
especially as opioid prescriptions continue to increase for the Medicare population in parallel to concerning 
increases in opioid use disorder prevalence in this population.32  
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Abstract

Purpose: The opioid crisis remains a major public health concern in the United

States. Naloxone is used to reverse opioid overdoses. This study examined Medicaid

expansion on naloxone prescriptions in retail pharmacies in metropolitan (metro) and

nonmetropolitan (nonmetro) areas (2011-2017).

Methods:Weused population averagemodels to evaluate the association ofMedicaid

expansion at the state level on the number of naloxone prescriptions dispensed and the

percentage paid by Medicaid, including adjustment for opioid-related and state-level

policy covariates. Difference-in-difference modeling was performed as a sensitivity

analysis.

Findings: States that expanded Medicaid had higher unadjusted naloxone dispensing

rates and Medicaid-paid percentage of naloxone in metro and nonmetro areas. Med-

icaid expansion was not associated with the number of naloxone dispensed in either

metro (adjusted rate ratio (ARR)=1.26, 95%CI: [0.80, 1.97]) or nonmetro (ARR=0.67,

95%CI: [0.37, 1.19]) areas after covariate adjustment. Inmetro areas,Medicaid expan-

sionwas associatedwith a significant increaseof 3.86percentagepoints (95%CI: [0.09,

7.63]) in theMedicaid-paid percentage of naloxone dispensing compared to nonexpan-

sion states, but this associationwas not significant in nonmetro areas. Therewas also a

significant time byMedicaid expansion interaction on theMedicaid-paid percentage of

naloxone dispensed (metro: estimate= 0.74, 95% CI: [0.36, 1.12]; nonmetro: estimate

= 0.68, 95%CI: [0.17, 1.18]).

Conclusions: Medicaid expansion increased naloxone access by increasing the

Medicaid-paid percentage of naloxone prescriptions in metro areas. States with Med-

icaid expansion had a faster rate of increase in the Medicaid-paid percentage of

naloxone than states withoutMedicaid expansion in nonmetro areas.

KEYWORDS

Medicaid, metropolitan, naloxone, pharmacy

INTRODUCTION

The opioid crisis remains a serious public health threat across rural and

urban regions of theUnited States. In 2019, theUSCenters forDisease

Control and Prevention (CDC) reported that more than 71,000 peo-

ple died from a drug overdose with over 70% of these deaths related

to opioid use.1 The rates of drug overdose deaths increased by 15.6

per 100,000 population in both rural and urban counties from 1999 to
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348 MEDICAID EXPANSION AND NALOXONE DISPENSING

2019.2 As the opioid crisis has evolved, the population relative risk of a

fatal overdose has varied by time and opioid-type in rural versus urban

counties.2

Naloxone, an opioid antagonist frequently dispensed from retail

pharmacies, can reverse an opioid overdose and decrease the risk of

a fatal overdose if administered in time.3 The naloxone dispensing

rate increased from 0.4 per 100,000 to 170.2 per 100,000 from 2012

to 2018, which has been attributed to impactful naloxone policies at

multiple levels.4 For example, in 2016, the CDC recommended copre-

scribing naloxone with high-dose or long-term opioid prescriptions5–7

and state-level laws have enabled pharmacists to play an essential

and direct role in dispensing naloxone without a prescriber-issued

prescription.8–11

Under the Affordable Care Act (ACA), Medicaid expansion was

implemented in January 2014, which expanded Medicaid-eligible cov-

erage for nonelderly adults with incomes up to 138% of the federal

poverty level, which has increased access to medications, including

naloxone, for a substantial number of people with opioid use disorder

(OUD).12–17 Medicaid expansion has been associated with decreas-

ing opioid overdoses and increasing admissions to OUD treatment

facilities.18,19 However, research on the urban-rural disparities of

health and pharmaceutical outcomes as a result of Medicaid expan-

sion are largely absent from the ACA literature, including studies

of naloxone dispensing.20 The CDC has reported that rural areas

had lower naloxone dispensing rates from retail pharmacies com-

pared to urban areas but did not address the effect of Medicaid

expansion.4

We hypothesize that Medicaid expansion may have increased

access to naloxone in both urban and rural areas but along dif-

ferent trajectories based on multiple factors from the literature.4

For example, Medicaid expansion increased insurance coverage more

in rural areas compared to urban areas, which increased OUD

treatment options.14,21 Yet, OUD prevalence, which increases the

risk of overdose and need for naloxone, appears to be higher in

rural compared to urban areas among Medicaid enrollees in 6

states.22

Therefore, the purpose of this study is to evaluate the effects of

Medicaid expansion on naloxone prescriptions dispensed by retail

pharmacies and on the percentage paid for by Medicaid in metropoli-

tan (metro) and nonmetropolitan (nonmetro) areas from 2011

to 2017.

METHODS

Study objectives and design

Pre- and post-Medicaid expansion provided quasi-experimental com-

parison groups for metro and nonmetro areas. Thus, for each

outcome, each state had 2 observations per quarter-year, 1 for

metro and 1 for nonmetro areas. Our study period was from

2011 to 2017 using data from 50 states and the District of

Columbia.

Dependent variable––Naloxone prescriptions
dispensed in retail pharmacies

The 2 dependent variables of interest were (1) the number of naloxone

prescriptions dispensed and (2) theMedicaid-paid percentageof nalox-

one prescriptions dispensed in retail pharmacies. Dispensing datawere

obtained from the IQVIA National Prescription Audit (NPA), which

provided nationally projected naloxone dispensed prescriptions from

retail pharmacies. The NPA covered nearly 90% of all retail trans-

actions from pharmacies and was weighted to represent 100% of

naloxone prescriptions dispensed by retail pharmacies in the United

States.23 The NPA provided information on naloxone product, form,

strength, payer type, state, month, 3-digit ZIP code, and dispensed

prescription counts. Payer types included cash, commercial insurance,

Medicare Part D, Medicaid Fee-For-Service, and Medicaid managed

care.

Three-digit ZIP codes to county

To definemetro and nonmetro areas starting from the 3-digit ZIP code

(ZIP3) level, we used a multistep process from the analytic code pro-

vided by Sullivan et al.24 First, we downloaded population counts in

ZIP code tabulation areas (ZCTAs), which approximates 5-digit ZIP

codes. Second, we linked ZCTAs to their county locations using a cross-

walk and obtained the county population living in the ZCTA. Third, we

multiplied the naloxone dispensing counts by each county’s popula-

tion contribution to the ZIP3. ZCTAs and the crosswalk file were both

available from the US Census Bureau.25

We examined the validity of estimating naloxone counts from

the ZIP3 to the county level by comparing our estimates to actual

naloxone dispensing counts provided by the CDC.4 We calculated

dispensing rates at the county-level and examined the concordance

of counties in the highest and lowest quartiles to see if our esti-

mates preserved relative rankings.We identified 64 (2%) counties that

differed on the lowest or highest dispensing quartiles between the

2 datasets.

County to metro and nonmetro areas

Counties were aggregated into metro or nonmetro areas using Rural-

UrbanContinuumCodes (2013) (1-3were consideredmetro; 4-9were

considered nonmetro).26 For covariates obtained from the CDC, we

used the urban-rural classification scheme from the National Center

for Health Statistics.27

Primary independent variable––State Medicaid
expansion status

The primary independent variable in this study was state Medicaid

expansion status. The Henry J. Kaiser Family Foundation provided
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state Medicaid expansion status as of December 31st, 2017. As of

that time, 32 states had expandedMedicaid (see Supplementary Table

A for effective dates). Six states (CA, CT, DC, MN, NJ, and WA)

expanded Medicaid prior to 2014 for low-income adults through

Affordable Care Act options and/or Section 1115 waiver authority.28

Medicaid expansion was coded as a dichotomous, time-varying indi-

cator that changed from absent (0) to present (1) in the quarter-year

definedwith the followingmethod: if the effectivemonth/day occurred

within the first 45 days of the quarter, the current quarter was

coded as 1; otherwise, the next quarter was the first quarter coded

as 1.

Naloxone-related state-level policy covariates

We included state-level policies previously reported as being asso-

ciated with naloxone dispensing from retail pharmacies, which were

state pharmacy-based naloxone access laws and third-party prescrib-

ing laws. Dichotomous, time-varying indicators were coded for each of

the specific state-level policy covariates, changing from absent (0) to

present (1) according to the 45-day effective date method described

previously.

The PrescriptionDrugAbuse Policy Systemprovided detailed infor-

mation for naloxone overdose prevention laws (see Supplementary

Table A for specific effective dates).29 We included third-party nalox-

one prescribing laws and pharmacy-based naloxone access laws as

covariates, which have been reported as being associated with the

increased number of naloxone dispensed and a reduction in fatal opioid

overdoses.10,11,15

Third-party prescribing law

We used a dichotomous indicator to code states that implemented a

third-party prescribing law. These laws allowed naloxone to be pre-

scribed anddispensed to another person (ie, a friendor familymember)

who did not have a prescriber-patient relationship but had the poten-

tial to assist at the time that the at-risk person experiences an opioid

overdose.8,30

Pharmacy-based naloxone access law

Two provisions of pharmacy-based naloxone access laws were

assessed in this study: indirect authority to dispense (standing

orders and protocol orders) and direct authority for naloxone

prescribing and dispensing. Under indirect authority laws, some

states permitted pharmacists to dispense naloxone via nonpatient-

specific standing orders or statewide protocols.8 Under direct

authority laws, some or all licensed pharmacists were authorized

to independently prescribe and dispense naloxone directly to

patients.

Opioid-related covariates

To adjust for opioid use variation in metro and nonmetro areas across

states, we included the opioid prescribing rate per 100 people and

2 types of opioid-related (prescription and illicit) mortality rates as

covariates.

For each opioid-related covariate, the average of the current and

preceding year relative to the naloxone dispensing year was used for

the Q1 value. Then, a linear extrapolation was used to obtain counts

for Q2-Q4which assumed a constant rate of changewithin the year.

County-level opioid prescribing rate to metro level

The yearly, county-level opioid prescribing rates per 100 people were

obtained from the CDC’s US Prescribing RateMaps,31 extrapolated as

described above and aggregated tometro and nonmetro areas for each

state.

Metro-level opioid-related death rates

Prescription or illicit opioid-involved mortality rates in metro and

nonmetro areas for each state were extracted from the CDC’s Wide-

ranging Online Data for Epidemiologic Research (WONDER) dataset.

Metro areas included large central metro, large fringe metro, medium

metro, and small metro. Nonmetro areas included micropolitan and

noncore areas. The InternationalClassificationofDiseases, TenthRevi-

sion (ICD-10) codeswere used to obtain opioid-involved death rates.32

Drug-related overdose as the underlying cause of death was first

identified using ICD-10 codes, including X40-X44 (unintentional), X60-

X64 (suicide), X85 (homicide), and Y10-Y14 (undetermined intent).

Second, opioid-related overdose as the multiple cause of death was

also identified by ICD-10 codes and categorized into (1) prescription

opioid-related or (2) illicit opioid-related. ICD-10 codes of prescription

opioids (T40.2) and methadone (T40.3) were used to select prescrip-

tion opioid-related mortality rates. ICD-10 codes of opium (T40.0),

heroin (T40.1), andother synthetic narcotics (T40.4)wereused to iden-

tify illicit opioid-related death rates. For suppressed data points, we

used themidpoint (4.5) of the suppression range.

STATISTICAL ANALYSIS

Descriptive analysis

Trendsover time in thequarterly numberof naloxoneprescriptions dis-

pensed by retail pharmacies and payer-type were visualized by metro

and nonmetro areas and by Medicaid expansion status. Likewise, we

visualized thequarterly trends over timeof theMedicaid-paid percent-

age of naloxone prescriptions dispensed in metro and nonmetro areas

and byMedicaid expansion status.
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Generalized estimating equation model

Generalized estimating equation (GEE)-based negative binomial

regression models were used to estimate the associations between

Medicaid expansion and the number of naloxone prescriptions dis-

pensed over time. Separate models were fit for metro and nonmetro

areas. GEE models are particularly well-suited for evaluating policy

changes in longitudinal data with multiple time points as they are

marginal models that allow for inference on a population average

level.33 Robust standard errors from the GEE models were utilized for

the calculation of confidence intervals. With n = 51 clusters (states)

in this analysis, the use of robust standard errors in a GEE framework

has the benefit of protecting against potential misspecification of

the correlation structure of quarterly repeated measures for each

state.34,35 The count of naloxone prescriptions dispensed was consid-

ered at the state-quarter level in metro and nonmetro areas. Negative

binomial regression was utilized to account for overdispersion in the

outcome variables. In the GEE-based negative binomial model, we

included log-transformed population as an offset and adjusted for time

(quarter-year as a continuous variable, centered on quarter 14 [2014

Q2]), opioid prescription rate, prescription opioid-related death rate,

illicit opioid-related death rate, third-party prescribing law, indirect

pharmacist authority, and direct pharmacist authority for naloxone

provision. We also considered the inclusion of an interaction term

between time and Medicaid expansion status to examine whether the

rate of change in the outcomes over time differed by Medicaid expan-

sion status. GEE-based linear regressionmodels were used to estimate

the association between Medicaid expansion and the percentage of

Medicaid-paid naloxone prescriptions dispensed over time. Separate

models were fitted for metro and nonmetro areas. Covariates were

the same as above except that the population offset was excluded.

Sensitivity analysis

In a sensitivity analysis, we performed difference-in-difference (DID)

models to test the robustness of results in metro and nonmetro

areas separately. The DID estimator was an interaction term between

whether a state implemented Medicaid expansion and whether the

quarter yearwas in thepre- or post-expansionperiod. ThePvalue asso-

ciatedwith theDID estimator was used to estimate the strength of the

differential effect of Medicaid expansion on naloxone access in Medi-

caid expansionandnonexpansion states. Statistical significancewas set

at α = 0.05. All statistical analyses were conducted using SAS version

9.4 (SAS Institute Inc., Cary, NC).

RESULTS

Descriptive results

The number of naloxone prescriptions dispensed by retail pharmacies

increased in bothmetro and nonmetro areas from 2011 to 2017, espe-

cially after2014 (from2014 to2017:5,849 to282,645 inmetro; 644 to

47,084 in nonmetro areas). In both metro and nonmetro areas, states

with Medicaid expansion had higher unadjusted naloxone dispensing

rates per 100,000 people compared to nonexpansion states except for

2 quarters (2014-2017) (Figure 1). For example, average naloxone dis-

pensing rates inmetroareas in2017were30.71and20.68per100,000

in Medicaid expansion and nonexpansion states, respectively. Average

naloxone dispensing rates in nonmetro areas in 2017 were 39.58 and

19.83 per 100,000 in Medicaid expansion and nonexpansion states,

respectively (Supplementary Table C). The unadjusted percentage of

Medicaid-paid naloxone prescriptions was higher in Medicaid expan-

sion states compared to nonexpansion states in metro and nonmetro

areas (Figure 2).

Supplementary Table B provides the number of naloxone prescrip-

tions dispensed by retail pharmacies in metro and nonmetro areas.

Supplementary Table C contains the average naloxone dispensing rate

per 100,000 by metro status in Medicaid expansion and nonexpansion

states (averaged across states).

Regression results

Table 1 presents the adjusted rate ratio (ARR) of Medicaid expan-

sion and covariates associated with naloxone dispensing counts by

retail pharmacies.Overall,Medicaid expansionwasnot associatedwith

naloxone dispensing in either metro or nonmetro areas (metro: ARR

1.26, 95% CI: [0.80, 1.97]; nonmetro: ARR 0.67, 95% CI: [0.37, 1.19]).

There was not a significant time by Medicaid expansion interaction

effect on the count of naloxone prescriptions dispensed in eithermetro

or nonmetro areas (metro: ARR 1.00, 95% CI: [0.95, 1.05]; nonmetro:

ARR 1.02, 95% CI: [0.94, 1.11]). Opioid mortality rates were posi-

tively associatedwith the number of naloxone prescriptions dispensed.

Specifically, every 1 percentage point increase in the prescription

opioid-involved death rate was associated with a 1.10 (95% CI: [1.04,

1.16]) times higher naloxone dispensing count in metro areas and with

a 1.08 (95%CI: [1.01, 1.16]) times higher dispensing count in nonmetro

areas. Every 1 percentage point increase in the illicit opioid-involved

death rate was associated with 1.03 (95% CI: [1.01, 1.06]) and 1.13

(95%CI: [1.06, 1.21]) times higher naloxone dispensing counts inmetro

and nonmetro areas, respectively. The DID model provided similar

results and is shown in Supplementary Table D.

Table 2 shows the association between Medicaid expansion and

covariates with the percentage of Medicaid-paid naloxone prescrip-

tions dispensed by retail pharmacies in metro and nonmetro areas.

Having Medicaid expansion status was associated with the Medicaid-

paid percentage of naloxone prescriptions being 3.86 percentage

points (95% CI: [0.09, 7.63]) higher in metro areas, but this associ-

ation was not significant in nonmetro areas (estimate = 0.95, 95%

CI: [–3.81, 5.72]). There was a small but statistically significant time

by Medicaid expansion status interaction effect on the Medicaid-paid

percentage of naloxone in bothmetro andnonmetro areas (metro: esti-

mate = 0.74, 95% CI: [0.36, 1.12]; nonmetro: estimate = 0.68, 95%

CI: [0.17, 1.18]). In addition, 1 additional opioid prescription per 100
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CHENG ET AL. 351

F IGURE 1 Trend of naloxone dispensing rate by
Medicaid expansion status in metro and nonmetro
areas, 2011-2017. Note: Naloxone dispensing rate
is the number of naloxone dispensed/population
*100,000.Data source: IQVIANPA.

F IGURE 2 The trend ofMedicaid-paid
percentage of naloxone
prescriptions dispensed by retail pharmacies in
metro and nonmetro areas, 2011-2017. Note:
Medicaid-paid percentage of naloxone
dispensed is the number of naloxone dispensed
paid byMedicaid/total number of naloxone
dispensed*100.Data source: IQVIANational
Prescription Audit.

people was associated with the Medicaid-paid percentage of nalox-

one being 0.17 percentage points (95% CI: [–0.26, –0.09]) lower in

metro areas and 0.09 percentage points (95% CI: [–0.17, –0.02]) lower

in nonmetro areas. Each 1 percentage point increase in the illicit

opioid-involved mortality rate was associated with the Medicaid-paid

proportion of naloxone being 0.83 percentage points (95% CI: [0.24,

1.42]) higher inmetro areas and 1.57 percentage points (95%CI: [0.52,

2.61]) higher in nonmetro areas. TheDIDmodel showed similar results

and is interpreted in Supplementary Table D.

DISCUSSION

This study is the first to quantify the effects of Medicaid expansion on

naloxone dispensing inmetro and nonmetro areas of theUnited States.

Prior studies that showed that Medicaid expansion was associated

with the increased Medicaid-paid percentage and Medicaid-covered

number of naloxone prescriptions were conducted at the state-level

only.15,16 In our study, Medicaid expansion was not significantly asso-

ciated with the volume of all-payer naloxone prescriptions dispensed

by retail pharmacies. It appears that pharmacieswere steadily dispens-

ing naloxone from multiple payers, including Medicaid, Medicare, and

commercial insurance.36,37 However, Medicaid increasingly became

the payer of choice in metro areas but less so in nonmetro areas. This

would suggest anopportunity forMedicaidprograms to further expand

naloxone into more rural areas of the state based on successful and

adaptable strategies in their urban areas. However, Medicaid expan-

sion was still an important factor in the Medicaid-paid percentage of

naloxone in nonmetro areas. The rate of increase in Medicaid-paid

percentage was 0.68 percentage points per quarter (2.7 percentage
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352 MEDICAID EXPANSION AND NALOXONE DISPENSING

TABLE 1 Adjusted associations with the number of naloxone prescriptions dispensed by retail pharmacies in metro and nonmetro areas

Metro areas Nonmetro areas

ARR (95%CI) P value ARR (95%CI) P value

Medicaid expansion versus

nonexpansion

1.26 (0.80, 1.97) .317 0.67 (0.37, 1.19) .173

Time 1.23 (1.20, 1.26) <.0001* 1.23 (1.17, 1.30) <.0001*

Medicaid expansion*time 1.00 (0.95, 1.05) .988 1.02 (0.94, 1.11) .595

Opioid prescribing rate per 100 1.00 (0.99, 1.01) .911 1.00 (0.99, 1.01) .343

Prescription opioid involved death

rate

1.10 (1.04, 1.16) .001* 1.08 (1.01, 1.16) .029*

Illicit opioid involved death rate 1.03 (1.01, 1.06) .011* 1.13 (1.06, 1.21) .001*

Third-party prescribing law 1.44 (1.06, 1.97) .020* 0.84 (0.55, 1.28) .416

Pharmacy-based naloxone access

law, direct authority

1.95 (0.90, 4.23) .093 1.98 (0.71, 5.48) .190

Pharmacy-based naloxone access

law, indirect authority

0.62 (0.29, 1.32) .217 0.74 (0.29, 1.90) .529

Note: Adjusted rate ratios (ARRs) from a generalized estimating equation-based negative binomial model with the number of naloxone prescriptions dis-

pensed by retail pharmacies each quarter as the outcome and log-transformed population included as an offset. 95% confidence intervals (CI) and P values

are calculated using robust standard errors.Metro and nonmetro areas in each state aremodeled separately. Time is specified as quarters from2011 to2017,

centered at quarter 14 (2014Q2).

*Denotes P<.05.

TABLE 2 Adjusted associations with the percentage ofMedicaid-paid naloxone prescriptions dispensed by retail pharmacies in metro and
nonmetro areas

Metro areas Nonmetro areas

Estimate (95%CI) P value Estimate (95%CI) P value

Medicaid expansion versus

nonexpansion

3.86 (0.09, 7.63) .045* 0.95 (–3.81, 5.72) .695

Time –0.12 (–0.41, 0.18) .431 0.02 (–0.03, 0.32) .892

Medicaid expansion*time 0.74 (0.36, 1.12) .0001* 0.68 (0.17, 1.18) .008*

Opioid prescribing rate per 100 –0.17 (–0.26, –0.09) <.0001* –0.09 (–0.17, –0.02) .017*

Prescription opioid involved

death rate

0.17 (–0.49, 0.82) .612 –0.10 (–0.68, 0.47) .729

Illicit opioid involved death rate 0.83 (0.24, 1.42) .006* 1.57 (0.52, 2.61) .003*

Third-party prescribing law 1.99 (–1.45, 5.43) .258 1.52 (–2.69, 5.73) .480

Pharmacy-based naloxone

access law, direct authority

14.11 (5.57, 22.64) .001* 10.91 (2.66, 19.15) .010*

Pharmacy-based naloxone

access law, indirect authority

–12.12 (–21.01, –3.24) .008* –6.70 (–14.68, 1.29) .100

Note: Adjusted estimates froma generalized estimating equation-based linear regressionmodelwith the percentage ofMedicaid-paid naloxone prescriptions

dispensed by retail pharmacies as the outcome. 95% confidence intervals (CI) and P values are calculated using robust standard errors. Metro and nonmetro

areas in each state aremodeled separately. Time is specified as quarters from 2011 to 2017, centered at quarter 14 (2014Q2).

*Denotes P<.05.

points per year) higher innonmetroareasofMedicaid-expansion states

compared to those areas of nonexpansion states.

It is important to put Medicaid expansion into the context of

contemporaneous policies and epidemiologic context that may affect

naloxone distribution. For example, we found geographic nuance in

third-party prescribing laws previously only studied at the state-

level11,15: these laws tended to increase the number of naloxone

prescriptions dispensed by retail pharmacies only in metro areas.

Medicaid-paid naloxone dispensing appeared to be more responsive

to trends in illicit opioid deaths. This is not surprising given the similar

trajectory of opioid-involved deaths over this period and the increas-

ing proportion of those deaths attributable to illicitly manufactured

fentanyl and other synthetic opioids.38 Our study was not designed

to examine the effects of naloxone prescription dispensing on opioid
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CHENG ET AL. 353

mortality rates, and there is some debate on these effects in the

literature.39

Apart from paying for naloxone, there are other Medicaid program

interventions that increase access to naloxone, such as the removal

of prescription fill limits and prior authorization.40,41 Medicaid pre-

scription fill limits might impose a barrier to accessing naloxone for

Medicaid beneficiaries at high risk of opioid overdose.40 The Substance

Abuse andMental Health Services Administration reported that Med-

icaid programs in 21 states required prior authorization for naloxone

for individuals with OUD in 2018.41

This study has several limitations. First, we only captured naloxone

prescriptions dispensed in a retail pharmacy setting. Previous studies

have estimated that more than 80% of naloxone units are distributed

fromnonretail settings, such as clinics, emergency departments, health

departments, and community groups.42 For example, nonmetro areas

might be underserved by community overdose education and naloxone

distribution.43 Second, we estimated the number of naloxone prescrip-

tions at the county- level by converting from ZIP3 data. Although

this method was utilized in a previous study,24 misclassification was

possible and no formal validation study has been done. Third, it was

possible that there were other state-level interventions that were

associated with the outcome variables in this study. For example, sev-

eral studies showed that a naloxone coprescription lawwas associated

with increased naloxone dispensing.6,7,44 We did not include naloxone

coprescribing laws in the analysis since states implementedmandatory

coprescribing naloxone laws in late 2017 and 2018.

CONCLUSIONS

Medicaid expansion was not associated with the volume of nalox-

one dispensing in metro and nonmetro areas, but it did increase the

proportion of Medicaid-paid naloxone prescriptions in metro areas.

Thus, Medicaid’s role as a payer varied by metropolitan status during

a critical period of the opioid crisis.
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Rural/Urban Disparities in Pneumococcal Vaccine Service Delivery Among 
the Fee-for-Service Medicare Population 

Jeffery Talbert, PhD; Aric Schadler, MS; and Patricia Freeman, RPh, PhD 

Overview of Key Findings 

▪ In 2014, the overall mean vaccination rate in urban areas was 4.66 compared to a mean vaccination
rate of 2.81 in rural areas, indicating a 40% lower mean vaccination rate in rural communities.

▪ The majority of pneumococcal vaccine services delivered to fee-for-service Medicare beneficiaries
were provided by primary care providers, although pharmacy providers delivered close to one-fourth
(22.2%) of these services.

▪ The proportion of pneumococcal vaccine services delivered by pharmacy providers was significantly
greater in rural versus urban counties (29.4% vs. 21.1%).

▪ Consistent with previous literature, county characteristics positively associated with pneumococcal
vaccine service delivery include increasing age of residents, more female residents, and availability of
inpatient hospital services, while rurality, poverty, and greater overall health status were negatively
associated with delivery of pneumococcal vaccine services.

Introduction 

Community-acquired pneumonia (CAP) poses a considerable threat to the health of older adults, with the 
incidence of CAP increasing dramatically among those age 65 years and older.1 Streptococcus pneumoniae 
(pneumococcus) is a leading infectious cause of CAP although the organism also commonly causes other 
invasive diseases such as bacteremia and meningitis.  Mortality for invasive pneumococcal disease also 
increases with age, doubling from age 65 (20%) to age 85 (40%).1 Estimates suggest that pneumococci cause 
36% of adult CAP and 50% of all cases of bacterial meningitis in the US.1,2 

The morbidity and mortality associated with pneumococcal disease has led to recommendations that all persons 
age 65 and older be vaccinated.  Since 1997, CDC recommendations have called for all individuals in this age 
group to receive a single dose of the 23-valent pneumococcal polysaccharide vaccine (PPS23).  However, in 
August 2014, the Advisory Committee on Immunization Practices (ACIP) updated its recommendations to 
include routine use of 13-valent pneumococcal conjugate vaccine (PCV13), in addition to PPS23, in adults age 
65 years and older.  The ACIP recommendations were subsequently adopted by the CDC in September 2014. 
Even with the available vaccines and CDC guidelines supporting vaccination, there remains a significant 
portion of the population who qualify for these immunizations that have not been vaccinated.  Studies suggest 
that less than two-thirds of adults age 65 years and older have been vaccinated against pneumococcal disease,3,4 
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well short of the Department of Health and Human Services’ Healthy People 2020 national health target of 
90% for pneumococcal immunization coverage in this population.5 
Several factors can contribute to poor pneumococcal vaccine uptake in adults including inadequate knowledge 
and understanding of the need for vaccines, concerns over vaccine adverse effects, lack of provider 
recommendation, and negative provider attitudes towards the vaccine.6 

Geographic location can also factor into whether people are likely to get vaccinated.  Prior research has shown 
that people who live in rural areas generally have poorer health than people who live in urban areas.7 In 
addition, reduced access to clinic-based health care providers means rural residents may be less likely to 
receive adequate medical consultation and vaccination.8,9  To improve vaccine coverage overall, use of alternate 
sites for vaccine delivery has been recommended.9  Considering that currently all 50 states and D.C. authorize 
pharmacists to provide pneumococcal vaccines,10 and 93% of Americans live within 5 miles of a community 
pharmacy,11 vaccine administration in this alternate site may play a significant role in vaccine access, 
especially in rural communities. 

The objective of this study was to identify rural versus urban disparities in pneumococcal vaccine provision in 
the elderly (age 65 or older) adult population and assess the impact of pharmacy as an alternate site provider in 
rural communities. 

Methods 

The Medicare Physician and Other Supplier Public Use File (PUF) provides information on services and 
procedures provided to fee-for-service Medicare beneficiaries by physicians and other health care providers 
(including pharmacies and nurse practitioners).12 The PUF data contain information on utilization, payment, 
and charges by National Provider Identifier (NPI), Healthcare Common Procedure Coding System (HCPCS) 
code, and provider type for all providers delivering services to fee-for-service (FFS) Medicare beneficiaries.  
The 2014 Medicare provider data were extracted and merged with additional data on Medicare eligibility and 
characteristics for each county in the U.S.  Descriptive statistics were calculated and regression models were 
used to identify county-level factors associated with receipt of immunization.  To identify pneumococcal 
vaccination, HCPCS code G0009 was used for each provider billing Medicare.  We grouped providers into 
three categories:  1) primary care providers (e.g., family practice, internal medicine, and advanced practice 
registered nurses, regardless of practice location), 2) pharmacy providers, and 3) all other providers (physician 
specialties other than those listed as primary care providers).  The Rural-Urban Continuum Codes (RUCCs) 
were used to assign counties to rural versus urban designations, with codes 1-3 designated as urban and codes 
4-9 designated as rural.13 All provider services were aggregated at the county level and merged with additional
data about the county (i.e., demographic characteristics, Medicare member characteristics).

Findings 

In 2014, FFS Medicare 
providers delivered 
pneumococcal vaccine 
services to 1,444,829 
Medicare recipients, for a 
mean vaccination rate 
nationwide of 4.26.  
Pneumococcal vaccination 
services were delivered by 

Table 1.  Pneumococcal Vaccine Services by FFS Medicare 
Provider Type and Rural-Urban Designation, 2014 

Provider 
Type 

Rural      
 Frequency (%) 

Urban      
Frequency (%) Total 

Pharmacy    61,006 (29.4%) 260,809 (21.1%)  321,815 (22.2%) 
Primary Care 138,004 (66.4%) 908,991 (73.5%) 1,046,995 (72.5%) 

Other    8,693 (4.2%)  67,326 (5.4%)   76,019 (5.3%) 
Total 207,703 (14.4%) 1,237,126 (85.6%)   1,444,829 
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providers in 2,290 (72.9%) of 3,142 U.S. counties, although vaccines were available in 2,805 (89.3%) U.S. 
counties based on claims documenting the delivery of annual influenza vaccination services in those counties.  
Table 1 presents information on the number of pneumococcal vaccine services delivered by provider type in 
rural and urban counties. A significant disparity is noted between rural and urban vaccine service delivery with 
fewer vaccines administered in rural areas.  Of the 1,444,829 vaccination services provided in 2014, 207,703 
(14.4%) were delivered in rural areas compared to 1,237,126 (85.6%) delivered in urban areas.  The overall 
mean vaccination rate in urban areas was 4.66 compared to a mean vaccination rate of 2.81 in rural areas, 
indicating a 40% lower mean vaccination rate in rural communities. While these rates are low, we expect the 
cumulative rate to increase over the next few years as the recommendations for PCV13 administration, which 
were released in late 2014, are added to the standard of care. 

State-level rates of pneumococcal vaccine service delivery in the FFS Medicare population are depicted in 
Figure 1.  Considerable variation in rates is observed from a high of 6.3% in Colorado to a low of 1.1% in 
Maine. Visualization maps depicting pneumococcal vaccine service delivery rates at the county level, along 
with proportion of pneumococcal vaccine services delivered by provider type in rural and urban areas, are 
accessible on our website at https://ruhrc.uky.edu/infographics/. 

Figure 1.  Rate of Pneumococcal Vaccine Service Delivery per Eligible Population, 2014 

One important consideration in understanding and addressing vaccine service delivery disparities is the 
provider type associated with vaccine delivery in rural and urban areas. In 2014, over two-thirds (72.5%) of 
pneumococcal vaccine services were delivered to Medicare recipients by primary care providers, while 
pharmacy providers accounted for almost one-fourth (22.2%) of all pneumococcal vaccine services provided.  
A significantly greater proportion of pneumococcal vaccine services were delivered by pharmacy providers in 

https://ruhrc.uky.edu/infographics/
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rural versus urban counties (29.4% vs. 21.1%), suggesting a possible role for pharmacy providers in 
minimizing vaccine service disparities between rural and urban areas. 

In addition to the descriptive results, we calculated multivariate regression models to identify county-level 
characteristics associated with receipt of pneumococcal vaccine.  Results indicate that increasing age of 
residents, greater proportion of female residents, and availability of inpatient hospital services were positively 
associated with pneumococcal vaccine services, while rurality, poverty, and greater overall health status were 
negatively associated with delivery of pneumococcal vaccine services.  Importantly, when we examined the 
relationships between provider types and rural vs. urban locations, we found that rural pharmacies play a key 
role in increasing access to vaccinations for FFS Medicare patients.  At the national level, 29.4% of 
pneumococcal vaccines are performed in pharmacies in rural counties, compared to only 21.1% in urban 
counties.  In states with greater rural designations, significantly higher proportions of vaccines are provided in 
pharmacies compared to primary care settings.  For example, in rural counties in Idaho, almost three-fourths 
(74.3%) of pneumococcal vaccine services are provided in pharmacies compared to 40.4% of pneumococcal 
vaccines provided in pharmacies in urban counties. 

Conclusion/Discussion 

In 2014, a significant disparity in pneumococcal vaccine service delivery was noted between rural and urban 
areas across the nation, with a 60% lower vaccination rate observed in rural communities. Primary care 
providers delivered the majority of pneumococcal vaccine services to elderly adults in the FFS Medicare 
population, with pharmacy providers delivering almost a quarter of pneumococcal vaccine services.  This 
finding is consistent with a recent study, which showed that almost a quarter of U.S. adults who reported 
receiving an annual influenza vaccine indicated they received those services from a pharmacy-based store.14 A 
significantly greater proportion of pneumococcal vaccine services are delivered by pharmacy providers in rural 
areas compared to urban areas, and regression models indicate that pharmacy providers have a significant 
impact on pneumococcal vaccine delivery in rural areas.  Given that over 50% of the nation’s primary care 
health professional shortage is in rural areas, access to primary care providers may limit delivery of 
pneumococcal vaccination services in that setting, resulting in a shift to service delivery in pharmacies as 
shown in this study.  Rural pharmacies play a key role in access to pneumococcal vaccinations for Medicare 
patients.  Engaging community pharmacists who are already embedded in rural communities may help address 
the need for increasing rural populations’ access to health care and improving vaccination rates across all 
demographic sectors. 

References 

1. CDC. Epidemiology and Prevention of Vaccine-Preventable Diseases (The Pink Book), 13th ed.
Washington, DC: Public Health Foundation; 2015.

2. Jain S, Self WH, Wunderink RG, et al. Community-Acquired Pneumonia Requiring Hospitalization among
U.S. Adults. N Engl J Med. 2015;373(5):415-427.

3. Williams W, Lu P, O’Halloran A, et al. Surveillance of Vaccination Coverage Among Adult Populations,
United States, 2015. Morbidity and Mortality Weekly Report (MMWR). 2017;66(11):1-28.

4. CDC. Non-influenza Vaccination Coverage among Adults: United States, 2012. Morbidity and Mortality
Weekly Report (MMWR). 2014;63(5):95-102.

5. U.S. Department of Health and Human Services. HealthyPeople.gov. 2020 Topics & Objectives,
Immunization and Infectious Diseases. Washington, DC: HHS. Available at:



Disparities in Pneumococcal Vaccine Delivery Policy Brief 

Rural & Underserved Health Research Center Page 156 

https://www.healthypeople.gov/2020/topics-objectives/topic/immunization-and-infectious-diseases. 
Accessed August 11, 2017. 

6. Anderson E. Recommended Solutions to the Barriers to Immunization in Children and Adults. Mo Med.
2014;111(4):344-348.

7. Georgetown University, Health Policy Institute. Rural and Urban Health. Data Profile Number 7, January
2003. Available at: https://hpi.georgetown.edu/agingsociety/pubhtml/rural/rural.html. Accessed August 6,
2017.

8. Jones TF, Amanda IL, Craig AS, Schaffner W. Determinants of Influenza Vaccination, 2003–2004:
Shortages, Fallacies and Disparities. Clin Infect Dis. 2004; 39(12):1824-1828.

9. Bennett KJ, Pumkam C, Probst JC. Rural-Urban Differences in the Location of Influenza Vaccine
Administration. Vaccine. 2011;29(35):5970-5977.

10. Schmit C, Reddick A. Pharmacist Vaccination Laws. The Policy Surveillance Program: A LawAtlas
Project. Available at: http://lawatlas.org/datasets/pharmacist-vaccination. Accessed August 6, 2017.

11. National Association of Chain Drug Stores. Chain Pharmacy Industry Profile 2011-2012. Arlington, VA:
NACDS; 2012.

12. Centers for Medicare & Medicaid Services. Medicare Provider Utilization and Payment Data: Physician
and Other Supplier. Baltimore, MD: CMS. Available at: https://www.cms.gov/Research-Statistics-Data-
and-Systems/Statistics-Trends-and-Reports/Medicare-Provider-Charge-Data/Physician-and-Other-
Supplier.html.  Accessed August 11, 2017.

13. U.S. Department of Agriculture, Economic Research Service. Rural-Urban Continuum Codes. Washington,
DC: USDA; 2013. Available at: https://www.ers.usda.gov/data-products/rural-urban-continuum-
codes/documentation.aspx.  Accessed August 11, 2017.

14. Inguva S, Sautter JM, Chun GJ, Patterson BJ, McGhan WF. Population Characteristics Associated with
Pharmacy-based Influenza Vaccination in U.S. Survey Data. J Am Pharm Assoc. July 28, 2017. DOI:
http://dx.doi.org/10.1016/j.japh.2017.07.007

Contact Information 

Jeff Talbert, Deputy Director, Rural and Underserved Health Research Center 
email: jeff.talbert@uky.edu  website:  http://ruhrc.uky.edu 

Suggested Citation 

Talbert J, Schadler A, Freeman P. Rural/Urban Disparities in Pneumococcal Vaccine Service Delivery Among 
the Fee-for-Service Medicare Population.  Lexington, KY:  Rural and Underserved Health Research Center; 2018. 

http://dx.doi.org/10.1016/j.japh.2017.07.007
mailto:jeff.talbert@uky.edu
http://ruhrc.uky.edu/


This project was supported by the Federal Office of Rural Health Policy (FORHP), Health Resources and Services Administration (HRSA), U.S. 
Department of Health and Human Services (HHS) under cooperative agreement # U1CRH30041. The information, conclusions and opinions 
expressed in this document are those of the authors and no endorsement by FORHP, HRSA, HHS, or the University of Kentucky is intended 
or should be inferred.  ©2018 Rural & Underserved Health Research Center, University of Kentucky 

 

Update: Rural/Urban Disparities in Pneumococcal Vaccine Service Delivery 

Among the Fee-for-Service Medicare Population, 2012-2015 

Joseph Vanghelof, PharmD, MS; Aric Schadler, MS; Patricia R. Freeman, PhD; and Jeffery Talbert, PhD 

Overview of Key Findings 

▪ Between 2014 and 2015, the number of pneumococcal vaccine services delivered to fee-for-service
(FFS) Medicare beneficiaries increased by 380% as a result of uptake of PCV13 vaccine.

▪ Continued disparities in delivery of pneumococcal vaccine services to FFS Medicare beneficiaries in
rural and urban communities are noted, with a 63% higher vaccination rate observed in urban areas.

▪ The majority of pneumococcal vaccine services delivered to FFS Medicare beneficiaries were
provided by primary care providers, although pharmacy providers delivered close to one-fourth
(24.2%) of these services.

▪ Pharmacy providers in rural communities play an increasing role in pneumococcal vaccine service
delivery, providing one-third (33.5%) of vaccines in 2015.

Purpose 

This Policy Brief is the second report from the Rural and Underserved Health Research Center assessing 
rural/urban disparities in pneumococcal vaccine service delivery among the fee-for-service (FFS) Medicare 
population. This report is an update of the initial report1 and was conducted to specifically assess uptake of the 
13-valent pneumococcal conjugate vaccine (PCV13) following revised vaccination recommendations released
in 2014.

Introduction 

Pneumococcal disease remains a significant public health concern in the U.S., especially for older adults where 
mortality from invasive pneumococcal disease (IPD) ranges from 20% at age 65 to 40% at age 85.2 Current 
recommendations from the Advisory Committee on Immunization Practices (ACIP), in place since September 
2014, call for all persons age 65 and older to be vaccinated with a 2-dose vaccination series; 1 dose PCV13 at 
age 65 and 1 dose 23-valent pneumococcal polysaccharide vaccine (PPSV23) at least 1 year later.3 The 
previous recommendation for persons age 65 and older was to receive 1 dose of PPSV23, with PCV13 reserved 
for those considered high risk. Recommendation for the 2-dose series was made following evidence showing 
that up to 25% of IPD and 10% of community acquired pneumonia in older adults are caused by PCV13 
vaccine serotypes.4 Despite these recommendations, vaccination rates remain low for either vaccine 
individually (<50%) and for the complete 2-dose series (<20%), with racial and geographic disparities in 
pneumococcal vaccination uptake noted.4 

Policy Brief  November 26, 2018 

University of Kentucky 
111 Washington Ave.  
Lexington, KY 40536 
ruhrc.uky.edu

http://ruhrc.uky.edu/


Disparities in Pneumococcal Vaccine Delivery Policy Brief 

Rural & Underserved Health Research Center Page 158

In a previous RUHRC report assessing pneumococcal vaccine service delivery in the FFS Medicare population, 
we documented a significant disparity in pneumococcal vaccination rates between rural and urban areas across 
the nation, with a 40% lower mean vaccination rate observed in rural communities in 2014.1 Overall, 
pneumococcal vaccination service rates were low and varied considerably by state. Although primary care 
providers delivered a majority of pneumococcal vaccine services to adults age 65 and older in the Medicare 
FFS population, a significantly greater proportion of pneumococcal vaccine services was delivered by 
pharmacy providers in rural areas, and regression models indicated that pharmacy providers had a significant 
impact on pneumococcal vaccine delivery in rural areas.   

Our previous report evaluated overall pneumococcal vaccination service delivery in the year 2014, without 
assessing the contribution of the individual pneumococcal vaccines (PCV13 and PPSV23). The objective of 
this study was to evaluate trends in pneumococcal vaccination service delivery for the years 2012 through 
2015, and to specifically assess uptake of the PCV13 in 2015, the first full year following the revised 
vaccination recommendations in September 2014. A secondary objective was to determine the relative 
contribution of community pharmacies as an alternate site vaccine service provider to PCV13 uptake in rural 
communities.  

Methods 

Vaccination service data were obtained from the Medicare Physician and Other Supplier Public Use File, which 
reports the services and number of FFS beneficiaries treated by physicians and other providers.5 Services were 
restricted to the following: administration of any pneumococcal vaccine via Healthcare Common Procedure 
Coding System (HCPCS) G0009, PCV13 administration via Current Procedural Terminology (CPT) 90670, 
and PPSV23 administration via CPT 90732. Providers were classified as either: 1) primary care provider (e.g., 
nurses, physician assistants, and family practice physicians); 2) pharmacy provider; or 3) other providers (e.g., 
physician specialists). Provider county was estimated using provider zip code, then linked to Rural-Urban 
Continuum Codes (RUCC) and the Medicare Geographic Variation State/County table Public Use File. RUCC 
classifies counties on a scale of 1 to 9, with 1-3 designated as urban, and 4-9 as rural.6 The Medicare 
Geographic Variation table reports for each county: the number of FFS enrollees; average age; average 
Hierarchical Condition Category (HCC) score, a composite risk score reflective of chronic disease burden; and 
percent male, white non-Hispanic, eligible for Medicaid, and using inpatient or outpatient services.7 
Descriptive statistics on vaccine services by rural-urban designation, provider type, vaccine type, and year were 
calculated. A logistic regression model of the estimated rate of pneumococcal vaccination in 2015 was created 
using the parameters from the Medicare Geographic Variation table, rural-urban designation, the percent of 
vaccines provided by pharmacists, and the interaction of rural-urban designation with percent of vaccines 
provided by pharmacists.  

Findings 

The number and rate of pneumococcal vaccination services delivered by FFS Medicare providers to eligible 
beneficiaries increased annually between 2012 and 2015. In 2015, pneumococcal vaccine services were 
delivered by providers to approximately 5,353,000 FFS beneficiaries representing 16% of the FFS population 
nationwide, a 380% increase over that reported in 2014.1 Consistent with our previous findings, continued 
disparities in pneumococcal vaccine service delivery are noted between rural and urban communities with an 
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estimated 10.7% of FFS beneficiaries receiving 
pneumococcal vaccination services in rural communities 
compared to 17.4% in urban communities, signifying a 
63% higher vaccination rate in urban communities.  

Prior to 2015, the vast majority of pneumococcal vaccine 
services provided were for PPSV23, as expected based on 
ACIP recommendations for adults 65 and older (Table 1). 
In 2015, following the revised recommendations for the 2-
dose vaccination series with PCV13 followed by PPSV23 
at least 1 year later, PCV13 comprised over 90% of all pneumococcal vaccine services. The increase in the rate 
of pneumococcal vaccination service delivery noted in 2015 was driven by uptake in the rate of PCV13 
vaccination services. 

As shown in Table 2, in 2015, primary 
care providers delivered the majority 
(72.2%) of pneumococcal vaccination 
services to FFS Medicare beneficiaries 
while pharmacy providers accounted 
for one-fourth. In rural communities, 
pharmacy providers delivered one-third 
of pneumococcal vaccine services, 
suggesting the important role of rural 
pharmacies in vaccine access.   

To further assess the contribution of rural pharmacies to vaccine access, we assessed trends in pneumococcal 
vaccine delivery by provider type in rural and urban communities from 2012 to 2015 (Figure 1). The 
proportion of pneumococcal vaccines provided by pharmacists in rural areas increased from 19.9% in 2012 to 
33.5% in 2015 but has only modestly increased in urban areas (20.4% to 22.6%). 

Table 1. Total Number of PPSV23 and PCV13 

Vaccination Services, in Thousands, 2012-2015 

Year PPSV23 PCV13 

2012 1,067 (97.7%)   25 (2.3%) 

2013 1,077 (92.3%)   90 (7.7%)

2014 1,025 (66.9%)   507 (33.1%)

2015  445 (8.4%) 4,852 (91.6%) 

Table 2. Number of Pneumococcal Vaccination Services by 

Provider Type and Rural-Urban Designation, in Thousands, 2015 

Provider 
Type 

Rural 
Vaccination 

Services 

Urban 
Vaccination 

Services 
Combined 

Vaccination Services 

Pharmacy 247 (33.5%) 1,049 (22.7%) 1,296 (24.2%) 

Primary Care 465 (63.1%) 3,398 (73.6%) 3,863 (72.2%) 

Other 25  (3.4%) 168  (3.6%) 193  (3.6%) 

Total 737 4,615 5,353  (100%) 
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Figure 1. Percent of Pneumococcal Vaccination Services Delivered by 

Provider Type and Rural-Urban Designation, 2012 to 2015 
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In 2015, pneumococcal vaccination service rates among FFS beneficiaries varied by state and ranged from 8% 
in Maine to 26% in Colorado (Figure 2, right panel). In comparison, the range during 2014 was 1% to 6% 
(Figure 2, left panel). Although overall pneumococcal vaccination rates in the FFS Medicare population have 
increased, a widening gap between highest and lowest vaccination rates in states (5% in 2014 vs 18% in 2015) 
is noted. Further county-level pneumococcal vaccinating service visualizations are available at our website: 
https://ruhrc.uky.edu/infographics/. 

Figure 2. Rate of Pneumococcal Vaccine Service Delivery per Eligible Population, 2014-2015 

2014 (scale:1.1%-6.3%) 2015 (scale:7.7%-25.7%) 

Logistic regression indicates that increasing age of beneficiaries, greater proportion of female beneficiaries, and 
greater proportion of white non-Hispanic beneficiaries were positively associated with uptake of pneumococcal 
vaccine services, while rurality, greater use of outpatient services, and lower overall health status were 
negatively associated with uptake of pneumococcal vaccine services. The interaction between rurality and 
percent of vaccines provided by pharmacists was significant (P < .0001), and when interpreted with the finding 
from Figure 1 that pharmacists provide a greater proportion of vaccines in rural versus urban areas, suggests 
that community pharmacies play an important role in access to pneumococcal vaccinations in rural areas.  

Conclusion/Discussion 

We assessed pneumococcal vaccination service records for FFS beneficiaries from 2012, the first year during 
which PCV13 was recommended for high-risk adults age 20 and older, through 2015, the first full year during 
which PCV13 was recommended for all adults 65 and older. Among FFS beneficiaries from 2012 to 2015, the 
number of pneumococcal vaccination services increased greatly, and providers shifted from principally 
administering PPSV23 to PCV13. We estimate that in 2015, 16% of FFS beneficiaries received pneumococcal 
vaccination, with 92% administered PCV13. During years prior to 2015, there were lower rates of 
pneumococcal vaccination and much less frequent use of PCV13. Therefore, as of 2015, the majority of FFS 
beneficiaries remained to be vaccinated with PCV13 and it is likely pneumococcal vaccination services after 
2015 will remain elevated. Overall, rural areas experienced a lower rate of pneumococcal vaccination, and 
primary care providers were the most frequent contributors to pneumococcal vaccination. As primary care 
shortages in rural areas continue to grow, however, pharmacists appear to play an increasing role in providing 
vaccines in rural areas and have consistent importance in urban areas.  

In summary, following recommendations for administration of PCV13 to all adults 65 and older in September 
2014, pneumococcal vaccination rates increased almost 4-fold between 2014 and 2015. Continued disparities in 

https://ruhrc.uky.edu/infographics/
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pneumococcal vaccination rates between rural and urban areas are noted, with community pharmacies serving 
as an important access point for pneumococcal vaccine services in rural communities. Given that the population 
of rural areas has a greater proportion of older adults than urban areas,8 continued support of rural service 
providers, including both primary care providers and pharmacists, is needed to ensure older adults have access 
to recommended vaccines.   
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The Prevalence of Chronic Diseases Among Current
and Ex-Miners in the United States
Ahmed A. Arif, PhD and Oluwaseun Adeyemi, MBChB, MPH
Objective: To determine and compare the prevalence and odds of chronic

diseases among ex- and current miners. Methods: Fourteen-year pooled

data from the National Health Interview Survey between 2004 and 2017 were

analyzed. Ex- and current miners ages 18 to 64 years were defined based on

employment status at the time of National Health Interview Survey (NHIS)

interview. We calculated age-adjusted prevalence rates and odds ratios of

association of chronic diseases. The analysis was adjusted for respondent’s

age, sex, race, marital status, poverty–income ratio, health insurance, and

smoking status. Results: Ex-miners have significantly increased prevalence

of most chronic diseases. The age-adjusted prevalence and the adjusted odds

of heart disease, cancer, hypertension, diabetes, and psychological stress

were significantly higher among ex-miners as compared with current miners.

Conclusions: Ex-miners have worse health outcomes that may persist for

years after leaving the mining industry.

Keywords: chronic diseases, ex-miners, mining, psychological stress

T he United States (US) mining operations comprise five major
mining sectors: coal, metal, nonmetal, stone, and sand and

gravel mining sectors.1 Metal mining is prevalent in the Mid-
Western States, while coal mining is common in the Central
Appalachian states. Coal is an essential global commodity and
produces 30% of the US electricity and generates millions of dollars
as export revenue yearly.2,3 There are about 50,000 workers
employed in the mining industry,3,4 with most of the workers
employed in rural American communities.5 Of the 224 mining-
dependent US counties, 184 are in the non-metropolitan areas.5

Despite the improvement in exposure assessment, engineering
controls, and regulations to minimize exposure, coal miners are
still at risk of developing lung diseases such as silicosis, asbestosis,
chronic obstructive pulmonary disease (COPD), and coal workers’
pneumoconiosis.6–8 Workers in the mining industry are also at
increased risks of non-respiratory chronic diseases such as hyper-
tension, heart disease, diabetes, psychological stress, and obesity.6,9

Despite being at-risk of adverse health outcomes due to
prolonged exposure to coal mine dust, ex-miners’ health has
ht © 2020 American College of Occupational and Environmental 
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received less attention.10 The burden of the disease is not mitigated
even after leaving the mining industry,10 and the health indices
continue to deteriorate.11 Mortality rates of ex-miners are highest a
year after exiting the mining industry.11 The aim of this study,
therefore, was to determine and compare the prevalence and odds of
chronic diseases among ex-miners as compared with those currently
working in the mining industry.

METHODS

Study Population and Design
This study is a cross-sectional analysis of a 14-year pooled

data from 2004 to 2017. We used Integrated Public Use Microdata
Series (IPUMS) NHIS data.12,13 IPUMS-NHIS harmonizes public
use NHIS data across time to facilitate cross-temporal comparison
with consistent coding of variables and a user-friendly interface to
merge data across time. IPUMS-NHIS has been used previously by
researchers.14,15 The National Health Interview Survey (NHIS) is
the longest ongoing household interview survey in the US. It has
been conducted since 1957. NHIS uses a multistage area probability
sampling design to sample approximately 35,000 households and
interview approximately 40,000 individuals every year. NHIS sam-
ple is drawn from each state and the District of Columbia and is
representative of the US population.16 The NHIS questionnaire
consists of two components: the core questions that remain
unchanged year to year and Supplements that include current
health topics that may change every year. The Core comprises
four components: Household, Family, Sample Adult, and Sample
child. For this study we extracted data on socio-demographic
characteristics, health insurance, health conditions, and industry
classification.

Industry Classification
Between 2004 and 2017, a total of 1,302,916 individuals

were interviewed. We restricted the population to individuals aged
18 and 64 years (n¼ 795,743). At the time of NHIS interview,
participants were asked about their industry and occupation. The
verbatim responses obtained were reviewed by Census Bureau
personnel who assigned appropriate industry codes. Starting
2004, Census Bureau started assigning industry codes based on
the North American Industrial Classification System (NAICS).17 To
maintain respondent’s confidentiality, NHIS only make available
two-digit industry classification codes in public use Sample Adult
data files. The variable IND1995 in IPUMS-NHIS is comparable to
NHIS Public Use Data variable INDSTRN2 and it includes 21 major
industrial groups including the mining sector.

The industry coding of NHIS survey underwent significant
changes in 2004 when the industry classification system was
changed to NAICS. IPUMS harmonized census bureau industry
classification by creating a standardized variable (IND1995) based
on the 1990 Census Bureau Industry classification scheme (https://
nhis.ipums.org/nhis-action/variables/IND1995#description_section).

The mining sector includes those working in oil and gas. A
total of 1779 participants reported working in the mining sector at
the time of NHIS interview and they comprise the final analytical
sample (Fig. 1).
Medicine. Unauthorized reproduction of this article is prohibited 
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Ex- Miners
n=455

FIGURE 1. Flowchart of selection of the final analytical sample

TABLE 1. Weighted Prevalence of the Sociodemographic Ch

Current Miners

Variable Unweighted n

Age groups
18–24 yrs 102
25–34 yrs 391
35–49 yrs 440
50–64 yrs 391

Sex
Female 198
Male 1126

Race/ethnicity
NH White 1186
NH Black 63
Other/Multi-Race 75

Marital status
Married 777
Widowed 32
Divorced/Separated 220
Never married 292

Poverty income ratio
At or above 1197
Below 33
Unknown 94

Health insurance coverage status
Has insurance 1187
Has no insurance 136

Smoking status
Non-smoker 700
Former smoker 278
Current smoker 333
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Employment in the Mining Sector
NHIS asks each respondent about employment in the indus-

try. To identify subjects who were employed at the time of the
interview, we used the question: ‘‘Which of the following [were
you] doing last week?’’ Participants who chose the following
answer options were classified as employed: ‘‘Working for pay
at a job or business,’’ ‘‘With a job or business but not at work,’’
‘‘Working, but not for pay, at a family-owned job or business.’’
Subjects who responded that they were not working and not looking
for a job were termed unemployed. Employment was coded as a
dichotomous yes/no variable. For this study, we grouped those
working in the mining sector and were employed at the time of
NHIS interview as current miners, whereas those not employed at
the time of interview were grouped as ex-miners.

Chronic Diseases
We assessed the unadjusted and age-adjusted to prevalence

rates of chronic diseases, adjusted using direct method of age
adjustment with US 2000 standard population as reference.
Respondents were asked series of questions if they ever were told
by a doctor or health professional to have hypertension, diabetes, or
any form of cancer. An affirmative response to these questions were
coded as 1 (yes), 0 (no). Respondents with chronic bronchitis or
emphysema were classified as having COPD. Heart disease was
defined as a positive response to the questions ever having coronary
heart disease, angina, or heart attack or any heart disease. Psycho-
logical stress was measured using the Kessler-6 (K6) scale.18 The
K6 scale was constructed by summing the response option of six
questions (nervousness hopeless, restless, depressed, effort, and
worthless) that assessed the mental health of the respondents. Each
response option was coded on a scale of 0 to 4, with 0 meaning none
of the time and 4 meaning all the time. The K6-scale ranged from 0
Medicine. Unauthorized reproduction of this article is prohibited 

teristics of Current and Ex-Miners

Ex-Miners

hted % Unweighted n Weighted %

8.3 19 4.4
30.2 59 12.5
32.3 97 23.6
29.2 280 59.6

15.5 82 16.8
84.5 373 83.2

90.6 394 86.9
4.7 42 8.8
4.7 19 4.3

58.3 226 51.4
2.6 16 3.8

16.3 120 23.4
22.8 91 21.3

90.0 316 69.0
2.3 98 19.9
7.8 41 11.1

89.8 332 74.3
10.2 136 25.7

52.5 166 36.4
20.6 126 28.5
26.9 162 35.1

0 American College of Occupational and Environmental Medicine



Copyrig

5.5 5.9
3

5.7 6.1

24.6

3.4
1.2

27.4

9.4

2.5

7.5 5.7 5.9

11.9 10.5

33.6

8.3
12.7

25.8

12.2
10.3

0

5

10

15

20

25

30

35

40

45

50

55

Current
Asthma

Ex-Asthma COPD Heart Disease Diabetes Hypertension Cancer Psychological
stress

Propor�on
with 1 chronic

disease

Propor�on
with two
chronic
diseases

Propor�on
with three or
more chronic

diseases

%

Adjusted Rates Current miners Adjusted Rates Ex-Miners

FIGURE 2. Age-adjusted prevalence rates of chronic diseases among current and ex-miners. Age adjusted to US 2000 Standard
population using the direct method.

TABLE 2. Odds Ratios of Chronic Diseases Among Ex-Miners

Outcome Variables

Univariate Analysis

(Unadjusted Odds

Ratio) (95% CI)

Adjusted

Odds Ratio�

(95% CI)

Asthmay

Current asthma 1.61 (1.05–2.47) 1.58 (0.95–2.63)
Ex-asthma 0.86 (0.48–1.53) 0.74 (0.40–1.37)

COPD 3.39 (1.79–6.43) 2.01 (0.96–4.23)
Heart disease 3.59 (2.48–5.21) 2.34 (1.52–3.61)
Diabetes 2.96 (2.05–4.26) 1.96 (1.24–3.10)
Hypertension 2.62 (2.00–3.41) 1.71 (1.22–2.41)
Cancers 2.89 (1.81–4.62) 1.93 (1.10–3.38)
Psychological stress 10.60 (5.72–19.66) 8.79 (4.43–17.46)
Number of chronic diseasesy

One chronic disease 1.56 (1.10–2.20) 1.09 (0.73–1.62)
Two chronic diseases 3.08 (1.97–4.81) 1.79 (1.06–3.03)
Three or more chronic diseases 8.65 (5.13–14.61) 4.79 (2.69–8.55)

CI, confidence interval; COPD, chronic obstructive pulmonary disease.
�The model is controlled for age, sex, race, poverty threshold, health insurance, and

smoking status.
yMultinomial logistic regression was performed.
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to 24. The cut-off value of 13 was used as a threshold value to group
respondents as having psychological stress. An index of chronic
diseases was created by grouping them into one, two, and three
or more.

Confounding
The respondent’s age, sex, race, marital status, poverty–

income ratio, health insurance, and smoking status were used as
potential confounders in the analysis. Respondents whose total
income from all sources was less than 250% of poverty threshold
was coded as 1 (poor), and those above the threshold were coded as
0 (not poor).

Statistical Analysis
The study sample was described using frequency distribution.

We performed a bivariate and multivariate logistic regression to
measure the unadjusted and adjusted odds ratio of association
between miners’ status (ex- vs current miner) and chronic diseases,
controlling for potential confounders. Since we pooled the data
across 14 years, the final weights were adjusted by dividing them by
14.19 Stata statistical software, version 15.1 (College Station, TX)
was used for the analysis considering complex survey design
features of NHIS.

Sensitivity Analysis and Implications for Healthy
Workers Effect

In our study, Healthy Worker Effect (HWE) can occur if ex-
miners experienced poor health outcomes that were related to both
working in the mining industry (used as a proxy for exposure to
mine dust) and subsequent development of chronic diseases and
leave mining industry due to chronic diseases they experienced
while at work. We performed sensitivity analysis to examine the
impact of HWE on our results. First, we selected a cohort of current
and ex-miners who were eligible for mortality follow-up.16 NHIS
released linked mortality file (LMF) data that followed NHIS
participants from 1985 to 2014 with mortality follow-up until
December 2015. We extracted NHIS-LMF data from 2004 to
2014. We calculated the follow-up time by taking the difference
of year of death from year of survey. We limited the data to those
who were ages 18 and 64 and eligible for mortality follow-up. We
performed survey multivariable logistics regression using survey
commands for each chronic disease outcome, limiting the follow up
to 2 or more years and 5 or more years of follow-up.20,21
ht © 2020 American College of Occupational and Environmental 
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RESULTS
From 2004 to 2017, a total of 1779 US workers aged between

18 and 64 years, representing an estimated 372,742 workers in the
mining sector participated in the survey. Of the 1779 workers, 1324
individuals (representing an estimated 280,540 workers) were
currently employed (current miners) in the mining sector, whereas
the remaining 455 workers (representing an estimated 92,202
workers) were unemployed (ex-miners). The average age of current
miners was 40.6 years (95% CI: 39.6 to 41.5 years), while the mean
age of the ex-miners was 49.5 years (95% CI: 48.2 to 50.9 years).
Most workers were men, non-Hispanic whites, and married. Among
current miners, 2.3% were living below the poverty level compared
with 19.9% of ex-miners. Also, 10.2% of current miners do not have
any form of health coverage as compared with 25.7% of ex-miners
without health insurance coverage. About 27% of current miners
reported currently smoking cigarettes as compared with 35.1% of
ex-miners at the time of the NHIS interview (Table 1).
Medicine. Unauthorized reproduction of this article is prohibited 
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TABLE 3. Sensitivity Analysis of Chronic Diseases Among Ex-
Miners and Current Miners, Restricting the Sample to 2 and
5 Years of Mortality Follow-Up

Outcome

Variables

Cohort With

At least 2-Year

Follow-up

Odds Ratio

(95% CI)�

Cohort With

At least 5-Year

Follow-up

Odds Ratio

(95% CI)�

Current asthma 2.17 (0.82–5.75) 1.08 (0.28–4.21)
COPD 2.49 (0.83–7.48) 1.66 (0.43–6.39)
Heart disease 4.34 (1.96–9.60) 4.74 (1.43–15.74)
Diabetes 3.22 (1.14–9.10) 7.37 (1.60–33.98)
Hypertension 1.67 (0.93–3.00) 1.50 (0.68–3.32)
Cancers 1.45 (0.42–5.07) 1.47 (0.44–4.83)
Psychological stress 7.35 (2.75–19.63) 7.19 (1.49–34.65)

CI, confidence interval; COPD, chronic obstructive pulmonary disease.
�The model is controlled for age, sex, race, poverty threshold, health insurance, and

smoking status.
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Ex-miners have significantly increased prevalence of most
chronic diseases as compared with current miners. The age-adjusted
prevalence of COPD among ex-miners was 5.9% (95% CI: 3.6 to
9.3); almost twice the age adjusted prevalence of COPD among
current miners (3.0, 95% CI: 2.0 to 4.4). Similarly, the age-adjusted
prevalence of heart diseases among ex-miners was 11.9% (95% CI:
8.3 to 16.9) as compared with 5.7% (95% CI: 4.2 to 7.7) among
current miners. Furthermore, the age-adjusted prevalence rates of
diabetes (10.5% [95% CI: 7.7 to 14.2] vs 6.1% [95% CI: 4.8 to 7.8]),
hypertension (33.6% [95% CI: 27.1 to 40.9] vs 24.6% [95% CI: 21.8
to 27.5]), all forms of cancer (8.3% [95% CI: 4.9 to 13.6] vs 3.4%
[95% CI: 2.4 to 4.8]), psychological stress (12.7% [95% CI: 9.3 to
17.1] vs 1.2% [95% CI: 0.7 to 2.0]), and current asthma (7.5% [95%
CI: 4.5 to 12.3] vs 5.5% [95% CI: 4.3 to 7.1]) were substantially
higher among ex-miners compared with current miners (Fig. 2).

The odds of heart disease (adjusted OR¼ 2.34; 95% CI: 1.52
to 3.61), and diabetes (adjusted OR¼ 1.96; 95% CI: 1.24 to 3.10)
were significantly elevated among ex-miners compared with current
miners, controlling for potential confounders (Table 2). Also, ex-
miners have significantly increased odds of hypertension (adjusted
OR¼ 1.71; 95% CI: 1.22 to 2.41), and all forms of cancer (adjusted
OR¼ 1.93; 95% CI: 1.10 to 3.38) compared with current miners.
The odds ratio of psychological stress was more than 8-fold elevated
among ex-miner as compared with current miners (adjusted
OR¼ 8.79; 95% CI: 4.43 to 17.46). The odds of current asthma
(1.61; 95% CI: 1.05 to 2.47) and COPD (3.39; 95% CI: 1.79 to 6.43)
were statistically significant only in the univariate analysis. A dose–
response pattern was observed between the number of chronic
diseases and the heightened odds of diseases among ex-miners.
The odds ratios increased from 1.09 (95% CI: 0.73 to 1.62) for the
presence of one chronic disease to 4.79 (95% CI: 2.69 to 8.55) for
three or more chronic diseases (Table 2).

Restricting the analysis to study participants that were fol-
lowed up for at least 2 years and 5 years or more, significantly
increased odds of heart disease, diabetes, and psychological stress of
ex-miners was observed as compared with current miners. The odds
ratios for hypertension and cancer became statistically non-signifi-
cant (Table 3).

DISCUSSION
In our study, the age-adjusted prevalence and odds of heart

diseases, diabetes, hypertension, cancer, and psychological stress
were significantly higher among ex-miners as compared with
current miners. We did not find statistically significantly elevated
ht © 2020 American College of Occupational and Environmental 
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odds of chronic respiratory diseases such as asthma and COPD
among ex-miners.

In the current study, ex-miners had significantly elevated
odds of chronic non-respiratory diseases—heart disease, diabetes,
hypertension, cancer, and psychological stress. Yeoman et al,6

reported an elevated prevalence of hypertension, heart disease,
diabetes, and psychological stress among miners compared with
other occupation. Using NHIS data, Lee et al,22 compared the health
indices across industries and noted the increased prevalence of
hypertension, heart disease, diabetes, and psychological distress
among workers in the mining sectors compared with all other
industrial sectors. However, the authors did not group those working
in the mining industry into ex- and current miners. In our study, we
found that chronic diseases disproportionately affect ex-miners. The
7-fold elevated odds of psychological stress among ex-miners are
worth noting. Atkins and Lay23 had earlier reported a 28% preva-
lence rate of psychological stress among Australian miners while
Absar24 reported that non-miners are 57% less likely to report
psychological stress as compared with Indian miners. Swedish
miners experienced a high occurrence of neuropsychiatric symp-
toms.25 To our knowledge, no prior studies assessed these chronic
diseases, notably psychological stress, among ex-miners. In our
study, ex-miners were more likely to be living below the poverty-
line, separated or widowed, lack health insurance, and were current
smokers, all factors that are likely to contribute to psychological
stress. Even though we adjusted for these factors, residual con-
founding cannot be ruled out. Further studies are needed to explore
mental health needs among ex-miners.

For sensitivity analysis, we restricted our cohort to at least a
2-year, and 5-year mortality follow-up period with an assumption
that the participants did not change occupation during the study
period. Restricting the data to 5-year mortality follow-up resulted in
attenuation of odds ratios of all chronic diseases, except diabetes.
Since there is no information on duration of employment available
in NHIS, we were limited in using other methods such as G-
estimation to control for the HWE.

We used data from 2004 to 2017 because no information on
the employment status of those working in the mining industry was
available before 2004, and no information on chronic disease was
available before 1994. Since we used industry as a proxy for
exposure, misclassification is difficult to avoid. However, such
misclassification is likely to be non-differential. We restricted
our cohort to ages 18 to 64 years, excluding ages above 65 years
to minimize potential confounding by Medicare. Despite these
limitations, this study is one of the very few recent studies that
focus attention on ex-miners’ health.

In conclusion, ex-miners have an increased risk of chronic
diseases, especially psychological stress. Whether these adverse
medical and mental conditions are due to prolonged exposure
to mine dust, needs to be explored in future follow-up studies of
ex-miners.
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Abstract

Background: Workers employed in the coal mining sector are at increased risk

of respiratory diseases, including coal workers' pneumoconiosis (CWP). We

investigated the prevalence of CWP and its association with sociodemographic

factors among Medicare beneficiaries.

Methods: We used 5% Medicare Limited Data Set claims data from 2011 to 2014 to

select Medicare beneficiaries with a diagnosis of ICD‐9‐CM 500 (CWP). We aggregated

the data by county and limited our analysis to seven contiguous states: Illinois, Indiana,

Kentucky, Ohio, Pennsylvania, Virginia, and West Virginia. We estimated county‐level
prevalence rates using total Medicare beneficiaries and miners as denominators and

performed spatial hotspot analysis. We used negative binomial regression analysis to

determine the association of county‐wise sociodemographic factors with CWP.

Results: There was significant spatial clustering of CWP cases in Kentucky, Virginia,

and West Virginia. Spatial clusters of 210 and 605 CWP cases representing an

estimated 4200 to 12 100 cases of Medicare beneficiaries with CWP were identified

in the three states. Counties with higher poverty levels had a significantly elevated

rate of CWP (adjusted rate ratios [RR]: 1.15; 95% CI, 1.12‐1.18). There was a small

but significant association of CWP with the county‐wise catchment area. Rurality

was associated with a more than three‐fold elevated rate of CWP in the unadjusted

analysis (RR: 3.28, 95% CI, 2.22‐4.84). However, the rate declined to 1.45 (95% CI,

1.04‐2.01) after adjusting for other factors in the analysis.

Conclusions: We found evidence of significant spatial clustering of CWP among

Medicare beneficiaries living in the seven states of the USA.

K E YWORD S

black lung disease, coal workers' pneumoconiosis, Medicare beneficiaries, mining

1 | INTRODUCTION

Coal remains a dominant energy source in the USA. It is re-

sponsible for the production of about a third of the US electricity1

and significant export revenue.2 Coal mining employs about a

third of the entire workforce in the mining sector.3 Workers

employed in the coal mining industry are at increased risk of

chronic respiratory diseases, including chronic obstructive pul-

monary disease and “dusty lung” diseases, referred to as

Pneumoconiosis.

http://orcid.org/0000-0002-0237-9937
mailto:aarif@uncc.edu
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Pneumoconiosis represents a group of respiratory pathologic

diagnosis due to inhalation and deposition of substances that damage

the lung parenchyma.4 These include asbestosis, silicosis, and coal

workers' pneumoconiosis (CWP), also called Black Lung Disease.

CWP affects workers exposed to a large amount of coal dust.5 It is a

complex syndrome manifesting initially as anthracosis, an asympto-

matic discoloration, and occlusion of the lung, which progresses to

chronic bronchitis, ultimately culminating into progressive massive

fibrosis. Depending on the degree of accumulation of coal dust in the

lung, exposed individuals can either present with complicated or

simple pneumoconiosis, or progressive massive fibrosis.6 Generally,

once the pathologic process commences, the CWP progression

cannot be reversed or stopped.4,7,8

Following decades of strict legislation focused on reducing the ex-

posure of coal miners to coal dust, the prevalence of CWP declined from

a high of 6.5% in the 1970s to a low of 2.1% in the 1990s.8 However,

recently, there has been a slow, but consistent increase in the prevalence

of CWP.5,7,9‐12 Studies have identified clusters of CWP cases in Ken-

tucky, Virginia, West Virginia, and other central Appalachian states9,10

and attributed the resurgence to aggressive changes in the pathophy-

siological course of the disease, and changes in the epidemiological dis-

tribution of the disease.6,13 This study aimed to determine and compare

the prevalence of CWP using Medicare data in seven contiguous states

of the USA with high mining activity, including Illinois, Indiana, Kentucky,

Ohio, Pennsylvania, Virginia, and West Virginia. Furthermore, we also

examined the county‐level risk factors of CWP and performed

hotspot analysis in the study area.

2 | MATERIALS AND METHODS

We used Medicare Claims Limited Data set (LDS) that includes a

random sample of 5% of the Medicare Fee‐For‐Service population

from 2011 to 2014. There are more than 50 million individuals

covered under Medicare, representing 16% of the US population. We

extracted data from (a) Medicare beneficiary summary files that in-

clude demographic characteristics of Medicare population, (b) the

inpatient claims file that contains ICD‐9 diagnosis codes, dates of

service, and hospital claims data, and (c) the carrier file that includes

claims data from noninstitutional providers such as physicians,

physician assistants, and nurse practitioners.

The study was approved by the Institutional Review Board of the

University of North Carolina at Charlotte. Since this study used

Medicare claims data, informed consent was not required.

2.1 | Outcome

Medicare beneficiaries with a diagnosis of ICD‐9‐CM 500 (CWP) were

initially selected from the inpatient and carrier files using the study

period of 1 January 2011 to 31 December 2014. The date of the first

diagnosis of CWP served as the patient's index date. Patients were

followed from the first observable diagnosis of CWP to death or

censorship. We aggregated the data by county and state FIPS code.

We restricted our data to seven states, including Illinois (number of

Medicare Beneficiaries, n = 106 419), Indiana (n = 59 071), Kentucky

(n = 44 566), Ohio (n = 110 651), Pennsylvania (n = 131 010), Virginia

(n = 67 959), and West Virginia (n = 21 586); most underground coal

mines are located in these states and more than 60% of CWP cases

(1021/1670) were concentrated in these states.

2.2 | Sociodemographic variables

County‐level sociodemographic characteristics were retrieved from the

American Community Survey estimates (2010‐2014) for percent males

65 years and above (% males), % population with income below the

federal poverty level, and percent non‐Hispanic Whites (% Whites).

2.3 | Rurality

Rural‐urban commuting areas (RUCAs) codes at the census tract

level were used to define the percent rural for the county.14 RUCAs

codes are grouped into 10 primary and 30 secondary categories and

are classified based on population density, urbanization, and daily

commuting pattern to an urban area.15 The percent of rural for the

county was then calculated as the total proportion of RUCAs with

primary code from 6 to 10 (micropolitan low commuting, small‐town

core, small‐town high commuting, low small‐town commuting, and

rural areas) and the total census tracts in the county.

2.4 | Proximity to mining activity

We resorted to a Geographical Information Systems (GIS, ArcPro, ESRI,

Redlands, CA) to estimate the presence of mining activity within each

county. For each active underground mine16 in our study area, we es-

timated a 10‐miles travel distance accessibility polygon, and these were

eventually merged. We conducted a geometric intersection (overlay)

using the geographic boundaries of each county and the mining acces-

sibility polygons. Our GIS returned the areal proportion within 10miles

of any mine. We used this metric as a proxy for secondary exposure. We

quantified secondary exposure under the assumption that environ-

mental exposure to coal dust may affect people living in the 10‐mile

radius of coal mines. Also included are family members of coal miners

who may get exposed to dust on coal miners' clothing.

2.5 | Statistical analysis

The data analysis comprised descriptive and inferential statistical

techniques. We summarized data using descriptive measures,

including interquartile range (IQR), means, medians, and max-

imum value. We generated maps of crude prevalence rates and

spatial clusters (hotspots) of CWP in the study area. The crude
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prevalence rates of CWP were calculated using two different

denominators (a) the county‐wise total number of Medicare

beneficiaries and (b) county‐wise number of miners; the county‐
wise number of Medicare beneficiaries with CWP was used as a

numerator.

Data on the county‐wise total number of miners were down-

loaded from the National Institute for Occupational Safety

and Health website (https://wwwn.cdc.gov/NIOSH‐Mining/MMWC/

EmployeeMap). CWP is a chronic disease, and assuming that it takes

about 15 to 20 years of exposure, and the fact that Medicare does

not collect data on duration of employment, we made an assumption

that the cohort of Medicare beneficiaries included in the 5% LDS

data set for 2011 to 2014, likely had been employed and potentially

exposed during the 10 years 1983 to 1992. We used the highest

number of employees reported between 1983 and 1992 as the

denominator. We created maps displaying the crude prevalence rates

(Figure 2A,B) and conducted hotspot analysis (Getis‐Ord Gi*)

(Figure 2C,D).

We used unadjusted and adjusted negative binomial regression

with percent population living below the poverty level, county‐wise

catchment areas (areal proportion) within 10miles of active under-

ground mines, percent males, percent whites, and percent rural as

independent variables. The dependent variable is the county‐wise

CWP counts. We include the expected counts as the offset variable

in our regression. The expected counts were calculated from data for

a jth county using:

×Medicare Beneficiary for jth County
Total number of Black Lung Cases

Total Medicare Beneficiaries

The effect of independent variables on outcome was measured

using rate ratios (RR) and 95% confidence intervals (CI). SAS 9.4 and

R/R Studio, version 3.6.117 were used for data extraction and

analysis. Specifically, we used R libraries Apes, MASS, and pscl.

ESRI ArcGIS version 10.6 was used for creating maps.

3 | RESULTS

There was a total of 541 262 Medicare beneficiaries, representing

almost 11 million beneficiaries in seven states included in the study.

A total of 1021 cases of CWP, representing more than 20 000 CWP

cases, spread across 241 out of 657 counties were identified. The

distribution of CWP cases in seven states, based on 5% Medicare

beneficiaries LDS, were Kentucky (n = 320), West Virginia (n = 285),

Virginia (n = 162), Pennsylvania (n = 102), Illinois (n = 70), Ohio

(n = 53), and Indiana (n = 29). Approximately 12% of the population

were living below the federal poverty level. About 50% were male,

and 90% were whites (Table 1). Thirty‐three percent of counties

were classified as rural based on RUCA codes (Figure 1A). On

average, 6% of county‐wise catchment area (areal proportion), a

proxy for secondary exposure, was within a 10‐mile radius of active

underground mines. There was a high concentration of active mines

in Central Appalachia (Kentucky, Virginia, and West Virginia), East

and West Pennsylvania and the South of Indiana, Illinois, and West of

Kentucky (Figure 1B).

The prevalence rates of CWP were concentrated mostly in

central Appalachia (Figure 2A,B). Using miners as the denominator,

we identified a spatial cluster (hotspots) of 210 cases of CWP, re-

presenting an estimated 4200 cases, in 10 counties located in West

Virginia (n = 156), Virginia (n = 53), and Ohio (n = 1) (Figure 2D).

Whereas, using the county‐wise total number of Medicare bene-

ficiaries as denominator, we identified significant clustering (hot-

spots) of 605 CWP cases representing an estimated 12 100 cases in

51 counties, including Illinois (n = 2), Kentucky (n = 238), Virginia,

(n = 123), and West Virginia (n = 242) (Figure 2D).

TABLE 1 County‐level descriptive
characteristics of the study populationVariables Mean % Median %

Interquartile
range (IQR)

Maximum
values

% Population living below

poverty level

11.8 11.0 8.4‐14.3 37.4

Catchment area (areal

proportion) within 10miles

of mines*

6.0 0.0 0‐0.18 88.3

% Males 49.7 49.4 48.8‐50.0 69.7

% Whites 89.2 94.1 87.6‐97.0 99.8

% Rural 33.4 14.3 0‐66.7 100.0

Number of underground

mines***

36.9 0.0 0‐36.9 1616.0

CWP 1.6** 0.0 0‐1.0 54.0

Medicare Beneficiaries 823.8** 355 179‐724 39601

*A measure of secondary exposure (see Figure 1).

**Average counts.

***County‐wise.
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Table 2 shows the results from the negative binomial regression

analysis using estimated counts as an offset variable. Counties with

higher poverty levels had a significantly elevated rate of CWP

(adjusted RR: 1.15; 95% CI, 1.12‐1.18). Similarly, for one unit increase

in the county‐wise catchment area, the rate of CWP increased by 4%

(adjusted RR: 1.04; 95% CI, 1.03‐1.05). Also, rurality was associated

with a more than three‐fold elevated rate of CWP in the unadjusted

analysis (RR: 3.28, 95% CI, 2.22‐4.84). However, the rate declined to

1.45 (95% CI, 1.04‐2.01) after adjusting for other factors in the

negative binomial regression analysis (Table 2).

4 | DISCUSSION

In this study, the prevalence rates of CWP among Medicare bene-

ficiaries were high in central Appalachia counties. County‐level
poverty rates, catchment areas, and rurality were significantly

associated with CWP.

In the present study, most CWP cases were concentrated in

West Virginia, Virginia, and Kentucky, the three states where re-

searchers have found clusters of CWP cases. Blackley et al11 using

the Coal Workers’ Health Surveillance Program, reported the

F IGURE 1 A, % rurality for each county; B, 10‐mile radius around each mining facility [Color figure can be viewed at wileyonlinelibrary.com]

F IGURE 2 A, Prevalence rates per 1000 population using Medicare beneficiaries as the denominator. B, Prevalence rates per 100 using miners as
the denominator. C, Hotspot analysis of prevalence rates for Medicare beneficiaries. D, Hotspot analysis of prevalence rates for miners [Color figure
can be viewed at wileyonlinelibrary.com]
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prevalence of CWP greater than 10% among miners with 25 or more

years of exposure. The prevalence was more than 20% higher among

miners in central Appalachia. The prevalence of r‐type opacities, an

indicator of silicosis, among underground coal miners in central

Appalachia increased significantly over time.12 Also, using clinical

reports between January 2015 and August 2016, 31 out of 60 ex‐and
current miners had radiologic evidence of CWP.18 Similarly, a

hospital‐based review of 11 200 patients that used a case definition

of a history of mining and pathognomonic radiological evidence

identified 415 cases of CWP with clusters in Kentucky, Tennessee,

Virginia, and West Virginia.11 Our study corroborates these findings.

The presence of a large cluster of CWP cases in these counties

highlights the need for continuous monitoring of the health and

progression of the disease among ex‐miners. We do not know if the

beneficiaries quit their job due to CWP or other chronic diseases,

limiting our ability to quantify or control for a healthy worker effect.

However, our prior research has shown that ex‐miners have a

significantly elevated risk of most chronic diseases such as heart

disease, diabetes, hypertension, and psychological stress.19

We found that the rurality of a county and poverty levels are

associated with the county‐wise unadjusted and adjusted rates of

CWP. Most coal mines are located in rural areas,20,21 and the rural

counties in central Appalachia have one of the highest poverty rates

in the country.22 People living in the Appalachian region are dis-

proportionally affected by chronic diseases and premature mortality.

These disparities are especially prominent among Appalachian living

in coal mining counties.23

We found that catchment areas within 10miles of active mines

(aerial proportion) were significantly associated with CWP. We used

10miles radius around active mines as a proxy for potential sec-

ondary exposure. The choice of this cutoff represents the calculated

average travel distance in the rural communities where most of the

coal mines are located.24 Research on health effects due to

residential proximity to coal mine sites is scarce. Hendryx et al20

reported higher odds of hospitalization due to hypertension and

chronic obstructive pulmonary disease as the volume of coal mining

increased in central Appalachia. A recent systematic review of mostly

ecological studies found people living close to coal mines have in-

creased risk of mortality and morbidity from chronic diseases such as

cancer, respiratory, circulatory, skin, and congenital abnormalities.25

Future individual‐level studies using better study designs and quan-

titative measures are needed to look at the adverse health effects

from secondary exposure to coal mine dust among residents living in

close proximity to mining activities.

The strength of our study is using the ICD‐9‐CM diagnostic code

for CWP cases. CWP is an occupational lung disease that requires

prior exposure to coal mine dust. Medicare claims data do not pro-

vide information on the duration and occupation of beneficiaries.

However, it is reasonable to assume that Medicare beneficiaries with

CWP have most likely worked in the mining sector for several years,

if not decades before developing CWP. Misclassification bias is un-

likely as the diagnosis of CWP requires patients to undergo several

clinical and radiological tests. However, medical coding errors cannot

be eliminated. But it is unlikely that such errors will dis-

proportionately increase or decrease the prevalence of CWP. Due to

the cross‐sectional and ecological nature of data, the causal in-

ferences from our data are limited. Moreover, the generalizability of

our findings is limited to the seven states in our study.

Our county‐wise data were overdispersed with about 65% of the

counties having zero cases. While a zero‐inflated model26 could be a

possibility here, such models require substantial variations in ex-

planatory and outcome measures. When we tried two‐part regres-

sion based on the zero‐inflated negative‐binomial model with the

intercept term only for the zero part and using the same set of in-

dependent and offset variables for the count part, the improvement

was trivial. We examine the possibility of spatial autocorrelation.

However, once we detrended the data using independent variables,

Moran's I test on the detail residuals indicated no presence of global

spatial autocorrelation. Due to spatial sparseness of the data, we

decided against using Geary's C statistics27 for checking local

autocorrelations.

In conclusion, we identified significant clustering of CWP cases in

central Appalachia among Medicare beneficiaries living in the seven

states of the USA. Information from this study can inform policy

aimed at increasing surveillance and access to appropriate healthcare

services and reversing the trend of CWP in the USA.
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TABLE 2 Unadjusted and adjusted rate ratios of the county‐level
factors associated with CWP using negative binomial regression
analysis

Variables

Unadjusted Adjusted

Rate ratios

(95% CI)

Rate ratios

(95% CI)*

% Population living below

poverty level

1.25 (1.21‐1.29) 1.15 (1.12‐1.18)

Areal proportion within

10miles of mines

1.08 (1.01‐1.08) 1.04 (1.03‐1.05)

% Males 1.11 (1.02‐1.21) 1.04 (0.98‐1.11)

% Whites 0.98 (0.97‐1.00) 0.99 (0.97‐1.00)

% Rural 3.28 (2.22‐4.84) 1.45 (1.04‐2.01)

*Adjusted simultaneously for all variables in the table, and in addition to

county‐wise number of underground mines.
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Abstract

Background: Working in the mining industry increases the risk of chronic diseases

and mortality. We investigated overall and cause‐specific mortality rates among

workers employed in the mining sector in the United States.

Methods: We pooled 29 years of National Health Interview Survey (NHIS)

public‐use data from 1986 to 2014, with mortality follow‐up until 31 December

2015. We grouped respondents into the mining and nonmining sectors based on the

responses given at the time of the NHIS interview. We compared the overall and

cause‐specific mortality rates using standardized mortality ratios (SMR) and 95%

confidence interval (CI) adjusted for the competing cause of death.

Results: From 1986 to 2014, an estimated 14 million deaths were recorded among

subjects eligible for mortality follow‐up. Of these, an estimated 50,000 deaths

occurred among those working in the mining sector. A significantly higher overall

mortality (SMR = 1.26, 95% CI: 1.17‐1.36), and mortality from heart diseases

(adjusted SMR = 1.56, 95% CI: 1.31‐1.83), cancer (adjusted SMR = 1.30, 95% CI:

1.14‐1.48) and unintentional injuries (adjusted SMR = 1.41, 95%CI: 1.03‐1.85) were

observed among those employed in the mining sector. When the analyses were

restricted to men, only the SMRs for heart disease and cancer remained statistically

significant. No elevated SMR for deaths from chronic lower respiratory disease was

observed in the study.

Conclusion: Workers employed in the mining sector have a significantly increased

total death rate and death rates from heart disease, cancer, and unintentional

injuries.

K E YWORD S

cancer, heart disease, mining, National Health Interview Survey, standardized mortality ratio,

unintentional injuries

1 | INTRODUCTION

The US mining industry includes coal, metal, and nonmetal mining

sectors.1,2 Every year, the United States mines more than $100

billion of coal and minerals.3 As of 2017, the mining sector,

excluding the oil and gas sector, contributed about $200 billion to

GDP. The United States is the third‐largest producer of coal in the

world, with an annual production of about 750 million tons.4 Coal is

predominantly mined in Wyoming, IL, and Central Appalachia

(Kentucky, West Virginia, Virginia, and Pennsylvania),5 while non-

metal and metal mining are more prevalent in the South and the

West, respectively.6 The mining industry employs over 500 000

http://orcid.org/0000-0002-0237-9937
mailto:aarif@uncc.edu
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fajim.23160&domain=pdf&date_stamp=2020-07-20


workers and indirectly supports over 1.5 million workers1 with the

nonmetal mining sector contributing about 54% of all mining

employment followed by coal (27%) and metal minings (19%).1 Of

those employed directly in the mining industry, about 60% operate

in the mines while the remaining 40% work within the support

mining activities and transportation.1 The nonmetal industries

have the highest proportion of mine operation workers, with an

estimated population of 177 000 followed by coal (83 000) and

metal mining (52 000) industries.1

Working in mines exposes miners to a dangerous and toxic work

environment, with most exposures leading to chronic diseases of the

cardiac, respiratory, and renal systems.7‐11 Earlier studies have

documented increased occurrence of cancer,12‐14 diabetes,15,16 and

accidental injuries17,18 among miners. In the United States, there has

been a substantial decline in occupational injuries in the mining in-

dustry since the passage of the 1969 Federal Coal Mine Health and

Safety Act.19 Occupational mining fatality rates declined from a high

of 58.4 per 100 000 Full‐time Equivalent Employee (FTE) in 1984 to a

low of 9.8 per 100 000 FTE in 2015,20 due primarily to improved

regulation and surveillance by the Mine Safety and Health Adminis-

tration (MSHA). Similarly, the nonfatal injury rates in the mining

sector declined from a high of 6.55 per 100 FTE in 1988, to a low of

1.52 and 2018.21 Despite the decline in both fatal and nonfatal

injuries, the resurgence of morbidity and mortality from chronic silica

exposure22 and coal workers' pneumoconiosis (CWP) 23 in the mining

industry, requires continued occupational health awareness, policy

enforcement, and monitoring. We recently reported an increased

prevalence of chronic diseases, including CWP among exminers in

the United States.24,25

Several studies have reported elevated mortality rates among

miners.26‐32 However, few studies are based on a nationally

representative sample. Furthermore, while some studies reported

excess deaths from chronic diseases among miners,12,33,34 most

did not adjust for competing causes of mortality35; biased esti-

mates are more likely in the presence of mutually competing

causes of death.35,36 The aim, therefore, of this study was to

compare the long‐term mortality rates among those who have

worked in the mining industry to the general population using

29 years of data from the National Health Interview Survey ‐
public‐use linked mortality files.

2 | MATERIALS AND METHODS

2.1 | Population and design

In this study, we pooled 29 years of data from 1986 to 2014 using

the Integrated Public Use Microdata Series (IPUMS)—National

Health Interview Survey (NHIS) public use mortality data.37,38

NHIS is one of the longest interview surveys in the United States. It

utilizes complex probability sampling designs to collect data from an

estimated 35 000 households and 40 000 individuals every year

across the United States and the District of Columbia.38

2.2 | Mining sector

At the time of the NHIS interview, participants were asked about

their industry. Each participant's response was recorded verbatim

and later coded by Census Bureau coders into 21 simple categories

using the North American Industry Classification System.39 We used

the industry classification to dichotomize subjects into mining and

nonmining industry sectors (general population). Because NHIS

changed survey design several times since 1986, IPUMS, a project of

the University of Minnesota,38 harmonized the industry classification

variable and created a standardized variable based on the 1995 in-

dustry classification scheme (https://nhis.ipums.org/nhis-action/

variables/IND1995#description_section). Additionally, the NHIS did

not create separate code for miners in oil and gas sectors and sup-

porting mining staff until 2004.40 For this study, we excluded miners

in the oil and gas sectors (n = 118), and we retained the supporting

mining staff (n = 731) as part of the participants in the mining in-

dustry (Figure 1).

2.3 | Mortality follow‐up and cause of death

NHIS linked mortality data using the National Death Index. The

public‐use data file contains mortality follow‐up data on individuals

18 years and older with follow‐up until 31 December 2015. We re-

stricted data to subjects who were eligible for mortality follow‐up.
Further, we restricted our data to subjects enrolled in the NHIS

between ages 18 and 64 to capture the working population. We

dummy coded (0/1) the leading underlying causes of death, identi-

fying specific causes of death from diseases of the heart, malignant

neoplasm, chronic lower respiratory diseases, accidents (uninten-

tional injuries), and chronic kidney diseases. Further, we generated a

binary variable coding “All other causes (residual)” as 1, 0 otherwise.

Flagged cases of diabetes and hypertension from multiple causes of

death were used to identify cases of mortality linked with diabetes

and hypertension.

2.4 | Statistical analysis

We summarized the descriptive characteristics of the study popula-

tion using frequency distribution. We calculated the standardized

mortality ratio (SMR) among all miners using indirect method.41 First,

we calculated the observed number of deaths among miners (who

were eligible for mortality follow‐up) for overall, residual, and specific

leading underlying causes of death. Thereafter, we calculated the

expected number of deaths by dividing the rate of death in the NHIS

sample population by the number of miners.

We calculated the adjusted expected cause of death by con-

trolling for the effect of residual causes of death as a competing

cause of death for all leading causes of death using the formula de-

scribed by Mohner.35 A competing cause of death is an event that

precludes the occurrence of the primary event. The adjusted SMR is
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the ratio of the observed and the (adjusted) expected number of

deaths. Since the mining population is predominantly males, we also

calculated SMR among men. While performing these statistical ana-

lyses, appropriate weights were applied to control for the complex

survey design and the pooled years. Stata statistical software

(StataCorp, TX) version 15.1 was used for all analyses.

3 | RESULTS

Between 1986 and 2014, a total of 1 630 860 study participants

eligible for mortality follow‐up participated in the NHIS survey. The

sample population was made up of 5111 miners and supporting

mining staff, and 1 625 749 nonminers representing an estimated

471 021 miners and supporting mining staff, and 87 258 717

nonminers. There was a total of 171 527 deaths, representing an

estimated 15 246 075 deaths among subjects eligible for mortality

follow‐up. Of these cases, 670 deaths occurred among miners, re-

presenting an estimated 56 423 cases. The remaining 170 857

deaths, representing an estimated 15 189 652 deaths, occurred in

the nonmining population (Figure 1). The mean age of the sample

mining and the nonmining/general population was 39.7 years (95%

confidence interval [CI]: 39.1‐40.2) and 39.0 years (95% CI: 38.9‐
39.1), respectively. The mean age at mortality of the miners and

nonminers in the study was 46.9 (95%CI: 45.9‐47.9) and 49.1 (95%

CI: 49.0‐49.2) years, respectively. Most of the deaths occurred

among non‐Hispanic whites, those who were married, and males

(Table 1).

The SMR showed statistically significant excess deaths from

heart disease, cancer, and unintentional injuries. Deaths from all

F IGURE 1 Selection of study participants, National Health Interview Survey—Linked Mortality File, 1986‐2014
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causes of mortality were 26% higher among miners as compared to

the general population (95%CI: 1.17‐1.36). Deaths from heart disease

and cancer were 56% (95%CI: 1.31‐1.83) and 30% (95%CI: 1.14‐1.03)
higher among miners as compared with the general population, after

adjusting for the competing residual causes of death (Table 2).

Additionally, deaths from unintentional injuries were 41% (95%CI:

1.03‐1.85) higher among miners as compared to the general popu-

lation after adjusting for competing residual causes of death. When

the analysis was restricted to men only, the adjusted SMR for heart

disease and cancer decreased to 1.30 (95% CI: 1.09‐1.53) and 1.25

(95% CI: 1.08‐1.43), respectively (Table 3). The SMR for all causes of

death also decreased to 1.16 (95% CI: 1.07‐1.25).

4 | DISCUSSION

The SMR for all causes of death, heart disease, cancer, and unin-

tentional injuries was elevated among those who reported working in

the mining sector at the time of the NHIS interview. However, there

were no excess deaths from chronic lower respiratory diseases

among miners as compared to the general population. When the data

were restricted to male miners, the SMRs became attenuated but

remained significant.

Mining activities expose workers to respirable airborne pol-

lutants especially particulate matter. Elevated levels of particulate

matter have been associated with heart diseases.42,43 Hendryx,7

using county‐level data, reported a 28% increased mortality rate

from chronic heart disease among men in the Appalachian mining

counties as compared with Appalachian counties without mining

activities. Musk et al44 reported 13% elevated SMR for all‐cause
mortality, and mortality from circulatory diseases and cancer

among former Australian asbestos male miners, consistent with

our results.44 Weiner et al45 reported 29% excess mortality from

ischemic heart disease among male Sweden miners as compared to

the employed male population. To minimize personal exposure to

respirable coal dust, in 2016 MSHA lowered the concentration

TABLE 1 Demographic characteristics of
the study sample, ages 18 to 64 eligible for
mortality follow‐up, NHIS 1986‐2014

Variable

Total Mining industry

Unweighted, n

(1 630 860) Weighted %

Unweighted

n (5111) Weighted %

Age groups, y

18‐24 247 910 15.8 409 8.4

25‐34 395 437 23.7 1450 28.7

35‐49 575 160 34.9 2093 40.1

50‐64 412 353 25.7 1159 22.7

Sex

Female 853 033 51.0 761 14.2

Male 777 827 49.0 4350 85.8

Race/ethnicity

NH white 1 275 652 81.3 4550 90.2

NH black 229 975 12.2 299 5.8

Other/multirace 125 233 6.5 262 4.0

Marital status

Married 989 001 60.2 3765 72.2

Widowed 32 245 1.8 55 1.2

Divorced/separated 196 423 12.0 624 12.7

Never married 407 962 26.0 660 14.0

Poverty income ratio

At or above 1 240 493 76.7 4523 87.8

Below 181 638 10.0 257 4.9

Unknown 208 729 13.3 331 7.3

Health coverage

Has insurance 1 149 301 74.5 3501 72.0

Has no insurance 285 984 16.6 596 11.5

Unknown 195 575 9.0 1 014 16.5

Smoking status*

Never smoked 286 597 18.7 958 20.9

Former smoker 95 023 6.5 448 9.6

Current smoker 127 542 8.5 644 14.2

*Missing coded as a separate category
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limit for respirable coal mine dust from 2.0 to 1.5 mg/m3 in un-

derground and surface coal mines. For respirable crystalline silica

exposure, common in metal and nonmetal mines, MSHA is cur-

rently reviewing the standard.

The excess mortality from cancer we found has been reported in

earlier studies. Using data from the National Coal Registry in the

Czech Republic, Tomaskova et al13 reported 16% excess mortality

from malignant neoplasms among black coal miners with

TABLE 2 Standard mortality rates by causes of death in mining industry for miners ages 18 and 64 y and eligible for mortality follow‐up,
NHIS 1986‐2014

Cause of mortality

Observed

death countsa
Expected number

of deathsb
Standardized mortality

ratio (95%CI)c
Adjusted expected

death countsd
Adjusted standard

mortality ratio (95%CI)e

Chronic lower respiratory

disease

22 23.77 0.93 (0.58‐1.35) 24.64 0.89 (0.56‐1.30)

Heart diseases 137 84.60 1.62 (1.36‐1.90) 87.71 1.56 (1.31‐1.83)

Diabetes 15 18.13 0.83 (0.46‐1.30) 18.80 0.80 (0.45‐1.25)

Hypertension 67 52.94 1.27 (0.98‐1.59) 54.88 1.22 (0.95‐1.53)

Cancer 224 166.06 1.35 (1.18‐1.53) 172.16 1.30 (1.14‐1.48)

Chronic kidney disease 9 7.65 1.18 (0.53– 2.07) 7.93 1.13 (0.51‐2.00)

Unintentional injuries 45 30.79 1.46 (1.07‐1.92) 31.93 1.41 (1.03‐1.85)

All causes of deathsf 670 530.62 1.26 (1.17‐1.36)

Residual causes of deathg 190 163.95 1.16 (0.99‐1.33)
aObserved death counts represents age‐adjusted values, standardized using the US standard population.
bExpected death counts = population of miners × rate of specific cause of death per 100 000 in the general population.
cStandardized mortality ratio = ratio of observed and expected cause of death.
dAdjusted expected death counts = expected cause of death of specific chronic disease controlling for the effect of competing causes of mortality.
eAdjusted standard mortality ratio = ratio of observed specific death counts and adjusted expected death counts.
fAll causes of death represent the leading causes of death and residual causes of deaths. The leading causes of deaths are heart diseases, cancers, chronic

lower respiratory diseases, accidents, cerebrovascular diseases, Alzheimer's, diabetes mellitus, influenza and pneumonia, chronic kidney diseases.
gResidual causes of death represents competing nonleading causes of death.

TABLE 3 Standard mortality rates by causes of death in mining industry for male miners, ages 18 to 64 y and eligible for mortality follow‐up,
NHIS 1986‐2014

Cause of mortality

Observed

death countsa
Expected number

of deathsb
Standardized mortality

ratio (95%CI)c
Adjusted expected

death countsd
Adjusted standard

mortality ratio (95%CI)e

Chronic lower respiratory

disease

19 21.29 0.89 (0.54‐1.34) 23.36 0.81 (0.49‐1.22)

Heart diseases 134 99.47 1.35 (1.19‐1.58) 103.04 1.30 (1.09‐1.53)

Diabetes 13 17.23 0.75 (0.40‐1.22) 17.85 0.73 (0.39‐1.18)

Hypertension 62 50.70 1.22 (0.94‐1.55) 52.52 1.18 (0.90‐1.49)

Cancer 202 156.13 1.29 (1.12‐1.48) 161.74 1.25 (1.08‐1.43)

Chronic kidney disease 8 7.02 1.14 (0.49– 2.07) 7.27 1.10 (0.47‐1.99)

Unintentional injury 44 36.76 1.20 (0.87‐1.58) 38.07 1.16 (0.84‐1.52)

All causes of deathsf 622 536.11 1.16 (1.07‐1.25)

Residual sauses of deathg 178 166.69 1.07 (0.92‐1.23)
aObserved death counts represents age‐adjusted values for male miners, standardized using the US standard population.
bExpected death counts = population of male miners × rate of specific cause of death per 100 000 in the male US population.
cStandardized mortality ratio = ratio of observed and expected cause of death.
dAdjusted expected death counts = expected cause of death of specific chronic disease controlling for the effect of competing causes of mortality.
eAdjusted standard mortality ratio = ratio of observed specific death counts and adjusted expected death counts.
fAll causes of death represent the leading causes of death and residual causes of deaths. The leading causes of deaths are heart diseases, cancers, chronic

lower respiratory diseases, accidents, cerebrovascular diseases, Alzheimer's, diabetes mellitus, influenza and pneumonia, chronic kidney diseases.
gResidual causes of death represents competing nonleading causes of death.
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coexisting CWP. Graber et al12 reported an 8% excess mortality from

lung cancer among US underground coal miners. Fernández‐
Navarro46 reported 10% to 13% increased mortality risk from col-

orectal, lung, bladder cancers, and leukemia among all Spanish miners

and male miners across coal, metal and nonmetal mining industries.

Our study found 30% elevated adjusted SMR for mortality from any

cancer across 29 years of follow‐up among workers employed in the

mining industry. NHIS does not make data on mortality from specific

cancer available publicly, limiting our ability to identify causes of

death by type of cancer.

Unintentional injuries in the mining industry range from fire

explosion, motor vehicular collision, fall, electrical and nonelectrical

burns, and suffocation.47,48 We report a 41% excess mortality among

miners as compared with the general population. Berriault et al48

reported over twofold excess mortality from all job‐related injuries

among underground and surface miners in Canada. Additionally, the

mining industry has the second largest fatal injury rate across all

industry with a rate of about 21.9 deaths per 100 000 second only to

the agricultural, forestry, and fishing industry (22.1 deaths per

100 000).47 Although there has been a decline in fatal injuries in the

United States, our results show that workers in the mining sector still

experience higher mortality rates due to accidental injuries than the

general population.

In this study, we observed lower SMR from chronic lower re-

spiratory disease among miners. When we stratified data by age

groups, the SMR did not change substantially (data not shown).

Moreover, when we restricted the data to male miners, the results did

not change. This result is in contrast to several studies that have

documented excess risk of mortality from COPD among miners.28,49‐51

Our findings are likely due to the presence of a “healthy worker

effect,” typified by lower mortality rates among occupational workers

as compared to the general population resulting from the exclusion of

the severely ill workers from the employed population.52 Workers

employed in the mining industry who developed chronic lower re-

spiratory diseases may have quit the industry earlier than expected

because of the adverse respiratory health effects (healthy worker

survivor effect).52 This population might not have been captured in the

mortality follow‐up or during the NHIS interview. NHIS does not

collect data on the duration of exposure, limiting our ability to control

for healthy worker effect. However, we adjusted our results for the

competing cause of death35 that helps reduce bias due to improper

reference rates in our study.

Our findings should be viewed considering the limitations. In this

study, an estimated 14% of workers employed in the mining sector

were females. This percentage is almost double the national per-

centage of 7.5% reported by the National Institute for Occupational

Safety and Health (NIOSH) in their survey of the US mining popu-

lation in 2012.53 The discrepancy could be the result of the sample

selection criteria NIOSH used to select their study population. The

US mining survey data was a cross‐sectional survey of current mining

operators conducted in 2008. The mining operators reported their

employees working at the mine at the time of the survey. However,

contract or part‐time employees were excluded. Moreover, the

response rate for the completed surveys of the NIOSH mining survey

was only 28%, raising the possibility of selection bias.

Workers employed in the oil and gas sector have different

exposure‐risk profile than those in the mining sector. Before 2004,

NHIS did not separate oil and gas workers from the mine workers.40

Although the number of oil and gas workers between 2004 and 2014

were few, we excluded them from the analysis to reduce mis-

classification bias.

The possibility of coding errors for some variables such as the

industry classification and the mortality variables cannot be elimi-

nated. However, it is unlikely that such errors will affect the mining

deaths proportions disproportionately. While mining poses sig-

nificant health risks, the possibility exists that some deaths in the

mining and nonmining industries may not be work‐related. The un-

availability of information on the number of years worked in the

mining industry makes it difficult to eliminate the confounding effect

of healthy worker effect, subjects who changed occupation due to

exposure or disease processes that might have started before oc-

cupational exposure. Also, our analysis was limited to the causes of

death that NHIS makes publicly available. Despite these weaknesses,

this study provides latest estimates of excess mortality from chronic

diseases among miners in the United States.

Improving the health of US miners should be guided by empirical

evidence of the morbidity and mortality patterns associated with

workers in the mining industry. This study provides data identifying

clinical entities associated with death among miners in the United States.

The information of this study can be used to develop policies that will

improve the health of miners with the hope of reducing the burden of

chronic diseases and accidental injuries in the mining industry.
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Spatial Analysis of Health Care Utilization among Medicare Beneficiaries 
with Coal Workers’ Pneumoconiosis and Other Related Pneumoconiosis 

Ahmed A. Arif, PhD; Claudio Owusu, PhD; Rajib Paul, PhD; Christopher M. Blanchette, PhD; 
Ripsi P. Patel, MPH; & Tyrone F. Borders, PhD 

Overview of Key Findings 

▪ The states with the highest number of Medicare beneficiaries with coal workers’ pneumoconiosis
(CWP) were Kentucky, West Virginia, Virginia, and Pennsylvania.

▪ Significant clustering of health care utilization rates for Medicare beneficiaries with CWP was observed
in the central Appalachian states of Kentucky, West Virginia, and Virginia.

▪ Significant clustering of health care utilization rates for Medicare beneficiaries with Other Related
Pneumoconiosis was observed in Appalachia and the southeast parts of Texas and Louisiana. This
clustering merits additional research to understand underlying disease etiology.

Introduction 

The United States generates 30% of its electricity needs from coal.1 Seventy percent of coal is produced in 
five states: Wyoming (41%), West Virginia (11%), Kentucky (6%), Illinois (6%), and Pennsylvania (6%).2 
In 2017, approximately 50,000 workers were employed in coal mining jobs in the U.S.3 Over half of coal 
mining jobs are concentrated in just 25 mostly rural counties spread over 9 states.  

Occupational Lung Diseases among Coal Miners 

Workers employed in the mining industry are at risk of developing respiratory diseases such as Chronic 
Obstructive Pulmonary Disease (COPD), asbestosis, silicosis, and coal workers’ pneumoconiosis (CWP), 
also referred to as black lung disease. CWP is a progressive occupational lung disease caused by 
overexposure to respirable coal mine dust.4-6 Inhaled dust particles deposit deep in the lung parenchyma 
causing inflammation, fibrosis, and premature death.4-6 There is no cure for CWP.  

Due to Federal restrictions placed on respirable dust concentrations in underground coal mines in 1969, the 
prevalence of CWP has declined from 11% in the 1970s to 4% in 2005-2015.7 However, recent studies have 
suggested the rising prevalence of its severe form—progressive massive fibrosis (PMF)—especially in the 
central Appalachian region comprising Kentucky, Virginia, and West Virginia.7,8   

The Federal Coal Mine Health and Safety Act of 1969 outlined practices to improve the health of all 
individuals working in underground coal mines, such as mandating the mine to offer a chest X-ray every five 
years to all workers. Additionally, there exist speciality Black Lung clinics throughout the U.S. that provide 
educational, screening, diagnostic, treatment, and benefits counseling services to current and former coal 
miners. 
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Health Care Utilization 

Health care utilization quantifies the use of health care services such as office visits, emergency room visits, 
and hospitalization for prevention or maintenance of health.9 Health care utilization data are used for several 
purposes including comparing the cost of services, assessing health care delivery, and comparing utilization 
rates among subgroups.9 The most common source of health care utilization data is administrative claims 
data. Administrative claims data include insurance claims and payment information. These are essentially 
payment records for inpatient or outpatient visits to health care providers. The payments are made based on 
the ICD-9 or ICD-10 diagnosis coding. 

Medicare claims data are the largest source of health care utilization data in the U.S., covering over 97% of 
adults 65 years and older.10 There are more than 50 million beneficiaries enrolled in Medicare. About 16% of 
Medicare beneficiaries are disabled, of whom 4.6% are less than 65 years old.11,12  

Geographical Mapping & Cluster Analysis 

A Geographic Information System (GIS) is a computer-based tool to collect, store, manipulate, analyze, and 
display, usually in a map, geographical data.13 Rapid advancement in computing technology and availability 
of GIS software has made increasing use of GIS in health care and the public health discipline possible.13 
Geographical mapping software can take spatial and non-spatial data from multiple sources and integrate 
them in such a way that allows users to summarize, simplify, and visualize complex patterns and anomalies 
in data. These complex geographical or spatial patterns are quantified using spatial cluster analysis.  Spatial 
cluster analysis is a process of grouping observations into clusters. The process then measures the degree of 
similarity between observations within clusters under the assumption that nearby observations are more 
related (similar) than distant observations.14,15 Spatial cluster analysis has been used by researchers to 
analyze health care access and utilization data.16-18 

There is little information available on geographical distribution and spatial clustering of health care 
utilization among Medicare beneficiaries with CWP and Other Related Pneumoconiosis. Hence, this project 
aimed to:  

1. Determine and map the geographical distribution of health care utilization patterns among Medicare
beneficiaries with CWP (ICD-9-CM 500) and Other Related Pneumoconiosis (ICD-9-CM 501-505)
using the Medicare beneficiaries Limited Data Set (LDS) from 2011-2014, and

2. Conduct spatial analysis of health care utilization among Medicare beneficiaries with CWP and
Other Related Pneumoconiosis.

Methods 

Data 

We used Medicare LDS and administrative claims data for this study. The LDS is a random sample of 5% of 
the Medicare population. Data on discharge diagnosis of CWP and other related pneumoconiosis were 
obtained from the 5% sample Medicare LDS for the years 2011 to 2014. Patients with a diagnosis of ICD-9-
CM 500 (CWP) and ICD 501-505 (Other Related Pneumoconiosis Diseases) were included in this analysis 
(Table 1). Patients were initially selected from the inpatient and carrier files using the study period of 
January 1, 2011, through December 31, 2014. The date of first diagnosis of CWP served as the patient’s 
index date. If the patient did not have a diagnosis of CWP then the date of the first diagnosis of asbestosis, 
pneumoconiosis due to other silica or silicates, pneumoconiosis due to other inorganic dust, pneumonopathy 
due to inhalation of other dust or pneumoconiosis, or unspecified pneumoconiosis served as the index date. 
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Patients were followed from the first 
observable diagnosis of CWP to death or 
censorship. Some demographic and clinical 
characteristics included in the Medicare data 
were sex, age, geographic region, 
race/ethnicity, primary payer, elixhauser 
comorbidities, and chronic lung disease 
comorbidities. A total of 8,713 beneficiaries 
met all study inclusion criteria based on the 
diagnosis codes. We excluded 88 patients 
from the spatial clustering analysis. These 
included 22 beneficiaries whose residence 
was outside the contiguous United States and 
66 beneficiaries (13 with CWP and 53 with Other Related Pneumoconiosis) whose county information was 
not available. The total that remained for this analysis was 8,625 beneficiaries.   

Determining the Rate of Utilization 

We calculated total counts for utilization for Medicare beneficiaries with CWP or Other Related 
Pneumoconiosis by summing (a) office visits, (b) emergency room visits, and (c) hospitalizations at the 
county level. The resulting total was divided by the population of Medicare beneficiaries in the county (N) to 
compute a four-year rate of health care utilization (U). 

𝑈 =  (
𝑎 + 𝑏 + 𝑐

𝑁
) ∗ 1,000 

Where, 

U = Four-year rate of utilization 

a = office visits, b = emergency room visits, c =hospitalizations 

N = the population of Medicare beneficiaries in the county 

Analysis 

The county-level individual counts and rate of health care utilization of Medicare beneficiaries with CWP 
and Other Related Pneumoconiosis as the discharge diagnosis were calculated and mapped using ArcGIS 
v10.5 (ESRI, Redlands, CA). Furthermore, we used cluster-outlier analysis to determine counties with 
significantly high clustering of health care utilization for CWP and Other Related Pneumoconiosis. This 
analysis identifies spatial clusters of features with high or low values and outliers.15,19 To achieve these 
results, the methodology calculates a local Moran's I value (spatial autocorrelation statistic), a z-score, a 
pseudo P value, and a code representing the cluster type for each statistically significant feature. The null 
hypothesis for the Moran’s I spatial autocorrelation test is that the data are randomly distributed. The 
alternate hypothesis is that the data are more spatially clustered than expected by chance alone. The z-scores 
and pseudo P values represent the statistical significance of the computed index values.19  

Findings 

From 2011 to 2014, we observed 1,657 patients and 35,771 total health care utilization among Medicare 
beneficiaries with CWP as a discharge diagnosis. About 30.1% of health care utilization was for emergency 

Table 1.  ICD-9-CM Diagnosis Codes for CWP and
Other Related Pneumoconiosis
ICD-9-CM  
Code 

Description

500 Coal workers’ pneumoconiosis
501 Asbestosis

502 Pneumoconiosis due to other silica or
silicates 

503 Pneumoconiosis due to other inorganic dust

504 Pneumonopathy due to inhalation of other
dust

505 Pneumoconiosis, unspecified
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visits, 9.7% represented hospitalizations, and the remaining 60.2% represented office visits. In addition, 
6,968 patients and 152,171 total health care utilization with Other Related Pneumoconiosis (asbestosis, 
pneumoconiosis due to other silica or silicates, pneumoconiosis due to other inorganic dust, pneumonopathy 
due to inhalation of other dust or pneumoconiosis, or unspecified) as the discharge diagnosis were observed. 
About 32.7% of health care utilization with Other Related Pneumoconiosis (ICD-9-CM 501-505) as the 
diagnosis was emergency visits, 10% represented hospitalizations, and the remaining 57.2% represented 
office visits. Consequently, we observed 103 patients and 6,085 total health care utilization with CWP and 
Other Related Pneumoconiosis during the study period. For both CWP and Other Related Pneumoconiosis as 
the discharge diagnosis, the individual was most likely to be male, white, and 65+ years old during the study 
period. Almost a quarter of Medicare beneficiaries with CWP were under 65 years old as compared to 7% of 
Medicare beneficiaries with Other Related Pneumoconiosis (Table 2).   

Table 2. Demographic Characteristics of Medicare Beneficiaries with CWP and Other Related 
Pneumoconiosis in Medicare LDS Claims Data from 2011 to 2014.   

CWP Other Related Pneumoconiosis 

Patients 
(N = 1,657) 

Total 
Utilization 

(N = 35,771) 
Patients 

(N = 6,968) 

Total 
Utilization 

(N = 152,171) 
Individual 
characteristic 

n (%) n (%) n (%) n (%) 

Gender 

Male 1,300 (78) 28,392 (79) 6,175 (89) 133,774 (88) 
Female    357 (22)   7,379 (21)    793 (11)   18,397 (12) 

Age group 

<= 64    374 (23)   9,033 (25)  511 (7) 14,248 (9) 
65 and older 1,283 (77) 26,738 (75) 6,457 (93) 137,923 (91) 

Racea 

White 1,481 (90)  31,728 (89) 6,261 (91) 135,693 (90) 
Back  110 (7)  2,935 (8)  490 (7) 11,968 (8) 
Other    53 (3)     854 (2)  154 (2)   3,186 (2) 

aRace information was missing on 76 Medicare beneficiaries. 

The average health care utilization rates among Medicare beneficiaries with CWP ranged between 19.3 per 
1,000 in 2014 to 21.7 per 1,000 in 2011. The rates among beneficiaries with Other Related Pneumoconiosis 
were similar (Figure 1). 

Figure 1. Average Health Care Utilization Rates (per 1,000) among Medicare Beneficiaries by Year. 
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The counts and health care utilization rates of Medicare beneficiaries are displayed in Figures 2A and 2B, 
respectively. More than half of the cases of CWP were concentrated in four central Appalachian states: 
Kentucky, West Virginia, Virginia, and Pennsylvania (Table 3). The average health care utilization in these 
four states ranged from as low as 15 per 1,000 in Pennsylvania to as high as 276 per 1,000 in West Virginia. 

Table 3. Counts, Percentages, and Health Care Utilization Rates (per 1,000) of Medicare 
Beneficiaries with CWP in Medicare LDS Claims Data from 2011 to 2014.   

CWP 
(N=1,657) 

Health Care Utilization Rates 
per 1,000 

State n % Mean 
Kentucky 320 19.3 185 
West Virginia 285 17.2 276 
Virginia 163 9.8 66 
Pennsylvania 102 6.2 15 

The distribution of CWP and health care utilization rates for counties in these four states varied considerably. 
In Kentucky half of the CWP cases were concentrated in five counties: Pike, Harlan, Letcher, Floyd, and 
Perry. And the health care utilization rates varied from a low of 946 per 1,000 in Perry County to a high of 
3,038 per 1,000 in Letcher County.  

In West Virginia, Raleigh, Wyoming, Mercer, Logan, McDowell, and Fayette counties accounted for over 
half of CWP cases. The health care utilization rates in these counties varied from a high of 1,389 per 1,000 in 
Wyoming County to a low of 456 per 1,000 in Mercer County. 

In Virginia, almost 60% of CWP cases were reported in Buchanan, Wise, Tazewell, and Dickerson counties. 
The health care utilization rates in these counties were highest in Dickerson County (2,211 per 1,000) and 
lowest in Tazwell County (1,354 per 1,000). 

Lastly, more than 60% of CWP cases in Pennsylvania were concentrated in Schuylkill (health care utilization 
rate of 248 per 1,000) and Cambria (health care utilization rate of 177 per 1,000) counties. 

Figure 2. Four-Year County-Level Counts of Medicare Beneficiaries and Rate of Health Care 
Utilization Maps with CWP (ICD-9-CM 500) as Discharge Diagnosis, 2011-2014. 
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The counts and health care utilization rates of Medicare beneficiaries with Other Related Pneumoconiosis are 
shown in Figures 3A and 3B, respectively. A quarter of the cases were concentrated in four states: Florida, 
Texas, New Jersey, and New York (Table 4, Figure 3A), and rates of health care utilization in these states 
were 60, 63, 138, and 61, respectively (Table 4). However, the highest rates of utilization were observed in 
West Virginia (201 per 1,000), Montana (182 per 1,000), and Delaware (156 per 1,000).  

Table 4. Counts, Percentage, and Health Care Utilization Rates (per 1,000) of Medicare Beneficiaries 
with Other Related Pneumoconiosis in Medicare LDS Claims Data from 2011 to 2014.  

Other Related Pneumoconiosis 

(N=6,968) 

Health Care Utilization Rate 

per 1,000 

State n % Mean 

Florida 481 6.9 60 
Texas 479 6.9 63 
New Jersey 439 6.3 138 
New York 408 5.9 61 
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Figure 3. Four-Year County-Level Counts of Medicare Beneficiaries and Rate of Health Care Utilization 
Maps with Other Related Pneumoconiosis (ICD-9-CM 501–505) as Discharge Diagnosis, 2011-2014.  
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Spatial Clustering Analysis of Rate of Health Care Utilization 

Spatial clustering techniques such as cluster-outlier analysis identify statistically significant (P < .05) clusters 
of high and low values based on the rate of health care utilization per each county as derived from modeling 
the spatial relationship among the counties. The results of this spatial clustering technique produce five main 
categories of clusters. These are the High-High cluster, High-Low outlier, Low-High outlier, Low-Low 
cluster, and Not Significant cluster types. High-High cluster means counties with high rates of health care 
utilization for Medicare beneficiaries are significantly near or surrounded by neighboring counties with high 
rates of utilization. High-Low outlier means counties with high rates of health care utilization by 
beneficiaries are significantly near or surrounded by neighboring counties with low rates of utilization. Low-
high outlier means counties with low rates of health care utilization by beneficiaries are significantly near or 
surrounded by neighboring counties with high rates of utilization. Low-low cluster means counties with low 
rates of health care utilization by beneficiaries are significantly near or surrounded by neighboring counties 
with low rates of utilization. Not significant cluster type means the pattern for the spatial relationship is not 
significantly different from a random pattern.  
The spatial clustering analysis for rates of health care utilization for Medicare beneficiaries with CWP 
diagnosis (Figure 4A) showed two major clusters in the contiguous U.S. (Figures 4B and 4C). There was 
statistically significant (P < .05) clustering of health care utilization rates in 63 counties in Kentucky, 
Virginia, and West Virginia (Figure 4B). A smaller cluster of five counties was present in the west of 
Kentucky (Union, Webster, and Crittenden Counties) and south of Illinois (Gallatin and Hardin Counties) 
(Figure 4C). West Virginia (n = 28) and Kentucky (n = 25) reported the largest number of counties with 
significantly high rates of health care utilization for Medicare beneficiaries with CWP as compared to other 
states in the country (Figure 5). 

Figure 4. Spatial Clustering Analysis of Four-Year Rate of Health Care Utilization for Medicare 
Beneficiaries with CWP (ICD-9-CM 500) as the Discharge Diagnosis, 2011-2014.  
A) Overview in the U.S., B) Insert Map Showing an Area in Central Appalachia, C) Counties Bordering Illinois
and West Kentucky with High-High Clusters.
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Figure 5. Number of Counties with Significantly High Rates of Health Care Utilization for Medicare 
Beneficiaries with CWP (ICD-9-CM 500) as the Discharge Diagnosis per State, 2011-2014. 

The spatial clustering analysis for rates of health care utilization for Medicare beneficiaries with Other 
Related Pneumoconiosis as the discharge diagnosis showed two distinctive cluster patterns (Figure 6). The 
first was a cluster of 38 counties in Appalachia (22 of these counties are in West Virginia). The second 
distinctive pattern comprised 25 counties with significantly higher health care utilization rates in eastern 
Texas and western Louisiana (Figure 6). Texas (n=27), West Virginia (n= 23), and Virginia (n=16) reported 
the largest number of counties with significantly high rates of health care utilization for Medicare 
beneficiaries with Other Related Pneumoconiosis as compared to other states in the country (Figure 7).

Figure 6. Spatial Clustering Analysis of Four-Year Rate of Health Care Utilization for Medicare Benefi-
ciaries with Other Related Pneumoconiosis (ICD-9-CM 501–505) as the Discharge Diagnosis, 2011-2014. 
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Figure 7. Number of Counties with Significantly High Rates of Health Care Utilization for Medicare 
Beneficiaries with Other Related Pneumoconiosis (ICD-9-CM 501–505) per State, 2011-2014. 

Conclusions and Potential Policy Implications 

The geographical patterns and spatial clustering analysis of health care utilization rates for Medicare 
beneficiaries with CWP from 2011 to 2014 show significantly elevated rates of health care utilization in 
counties in the central Appalachian states (West Virginia, Kentucky, and Virginia) as compared to other 
parts of the country. These findings signify the need for expanding access to health care for individuals with 
CWP, particularly in some counties in southern Illinois and western Kentucky. However, the significance of 
clusters of health care utilization rates among beneficiaries with Other Related Pneumoconiosis is unknown. 
Since CWP and other “dusty lung diseases” such as silicosis and asbestosis that are part of Other Related 
Pneumoconiosis can coexist, there is a need for further studies to understand the characteristics of these 
beneficiaries and the underlying disease etiology. 
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Abstract

Background: Coal workers' pneumoconiosis (CWP) is an occupational lung disease

due to inhalation of coal dust. We estimated mortality from CWP and other pneu-

moconioses among Medicare beneficiaries.

Methods: We used the 5% Medicare Limited Claims Data Set, 2011–2014, to

identify patients diagnosed with ICD‐9‐CM 500 (CWP) through 505 (Asbestosis,

Pneumoconiosis due to other silica or silicates, Pneumoconiosis due to other in-

organic dust, Pneumonopathy due to inhalation of other dust, and Pneumoconiosis,

unspecified) codes. We applied binary regression models with spatial random effects

to determine the association between CWP and mortality. Our inferences are based

on Bayesian spatial hierarchical models, and model fitting was performed using In-

tegrated Nested Laplace Approximation (INLA) algorithm in R/RStudio software.

Results: The median age of the sample was 76 years. In a sample of 8531 Medicare

beneficiaries, 2568 died. Medicare beneficiaries with CWP had 25% higher odds of

death (adjusted OR: 1.25, 95% CI: 1.07, 1.46) than those with other types of

pneumoconiosis. The number of comorbid conditions elevated the odds of death by

10% (adjusted OR: 1.10, 95% CI: 1.09, 1.10).

Conclusion: CWP increases the likelihood of death among Medicare beneficiaries.

Healthcare professionals should make concerted efforts to monitor patients with

CWP to prevent premature mortality.

K E YWORD S

Bayesian analysis, comorbidity, lung disease, occupational hazard, spatial models

1 | INTRODUCTION

Coal workers' pneumoconiosis (CWP) represents a group of pneumoco-

niosis that result from accumulated coal dust in the lungs.1 It is a chronic

respiratory disease that manifests initially as an asymptomatic

discoloration of the lungs (black lung or anthracosis), progresses to

symptomatic massive fibrosis of the lungs, ultimately leading to death

from respiratory causes.2 A nonreversible pathologic process further

characterizes this disease, even in the absence of continued exposure to

coal dust.1,3,4 The recent resurgence of CWP,5,6 which threatens to
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undermine three decades of continued decline in prevalence rates of

CWP,4 has renewed the occupational health concern among coal work-

ers.7 As of 2017, the prevalence of CWP among US coal miners with

25 years or more of tenure exceeds 10%8 compared to 2.1% in 1990.4

Additionally, recent studies have identified clusters and hotspots of CWP

in Kentucky, Virginia, West Virginia, and Central Appalachia.4,5,9

Studies have demonstrated an increased risk of mortality from

CWP among coal miners.10–12 Underground miners with CWP in the

Czech Republic have a 10% excess mortality than underground mi-

ners without CWP.10 In China, where about 60% of electricity is

generated from coal,13 CWP mortality rates increased from 0.4%

among those aged 25–29 years to 13.3% among those aged 70 years

and older.14 In contrast, in the United States, mortality rates from

CWP have declined from 2.3 per million in 1999 to 0.44 million in

2016,15 likely due to strict regulatory control on coal dust levels.

However, the recent CWP resurgence threatens the progress made

in the last 20 years.16,17 Also, potential life lost due to CWP per

decedent increased from 8.1 to 12.6 years during 1999–2016 and it

was attributed to the severity and fast progression of CWP.15

Conventionally, epidemiological‐based estimates of mortality have

rightfully relied on nonparametric approaches. While this methodological

approach provides suitable risk estimates, CWP is primarily an occupa-

tional disease,18 exhibiting spatial characteristics.9 Spatial and small area

estimators 19 are, therefore, appropriate elements in modeling the mor-

tality risk of CWP. Using this methodology, coupled with a multilevel

approach 20 of accounting for county‐level and individual‐level determi-

nants, serves as a robust technique in estimating the mortality risk as-

sociated with CWP. This study, therefore, uses a multilevel binary

regression model with spatially sparse dependence to estimate the excess

risk associated with CWP mortality among Medicare beneficiaries.

This study has two aims: (1) estimating the individual‐level mortality

risk and the factors associated with increased mortality from CWP among

Medicare beneficiaries with pneumoconiosis in the United States and (2)

assessing how the combined individual and county‐level factors con-

tribute to the increased mortality risk of CWP.

2 | METHODS

2.1 | Study data

This study pooled data from 2011 to 2014 from the 5%Medicare Claims

Limited Data Set (LDS)21 across 48 contiguous United States. The data

represent 5% of the individuals enrolled in Medicare Fee‐For‐Service,

drawn randomly from the 50 million covered by Medicare in the United

States. Data from the Medicare Claims LDS are presented as multiple

linkable files. The LDS denominator file contains demographic information

including age, sex, race, state and social security administration county

codes (SSA codes) of residence, and date of death. The primary source of

death information is from Social Security Administration and Railroad

Retirement Board.22 For this study, we selected variables from the de-

nominator file, the Inpatient Claims File, the Outpatient Claims File, and

Carrier Files. We converted SSA codes to FIPS codes using publicly

available crosswalk file.23

2.2 | Individual‐level data

The analysis considered only the individuals whose claims were submitted

for diagnostic codes ICD‐9‐CM 500‐505, where ICD‐9‐CM 500=CWP,

501=Asbestosis, 502 =Pneumoconiosis due to other silica or silicates,

503=Pneumoconiosis due to other inorganic dust, 504=Pneumono-

pathy due to inhalation of other dust, and 505=Pneumoconiosis, un-

specified, between January 1, 2011, and December 31, 2014.We derived

our primary binary outcome variable from the 5% Medicare Claims data

(1 = death, 0 = alive). The individual‐level independent variables included

age in years, gender, race (White or nonWhite), type of pneumoconiosis

(ICD‐9‐CM 500 CWP vs. ICD‐9‐CM 501–505, referred to hereafter as

other‐Pneumoconiosis),24 and the number of comorbid conditions. The

5% Medicare data contain ICD‐9 codes for up to 25 comorbid conditions

including COPD, Chronic Bronchitis, Pneumonia, Hypertension, and so

on. For each contact with a healthcare provider (such as clinic visits,

hospitalizations) up to 25 ICD‐9 diagnosis codes could have been filled.

Any ICD‐9 code other than 500–505 was considered as comorbidity.

2.3 | County‐level data

Our county‐level data included a binary variable indicating the patient's

county residence as rural or urban and the county‐level poverty rate.

Rurality was assessed using Rural‐Urban Commuting Area (RUCA) codes

based on the 2010 census data.25 Micropolitan low commuting, core

small towns, small towns with high and low commuting, and areas with

the primary flow to tracts outside of urban areas or clusters were de-

signated as “rural” counties. Urban counties include all metropolitan areas

and high commuting micropolitan. Poverty rates were retrieved from the

County Health RankingsWebsite.26 Data on active and abandoned mines

were obtained from the Mine Safety and Health Administration.27 Since

rural areas with high poverty rates may be deprived of adequate

healthcare resources and screenings needed for CWP and Other‐

Pneumoconioses, we assessed its impact on death risks. Also, the risk of

CWP increases with working in mines, therefore we considered the

proximity of active and abandoned mines as a potential confounder.

2.4 | Statistical analyses

First, we summarized our data first using descriptive statistical techniques,

such as frequencies, medians, interquartile ranges, χ2 tests, and Mann–

Whitney tests. Then, we applied adjusted spatial binary regressions to

assess the effects of CWP on mortality. The quintessential form of our

binary logistic regression considering death/survival as an outcome is:

log{πij/(1 – πij)} = μ + Zjθ + Xiβ + νj + εij, i = 1, …, nj, j = 1, …, K. (1)
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In Equation (1), πij represents the risk of death from pneumoconiosis

for the ith person residing in the jth county, which is explained by a set of

individual and county‐level characteristics Xi, and Zj, county‐specific ran-

dom effects νj, and individual random effects εij. We imposed zero mean

identical and independent Gaussian distribution with variance σ2 on εij.

We considered three different models. In the first two regression models,

the county‐specific random effects were assumed zero mean identically

and independently distributed Gaussian distribution with variance τ2. In

the third model, spatial random effects were characterized by 50 latent

spatial factors defined on the continental United States These spatial‐

latent factors were selected using Clara Algorithm (Ruppert et al., 2003)28.

The spatial covariance on them was characterized by bivariate basis

functions defined on the county centroids. All models were fitted using

INLA (Integrated Nested Laplace Approximation) in R Studio/R ver-

sion 4.0.2.

3 | RESULTS

During 2011–2014, there were 2568 deaths out of 8531 pneumoco-

niosis cases in the sample. The counts and percentages of different

types of Pneumoconiosis were observed in the data as: CWP

(ICD‐9‐CM500) = 1632 (19.1%), Asbestosis (ICD‐9‐CM501) = 5932

(69.53%), Pneumoconiosis due to other silica or silicates (ICD‐9‐

CM502) = 321 (3.76%), Pneumoconiosis due to other inorganic dust (ICD‐

9‐CM503) = 192 (2.25%), Pneumonopathy due to inhalation of other dust

(ICD‐9‐CM504) = 81 (0.9%), and Pneumoconiosis, unspecified (ICD‐9‐

CM505) = 413 (4.84%). The median age of the sample was 76 years, with

an IQR of 13 years. The median number of comorbid conditions among

these patients was 4 with an IQR of 10. About 19% of the sample had

CWP, 86.7% were male, 89.9% were white, and 28.3% lived in rural

counties. There were 620 active coal mines in the United States in 2014,

and about 14.15% of our sample lived in a county with at least one active

coal mine. The median poverty rate of the counties for this sample was

14.9%, with an IQR of 4.2% (Table 1).

CWP substantially elevated the odds of death among Medicare

beneficiaries (Table 2). Under Model 1, adjusted for age, Medicare ben-

eficiaries had 18% elevated odds of death due to CWP (OR: 1.18, 95%

Credible Interval (CrI): 1.04, 1.34). The odds ratios increased to 1.24 (95%

CrI: 1.07, 1.45) and 1.25 (95% CrI: 1.06, 1.46), under Models 2 and 3.

Individuals with pneumoconiosis living in rural counties had 14% excess

mortality (Model 1, OR: 1.14, 95% CrI: 1.03, 1.27). However, 95%

credible intervals calculated based onModels 2 and 3 for rurality included

1. The number of comorbid conditions elevated the death risk from

pneumoconiosis across all three models with odds ratios of 1.09 (95% CrI:

1.08, 1.10), 1.09 (95% CrI: 1.09, 1.10), and 1.10 (95% CrI: 1.09, 1.11),

respectively. Figure 1 displays the major comorbid conditions noted in the

study population and those who died in the sample from CWP and

TABLE 1 Descriptive characteristics
of medicare beneficiaries with a
pneumoconiosis diagnosis, 2011–2014

Variable
Frequency (%)
(n = 8531)

Alive (%)
(n = 5963)

Dead (%)
n = 2568 p‐value

CWP

Yes 1632 (19.1) 1161 (19.5) 471 (18.3) 0.224

No 6899 (80.9) 4802 (80.5) 2097 (81.7)

Gender

Males 7398 (86.7) 5116 (85.8) 2282 (88.9) <0.001

Females 1133 (13.3) 847 (14.2) 286 (11.1)

Race

Whites 7670 (89.9) 5331 (89.4) 2339 (91.1) 0.018

Non‐Whites 861 (10.1) 632 (10.6) 229 (8.9)

Region/Location

Rural 2416 (28.3) 1697 (28.5) 719 (28.0) 0.665

Non‐rural 6115 (71.7) 4266 (71.5) 1849 (72.0)

Presence of mines

Active mines 1207 (14.15) 850 357 0.043

Abondoned Only 1247 (14.62) 907 340

No 6077 (71.23) 4206 1871

Median co‐morbid
conditions (IQR)a

4.0 (10) 3.0 (7.0) 10.0 (14.0) <0.001

Median poverty rate

(%) (IQR)a
14.9 (4.2) 15.0 (7.0) 14.7 (7.1) 0.045

aMedian, interquartile range (IQR), and Mann–Whitney tests performed. χ2 tests were used for the
categorical variables.
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TABLE 2 Bayesian logistic regression
with spatial random effects regression
analysis of county‐level risk factors of
mortality among Medicare beneficiaries,
2011–2014

Variable Model 1 (95% CrI) Model 2 (95% CrI) Model 3 (95% CrI)

CWP

Yes 1.18 (1.04–1.34) 1.24 (1.07–1.45) 1.25 (1.06–1.46)

No Ref Ref Ref

Gender

Males 0.78 (0.67–0.91) 1.01 (0.87–1.19) 1.02 (0.87–1.20)

Females Ref Ref Ref

Race

Whites 1.06 (0.90–1.25) 0.98 (0.82–1.17) 0.98 (0.82–1.18)

Non‐Whites Ref Ref Ref

Region/Location

Rural 1.14 (1.03–1.27) 1.11 (0.98–1.26) 1.07 (0.93–1.22)

Non‐rural Ref Ref Ref

Presence of mines

Abandoned only 0.89 (0.75–1.06) 1.01 (0.81–1.24) 0.87 (0.68–1.11)

No mines 1.06 (0.93–1.21) 1.19 (0.99–1.43) 1.08 (0.86–1.37)

Active mines Ref Ref Ref

Number of co‐morbid
conditions

1.09 (1.08–1.10) 1.09 (1.09–1.10) 1.10 (1.09–1.10)

Poverty rate (%) 1.01 (1.00–1.02) 1.00 (0.99–1.01) 1.01 (0.99– 1.02)

Note: Model 1: This is a marginal model where we included one explanatory variable at a time.
However, all models were adjusted for age. Model 2: We included all explanatory variables and
assessed county effects using zero‐mean Gaussian distribution. Model 3: In this model, we included all
explanatory variables, and assessed county effects using spatial factors and bivariate basis functions

on county centroids.

F IGURE 1 The distribution of comorbid conditions among the study population and those who died. The numbers above each bar represent
percentages

other‐Pneumoconioses. We noted that hypertension, COPD, atrial fi-

brillation, and congestive heart failure were the major four comorbid

conditions among those who died.

4 | DISCUSSION

In this study, CWP was associated with 25% excess odds for death among

Medicare beneficiaries compared to other pneumoconioses. Among the

Federal Black Lung Benefits Program beneficiaries enrolled in Medicare

between 1999 and 2016, Kurth et al.29 found that 18.2% of the cases the

cause of death was coal workers' pneumoconiosis, consistent with our

findings of 18.3% based on 5% limited Medicare claims data set. In our

study population, Medicare beneficiaries had an average age of 70 years,

and most had multiple comorbidities. The mortality risk was higher in

counties with high mining activity in the states of Kentucky, Pennsylvania,

Virginia, and West Virginia. Several studies have reported an elevated risk

of mortality among miners. Using the National Health Interview Survey

(NHIS) Mortality Linked data, we reported a 26% elevated standardized

mortality ratio among 18–64years old who worked in the mining
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industry30 are compared to the general population, consistent with the

current findings Mazurek et al.15 reported that during the years

1996–2016, the mean ratio of years of potential life lost to life ex-

pectancy among decedents with CWP increased from 8.1 to 12.6. Ad-

ditionally, of the 740 deaths due to CWP, 76% occurred among workers

employed in the coal mining industry and 77% of deaths due to CWP

occurred in Pennsylvania, West Virginia, Virginia, and Kentucky.15 Using

the National Health Interview Survey (NHIS) Mortality Linked data, we

reported a 26% elevated standardized mortality ratio among 18–64‐year‐

olds who worked in the mining industry.30 With the resurgence of pro-

gressive massive fibrosis,17 a severe form of CWP, mortality rates may

rise, undermining decades of public health progress on preventing CWP.

It is worth noting that exposure to crystalline silica is prevalent among

coal miners.31 Recent studies in the United States,3 China,32 and

Australia 33 highlighted the coexistence of silicosis and CWP among coal

miners, underscoring the need for continuous surveillance of respirable

silica dust exposure levels among coal miners.

Using the Medicare data, we reported that, the presence of co-

morbidities increased death risks among patients with pneumoconiosis by

10%. The top three comorbid conditions in our sample were chronic

pulmonary diseases, hypertension, and heart diseases. According to the

study by Altınsoy et al.27 about 15% of nonsmoking patients with CWP

have COPD, and about 2/3rd of patients with Primary Myelofibrosis

(PMF) have significantly impaired lungs.34 Several cohort studies reported

the elevated prevalence of lung cancer and chronic cardiopulmonary

obstructive diseases among coal miners.35 In earlier studies, based on the

NHIS data, we found significantly increased odds of chronic diseases

including hypertension, heart disease, and diabetes among ex‐miners.36

The top cause‐specific standardized mortality ratios among those working

in the mining industry were heart diseases, followed by unintentional

injuries and cancer.30

Despite the richness of 5% Medicare data, several shortcomings are

notable. Since information on occupation is unavailable in Medicare

claims data, we were unable to precisely identify how many of them get

the disease fromworking in coal mines. At an early stage, pneumoconiosis

is asymptomatic and often undetectable, and severe symptoms develop

over a long period. With only 4 years of data, we cannot account for the

length of exposure and address the longitudinal progression of the dis-

ease. Additionally, beneficiaries' county residences were based on the

Medicare enrollment information and this residence may not be the same

as beneficiaries' residence while employed.

Several counties reported a small number of deaths, which can

increase uncertainties in estimates. CWP is primarily an occupational

lung disease, and patients have to undergo rigorous medical

screening for diagnosis. Therefore, misclassification of the outcome is

highly unlikely, but the coding errors cannot be eliminated.

In conclusion, we found that Medicare beneficiaries with CWP

carried a substantial burden of comorbidities and had significantly

elevated odds of mortality due to CWP compared to Medicare

beneficiaries with other types of pneumoconiosis. Ex‐miners con-

tinue to face excess disease burden on mortality risk despite cessa-

tion of exposure. Healthcare professionals should make concerted

efforts to monitor patients with CWP to prevent premature mortality.

Premature mortality can be prevented by early detection, ensuring

access to healthcare resources needed to treat CWP and these types

of lung diseases, creating awareness of symptoms of CWP and

complications when CWP is associated with comorbidities and other

respiratory diseases, such as Covid‐19.15 Additionally improving

ventilation systems and new technologies for dust suppression de-

vices would be helpful.37

ACKNOWLEDGMENTS

This project was supported by the Federal Office of Rural Health

Policy (FORHP), Health Resources and Services Administration

(HRSA), U.S. Department of Health and Human Services (HHS) under

cooperative agreement # U1CRH30041. The information, conclu-

sions, and opinions expressed in this document are those of the

authors and no endorsement by FORHP, HRSA, HHS, or the

University of Kentucky or the University of North Carolina at

Charlotte is intended or should be inferred.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

DISCLOSURE BY AJIM EDITOR OF RECORD

John Meyer declares that he has no conflict of interest in the review

and publication decision regarding this article.

INSTITUTION AND ETHICS APPROVAL AND

INFORMED CONSENT

The University of North Carolina at Charlotte Institutional Review

Board exempted the study.

AUTHOR CONTRIBUTIONS

Ahmed A. Arif acquired the data, Rajib Paul and Oluwaseun Adeyemi

analyzed the data, Rajib Paul and Oluwaseun Adeyemi drafted the

first version of the manuscript, Rajib Paul and Ahmed A. Arif con-

tributed to the conception and design of this study. All authors

contributed to the writing of the manuscript. All authors critically

revised the manuscript and approved the manuscript for submission.

DATA AVAILABILITY STATEMENT

The data are not publicly available due to data sharing agreement,

privacy, and/or ethical restrictions. However, the authors will be

happy to share the computer codes upon request.

ORCID

Rajib Paul http://orcid.org/0000-0002-5120-7525

Ahmed A. Arif http://orcid.org/0000-0002-0237-9937

REFERENCES

1. Dang G, Barros N, Higgins S, Langley R, Lipton D. Descriptive review
of asbestosis and silicosis hospitalization trends in North Carolina,

2002–2011. N C Med J. 2013;74(5):368‐375.
2. Heppleston AG. Prevalence and pathogenesis of pneumoconiosis in

coal workers. Environ Health Perspect. 1988;78:159‐170. doi:10.
1289/ehp.8878159

266 | PAUL ET AL.

 10970274, 2022, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajim

.23330 by Julia C
ecil , W

iley O
nline L

ibrary on [18/07/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://orcid.org/0000-0002-5120-7525
http://orcid.org/0000-0002-0237-9937
https://doi.org/10.1289/ehp.8878159
https://doi.org/10.1289/ehp.8878159


3. Cohen RA. Resurgent coal mine dust lung disease: wave of the fu-
ture or a relic of the past? Editorial. Occup Environ Med. 2016;11(11):
715‐716. doi:10.1136/oemed-2016-103737. 73.

4. Laney AS, Attfield MD. Coal workers' pneumoconiosis and pro-

gressive massive fibrosis are increasingly more prevalent among
workers in small underground coal mines in the United States. Occup
Environ Med. 2010;67(6):428‐431. doi:10.1136/oem.2009.050757

5. Attfield M, Petsonk E. Advanced pneumoconiosis among working

underground coal miners—Eastern Kentucky and Southwestern

Virginia, 2006. JAMA. 2007;298(7):734‐736. doi:10.1001/jama.298.
7.734

6. Centers for Disease Control and Prevention. Advanced cases of coal

workers' pneumoconiosis—two counties, Virginia, 2006. JAMA.
2006;296(17):2085‐2086. doi:10.1001/jama.296.17.2085

7. National Institute for Occupational Safety and Health. Prevalence of

Black Lung Continues to Increase among U.S. Coal Miners; 2018;
8. Blackley DJ, Halldin CN, Laney AS. Continued increase in prevalence

of coal workers' pneumoconiosis in the United States, 1970‐2017.
Am J Public Health. 2018;108(9):1220‐1222. doi:10.2105/AJPH.

2018.304517

9. Arif AA, Paul R, Delmelle E, Owusu C, Adeyemi O. Estimating the
prevalence and spatial clusters of coal workers' pneumoconiosis
cases using medicare claims data, 2011‐2014. Am J Ind Med. 2020;

63:478‐483. doi:10.1002/ajim.23104
10. Tomaskova H, Splichalova A, Slachtova H, et al. Mortality in miners

with coal‐workers' pneumoconiosis in the Czech Republic in the
Period 1992‐2013. Research Support, Non‐U.S. Gov't. Int J Environ
Res Public Health. 2017;14(3):07. doi:10.3390/ijerph14030269

11. Meijers JM, Swaen GM, Slangen JJ. Mortality of Dutch coal miners in
relation to pneumoconiosis, chronic obstructive pulmonary disease,
and lung function. Occup Environ Med. 1997;54(10):708‐713.

12. Meijers JM, Swaen GM, Slangen JJ, van Vliet K, Sturmans F. Long‐
term mortality in miners with coal workers' pneumoconiosis in The

Netherlands: a pilot study. Am J Ind Med. 1991;19(1):43‐50. doi:10.
1002/ajim.4700190106

13. U.S. Energy Information Administration. Country Analysis Executive

Summary: China; 2020. https://www.eia.gov/international/content/
analysis/countries_long/China/china.pdf

14. Han L, Gao Q, Yang J, et al. Survival analysis of coal workers'
pneumoconiosis (CWP) patients in a state‐owned mine in the East of
China from 1963 to 2014. Int J Environ Res Public Health. 2017;14(5):
06. doi:10.3390/ijerph14050489

15. Mazurek JM, Wood J, Blackley DJ, Weissman DN. Coal workers'
pneumoconiosis‐attributable years of potential life lost to life ex-
pectancy and potential life lost before age 65 years—United States,
1999‐2016. Morb Mortal Wkly Rep. 2018;67(30):819‐824. doi:10.
15585/mmwr.mm6730a3

16. Blackley DJ, Crum J, Halldin C, Storey E, Laney A. Resurgence of
progressive massive fibrosis in coal miners—Eastern Kentucky, 2016.
Morb Mortal Wkly Rep. 2016;65:1385‐1389.

17. Blackley DJ, Halldin CN, Laney AS. Resurgence of a debilitating and
entirely preventable respiratory disease among working coal miners.

Letter Am J Respir Crit Care Med. 2014;190(6):708‐709. doi:10.1164/
rccm.201407-1286LE

18. Perret JL, Plush B, Lachapelle P, et al. Coal mine dust lung disease in
the modern era. Rev Respirol. 2017;22(4):662‐670. doi:10.1111/
resp.13034

19. Zhang X, Holt JB, Lu H, et al. Multilevel regression and post-
stratification for small‐area estimation of population health out-
comes: a case study of chronic obstructive pulmonary disease
prevalence using the behavioral risk factor surveillance system. Am

J Epidemiol. 2014;179(8):1025‐1033. doi:10.1093/aje/kwu018
20. Eastwood JG, Jalaludin BB, Kemp LA, Phung HN, Barnett BEW.

Immigrant maternal depression and social networks. A multilevel
Bayesian spatial logistic regression in South Western Sydney,

Australia. Spatial Spatio Temp Epidemiol. 2013;6:49‐58. doi:10.1016/
j.sste.2013.04.003

21. Center for Medicare and Medicaid Services. Public Use File. Medicare
Geographic Variation; 2019: 2020(02/26/2020).

22. Jarosek S Death Information in the Research Identifiable Medicare

Data. Research Data Assistance Center. https://resdac.org/articles/
death-information-research-identifiable-medicare-data

23. National Bureau of Economic Research. SSA to Federal Information Pro-

cessing Series (FIPS) Core‐Based Statistical Area (CBSA) and Metropolitan

and Micropolitan Statistical Area (MSA) County Crosswalk. https://www.
nber.org/research/data/ssa-federal-information-processing-series-
fips-core-based-statistical-area-cbsa-and-metropolitan-and

24. DeLight N, Sachs H Pneumoconiosis. StatPearls. StatPearls Publish-
ing; 2021. https://www.ncbi.nlm.nih.gov/books/NBK555902/

25. Economic Research Services. Rural‐Urban Commuting Area Codes.
United States Department of Agriculture. https://www.ers.usda.
gov/data-products/rural-urban-commuting-area-codes/

26. University of Wisconsin Population Health InstituteCounty Health

Rankings State Reports. County Health Ranking and Road Maps. Uni-

versity of Wisconsin Population Health Institute; 2020.

27. National Institute for Occupational Safety and Health. MSHA Data

File Downloads. Centers for Disease Control and Prevention. https://
www.cdc.gov/niosh/mining/data/default.html

28. Ruppert D, Wand MP, Carroll RJ. Semiparametric Regression.:
Cambridge University Press; 2003:

29. Kurth L, Halldin C, Laney AS, Blackley DJ. Causes of death among
federal Black lung benefits program beneficiaries enrolled in medi-
care, 1999‐2016. Am J Ind Med. 2020;63(11):973‐979. doi:10.1002/
ajim.23176

30. Arif AA, Adeyemi O. Mortality among workers employed in the
mining industry in the United States: A 29‐year analysis of the Na-
tional Health Interview Survey‐Linked Mortality File, 1986‐2014.
Am J Ind Med. 202063(10):851–858. doi:10.1002/ajim.23160

31. Castranova V, Vallyathan V. Silicosis and coal workers' pneumoco-
niosis. Environ Health Perspect Suppl. 2000;108:675‐684.

32. Yang LT, Liu X, Wu GH, Chen LF. Association between tumor ne-
crosis factor‐α −308 Gauss/A polymorphism and risk of silicosis and
coal workers pneumoconiosis in Chinese population. Inhal Toxicol.

2018;30(6):213‐217. doi:10.1080/08958378.2018.1494766
33. Penrose B. Re‐emergence of silicosis and coal workers pneumoconiosis

in Australia. Labour Hist. 2020;119:65‐92. doi:10.3828/jlh.2020.19
34. Altınsoy B, Öz İİ, Erboy F, Tor M, Atalay F. Emphysema and airflow

obstruction in non‐smoking coal miners with pneumoconiosis. Med

Sci Monit. 2016;22:4887‐4893. doi:10.12659/msm.901820
35. Go LH, Krefft SD, Cohen RA, Rose CS. Lung disease and coal mining:

what pulmonologists need to know. Rev Curr Opin Pulm Med. 2016;
22(2):170‐178. doi:10.1097/MCP.0000000000000251

36. Arif A, Adeyemi O. The prevalence of chronic diseases among cur-
rent and ex‐miners in the United States. J. Occup. Environ. Med,
2020.62(3):227–231.

37. Mazurek JM, Laney AS, Wood JM. National Institute for Occupa-
tional Safety and Health. Coal workers' pneumoconiosis‐related
years of potential life lost before age 65 Years—United States, 1968‐
2006. JAMA. 2010;303(16):1591‐1593. https://jamanetwork.com/
journals/jama/fullarticle/185767

How to cite this article: Paul R, Adeyemi O, Arif AA.

Estimating mortality from coal workers' pneumoconiosis

among Medicare beneficiaries with pneumoconiosis using

binary regressions for spatially sparse data. Am J Ind Med.

2022;65:262‐267. doi:10.1002/ajim.23330

PAUL ET AL. | 267

 10970274, 2022, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajim

.23330 by Julia C
ecil , W

iley O
nline L

ibrary on [18/07/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1136/oemed-2016-103737
https://doi.org/10.1136/oem.2009.050757
https://doi.org/10.1001/jama.298.7.734
https://doi.org/10.1001/jama.298.7.734
https://doi.org/10.1001/jama.296.17.2085
https://doi.org/10.2105/AJPH.2018.304517
https://doi.org/10.2105/AJPH.2018.304517
https://doi.org/10.1002/ajim.23104
https://doi.org/10.3390/ijerph14030269
https://doi.org/10.1002/ajim.4700190106
https://doi.org/10.1002/ajim.4700190106
https://www.eia.gov/international/content/analysis/countries_long/China/china.pdf
https://www.eia.gov/international/content/analysis/countries_long/China/china.pdf
https://doi.org/10.3390/ijerph14050489
https://doi.org/10.15585/mmwr.mm6730a3
https://doi.org/10.15585/mmwr.mm6730a3
https://doi.org/10.1164/rccm.201407-1286LE
https://doi.org/10.1164/rccm.201407-1286LE
https://doi.org/10.1111/resp.13034
https://doi.org/10.1111/resp.13034
https://doi.org/10.1093/aje/kwu018
https://doi.org/10.1016/j.sste.2013.04.003
https://doi.org/10.1016/j.sste.2013.04.003
https://resdac.org/articles/death-information-research-identifiable-medicare-data
https://resdac.org/articles/death-information-research-identifiable-medicare-data
https://www.nber.org/research/data/ssa-federal-information-processing-series-fips-core-based-statistical-area-cbsa-and-metropolitan-and
https://www.nber.org/research/data/ssa-federal-information-processing-series-fips-core-based-statistical-area-cbsa-and-metropolitan-and
https://www.nber.org/research/data/ssa-federal-information-processing-series-fips-core-based-statistical-area-cbsa-and-metropolitan-and
https://www.ncbi.nlm.nih.gov/books/NBK555902/
https://www.ers.usda.gov/data-products/rural-urban-commuting-area-codes/
https://www.ers.usda.gov/data-products/rural-urban-commuting-area-codes/
https://www.cdc.gov/niosh/mining/data/default.html
https://www.cdc.gov/niosh/mining/data/default.html
https://doi.org/10.1002/ajim.23176
https://doi.org/10.1002/ajim.23176
https://doi.org/10.1002/ajim.23160
https://doi.org/10.1080/08958378.2018.1494766
https://doi.org/10.3828/jlh.2020.19
https://doi.org/10.12659/msm.901820
https://doi.org/10.1097/MCP.0000000000000251
https://jamanetwork.com/journals/jama/fullarticle/185767
https://jamanetwork.com/journals/jama/fullarticle/185767
https://doi.org/10.1002/ajim.23330


Am J Ind Med. 2021;64:960–968.wileyonlinelibrary.com/journal/ajim960 | © 2021 Wiley Periodicals LLC

Received: 30 March 2021 | Revised: 8 August 2021 | Accepted: 16 August 2021

DOI: 10.1002/ajim.23287

R E S E A R CH AR T I C L E

Suicide mortality rates in farm‐related occupations
and the agriculture industry in the United States

Ahmed A. Arif MBBS, PhD1 | Oluwaseun Adeyemi MBChB, MPH1 |

Sarah B. Laditka PhD1 | James N. Laditka DA, PhD1 | Tyrone Borders PhD2

1Department of Public Health Sciences, The

University of North Carolina at Charlotte,

Charlotte, North Carolina, USA

2College of Nursing, University of Kentucky,

760 Press Ave., Suite 361, Lexington,

Kentucky, USA

Correspondence

Ahmed A. Arif, MBBS, PhD, Department of

Public Health Sciences, University of North

Carolina at Charlotte, 9201 University City

Blvd, Charlotte, NC 28223, USA.

Email: aarif@uncc.edu

Funding information

Federal Office of Rural Health Policy (FORHP),

Health Resources and Services

Administration. Cooperative Agreement

#U1CRH30041

Abstract

Background: Studies suggest that agricultural workers and rural residents

may have an elevated suicide risk. However, suicide is relatively rare, and rural

and farming populations have significantly declined, limiting their representation

in national surveys. Many studies have inadequate samples for meaningful

analysis.

Methods: We pooled 29 years of data from the Mortality‐Linked National Health

Interview Survey, 1986–2014, then measured suicide mortality in groups including

agriculture workers, and variation in suicide across rural and urban areas. Exposure

variables indicated whether participants worked in a farm‐related occupation or

industry, or lived in a rural area. We used survey‐weighted Poisson regression to

estimate suicide mortality rates and rate ratios.

Results: Age‐adjusted suicide mortality rate per 100,000 was: 22.3 for farmers and

farm managers; 21.6 for farmworkers; 28.7 in farming, forestry, and fishing; 15.3

across all other occupations; 16.1 among rural residents. Among farmworkers,

age‐adjusted rates were 28.3 in rural areas, 17.1 in urban areas (not significantly

different). The age‐adjusted suicide mortality rate ratio (RR) comparing workers in

the agriculture, forestry, and fishery industries to those in all other industries was

1.34 (95% confidence interval, [CI]: 1.05–1.72) (not statistically significant after

further adjustment for demographic characteristics). Age‐adjusted results were

consistent with a higher suicide risk for workers in forestry and fishing than in all

other occupations (RR: 1.88, 95% CI: 0.79–4.46).

Conclusion: Workers in agriculture, forestry, and fishing may have an elevated

suicide risk. National surveys should consider oversampling of rural residents, who

have increased morbidity and mortality risks.
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1 | INTRODUCTION

Farming, fishery, and forestry occupations employ about a million US

workers.1 This occupational group includes workers in agriculture,

fishing or hunting, forestry and conservation, and logging.2 The

broader agriculture, forestry, and fishing industry employs about 2.3

million people.3 As of 2017, the agriculture, food, and related in-

dustrial sector contributed about one trillion dollars to the nation's

gross domestic product.4 Workers in the farming, fishing, and for-

estry occupational group are among the country's lowest‐paid

workers, with an annual median salary of about $27,000.5

Suicide results from deliberate self‐harm. It is a major public

health problem in the United States. The prevalence of suicide in-

creased 29% between 1999 (10.5 per 100,000 population) and 2016

(13.5 per 100,000).6 Depression, low socioeconomic status, and

psychological distress have been linked with increased suicide

rates.7,8 However, one study suggested that about half of the people

who died by suicide had no prior mental health diagnosis.9 As of

2016, suicide rates in the farming, fishing, and forestry occupations

were estimated as 31.4 per 100,000 population, although that rate

represented data limited to 32 US states.10 A meta‐analysis reported

the role of occupation as a risk factor; these researchers estimated

that agricultural workers had 64% higher mortality from suicide than

the total working‐age population.11

Most farmlands in the United States are in rural areas, re-

presenting 15% of the nation's population.12,13 Age‐adjusted suicide

rates in rural areas (micropolitan and noncore, nonmetropolitan

counties) increased from 14–15 per 100,000 in 1999 to 18–22 per

100,000 in 2015.14 At the same time, the age‐adjusted rates in urban

(large metropolitan) areas increased from 11 to 11.5 per 100,000.14

Earlier studies attributed the increased suicide rates to depression

and mental illness,15,16 increased exposure to firearms,14,17,18 social

isolation,14 and financial hardship.14,17,19

Few studies have reported nationally representative estimates of

suicide in farm‐related occupations and agricultural industries. In this

study, we aimed to measure suicide mortality rates in farm‐related

occupations and the agricultural industry, and examined how they

might vary across rural and urban areas.

2 | MATERIALS AND METHODS

2.1 | Study population and design

We pooled 29 years of data (1986–2014) from the National Health

Interview Survey (NHIS). The NHIS is the longest nationally re-

presentative cross‐sectional household interview‐based health sur-

vey of the United States' civilian noninstitutionalized population.20

Each year approximately 35,000 households and 87,000 individuals

are interviewed about various health topics. The yearly average re-

sponse represents about 70% of all eligible households.20

The National Center for Health Statistics (NCHS) linked the NHIS

respondents to the National Death Index (NDI), with follow‐up

through December 31, 2015.21 By special arrangement with the

NCHS, we used restricted data on rurality and suicide, accessed from

the NCHS Research Data Center.22 An analyst at the NCHS linked

the public and restricted data files.

2.2 | Inclusion and exclusion criteria

We restricted the data to participants ages 18–64 who were eligible

for the mortality follow‐up. We excluded adults without information

on mortality, occupation, and industry. The final sample was 759,021,

with 1943 deaths from suicide and 757,078 either alive or died from

nonsuicidal causes.

2.3 | Exposure variables

During the NHIS interview, verbatim responses were obtained from

each eligible adult participant regarding their industry and occupa-

tion. Participants not employed at the time of the interview were

asked about their most recent or longest‐held job. US Census Bureau

coding specialists reviewed this information and assigned appropriate

industry and occupation codes using the North American Industry

Classification System (NAICS). NAICS replaced Standard Industrial

Classification (SIC) in 1997 but was not implemented in NHIS

until 2004.

Although occupation and industry may be conceptually related,

the Census Bureau classifies them separately. Occupation refers to

the job a person does while the industry refers to the kind of business

of the employer.23 Respondents in the farm‐related occupational

group represented individuals whose tasks are directly related to

farming, forestry, and fishing. Respondents in the agriculture‐related

industrial group represent a heterogeneous pool of individuals with

dissimilar tasks within the business of agriculture. This clarification

becomes important as exposure to the stress18 and other contextual

factors24 from the business of agriculture, and occupational access to

methods of suicide,25 are reported risk factors for suicide.

Due to changes in occupation classifications over time, IPUMS

(originally, the “Integrated Public Use Microdata Series”) harmonized

the Census Bureau occupational classification scheme, using Stan-

dard Occupational Classification (SOC) codes, 1995–2003, as its

standard.26 We used the harmonized results for our analysis. The

1995–2003 SOC has 23 major occupational groups, including three

farm‐related occupations: (1) farmers and farm managers, (2) farm-

workers and other agriculture occupations (hereafter referred to as

farmworkers), and (3) forestry and fishing occupations. We grouped

occupations into four mutually exclusive categories: the three afore‐

mentioned farm‐related occupations and the fourth, representing all

other occupations, as the reference category.

Similarly, our industrial classification was based on the SIC, which

the IPUMS harmonized across time, with 1995–2003 used as the

standard.26 The 1995–2003 SIC has 53 major industrial groups, in-

cluding Agriculture, Forestry, and Fisheries. This industrial group
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includes establishments engaged in agricultural production of crops,

livestock, agricultural services, forestry, fishing, hunting, and related

services. We defined the agriculture, forestry, and fishery industrial

group as a binary variable, with survey participants identified as being

in this industry, coded 1, or in any other industry, coded 0.

2.4 | Outcome variable

We used International Classification of Diseases, Tenth Revision

(ICD‐10) codes X60‐X84, Y87.0 to identify suicide. We accessed the

data through the National Center for Health Statistics (NCHS)

Research Data Center (RDC).

2.5 | Confounding variables

Age, gender, race/ethnicity, marital status, and employment status

were considered to be potential confounders. The question on em-

ployment status and its response categories changed in wording over

time, limiting its comparability. We used the IPIUM NHIS harmonized

variable EMPSTAT to group participants who responded: working;

working for pay; at a job/business; working without pay; with job, but

not at work, as employed, and unemployed otherwise.

2.6 | Rurality/Urbanicity

NCHS classified rurality (urban‐rural) based on the survey partici-

pant's census block of residence, using 2013 Core Basic Statistical

Area (CBSA) codes.27 Urban blocks included the principal cities of

CBSAs, other blocks in urbanized areas, and urban clusters. Other

census blocks were rural.

Although agriculture has historically occurred primarily in rural

areas in the United States, there has been an increase in urban

farming. For example, urban farms in the Northeast produce crops

that include vegetables, eggs, and goats, with significant levels of

farm activity in and around the Providence, Boston, and Hartford

Metropolitan Statistical Areas (MSAs).28 Farm data from 2002 show

23,143 farms in the Dallas–Fort Worth–Arlington, Texas MSA, to-

taling 3,735,000 acres. Even the MSA defined by New York City and

Northern New Jersey, the MSA with the largest population in the

United States, had 5970 farms totaling 385,000 acres. Thus, although

farm products and methods may differ between rural and urban

areas, there is significant farming activity in urban areas.

2.7 | Statistical analysis

We calculated the unweighted counts and weighted percentages of

the study population across all areas. We used Poisson regression to

estimate crude farm‐related suicide mortality rates (per 100,000), and

the corresponding rates were separately adjusted for age, and all

other measured demographic factors. In the fully adjusted model, we

controlled for age, gender, race/ethnicity, rurality, marital status, and

employment status. Next, we estimated the corresponding suicide

mortality rate ratios for farm‐related occupations and the agricultural

industry, again using Poisson regression. Rural and urban suicide

mortality rates and rate ratios were computed by adding a term re-

presenting the interaction of the exposure and rurality to the models.

The exponential function value of the computed value represented

the rate ratio of the exposure variable for rural and urban areas. We

calculated Relative Standard errors (RSEs) for each incidence rate; we

considered estimates with RSEs >30% to be unstable. RSEs >50%

were not reported. We used listwise deletion for missing values.

Consistent with the requirements of the NCHS, we did not report

results for small samples (n < 10). Because NHIS uses a complex

multistage probability survey design, we applied mortality survey

weights in all analyses to account for sampling, stratification, and

clustering features of the survey design. We constructed the survey

weights by dividing the mortality weights by the number of years of

follow‐up.29 Data were analyzed at the RDC using Stata MP version

16.1. Because this was a secondary data analysis conducted at NCHS

RDC, our university's Institutional Review Board determined that

human subjects review was not required.

3 | RESULTS

A total of 1943 participants died of suicide during the follow‐up

period, representing an estimated 182,681 people, or 0.24% of the

weighted nationally representative sample (Table 1). About 51% of

the study population was between 25 and 44 years, with an almost

equal male–female distribution (Table 1). Most of the respondents

were Non‐Hispanic whites (74%), married (56%), and employed

(89%). Farmers and farm managers (0.5%), farmworkers (1.5%), and

individuals in the forestry and fishing occupations (0.2%) were 2.2%

of the study population. Similarly, workers in the agriculture, forestry,

and fishery industries represented 2.1% of the study population.

3.1 | Suicide rates and rate ratios in farm‐related
occupations

Table 2 shows suicide mortality rates. The age‐adjusted suicide rates

per 100,000 among farmers and farm managers, farmworkers and

workers in the forestry and fishing occupations were 22.3 (95%

confidence interval, [CI]: 12.5–32.0), 21.6 (95% CI: 12.8–30.4), and

28.7 (95% CI: 4.0–53.5), respectively. These rates were substantially

higher than those in nonfarming occupations (15.3 per 100,000; 95%

CI: 14.5–16.0). After adjusting for other demographic characteristics

(age, gender, urban/rural location, race/ethnicity, marital status, and

employment), the suicide mortality rates in the farming‐related oc-

cupations were attenuated and marginally higher than the rates in all

other occupations. The suicide mortality rate ratio in the unadjusted,

age‐adjusted, and demographic factors adjusted models comparing
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farmers and farm managers, farmworkers, and workers in the forestry

and fishing occupations to workers in all other occupations were

consistent with higher risks although not statistically significant

(Table 2).

3.2 | Suicide rates and rate ratios in the agriculture,
forestry, and fishing industrial group

A similar pattern was observed in the agriculture‐related industry,

where the age‐adjusted suicide mortality rate (20.6; 95% CI:

15.5–25.6) was substantially higher than that in all other industries

(15.3; 95% CI: 14.5–16.1). After adjusting for other demographic

characteristics, the suicide mortality rate in the agriculture‐related

industries was attenuated. However, in unadjusted and age‐adjusted

models, the results indicated an elevated suicide risk for workers in

the agriculture, forestry, and fishery industries (unadjusted suicide

rate ratios [SRR]: 1.34; 95% CI: 1.04–1.72; age‐adjusted SRR: 1.34;

95% CI: 1.05–1.72). After adjusting for demographic characteristics,

those rate ratios were attenuated and no longer statistically

significant.

3.3 | Suicide rates and rate ratios by rurality

Figure 1 shows urban and rural suicide rates per 100,000 population.

The results are consistent with higher age‐adjusted suicide rates in

rural areas than in urban areas, specifically for rural farmworkers

compared with urban farm workers (28.3 vs. 17.1). In urban areas, the

suicide rate among farmers and farm managers (33.5 per 100,000)

was substantially higher than in all other occupations (14.9 per

100,000). In rural areas, the suicide mortality rate among farm-

workers (28.3 per 100,000) was substantially higher than the rate in

all other occupations (16.3 per 100,000) (results were not statistically

significant).

Adjusted rate ratios comparing urban and rural areas were not

statistically significant. Results of age‐adjusted models (Table 3) were

consistent with 32% higher risk of suicide among farmworkers than in

all other occupations in rural areas (1.32; 95% CI: 0.73–2.34). The

corresponding result was consistent with a 27% greater risk of sui-

cide in urban areas, again comparing the farmworkers to all other

occupations (1.27: 0.74–2.18) (results not statistically significant).

The results of the forestry and fishing occupations are not presented

due to high RSEs and small cell size (<10) not meeting the minimum

number required for reporting results.

4 | DISCUSSION

We observed substantially elevated age‐adjusted suicide rates in

farm‐related occupations and in the agriculture, forestry, and fishery

industry group. There was evidence of a particularly high suicide rate

and rate ratios in forestry and fishing occupations compared with all

TABLE 1 Frequency distribution of the sociodemographic and
farming characteristics and mortality distribution of the study
participants, National Health Interview Survey 1986–2014

Unweighted (n) Weighted %

Age groups

18–24 years 101,301 13.7

25–34 years 201,365 26.0

35–44 years 198,802 25.3

45–54 years 154,886 20.7

55–64 years 102,944 14.3

Gender

Female 375,475 49.1

Male 383,823 50.9

Race/ethnicity

Non‐Hispanic White 526,495 73.9

Non‐Hispanic Black 101,656 11.8

Hispanic 95,894 10.1

Others/multirace 32,887 4.2

Marital status

Currently married 439,505 56.1

Separated/divorced 14,925 2.0

Widowed 113,289 15.6

Never married 190,076 26.3

Employment status

Employed 684,191 88.9

Not employed 75,033 11.1

Rurality

Urban 580,178 75.9

Rural 179,120 24.1

Farming category

Farmers and farm managers 5008 0.5

Farm workers and other

agricultural workers

12,215 1.5

Forestry and fishing occupations 1171 0.2

Other occupation 740,904 97.8

Agriculture, forestry and fishery

Yes 17,546 2.1

No 741,752 97.9

Suicide status

Suicide 1943 0.2

No suicidea 757,078 99.8

Abbreviation: n, number of individuals.
a“No suicide” category represents the population that were alive or died
from other nonsuicide causes.
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other occupations. There was also evidence of elevated suicide rates

among farmworkers in rural areas compared with urban areas (28.3

and 17.1, respectively). Suicide mortality rate ratios were sub-

stantially higher in farm‐related occupations (farmers and farm

managers, and farmworkers) than in other occupations, although the

results were not statistically significant. The age‐adjusted suicide

mortality rate was significantly higher in the agriculture, forestry, and

fishery industry group.

Elevated suicide rates in the agriculture‐related industry and the

farming, fishery, and forestry occupations have been reported by other

researchers.10,18,30,31 Using data from 32 participating states in the

National Violent Death Reporting System, Peterson et al.10 reported

that suicide rates among men working in the agriculture, forestry,

fishing, and hunting industries in 2016 were significantly higher than

the overall average rate. However, suicide rates among workers in the

farming, fishery, and forestry occupations were not significantly ele-

vated, consistent with our results for urban areas. Elevated suicide

mortality rates were also reported among workers in the agriculture,

fishery, and forestry industries in Japan, South Korea, and Europe.31–33

A recent meta‐analysis that pooled data from different countries

F IGURE 1 Age‐adjusted suicide rates (per 100,000) in farm‐related occupations and agriculture industry by rurality

TABLE 3 Age‐adjusted suicide rate ratios by farming occupation and agriculture industry by rurality, National Health Interview Survey
1986–2014

Number of workers (n) Age‐adjusted suicide rate ratio (95% CI)
Demographic‐adjusted suicide rate ratioa

(95% CI)
Variables Rural Urban Rural Urban Rural Urban

Farm‐related occupations

Farmers & farm
managers

3470 1538 1.08 (0.52–2.23)b 1.04 (0.53–2.04)b 0.99 (0.48–2.04)b 0.96 (0.49–1.88)b

Farmworkers 4449 7766 1.32 (0.73–2.34) 1.27 (0.74–2.18) 1.20 (0.66–2.16)b 1.16 (0.68–1.99)b

All other occupations 170,569 570,335 Ref Ref Ref Ref

Agriculture, forestry and

fishery industry

Yes 9262 8284 1.18 (0.77–1.82) 1.14 (0.78–1.66) 1.09 (0.71–1.68) 1.05 (0.72–1.54)

No (all other industries) 169,858 571,894 Ref Ref Ref Ref

Abbreviations: CI, confidence interval; n, number of individuals; Ref, reference category.
aDemographic‐adjusted model: adjusted for age, gender, race/ethnicity, marital status, and employment status.
bEstimates with Relative Standard Error (RSE, SE/Estimate) >30% are considered unstable and should be interpreted with caution. Forestry and Fishing
Occupations were excluded due to RSE ≥ 50%.
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reported that the pooled risk ratio for suicide in the agriculture industry

was 1.38, consistent with our results.31 Possible explanations for higher

suicide rates in this sector include occupationally induced stress and the

accessibility of suicidal methods in the agricultural industries and

farming‐related occupations.31,33

In this study, suicide mortality rate ratios among farmers and

farm managers were notably elevated but not significantly higher in

urban areas. Also, workers in the agriculture, fishery, and forestry

industries in rural areas had substantially elevated suicide rates

compared with urban workers. Farming, fishing, and forestry occu-

pations represent a diverse group of workers, including farmworkers

and laborers, migrant and seasonal farmworkers, agricultural workers,

fishing and hunting workers, animal breeders, equipment operators,

farm managers, logging workers, and others.34 The risk profiles of

workers are likely to vary substantially across these occupations and

industries. Occupational factors such as stress, low pay, transient

work, long hours, social isolation, and concerns related to immigration

status can affect farmworkers' mental health.35,36 Farmworkers in

rural communities have less access to health‐care professionals to

address their health and mental health needs.37 Future studies should

evaluate the contribution of occupational stressors to suicide rates in

farm‐related occupations.

This study had limitations. The NHIS is a cross‐sectional study, and

causal inferences cannot be established. The NHIS linked mortality data

only includes workers interviewed through 2014 who died through

2015. Suicide trends may have changed since then. Misclassification of

outcome is unlikely because death due to suicide was extracted from

the National Death Index. However, misclassification of respondents'

occupations cannot be eliminated as this was a self‐reported measure.

Information on occupation was collected at a single point in time, at the

time of the NHIS interview. About 11% of working age adults were

classified as unemployed at the time of the NHIS interview. The NHIS

does not collect data on employment duration or change in occupation,

information that would have been useful to define exposure. The lack

of data on the duration of employment may have increased the like-

lihood of “healthy worker bias,” because respondents with poorer

emotional health, chronic conditions, or diseases, which could have

predisposed them to suicide and other causes of mortality might have

left a given occupation earlier than other workers.38

An example of the healthy worker effect is that workers in poor

health may leave intellectually or physically strenuous jobs more

quickly than those in better health, with more healthy workers re-

maining. When studying health‐related outcomes, that effect may

bias results. Participants not employed when interviewed reported

their most recent or longest held job. The survey did not ask those

participants to report the length of tenure in the most recent or

longest held job, or the duration of the period since that previous job

ended. Thus, the data provided little information that might help us to

evaluate the magnitude of any healthy worker bias. It is possible, for

example, that workers in the agricultural occupations and industry

left previous jobs after long periods of productive employment, and

that they typically ended those employment periods in good health.

Due to the limited information about previous job, we could not

evaluate the likelihood that healthy worker effects might have biased

the results. Participants who were not employed when interviewed

were only 11% of the sample. Their impact on the results should

therefore be limited. Also, such effects would be relevant only to the

extent that the health of those participants differed systematically

from those who were employed when interviewed.

While earlier studies have used G‐estimation to account for

healthy worker bias,39 such analysis could not be carried out with the

NHIS, limiting inferences from the results of this study. Coverage

errors and response bias were minimized by the survey design and

the relatively high response rates of the NHIS.20 Although the mag-

nitude of the association of farm‐related occupations and the agri-

cultural industry with suicide mortality in our study was comparable

to earlier reports10,18,30,31 the sample is not designed to represent

each industry and occupational group. Therefore, estimates for small

industry and occupational subgroups may be less reliable than sug-

gested by the RSE and should be interpreted with caution. Chronic

psychological stressors are related to suicide ideation.40 However,

the NHIS did not start collecting data on chronic diseases, including

psychological stress, until 1997.

Suicide is relatively rare, and rural and farming populations have

declined greatly, limiting their representation in national surveys.

Thus, the current designs of national health surveys substantially limit

researchers' ability to study suicide and other health outcomes in

those populations. National health surveys should consider over-

sampling rural residents, who have elevated morbidity and mortality

risks. National health surveys should also oversample people who

work in agricultural occupations and industries, whose well‐being is

critically important for the nation's health.

Notwithstanding the considerations just described, this study is

one of the few reporting suicide mortality rates and rate ratios in

farming‐related occupations and the agriculture‐related industry

among rural and urban areas from a nationally representative sample

in the United States. Identifying occupational risk factors in these at‐

risk occupational groups could help policymakers and practitioners

develop programs and policies aimed at identifying at‐risk groups.
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Abstract
Background Workers in certain occupations may have elevated risks of psychological distress. However, research is 
limited. For example, researchers often measure distress that may have existed before occupational exposures. We 
studied occupations and the development of psychological distress using national data from the United States.

Methods We reviewed relevant research to identify occupations with low and high risks of mental health problems. 
We confirmed those individual low and high risk occupations using 1981–2017 data from the Panel Study of Income 
Dynamics (n = 24,789). We measured new cases of distress using the Screening Scale for Psychological Distress (Kessler 
K6) and compared distress in the low and high risk groups, adjusted for factors associated with occupational selection 
and non-occupational distress risks. A subset of participants described their jobs (n = 1,484), including factors such as 
job demands, social support, and control over work. We examined associations of those factors with psychological 
distress.

Results Workers in high risk occupations had 20% higher adjusted odds of developing distress than those in low 
risk occupations (odds ratio, OR 1.20, 95% confidence interval, CI 1.13–1.28). Distress increased with time in a high 
risk occupation: ≥5 years OR 1.38 (CI 1.18–1.62), ≥ 10 years OR 1.46 (CI 1.07–1.99), and ≥ 15 years OR 1.77 (CI 1.08–
2.90; p-trend = 0.0145). The most common positive participant descriptions of their jobs indicated social support 
(34%), sense of accomplishment (17%), and control over work (15%). Participants reporting such descriptions were 
significantly less likely to have a high risk occupation (OR 0.66, CI 0.46–0.94, p = 0.0195). The most common negative 
descriptions were excessive job demands (43%), low social support (27%), and lack of control (14%). Participants 
reporting such descriptions were significantly more likely to have a high risk occupation (OR 1.49, CI 1.03–2.14, 
p = 0.0331).

Conclusion Certain occupations may have high risks of psychological distress, which may be due to characteristics of 
the occupations rather than employee characteristics, or in addition to them. Results were consistent with theoretical 
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Introduction
Mental health disorders cause more work absence and 
work disability than musculoskeletal problems [1, 2]. In 
a given year about 19  million Americans have a major 
depressive episode [3]. Nearly half of them also have 
anxiety disorders [4, 5]. These disorders cost employers 
nearly $200 billion in 2018 [3]. Occupation-related men-
tal health problems may be due to job strain when work-
ers have high physical or psychological job demands yet 
little control over work processes [6], limited support at 
work, limited ability to use their skills or discretion in 
how they do so, low or inconsistent income, or low occu-
pational prestige [7–10]. There may be many such factors 
[8], characteristics of the Job-Demand-Control-Support 
Model.

Meta-analyses have generally found that the Job-
Demand-Control-Support Model predicts sickness 
absence due to diagnosed mental disorders [11], and 
depression [12, 13]. Mikkelsen et al. [14] reviewed 54 
studies from developed countries of associations of psy-
chosocial stressors at work with depressive disorders. 
They found evidence of such associations for low rela-
tional justice (e.g., employer treats workers unkindly 
or with bias, or does not: consider workers’ views or 
rights, deal with workers truthfully, or provide timely 
feedback), effort-reward imbalance, and job strain, with 
statistically significant summary risk ratios, respec-
tively, 1.60, 1.53, and 1.14 [14]. However, the majority of 
studies had limited controls for confounding, including 
whether participants had depressive disorders at base-
line [14]. Mikkelsen et al. [14] judged that the evidence 
was inadequate to conclude that psychosocial exposures 
at work “were either likely or unlikely” to cause depres-
sive disorders (p. 479). None of the studies examined in 
these meta-analyses considered whether certain occupa-
tions may be more likely than others to expose workers to 
higher risks for developing mental health problems [14].

Psychological distress is a measure of mental and 
behavioral health, sometimes used to describe physi-
ological and behavioral symptoms that are not specific 
to a given pathology, such as anxious and depressive 
reactions, irritability, impaired cognitive function, sleep 
disturbance, and work absenteeism [15]. Other research-
ers include specific mental or behavioral problems in 
psychological distress, such as diagnoses of anxiety or 
depression [4, 15–17]. Our study focuses on a widely 
used and extensively validated definition of psychological 
distress that encompasses both non-specific symptoms 
and specific diagnoses such as anxiety and depression 

[18–20]. We refer to occupations with elevated risks of 
developing psychological distress as high risk occupa-
tions. In contrast, researchers found that positive job 
resources (e.g., skill discretion, social support, and skill 
utilization) were associated with lower risks of depres-
sive or anxiety symptoms [6–10]. We refer to occupations 
with low risks of developing psychological distress as low 
risk occupations.

Marchand, Demers, and Durand (2005) [21] cited 27 
studies that identified characteristics of high risk occupa-
tions: repetitive work, low skill utilization and decision 
authority; physical challenges; psychological and emo-
tional demands caused by workload, work pace, conflict-
ing requests, and role ambiguity; irregular schedules and 
long hours; physical, sexual and psychological harass-
ment; and performance pay. However, most of the studies 
were limited to cross-sectional data. Moreover, studies 
had mixed findings. For example, one study found a 20% 
higher prevalence of depression among health care work-
ers, compared to all other occupations [22]. In another 
study, health care professionals had less psychological 
distress than other professionals [23].

Results of studies may often be due to selection effects 
[24, 25]. People with higher mental health risks may 
sort into certain occupations due to choices made by 
the workers or employers [8, 16, 26]. Addressing selec-
tion effects requires longitudinal data and controls for 
occupational opportunity and choice [16, 27, 28]. Few 
researchers address those needs [23].

People also face distress risks outside the workplace, 
yet researchers rarely control for non-occupational risks 
[16, 17, 22, 26, 29]. One prospective study in Canada 
found that factors outside the workplace were substan-
tially associated with the development of psychological 
distress, and that occupation was not a significant factor 
when those characteristics were controlled [30].

In another area, a meta-analysis found that workers 
in high risk occupations for longer periods had higher 
mental health risks, although that study was limited to 
hospitalization for depression and two measurements of 
occupation about five years apart [12]. Many studies are 
limited to small samples, brief periods, individual occu-
pations, or only one or a few states [9, 16, 17, 22, 26, 28]. 
Most do not distinguish recent mental health problems 
from longstanding conditions [22], or from those that 
precede occupational exposures[24, 25].

models of psychosocial work environments. Providers of health care and social services should ask patients or clients 
about work-related distress.

Keywords Anxiety, Depression, Mental health, Occupational health, Psychological distress
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Hypotheses
We studied associations of occupations with the devel-
opment of psychological distress in the United States 
using nationally representative data across 37 years. We 
hypothesized that: (1) people in high risk occupations 
would be more likely than others to develop distress, 
and that these high risks would persist when adjusted for 
selection effects and non-occupational factors; (2) the 
risk of developing distress would be greater for people in 
high risk occupations for longer periods; and (3) workers’ 
descriptions of their jobs would be associated with char-
acteristics of the Job-Demand-Control-Support Model, 
and linked with occupational risk of developing psycho-
logical distress.

Methods
Data
Data were from the Panel Study of Income Dynamics 
(PSID), which began in 1968 with about 18,000 partici-
pants in 5,000 households [31–35]. The PSID interviewed 
participants annually through 1997, then every 2 years. 
Response rates are 96–98%. The PSID maintains national 
representativeness [32, 33, 35]. Modest attrition has not 
biased national estimates [32, 33]. Health questions and 
results are similar to those of national health surveys [31].

Measuring occupation
We measured occupation from 1981, when the PSID 
began measuring occupation in the manner used for 
this research, through 2017. The PSID asked three open-
ended questions of household principal respondents 
and their spouses or partners: “What is your main occu-
pation? What sort of work do you do?” and “Tell me a 
little more about what you do.” Based on the verbatim 
responses, PSID staff assigned 3-digit Census occupation 
codes, a process found reliable [36]. Data through 2001 
used 435 3-digit 1970 Census codes; 148 defined lower 
and higher risk occupations (Supplemental Table 1). Data 
for later years used analogous year 2000 Census codes 
(Supplemental Table 2). Most of the occupations were 
defined as occupational groups. For example, 83 different 
codes identified various types of technicians in the year 
2000 codes (Supplemental Table 2).

Measuring distress
The analysis used multiple analytic observations for each 
participant. Each analytic observation represented the 
period between survey waves, typically two years, includ-
ing occupation measured at the beginning of that period 
and a measure of the development of distress during that 
period. The PSID measured distress at each wave, 2001–
2017, using the Screening Scale for Psychological Dis-
tress (Kessler K6). Interviewers asked, “How often in the 
past month did you feel:” “nervous?” “hopeless?” “restless 

or fidgety?” “everything was an effort?” “so sad nothing 
could cheer you up?” and “worthless?” Participants chose 
responses from “1. All the time” to “5. None of the time.” 
In the standard practice, we scored responses in that 
order from 4 to 0 points and summed the scores, with 
a potential range 0–24; 13 or higher indicated clinically 
significant nonspecific distress (Cronbach’s alpha = 0.89) 
[18]. The K6 was designed to screen for anxiety, depres-
sion, and closely related conditions [18]. Although 
anxiety, depression, and psychological distress are con-
ceptually distinct, they often co-occur and are highly 
correlated. Reports that a doctor or other health care 
professional diagnosed anxiety or depression also indi-
cated distress.

We accounted for distress earlier in participants’ lives 
using lifetime health histories. Beginning in 2005, the 
PSID asked if a doctor or other health professional had 
ever diagnosed “any emotional, nervous, or psychiatric 
problem.” Those responding “yes” were asked if the diag-
nosis was for a specific condition including anxiety or 
depression, and the age at diagnosis. Using that informa-
tion and all previous K6 measurements we identified new 
cases of distress for each analytic observation. To focus 
on new cases, we excluded participants from the risk 
set (the analytic data representing individuals who were 
at-risk of developing distress following an occupational 
exposure) for all years after distress onset.

Measuring occupational risk
We first identified occupation groups with low and high 
distress risks, based on a review of relevant research. On 
average, people in the low risk occupations enjoy higher 
suitability of their jobs with their education and inter-
ests, relatively high skill discretion, adequate salaries, 
substantial control over workplace characteristics, high 
latitude and authority over decisions, interesting and var-
ied work, relatively standard and consistent work hours, 
healthy working conditions, and social support from co-
workers and managers [7]. High risk occupations often 
conflict with those characteristics. Table  1 shows the 
occupations with low distress risk, and relevant studies. 
Table 2 lists that information for high risk occupations. In 
the 14 studies cited across Tables 1 and 2, the measured 
outcomes were common mental disorders, depression, 
occupational stress and mental strain, and psychologi-
cal distress; Agerbo et al. (2010) [37] and Roberts et al. 
(2013) [38] studied suicide risk.

We used age-adjusted discrete-time hazard analysis to 
examine each of the occupations shown in Tables 1 and 
2, to confirm its risk status. Our decision rule required 
workers in each occupation selected as low or high risk 
to have statistically significant (p < 0.05) lower (or higher) 
odds of developing distress compared with the reference 
group of all other occupations. Tables 1 and 2 show the 
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odds ratio (OR) and 95% confidence interval (CI) for each 
occupation group. For example, the high risk result for 
laborers was OR 1.92 (CI 1.62–2.28); the low risk result 
for lawyers was OR 0.12 (CI 0.02–0.88). We then created 

a variable that indicated whether the participant had an 
occupation hypothesized to have low distress risk, and 
another variable indicating whether the participant had 
an occupation hypothesized to have high distress risk.

Participants’ descriptions of their jobs
A subset of participants described their jobs in 1972 
(n = 1,484). The PSID asked how much participants 
enjoyed their jobs, and why they answered as they did. 
Verbatim responses were similar to the workplace char-
acteristics of the Job-Demand-Control-Support Model. 
The PSID coded responses in six categories: social sup-
port (e.g., “I like the people I work with” or “I like my 
boss”), sense of accomplishment, control over work, 
manageable job demands, work congruent with the par-
ticipant’s training, and a category indicating generally 
enjoyable work. Corresponding categories indicated 
reasons why participants disliked their work, such as 
lack of social support. Coders were trained and super-
vised by the head of the Coding Section at the Univer-
sity of Michigan Survey Research Center [39]. About 10% 
of the interviews were coded twice, by both the coder 
and an expert check-coder (sometimes called the “gold 
standard”). The twice-coded interviews indicated that 
coding error rates were less than 2% [39]. Given limited 

Table 1 Occupations with low risk of developing psychological 
distress and related mental health conditionsa

Occupation Citation Odds ratio 
(CI), p-value

Accountants Grosch & Murphy (1998) [29] 0.39 (0.31–0.49), 
p < 0.0001

Architects Agerbo et al. (2010) [37]; Fan 
et al. (2012) [16]; Shockey et al. 
(2017) [26]

0.09 (0.02–0.39), 
p = 0.0010

Directors, 
administrators

Agerbo et al. (2010) [37]; Fan et 
al. (2012) [16]; Grosch & Murphy 
(1998) [29]; Shockey et al. (2017) 
[26]; Stansfield et al. (2011) [17]

0.52 (0.48–0.56), 
p < 0.0001

Electricians Eaton et al. (1990) [47]; Fan et al. 
(2012) [16]

0.41 (0.17–0.99), 
p = 0.0491

Engineers Cadieux & Marchand (2014) [23]; 
Fan et al. (2012) [16]

0.53 (0.45–0.63), 
p < 0.0001

Farmers, fishery, 
forestry

Cohidon, Imbernon, & Gorldberg 
(2009) [48]; Fan et al. (2012) [16]; 
Roche et al. (2016) [49]; Shockey 
et al. (2017) [26]; Wang & Rosen-
man (2018) [22]

0.50 (0.39–0.65), 
p < 0.0001

Health aides Fan et al. (2012) [16] [reported 
higher depression]

0.41 (0.18–0.92), 
p = 0.0304

Lawyers Cadieux & Marchand (2014) [22]; 
Fan et al. (2012) [16]; Grosch & 
Murphy (1998) [29]

0.12 (0.02–0.88), 
p = 0.0367

Librarians Fan et al. (2012) [16]; Shockey et 
al. (2017) [26]

(not 
applicable)b

Medical doctors Cadieux & Marchand (2014) [22]; 
Grosch & Murphy (1998) [29]; 
Shockey et al. (2017) [26]

0.50 (0.42–0.60), 
p < 0.0001

Nurses Cadieux & Marchand (2014) [22]; 
Fan et al. (2012) [16]; Shockey et 
al. (2017) [26]

0.46 (0.38–0.55), 
p < 0.0001

Pharmacists Cadieux & Marchand (2014) [22]; 
Grosch & Murphy (1998) [29]

0.14 (0.09–0.22), 
p < 0.0001

Plumbers and pipe 
fitters

Bültmann, et al. (2001) [50] 0.54 (0.17–1.76), 
p = 0.3102b

Police officers Eaton et al. (1990) [47]; Grosch & 
Murphy (1998) [29]

0.82 (0.67–0.98), 
p = 0.0336

Sales workers Agerbo et al. (2010) [37]; Shockey 
et al. (2017) [26]

0.84 (0.74–0.95), 
p = 0.0059

Teachers Agerbo et al. (2010) [37]; Grosch 
& Murphy (1998) [29]; Shockey et 
al. (2017) [26]

0.34 (0.30–0.39), 
p < 0.0001

Technicians Agerbo et al. (2010) [37]; Grosch 
& Murphy (1998) [29]

0.65 (0.55–0.77), 
p < 0.0001

aData source: Panel Study of Income Dynamics (PSID), 2003–2017. Results 
of discrete-time hazard analysis adjusted for age and sampling design; the 
reference group for the analysis of each occupation was all other occupations; 
Agerbo et al. (2010) [37] studied occupations linked with suicide.
bThe longitudinal record included no cases of distress among librarians, and 
only three among plumbers and pipe fitters.
CI = 95% confidence interval.

Table 2 Occupations with elevated risk of developing 
psychological distress and related mental health conditionsa

Occupation Citation Odds ratio 
(CI), p-value

Carpenters and joiners Agerbo et al. (2010) [37]; Gro-
sch & Murphy (1998) [29]

1.55 (1.15–
2.08), p = 0.0035

Coal miners and 
operatives

Matamala Pizarro & Fuenzal-
ida (2021) [51]; Roberts et al. 
(2013) [38]

1.72 (1.54–
1.92), p < 0.0001

Cooks Agerbo et al. (2010) [37]; Fan 
et al. (2012) [16]; Shockey et 
al. (2017) [26]; Wang & Rosen-
man, (2018) [121]

1.96 (1.74–
2.21), p < 0.0001

Laborers Roberts et al. (2013) [38]; Gro-
sch & Murphy (1998) [29]

1.61 (1.38–
1.88), p < 0.0001

Personal services 
workers

Fan et al. (2012) [16]; Wang & 
Rosenman (2018) [22]

1.62 (1.26–
2.06), p = 0.0001

Plant and machine 
assemblers

Agerbo et al. (2010) [37]; Fan 
et al. (2012) [16]

1.61 (1.14–
2.27), p = 0.0065

Operatives except 
transport

Fan et al. (2012) [16]; Grosch & 
Murphy (1998) [29]; Mościcka-
Teske et al., (2017) [52]

1.72 (1.43–
2.06), p < 0.0001

Road construction 
workers

Roberts et al. (2013) [38] 1.76 (1.42–
2.46), p = 0.0009

Scaffolders and 
riggers

Roberts et al. (2013) [38] 3.45 (1.70–
7.01), p = 0.0006

Undertakers, funeral 
directors

Roberts et al. (2013) [38] 3.19 (2.16–
4.73), p < 0.0001

aData source: Panel Study of Income Dynamics (PSID), 2003–2017; discrete-time 
hazard analyses adjusted for age and sampling design; reference category was 
all other occupations; Agerbo et al. (2010) [37] and Roberts et al. (2013) [38] 
studied occupations linked with suicide. CI = 95% confidence interval.
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sample sizes we summarized the six categories with a 
dichotomous variable indicating positive or negative job 
descriptions.

Control variables
Variables with fixed values across all analytic observa-
tions were: sex; race/ethnicity (African American, His-
panic, non-Hispanic white, or other); childhood health; 
and midlife obesity and physical activity. Variables 
updated for each analytic observation were age, edu-
cation, income, rural residence, and measures of non-
occupational stress: having a child with a developmental 
disability, a family member in poor health, limited family 
support (no spouse or partner), divorce or widowhood 
in the past three years, and any family member currently 
unemployed. We measured income as the ratio of house-
hold income to the Census needs standard, the income 
level that defines the poverty threshold, which is adjusted 
for family size, the number of children and older persons 
in the household, and the area cost of living [40]. Rural-
ity indicated “completely rural” counties, where the refer-
ence category was all other area types. Completely rural 
counties have no population center with more than 2,500 
residents and are not closely tied with an urban area 
economically.

Occupation and job tenure
We examined three measures of occupational risk, each 
updated for each analytic observation: (1) current work 
in a high risk occupation; (2) number of years in a high 
risk occupation (job tenure); and (3) having at least 5, 10, 
or 15 years in a high risk occupation.

Analysis
The baseline for measuring each individual’s occupa-
tional history and tenure in low or high risk occupations 
was 1981. The baseline distress measurement was 2001; 
the development of new cases of distress was measured 
in each survey wave thereafter, 2003–2017. Inclusion 
criteria were: ages 18–65 at any time between 1981 and 
2017; occupation information and the K6 provided at 
least twice; nonmissing data for all covariates; and a posi-
tive PSID sampling weight. Weighted results represent 
adult residents of the United States not in institutions 
[33]. In addition to descriptive methods, we used logistic 
discrete-time hazard analysis adjusted for repeated mea-
sures with generalized estimating equations. To examine 
associations of workers’ positive or negative job descrip-
tions with distress, we estimated logistic regressions that 
accounted for age, sex, and the sampling design.

We conducted the analyses using SAS 9.4 (Cary, North 
Carolina). All methods were carried out in accordance 
with relevant guidelines and regulations for research 
ethics. The University of Michigan Health Sciences and 

Behavioral Sciences Institutional Review Board conducts 
an annual review of the PSID data collection and distri-
bution protocols and survey instruments to ensure the 
rights and welfare of research participants are protected. 
The PSID obtains informed consent from all participants. 
The Office of Research Compliance at the University of 
North Carolina at Charlotte determined that this analysis 
did not require Institutional Review Board approval. We 
did not use experimental protocols.

Results
We examined occupation histories of 24,789 participants, 
with 204,159 analytic observations. The average number 
of years in high risk occupations was 6.7 (standard devi-
ation, SD 5.3); 7.7% (SD 2.7) of the sample had at least 
10 years in a high risk occupation, averaging 15.7 years 
(SD 4.5). The average number of K6 measurements per 
respondent was 5.1 (SD 0.8).

Sample characteristics
Table 3 shows sample characteristics for 2001. The esti-
mated weighted prevalence of K6 psychological distress 
was 6.8% (CI 5.8–7.8). Including diagnoses of anxiety or 
depression increased that estimate to 11.4% (CI 10.2–
12.5). The PSID over-sampled African Americans, who 
were 31.1% of the unweighted sample.

High risk occupations and distress
Table  4 shows three models predicting distress. Partici-
pants who currently worked in a high risk occupation 
had 20% higher odds of developing distress than those in 
low risk occupations (OR 1.20, CI 1.13–1.28, p < 0.0001). 
Each additional year in a high risk occupation increased 
the odds of developing distress by 5% (OR 1.05, CI 1.00-
1.10, p < 0.05). Participants with at least 5 years of high 
risk exposure had 38% higher odds of developing distress 
than those in low risk occupations (OR 1.38, CI 1.18–
1.62, p = 0.0101, not shown); corresponding results were 
OR 1.46 (CI 1.07–1.99, p = 0.0160) for 10 years, and OR 
1.77 (CI 1.08–2.90, p = 0.0237, not shown) for 15 years 
(p-trend = 0.0145).

Results suggested greater distress risk for some control 
variables than for high risk occupations (e.g., the death of 
a spouse, having a family member in poor health). How-
ever, the distress risks of high risk occupations persisted 
after controlling for those risk factors, and the distress 
risk increased greatly after long tenure in a high risk 
occupation.

Occupational risk and participants’ descriptions of their 
jobs
Not shown in a table, the most common positive partici-
pant descriptions of their jobs indicated social support 
(34%), sense of accomplishment (17%), control over work 
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(15%), and manageable job demands (10%). Participants 
who reported such descriptions were significantly less 
likely to have a high risk occupation (OR 0.66, CI 0.46–
0.94, p = 0.0195). The most common negative job descrip-
tions were excessive job demands (physically demanding 
jobs or too much pressure, 43%), low social support (con-
flicts with co-workers or managers, no chance to meet 
people or make friends, 27%), lack of control (14%), and 
lack of a sense of accomplishment (8%). Participants who 
reported such descriptions were significantly more likely 
to have a high risk occupation (OR 1.49, CI 1.03–2.14, 
p = 0.0331).

Discussion
We studied associations of occupation with distress in 
the United States using nationally representative longitu-
dinal data with repeated measures of occupation and psy-
chological distress. We extended research in this area by 
focusing on new cases of distress following occupational 

exposures. Consistent with our first hypothesis, people 
with high risk occupations were significantly more likely 
to develop distress than those with low risk occupations 
[7, 16, 17, 22, 26, 28]. Given the variables for which we 
controlled, these risks are not likely due to characteristics 
of the workers or to nonoccupational distress risks—or 
not due only to them. Our results differed from the con-
clusions of a longitudinal study in Canada [30], which 
found little evidence linking most workplace factors with 
distress after controlling for non-occupational distress 
risks. However, that study and those of other research-
ers [7–9] did find evidence of a protective effect of social 
support at work for workers’ mental health.

We found a significant dose-response relationship 
between the number of years in a high risk occupation 
and distress. Consistent with our second hypothesis the 
odds of developing distress increased 5% with each addi-
tional year. This result was consistent with a metaanalysis 

Table 3 Sample characteristics at baselinea

Unweighted Weighted
Measure % (SD) % LB UB

“Distress” (any of the following) 12.5 11.4 10.2 12.5

Anxiety or depression diagnosis 3.7 4.8 4.1 5.4

 Psychological distress (K6) 8.6 6.8 5.8 7.8

High risk occupation ≥ 10 years 7.7 9.0 8.0 10.0

High risk occupation current 35.1 31.5 30.2 32.8

Age in years, mean 43.4 (13.6) 40.1 39.6 40.6

Rural resident 5.9 6.9 5.4 8.4

Midlife obesity 18.5 15.5 14.2 16.9

Midlife sedentary 13.8 6.8 5.8 7.7

Education

< High school 13.6 10.8 9.4 12.2

 GED 7.6 6.3 5.5 7.2

High school diploma 61.7 48.1 46.3 49.9

Associate’s degree 7.8 8.0 7.4 8.7

Bachelor’s degree 18.8 21.5 19.8 23.3

Master’s degree or higher 8.0 9.9 8.7 11.0

Income-to-need ratio, mean 7.7 (24.0) 8.4 7.5 9.2

African American 31.1 13.2 10.0 16.4

Hispanic 3.6 5.8 4.4 7.2

Race, other 5.1 3.6 2.9 4.3

White 60.1 77.4 73.5 81.2

Female 50.9 51.3 49.7 52.9

Married or partner 51.9 53.5 51.3 55.6

Widowed, past 3 years 5.4 4.6 3.8 5.5

Divorced, past 3 years 4.1 6.6 5.7 7.5

Child with developmental disability 1.4 1.6 1.3 2.0

Family member in poor health 6.9 6.8 4.8 8.7

Unemployment ≥ 1 month 6.1 5.2 4.3 6.1

Childhood fair/poor health 8.2 8.2 7.4 9.1
aData source: Panel Study of Income Dynamics, 2003–2017 (n = 24,789); occupation measured 1981–2017. Weighted results adjusted for sampling design (PSID over-
samples African Americans). SD = standard deviation (shown for continuous variables). LB, UB = lower and upper bounds of the 95% confidence interval. Income-to-
need ratio = ratio of family income to Census needs standard (poverty threshold). K6 = Screening Scale for Psychological Distress (Kessler K6). The baseline for a given 
individual was the first year with a distress measurement, most often 2001.
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linking tenure in high risk occupations with hospitaliza-
tion for depression [12].

Consistent with our third hypothesis, participants who 
described positive job characteristics linked with the 
Job-Demand-Control-Support Model were significantly 
less likely than others to have high risk occupations. Par-
ticipants who described negative job characteristics were 
significantly more likely to have high risk occupations. 
These results were consistent with researchers’ findings 
linking positive job resources (e.g., skill discretion, social 
support, and skill utilization) with a lower likelihood of 
depressive or anxiety symptoms [6–10].

Limitations and strengths
Occupations other than those that we studied might 
also have low or high risks for distress, particularly if 
researchers have not studied the distress risks of those 
occupations—in which case they would not be included 
in our analysis. Although we reviewed the relevant lit-
erature, conducting an exhaustive literature review or 
meta-analysis was beyond the scope of our study. Fur-
ther, researchers have found mixed results for a number 
of occupations. For example, Wang and Rosenman (2018) 
[22] found that depression was higher among health care
workers, whereas Cadieux and Marchand (2014) [23]
found that psychological distress was significantly lower
in health care professions. Mixed results across stud-
ies may be due to differences in study designs, data and
controls, time periods, and locations. We acknowledge
limited theory associating specific individual occupations
with distress. The Job-Demand-Control-Support Model
provided a relevant framework [11].

Consistent with many studies [e.g., 16, 17, 22, 26, 
28], the PSID provided only limited measures of orga-
nizational characteristics that may be associated with 
distress. We could not distinguish risk factors of occupa-
tions (e.g., exposures to chemicals) from characteristics 
of employers and industries (e.g., those with large work-
forces). The data did not measure organizational factors 
that may contribute to variation in distress outcomes 
across firms within a given occupation, such as organiza-
tional culture, organizational structure (such as vertical, 
horizontal, or matrixed organizations), organizational life 
stage, characteristics of the organization’s leadership and 
decision-making, and worker access to organizational 
resources or job security. Participants lived throughout 
the United States; it is likely that those in any given occu-
pation represented a range of employer and organiza-
tional characteristics.

The external environment can also affect the risk that 
workers will develop distress, as when a regional or 
national recession increases job loss, or when a period 
of economic inflation reduces real income, increases 
uncertainty, and strains relations between employers 

and workers. It is likely that this source of variation 
was addressed to some degree by the fact that the data 
spanned several decades and represented a variety of 
changing external environments, including economic 
cycles. That variety reduced the likelihood of bias that 
can occur when cross-sectional studies represent only a 
single data collection period and therefore may not rep-
resent organizations over time.

High risk occupations were generally blue collar jobs. 
Low risk occupations generally had higher social status, 
although that group included lower status occupations 
such as health aides. If the controls did not adequately 
adjust for workers’ socioeconomic characteristics the 
results could measure social stratification rather than 
occupational differences. However, controls included 
education, income, and health in childhood and midlife, 
all of which are linked with socioeconomic status. In 
general, research on the social gradient of health shows 
poorer self-rated health, more limited physical func-
tioning, and more long sickness absence for people 
with blue collar jobs, compared to people with higher 
socio-economic status. However, the evidence regarding 
mental health is not so clear. White collar workers have 
reported higher psychological job demands, while blue 
collar workers reported higher physical demands [41]. 
Studies found a reverse gradient for mental health out-
comes; people with lower socioeconomic status were less 
likely than those with higher status to experience stress 
and burnout symptoms [42], as well as a wide range of 
other psychiatric symptoms[43–46]. A longitudinal study 
of occupations and psychological distress found no evi-
dence that blue collar workers had an elevated risk of dis-
tress [30].

The K6 cut-point of 13 identified serious mental illness 
with substantial impairment, meeting criteria for a Diag-
nosis and Statistical Manual IV disorder [19]. Distress 
below that cutpoint can also have serious health and eco-
nomic impacts [20].

We measured occupational exposures based on partici-
pants’ reports of their principal occupation in each sur-
vey wave. Americans increasingly work in more than one 
occupation at a given time. It would be useful to study the 
impact of multiple occupational exposures on distress.

Our study also had several strengths: use of nation-
ally representative panel data with extended follow-up, 
many measurements of occupation for most participants, 
repeated measures using a validated indicator of psy-
chological distress, and the focus on the development of 
distress following occupational exposures. We controlled 
for many individual-level characteristics that may influ-
ence occupation options and workers’ choices to enter 
or remain in an occupation. The panel data allowed us to 
examine whether occupational distress risks increased 
with tenure in high risk occupations.
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The extended follow-up may also be a limitation as the 
association of some occupations with distress might have 
changed across the study period. For example, in recent 
years it has been reported that many doctors, nurses, 
and teachers are dissatisfied with their jobs, particularly 
since the beginning of the COVID-19 pandemic. In the 
PSID from 1972, however, 92.6% of medical doctors, 
nurses, and teachers described their jobs as “very enjoy-
able” (29.6%), “mostly enjoyable” (48.2%), or “somewhat 
enjoyable” (14.8%). Also, in the period following the 
study years the unprecedented system shock caused by 
the COVID-19 pandemic may have altered links between 
some occupations and distress.

Linking high risk occupations and distress does not 
necessarily establish causation as other factors might 
contribute to distress. However, our use of an extended 
period of longitudinal data with many measurements of 
occupation and distress, our focus on the development of 
distress following occupational exposure, and the dose-
response relationship of occupational exposure with dis-
tress that we found, all provide evidence consistent with 
causation.

Implications for practice and research
The Total Worker Health model at The National Institute 
for Occupational Safety and Health and The U.S. Sur-
geon General’s Framework for Workplace Mental Health 
and Well-being recognize the importance of promoting 
emotional wellbeing at work. The need is substantial and 
may be growing. In a 2021 survey of U.S. adult work-
ers, 76% reported at least one mental health symptom, 
17% points higher than two years earlier; 84% identified 
workplace factors as causes of their mental health prob-
lems [53]. More research is needed to test psychosocial 
work stress models using longitudinal data that ascer-
tain mental health problems validly, provide adequate 
control for potential confounding, and include the mea-
sures required to test theory-based analytical models. 
Further research in this area may help employers develop 
effective strategies to promote a healthy and productive 
workforce.

Conclusion
The results suggest that workers in certain occupations 
have relatively high risks of psychological distress, and 
that those risks may be due to occupation characteris-
tics rather than worker characteristics and non-occupa-
tional distress risks—or in addition to them. Distress can 
greatly affect productivity, workplace climate, physical 
health, and employee satisfaction and retention. Provid-
ers of health care and social services should ask patients 
or clients about work-related distress.
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Ambulance Services for Medicare Beneficiaries: 
State Differences in Usage, 2012-2014 

SuZanne Troske, MS; Alison Davis, PhD 

Key Findings 
• Ambulance usage for Medicare beneficiaries differed by state by the following measures: percent of Medicare

beneficiaries using services, number of miles transported per year and per day, and number of days of services
used in a year.

• The highest percentage of Medicare beneficiaries using ground ambulance was in New England whereas the least
was in the Mountain states.

• Medicare beneficiaries in the South who used ground ambulance services traveled the most miles in a year and
the ones in the West traveled the fewest miles.

• Alabama, Kentucky, South Carolina, Tennessee, and West Virginia were the top five states in ambulance usage
by all measures for 2012-2014.

• Alaska, Arizona, Colorado, Hawaii, Nevada, and Utah were the bottom six states in ambulance usage by all
measures for 2012-2014.

• Air transportation was most prevalent in the West.  However, a small fraction of Medicare beneficiaries used air
ambulance service compared to ground transportation.

Introduction 
Communities provide ambulance services, a valued public service, for their citizens.  These services are managed and 
financed in different ways.  Some places are at risk of scaling back or completely dissolving services. As an example, 
Letcher County, Kentucky, reduced funding to its ambulance service due to a loss of revenue from coal severance 
tax, a tax collected on coal extraction.1  For this study, we want to understand the use of these services and how the 
use varies across communities in the U.S.    

We focused our analysis on whether Medicare beneficiaries use ambulance services equally across the U.S.  
Improved understanding of how beneficiaries, most of whom are elderly, use these services can be vital information 
for policymakers who set rules and regulations about access to ambulance services.  Past research has evaluated 
access to ambulance service in specific areas such as rural and frontier areas.2,3  To our knowledge, no current 
research exists on ambulance usage by seniors comparing usage across all states and regions of the U.S.   

From aggregate statistics, we saw initial evidence of how Medicare beneficiaries use ambulance services and the 
regional differences in their usage.  In the 2013 National Hospital Ambulatory Medical Care Survey, the Centers for 
Disease Control and Prevention collected data on patients who visited a hospital emergency department (ED).4 
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Patients 65 years and older represented 15.9% of all ED visits, but they represented 32.8% of those arriving to the ED 
by ambulance, suggesting that seniors arrived disproportionately more by ambulance than the general population. 
From the same survey for all ED visits by all ages, 38.3% of ED patients living in the South arrived by ambulance as 
compared to the West (24.9%), Midwest (22.0%) and Northeast (14.8%). 

Methods 
We defined Medicare ambulance service for this analysis according to the Medicare Benefit Policy Manual and the 
Medicare Claims Processing Manual as:  

10    Ambulance Service 
The Medicare ambulance benefit is a transportation benefit and without a transport there is no payable 
service.5 
10.2 Necessity and Reasonableness 
To be covered, ambulance services must be medically necessary and reasonable…. Medical necessity is 
established when the patient's condition is such that use of any other method of transportation is 
contraindicated.5 
10.3 The Destination 
An ambulance transport is covered to the nearest appropriate facility to obtain necessary diagnostic and/or 
therapeutic services (such as a CT scan or cobalt therapy) as well as the return transport…. As a general 
rule, only local transportation by ambulance is covered, and therefore, only mileage to the nearest 
appropriate facility equipped to treat the patient is covered.5
20.1.1 General  
Payment under the fee schedule for ambulance services…includes a base rate payment plus a separate 
payment for mileage.6 

We used data provided by the Centers for Medicare and Medicaid Services, specifically the Medicare Fee-For-
Service Provider Utilization and Payment Data: Physician and Other Supplier Public Use File (Physician and Other 
Supplier PUF).  The file included data for providers that submitted Medicare Part B non-institutional claims during 
the 2012 through 2014 calendar years.7  We extracted the list of all providers in each state and the District of 
Columbia designated as “Ambulance Service Provider.”  This excluded any transportation not reimbursed by 
Medicare and any provider who serviced 10 or fewer beneficiaries in a year.  It also excluded ambulance service 
provided by a hospital.  We did not view this omission as a problem, as on average by state, only 6.5% of hospitals 
supported ambulance services.8  While we may have missed other services offered to Medicare beneficiaries , the 
data provided us with a snapshot of how Medicare beneficiaries use ambulance services across states for 
emergencies. In addition, the Medicare insurance program is implemented consistently across the U.S., following the 
same regulations regardless of place, which provided an advantage in making regional comparisons. 

Two types of services (by Healthcare Common Procedure Coding System code) interested us: ground mileage 
(A0425) and air mileage (A0435, A0436).  These were separate payments for mileage per the Medicare Benefit 
Policy Manual and the Medicare Claims Processing Manual 6  We aggregated the data to the state level to understand 
differences in Medicare beneficiary  utilization of ambulance services.  Initially, the data suggested we could perform 
a county-level analysis; however, approximately 500 counties (16%) had no ambulance data.  The county assignment 
was based on the address of the ambulance company.  To understand counties with no data, we investigated 10 
counties in Kentucky with no reported services in one or more of the three years of our study.  Reasons for no data 
included joint ambulance service with neighboring counties, so ambulance data were merged with another county’s 
data.  Another reason was an ambulance service reporting that it had ceased operation.  For these counties, we found 
two scenarios.  First, in the year of the change to the new service provider, data were missing in the transition year 
but resumed in the following year.  Second, the service was provided by a neighboring county, so the data were 
included in another county’s numbers.  Our investigation found no counties lacking ambulance service over the three 
years of the study.  This aggregation proved useful because ambulance services typically do not cross state borders 
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due to differences in state regulations.  Since 2012, work has been done to develop a model for legislatures to resolve 
the problems of emergency service personnel crossing state boundaries.9   

The Physician and Other Supplier PUF data included the following: 
• Number of unique Medicare beneficiaries in a year using a service. (BENE)
• Number of miles beneficiaries are transported via ground or air ambulance service in a year. (MILE)
• Summation over one year of the number of unique beneficiaries using a service per day.

∑ (𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝑏𝑏𝑈𝑈𝑈𝑈𝑈𝑈𝑏𝑏𝑈𝑈𝑏𝑏𝑏𝑏𝑈𝑈𝑏𝑏𝑈𝑈𝑈𝑈𝑏𝑏)365
𝐷𝐷𝐷𝐷𝐷𝐷=1  = (BENEDAY)

• Total number of Medicare beneficiaries.10 (MEDICARE)

We calculated the following ratios for each state per year: 
• (1) Number of unique beneficiaries per all Medicare beneficiaries. (BENE/MEDICARE)
• (2) Number of miles transported in a year per unique beneficiary. (MILE/BENE)
• (3) Number of days of service used by beneficiary in a year. (BENEDAY/BENE)

(For example, five beneficiaries, B1-B5, used an ambulance in one year.  Day 1, B1 and B2 used an
ambulance (B1+B2), Day 2 (B3+B4), Day 3 (B2+B3+B5) so BENEDAY=2+2+3=7.
BENE=B1+B2+B3+B4+B5=5.  On average in one year, the beneficiaries used ambulance services 1.4 days,
7/5=1.4)

• (4) Number of miles transported per day per unique beneficiary. (MILE/BENEDAY)

Findings 
For 2012-2014, Medicare beneficiaries traveled in ambulances for medical emergencies approximately 140 million 
miles a year for ground transport, 3.4 million miles by helicopter transport, and 2.0 million miles in planes.  These 
services were used by 6.7 million, 56,000 and 9,000 unique beneficiaries in a year, respectively.  Figure 1 illustrates 
the number of unique beneficiaries in a year and the number of ground miles they traveled for Medicare 
reimbursement by quartile by state in 2014.  Most beneficiaries and miles traveled (dark blue is the highest quartile) 
were in the most populated states: California, Texas, and the eastern states.  The fewest beneficiaries and the fewest 
number of miles transported were in the northern Mountain states.   

For our analysis, our interest was in the usage rates by state, specifically how ambulance usage varied by state per 
Medicare beneficiary who used an ambulance.  Below is a summary of the measures described above at the state 
level for ground transportation:    

• On average per year, 12% of Medicare beneficiaries used an ambulance for an emergency with a range of 5%
to 25%.
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• Annual ground transportation usage ranged from 8 to 42 miles per beneficiary with an average of 22 miles
traveled.

• Average number of days of services used by beneficiaries was 1.76 with a range of 1.4 to 2.7 days.
• Daily number of miles ranged from 5 to 25 miles per beneficiary with an average of 12 miles.

Table 1 highlights the mean state-level usage measures (described above) summarized by the nine Census divisions 
grouped by the four Census regions: Northeast, Midwest, South, and West.  We use the Census divisions in the table 
to illustrate the heterogeneity of ambulance usage across the U.S.  The states included in each division are listed in 
the table footnote.  As shown in row one, the greatest percentage of Medicare beneficiaries using ground ambulance 
service in a year was in the New England division (18%), and the lowest was in the Mountain division (8%).  The 
greatest number of miles transported per beneficiary in a year was in the East South Central division (32 miles).  The 
fewest miles traveled were in the Pacific division (15 miles).  While more Medicare beneficiaries in the New England 
division used ambulance services, they traveled fewer miles (19 miles) in a year than in the East South Central 
division which had fewer beneficiaries (13%) but traveled more miles (32 miles).  The third row in Table 1 shows the 
number of days a Medicare beneficiary used ground ambulance services in a year.  The Mountain and the West North 
Central divisions had fewer days (1.5 days) than the other divisions, with the Middle Atlantic having the greatest 
number of days at approximately 2.0 a year.   

The miles presented in row two of Table 1 are cumulative values for the year.  Row four is an estimate of the number 
of miles transported per day per beneficiary.  The West North Central division had the most miles traveled per day 
per beneficiary (17 miles).  This division had a lower beneficiary usage rate (9%), but since each beneficiary traveled 
25 miles per year, it resulted in an average of 17 miles per day.  In contrast, the Middle Atlantic division had a higher 
usage rate by beneficiaries (13%), but the number of miles traveled was lower at 18 miles, which averaged 9 miles 
per beneficiary per day. 

Table 1. Ground Ambulance Service: Mean measures across states by Census division per year, 2012-2014 
(top in green, bottom in blue) 

Northeast Midwest South West 

Calculated 
Mean Ratios New 

England 
Middle 
Atlantic 

East 
North 

Central 

West 
North 

Central 
South 

Atlantic 

East 
South 

Central 

West 
South 

Central Mountain Pacific 

Beneficiaries 
per all 
Medicare 
beneficiaries 

18% 13% 14% 9% 15% 13% 13% 8% 9% 

Miles 
transported 
per 
beneficiary 

19.11 18.31 19.43 25.38 24.21 32.47 26.53 18.05 14.75 

Number of 
days of 
service per 
beneficiary 

1.76 2.14 1.79 1.48 1.98 2.06 1.82 1.48 1.62 

Miles 
transported 
per day per 
beneficiary 

11.04 8.55 10.79 17.24 11.67 15.75 14.64 12.17 9.14 

Census divisions (columns): 1=CT, ME, MA, NH, RI, VT; 2=NJ, NY, PA; 3=IL, IN, MI, OH, WI; 4=KS, MN, MO, NE, ND, SD; 5=DE, DC, FL, GA, MD, 
NC, SC, VA, WV; 6=AL, KY, MS, TN; 7=AR, LA, OK, TX; 8=AZ, CO, ID, MT, NV, NM, UT, WY; 9=AK, CA, HI, OR, WA 
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The maps in Figure 2 depict an example of the level of use by beneficiaries by state for each of the measures 
described above (dark blue is the highest quartile) for 2014.  Distinct patterns are evident as observed above.  Figure 
2A illustrates that the greatest percentage of Medicare beneficiaries using ambulance services was in northeastern 
states such as Connecticut and Ohio, and the lowest percentage was in the mountain states such as Montana and 
Colorado.  Additionally, beneficiaries in the southeastern states such as Kentucky and Alabama traveled further per 
year (Figure 2B) and per day (Figure 2C) and received transportation (Figure 2D) more often than other areas of the 
U.S.  Furthermore, the West North Central states such as North and South Dakota were transported more miles per 
day per beneficiary (Figure 2C) as compared to other states, but beneficiaries in these states traveled fewer days per 
year (Figure 2D).   

We compared usage measures by state over the three years of the study.  Five states, Alabama, Kentucky, South 
Carolina, Tennessee, and West Virginia, ranked in the top quartile (darkest blue) for all usage measures.  These usage 
rates were very different from those of Alaska, Arizona, Colorado, Hawaii, Nevada, and Utah, which ranked in the 
bottom quartiles for ambulance usage by all measures.  

One might argue that beneficiaries in western or more rural states used air transportation in place of ground 
transportation.  Air transportation was more prevalent in less densely populated areas where beneficiaries were 
transported longer distances.  In 2014, the top five states in terms of the average number of miles per beneficiary per 
day in helicopter (rotary) were: Hawaii, Wyoming, Utah, Nebraska, and Arizona; for plane (fixed wing) they were: 
Alaska, North Dakota, Wyoming, Hawaii, and Kansas.  The miles per day traveled averaged up to 190 miles for 
helicopter and 348 miles for fixed wing.  While these distances are great, the number of Medicare beneficiaries 
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served by air transportation for emergency services is small compared to ground transportation.  The number of states 
reporting air transport was limited: 42 states reported helicopter service, and 28 states reported plane service in 2014. 

Conclusion/Discussion 

Ambulance usage by Medicare beneficiaries differs across the U.S.  The New England states had the greatest 
percentage of Medicare beneficiaries using ground ambulance services.  In addition, the greatest miles traveled in a 
year were in the East South Central states.  The West North Central and Mountain states utilized ambulance services 
less frequently.  Moreover, ground ambulance services represented the largest category of reimbursed transport 
service, with air service by helicopter and plane being only a small part of Medicare emergency transportation 
reimbursements.  

Table 2. Ground Ambulance Service: Mean characteristics across states by Census division per year, 2012-2014 
(top in green, bottom in blue) 

Northeast Midwest South West 

Calculated 
Mean Ratios 

New 
England 

Middle 
Atlantic 

East 
North 

Central 

West 
North 

Central 
South 

Atlantic 

East 
South 

Central 

West 
South 

Central Mountain Pacific 

Population 
density per 
square mile 
(no DC)11 

475.6 630.2 194.8 41.0 275.5 105.4 78.0 26.5 118.6 

% Population 
living in rural 
area (no DC)10 

31.9% 12.9% 23.3% 32.6% 25.8% 41.7% 29.9% 21.3% 16.4% 

% Households 
65 years and 
over, poverty 
rate below 
100%12

7.9% 9.4% 8.5% 8.6% 9.2% 11.6% 10.9% 8.6% 8.0% 

% 65 years 
and over with 
disability12 

34.2% 34.0% 35.6% 34.7% 36.5% 42.1% 41.7% 36.5% 37.5% 

Census divisions (columns): 1=CT, ME, MA, NH, RI, VT; 2=NJ, NY, PA; 3=IL, IN, MI, OH, WI; 4=KS, MN, MO, NE, ND, SD; 5=DE, DC, FL, GA, MD, 
NC, SC, VA, WV; 6=AL, KY, MS, TN; 7=AR, LA, OK, TX; 8=AZ, CO, ID, MT, NV, NM, UT, WY; 9=AK, CA, HI, OR, WA 

In our future research, we wish to comprehend the reasons for regional differences in ambulance use.  In Table 2, we 
present characteristics one would hypothesize could affect ambulance usage rates.  Our first thought was to look at 
differences in the “ruralness” of a state as it may affect the distances ambulances had to travel.  Rows one and two 
show the mean population density per square mile and the percentage of the population living in a rural area.13  The 
East South Central division, which is less densely populated than most other divisions, had the greatest percentage of 
its residents living in rural areas.  As presented in Table 1, this area’s miles transported per beneficiary per year (32 
miles) was higher than other divisions.  On the other hand, the lowest population density Mountain division had a 
smaller percentage of residents living in rural areas and ambulances traveled fewer miles per beneficiary per year (18 
miles).  Shown in row three, the greatest percentage of households 65 years and older with a poverty rate below 
100% was in the East South Central division, which had above average ambulance usage in days per year (2.06 
days).  Perhaps low-income seniors use more ambulance services.  However, the New England division had the 
lowest rate of seniors below the poverty line, but it had the highest percentage of beneficiaries using services (18%). 
In the fourth row, we show the percentage of residents 65 years and older with a disability, which may be associated 
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with greater ambulance use.  Again, the East South Central division had the greatest rate of disabled seniors and 
above average usage in days per year.  In contrast, the Middle Atlantic division had the lowest percentage of disabled 
seniors while at the same time having the highest number of days ambulance services were used.  Further study is 
required to understand the variation in ambulance use in the U.S., as these four characteristics do not fully account 
for differences we would expect.  We would like to expand the study to patients of all ages and include other reasons 
for transportation such as non-emergency hospital-to-hospital transfers.  In order to expand our work, we will explore 
more comprehensive disaggregated data sources.  As stated above, our analysis did not include ambulance services 
provided by hospitals, which was a limitation of the data.  As we measure usage in more geographic detail, we need 
to revisit the exclusion of hospital-based ambulance services in our analysis and see whether adding these services 
would alter our usage rates.  

From a policy making perspective, knowing where policy will have the largest impact is important.  We looked at the 
states with the greatest number of Medicare beneficiaries in 2014: California (5.5 million), Florida (3.9 million), and 
Texas (3.5 million).  These three states represented 24% of all beneficiaries. Interestingly, none of these states was in 
the top quartile (darkest blue) for any measure presented in Figure 2 for 2014.  Texas led these three states in the 
number of miles transported (Figure 2B) and the number of days used per beneficiary (Figure 2D).  Florida ranked in 
the top 50% of Medicare beneficiaries using ambulance services (Figure 2A), but it ranked in the bottom quartile for 
miles traveled (Figure 2B).  California ranked in the second quartile for miles traveled (Figure 2B) and percentage of 
beneficiaries using ambulance services (Figure 2A).  While this state ranked lower in these categories, it was in the 
third quartile for the average number of days beneficiaries used the services.  Both Texas and California ranked 
above the national average of 1.76 days for the number of days beneficiaries used ambulance services, at 1.84 and 
1.90, respectively. 

Implications/Recommendations 

Ambulance service is an important public service in communities.  As seen in our study, some communities’ seniors 
relied disproportionately more on ambulance service than seniors in other communities.  Several studies have 
focused on the availability of ambulance services in rural areas or frontier areas of the U.S.  Our work took a state-
level look at usage across the U.S., the first study to our knowledge to do so.  We discovered that not all Medicare 
beneficiaries used ambulance services equally across the states.  For instance, two largely rural states, Kentucky and 
Utah, used ambulance services very differently.  From our study, we believe policymakers and researchers need to 
consider differences across the regions of the U.S. when evaluating reimbursement and rules about usage.  When 
looking at changes in the supply of ambulance services in an area, we need to consider the current rate of usage of 
those services.  An area which relies more heavily on these services would react differently to a change in policy than 
an area with lesser usage.  
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Do Hospital Closures Affect Patient Time in an Ambulance? 

SuZanne Troske, MS; Alison Davis, PhD 

Overview of Key Findings 

When a hospital closes in a community, patients needing emergency care may spend more time in an 
ambulance to receive care in an emergency department (ED). We explore how hospital closures affect the 
time a patient travels from an incident location where 9-1-1 was called to the ED in an ambulance.  

▪ Rural patients average an estimated 11 additional minutes in an ambulance the year after a hospital
closure in their zip code, a 76% increase compared to before the closure.

▪ Urban and suburban patients have no change in transportation time in zip codes where a hospital closes.
▪ Patients over 64 years old in rural areas spend 14 additional minutes in an ambulance after a hospital

closes, doubling their time in an ambulance.

Background 

When a hospital closes in a community the emergency department (ED), in general, also closes. Patients 
transported in an ambulance for an emergency must then travel to another hospital for treatment. For many 
patients, this could mean additional time to medical care. For certain health conditions, the additional time in an 
ambulance may change the health outcomes for the patient. Our study explores how patient time in an 
ambulance for 9-1-1 calls changes when a hospital closes in the zip code of the incident. 

A hospital closure is defined as “a facility that stopped providing general, short-term acute inpatient care.”1 
From 2010-2015 over 120 hospitals closed in the U.S., with nearly half of those located in rural areas.2 These 
closures changed where ambulance services transported patients and most likely increased the time in an 
ambulance getting to the next closest ED. Earlier studies found patients were farther from the next ED when a 
hospital closed.3,4 Others found a greater time and distance traveled to an ED led to greater mortality rates 
among heart attack and trauma patients.5,6 Intuition suggests that patients are in an ambulance longer after the 
nearest hospital closes, however, no one has previously measured the travel time change. Our study is the first 
we are aware of that measures change in time in an ambulance based on reported ambulance trips.  

We explore how hospital closures affect the time a patient travels from an incident location where 9-1-1 was 
called to the ED in an ambulance. Our study compares transport time in an ambulance one calendar year prior to 
and one calendar year after a hospital closes in the zip code of the incident. We study hospital closures in 
communities in the U.S., both rural and urban, for the years 2011-2014 where we have zip codes of hospital 
closures matched to ambulance call data. 
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Methods 

Hospital Data.  For our analysis, we wanted a file of geographic areas where a hospital closed linked to all 
ambulance calls before and after the closure. By combining several data sources, we created a file summarizing 
hospitals and hospital characteristics at the zip code level. We obtained a list of confirmed hospital closures 
from the University of North Carolina Sheps Center for Health Services Research7 and the Health Resources
and Services Administration (HRSA)8 that included rural and urban area closures. The files were merged to 
create one unduplicated set of closed hospitals. Our file contained 91 closures in the years 2011 to 2014. Figure 
1 shows all closures with rural closures shown as diamonds. States with the most closures were Texas (20), 
California (7), and Alabama (7). These closures were linked to the Hospital Compare data available from 
Centers for Medicare & Medicaid Services (CMS).9 From these data, we assembled a file of general 
information about all hospitals for the years 2011-2014.10 The information in the file was summarized to the 
zip code level.

Figure 1. Hospital Closures, 2011-2014 

Table 1 shows the characteristics of the closed hospitals. The closures were divided evenly in rural and urban 
areas. The facilities ranged in size from small hospitals (10th percentile) with 20 beds to large hospitals (90th 
percentile) with 206 beds. The closed rural hospitals, shown in column 2, were smaller, averaging just 39 beds 
as opposed to 108 beds for all closed hospitals. The medium (50th percentile) and large rural hospitals (90th 
percentile) that closed were smaller than all closed hospitals. All closed hospitals were smaller on average than 
the open hospitals (column 3), which averaged 193 beds. Most hospitals, closed and open, were the sole hospital 
in the zip code.  
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Table 1. Characteristics of All Closed, Rural Closed and Open Hospitals and Closures Selected for the 

Study, 2011-2014 

All Closed Rural Closed 

Open (mean over 4 

years) 

Number of hospitals (all years) 91 43 4,709 
Urban (%) 53.9 - 59.1
Rural (%) 46.2 - 46.6

In zip code with one hospital (%) 78.0 90.7 92.2 
Mean number of beds 108.3 38.8 193.3 

Small hospital – 10th percentile 20 20 25 
Medium hospital – 50th percentile 53 34 107 

Large hospital – 90th percentile 206 70 475 

Ambulance Data.  The second task was to assemble a file with the total time a patient is transported in an 
ambulance from the scene of an incident to the ED. The study uses data from the National Emergency Medical 
Services Information System (NEMSIS), which is a national repository of ambulance call data.11,12 The data are 
a convenience sample, meaning they are voluntarily collected from each jurisdiction in a state. In 2015, 47 
states and DC reported data to NEMSIS. Four states – Delaware, Massachusetts, Ohio, and Texas – reported no 
data in any year. The NEMSIS data represent the number of transports and not the number of patients affected 
by the change in ambulance call times. We could not calculate the change in the number of ambulance trips pre- 
and post-hospital closure because of the style of reporting calls.  

Based on information about which jurisdictions reported to NEMSIS, we estimated there were 50 hospital 
closures that we could match to NEMSIS. The characteristics of the sample hospitals are summarized in column 
1 of Table 2. Our sample set of hospitals looks similar to all closed hospitals as seen in column 2 of Table 1. 
The rural closed hospitals selected in column 3 of Table 2 look similar to those in column 3 of Table 1. Because 
not all jurisdictions report to NEMSIS, we wanted to see if closures in these areas looked very different from all 
closures and the closures selected for our analysis. Column 4 of Table 2 shows that these closures are more 
likely to be located in an urban area and less likely to be the only hospital in the zip code. They are about the 
same size in terms of number of beds. Based on this comparison, we do not view the data available from 
NEMSIS as a major limitation of our analysis.  

Table 2. Hospital Closures Selected Compared to Closures Not Selected 

Characteristics 

Closures 

selected for 

study 

Rural closures 

selected for 

study 

Closures not 

selected 

Number of hospitals (all years) 50 27 41 
 Urban (%) 43.5 - 63.4 
 Rural (%) 56.5 - 36.6 
In zip code with one hospital (%) 82.6 88.9 75.6 

Mean number of beds 96.2 34.3 100.9 
 Small hospital – 10th percentile 20 16 22 
 Medium hospital – 50th percentile 49 25 62 
 Large hospital – 90th percentile 253 60 206 
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Since the NEMSIS data are confidential, we could not link the hospital closure zip code file directly to the 
ambulance data. We provided the staff managing NEMSIS with the zip code and year of where and when a 
hospital closed. They returned a data file stripped of all hospital and zip code identifiers. The file contained all 
ambulance calls one calendar year prior and one calendar year after a closure for all calls originating in a 
matched zip code. The emergency incident took place in the zip code where the hospital closed. The ambulance 
could transport patients outside the zip code to a rural or urban hospital. We do not know how many zip codes 
matched. The final file has 73,000 ambulance calls for the years 2010-2015.  

The ambulance file contains individual patient, incident, and ambulance service characteristics on a single call. 
All calls were 9-1-1 calls with emergency transport to a hospital. NEMSIS assigned the 2003 USDA Urban 
Influence Codes (UIC) to an area of an incident based on the zip code of the reporting ambulance service. The 
geographic areas are urban (UIC 1,2), suburban (UIC 3,5), rural (4,5,8,9), or wilderness (UIC 7,10,11,12).13 We 
labeled calls as rural if they were rural or wilderness, and as urban if they were urban or suburban.  

For each call, ambulance personnel reported the duration of different portions of the service: time to incident 
location, time at incident, and transport time to ED. The total call time is the summation of all three parts. 
Records with total call times fewer than 10 minutes and greater than 120 minutes were dropped to adjust for 
extreme outliers. We hypothesized that when a hospital closes in an area, the most affected segment of an 
ambulance trip time would be from the incident location to the ED. If the ambulance service did not move after 
a hospital closed, the time to incident location should have remained unaffected by the hospital closure. 
Attending to the patient at the incident scene should also have been unaffected by the hospital closure.  

Table 3. Mean of Ambulance Transport Times in NEMSIS by groups, 
2010-2015 (minutes) 

Some ambulance services 
are managed by a hospital, 
which we refer to as
hospital-based services. The 
NEMSIS data have the 
organizational type of the 
service so we can identify
hospital-based ambulance
services. These may be for-
profit or non-profit per the 
management of the hospital, 
and the EMS personnel are
hospital employees. The 

reason to discuss these services is that if a hospital closes that operates an ambulance service, most likely the 
service also stops. This would directly lead to increased transport times. In our analysis, we calculated results 
with and without hospital-based ambulance services.  

Analysis. We evaluated the time patients travel in an ambulance from an incident location to an ED. The data 
were pooled for all closure years, 2011-2014. We compared the mean transport time one calendar year prior and 
one calendar year after the hospital closed in the zip code. We tested if these mean times were statistically 
significantly different (P < .01).  For the analysis, we were interested in evaluating differences in transport times 
in a zip code broken out by the following characteristics: all calls, all calls without hospital-based ambulance 
services, calls in rural zip codes, calls in urban zip codes, rural calls without hospital-based ambulance services, 

All Transport Times 

(n=21,563,263) 

Study Transport 

Times (n=72,525) 

All calls 14.7 14.6 

Without Hospital-

based, rural and urban 
14.9 14.9 

Rural 16.9 21.3 

Without Hospital-

based, rural 
17.3 21.5

Urban 14.3 12.9 

Over 64 years old, 

rural 
16.9 22.0 
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and rural calls for patients over 64 years old. For comparison, Table 3 shows the average transport times for all 
calls in NEMSIS data for 2010-2015. We also compared our times calculated from NEMSIS to those in a study 
which summarized transport times from 20 states reported in 30 years of ambulance literature. The transport 
times for urban and rural areas were 10.77 and 17.28 minutes, respectively.14 The times in Table 3 fall within 
this range. 

Findings 

For all calls in our study, rural and urban, the mean time in an ambulance one year prior to a hospital closure 
was 13.2 minutes. After the hospital closed in the zip code, it increased to 15.4 minutes as shown in Figure 2. 
We compared this to the average time for all calls in NEMSIS in 2010-2015 which was 14.7 minutes as shown 
in Table 3. The times before the closure were faster on average, which may result from the patients living closer 
to the closing hospital than other patients in outlying areas. After the closure they have further to go. On average 
over all years studied, the time in our sample is 14.6 minutes as shown in Table 3.  

To eliminate their influence on the results, we calculated the means without the hospital-based ambulance 
services. The prior time remained at 13.2 minutes whereas the post closure time increased slightly to 16.0 
minutes. The differences in mean times were statistically significantly different. 

When hospitals close, one primary concern is how the closure affects rural patients. For those calls defined as 
rural, the mean transport time one year prior to a closure was 14.2 minutes, one minute slower than the mean 
time for all calls. The transport time increased to 25.1 minutes after the hospital closed, a statistically significant 
increase of 10.9 minutes or a 76.4% increase. As a check, we did the same analysis excluding the hospital-based 
ambulance services. The transport times increased similarly from 13.9 minutes to 25.2 minutes, an 11.3-minute 
increase. As shown in the last bars of Figure 2, patients over 64 years old living in rural areas had a similar 
change in transport times as all rural patients. The times increased from 13.9 minutes to 27.6 minutes, a 13.7-
minute or 97.9% increase. 

One might predict hospital closures in rural areas would lead to greater transport times than in urban and 
suburban areas. We compared the mean times in rural and urban zip codes. The mean transport time for urban 
patients prior to a closure was 13.0 minutes and 1.0 minute faster than in rural areas. The transport time after a 
closure averaged 12.9 minutes, a statistically insignificant difference from the prior times. As we hypothesized, 
rural patients living in a zip code where a hospital closed were more affected by a hospital closure than urban 
patients. 
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Figure 2. Comparison of Mean Transport Times One Year Prior and One Year After a Hospital Closure in 
2011-2014 in a Zip Code by Characteristics (n=72,525 ambulance calls) 

Note: Asterisks indicate statistically significant differences, (P < .01) 

We had to consider that some closed hospitals maintained an ED after inpatient care was suspended, however, 
our data were incomplete in which areas maintained an ED. We thought about how this affected our results. We 
found that regulations on standalone EDs during our study period were largely unfavorable to creating a 
separate ED from a hospital. Standalone EDs were rare as they could not bill Medicare for services as non-
hospital affiliated units.15 In addition, states’ regulations on opening a standalone ED varied widely from 
unrestrictive to no state policy in place.16 If EDs opened on sites of closed hospitals, this means our results were 
low estimates of the change in time in an ambulance. 

Conclusions and Potential Policy Implications

When hospitals close, rural patients in that zip code spend more time in an ambulance than prior to the closure. 
In addition, they spend more time than urban patients facing closures. Our results are for zip codes where a 
hospital closed and should not be used to draw conclusions about transport times for rural patients who may 
have relied on a closed hospital but do not reside in the zip code of that closed hospital. We can conclude that 
ambulance transport times for rural patients living in the zip code of a closed hospital are more greatly impacted 
by such closures than urban patients. When a hospital (and its ED) closes, it is important to think about who is 
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most likely affected by the closure and how the changes impact their access to care. Studies found communities, 
rural and urban, where hospitals closed tended to have a higher percentage of elderly and poor residents in 
addition to higher unemployment rates and a higher percentage of blacks and Hispanics.4,17,18 For rural patients, 
more than half the hospitals in the country are located in rural areas and are the primary source of emergency 
medical services in these communities. When asked to rank attributes of rural health care facilities in a recent 
study, rural residents strongly valued access to emergency services through EDs in their communities.19  

Over the years, policymakers at the local, state, and Federal levels have prioritized maintaining local access to 
emergency services. For example, in 1997, the Medicare Rural Hospital Flexibility grant was established to, 
among other goals, assist in maintaining emergency services in rural areas.20 Access to emergency department 
services in communities, especially rural communities, persists as a priority for the Medicare program. In the 
2017 annual report of the Medicare Payment Advisory Commission (MedPAC), the commissioners stressed the 
need to find more efficient and financially stable ways to deliver emergency services in rural communities. In 
the MedPAC report, they stated while there was reduced demand for inpatient hospital care, there was still need 
for emergency care among Medicare beneficiaries.2 In a future working paper we will provide an expanded 
analysis of this question using a comparison group of zip codes where no hospital closed.21  

In summary, when hospitals close, rural patients requiring ambulance services are disproportionately affected.. 
Our work measures one aspect of how access to emergency care through ambulance services changes for 
patients when a hospital closes.   
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I. Introduction

When a hospital closes in a community the emergency department (ED), in general, also 

closes, so patients in the community must travel to a hospital further away to receive treatment. 

This has led to speculation that people needing emergency treatment must spend more time in an 

ambulance while being transferred to the ED, which, in turn, could result in a decline in health 

outcomes. Between 2011 and 2014, 91 hospitals closed in the United States, with nearly half of 

these closures being hospitals located in rural areas. While the number of closures is small 

relative to the total number of hospitals (in 2018 there were 4,840 nonfederal hospitals in the 

U.S.), a closure could still have a significant impact on people living near the hospital that closes.

In addition, the impact could be particularly severe for individuals living in rural communities

since, for many rural residents, being transported to the next closest hospital could result in a

significant increase in the time spent in an ambulance. Unfortunately, we can only speculate on

the effect of a hospital closure on patient travel time since, as far as we are aware, there is no

existing research examining the impact of a hospital closure in an area on patient travel time to

an ED in an ambulance.

In response to this lack of evidence, we examine how the time patients spend in an 

ambulance changes immediately after a hospital near them closes. Using data on hospital 

closures from 2011 to 2014 and ambulance trip times from 2010 to 2015, we compare how the 

travel time to a hospital changes for patients living in a zip code where a hospital closes with 

changes in travel time for patients living in a statistically similar zip codes where a hospital has 

not closed. We also compare changes in travel times separately for patients living in rural and 

urban zip codes as well as for Medicare-eligible patients.  

In our main specification we find that people living in urban areas experience no significant 

increase on average in travel time to an ED in the year after a hospital closes in the zip code 

where they live. Although in subsequent analysis we find evidence suggesting that individuals 

living in urban areas do experience a relatively small increase in total time and transport time in 

an ambulance, this change occurs prior to the hospital closing. In contrast, patients living in rural 

zip codes experience an estimated 15.7 additional minutes in the total time it takes from 

ambulance dispatch to arriving at an ED in the year after a hospital closes in their zip code—a 

forty-six percent increase compared to the year before the closure which is primarily due to a 
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fourteen minutes or a ninety-six percent increase in average transport time in the year after a 

hospital closes relative to the transport time in the year before the hospital closes. We find no 

significant change in the time it takes the ambulance to get to the scene, or in the time spent at 

the scene. This is what one would expect if the only thing that changed was the location of the 

closest hospital. We also find that the impact on Medicare-eligible patients living in rural areas is 

even larger.  We find no evidence suggesting that these short-run changes are the result of 

changes in the behavior of ambulance companies or individuals.  

The lack of data tying patient health outcomes directly to the total time it takes to transport 

them to a hospital, as well as the inconsistent results from previous studies examining this issue, 

makes it difficult to draw strong conclusions on the impact of a hospital closure on the well-

being of people in a community. However, given the size of the impact we find, particularly for 

individuals living in rural communities and for Medicare-eligible patients, it seems likely that a 

hospital closure has a detrimental effect on individuals living near the hospital. Our results also 

demonstrate the importance of developing data that would allow researchers to better measure 

the impact of the quality of ambulance services in a region on health.  

In the next section of the paper we review the literature on how changes in ambulance call 

times and distance might impact patient outcomes. In Section III, we discuss the data that form 

the foundation of our analysis and how we combine data from various sources for the final data 

set used in our analysis. In Section IV, we discuss our empirical methodology. We discuss our 

results in Section V and present our conclusions in Section VI.  

I. Review of Previous Literature

We begin our review of the literature by examining how the time and distance a patient must

travel changes with a hospital closure. We follow this with a discussion of the literature on how 

patients’ choices about how to get to a hospital, or even whether to go to a hospital, changes after 

their local hospital closes. Next we turn to a discussion of how ambulance services respond to a 

hospital closing. We then explore the literature on how patient health outcomes change with an 

increase in the time it takes to get to an ED. Finally, we briefly discuss the literature on the 

factors leading to a hospital closure.  
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Given that our data only cover the changes that occur in the year after a hospital closes, we 

focus here on the short-run changes. Obviously, as both patients and ambulance services adapt to 

the hospital closing, possibly by relocating, these affects could diminish over the long run.   

Distance and Time 

It is expected that in most instances after a hospital closes a patient would be redirected to a 

different ED located farther away from the incident location than the hospital that closed, which 

is assumed to increase time to care. When examining how a hospital closing changes the distance 

and time a patient needs to travel to the nearest hospital existing studies find little change in 

urban areas but larger changes in rural areas.3 Hsia et al. (2012) study patients living in urban 

areas in California between 1999-2009 and find that most patients experience no increase in 

distance transported after a hospital closes. Kaufman et al. (2016) examine rural hospital closures 

and find that the next closest hospital averaged 14.4 miles further away. Samuels et al. (1991) 

find for hospitals that closed in 1989, the increased travel time by any means to the next open 

hospital was 3.5 minutes for urban hospitals and 18.7 minutes for rural hospitals. 

Patient Choice 

If increased distance or time resulting from a hospital closing is viewed as an increase in cost 

by the patient, the patient could choose not to go to an ED and instead receive medical attention 

at an urgent care center, go see their primary care doctor, or choose not to receive any treatment, 

which would lead to a decline in the demand for ambulance services and perhaps an average 

decrease in the time spent in an ambulance for patients who continue to use ambulance services. 

Buchmueller, Jacobson, and Wold (2006) examine hospital closures in Los Angeles County and 

find that the increased distance from an ED led patients to shift away from an ED as their “usual 

source of care” to a primary care physician. Lee et al. (2015) predict that if the nearest ED closes 

then there will be an increase in the volume of patients at the next closest ED. They found about 

20 percent of the patients predicted to show up at the next closest ED did not. While not 

specifically examined in their paper, the authors speculate patients sought medical attention in 

other healthcare facilities and not at an ED.  

3 The patient will likely be transported to the next closest ED per their health insurance. For Medicare beneficiaries, 
federal reimbursement rules require an ambulance to take a patient to the closest facility which has the needed health 
resources for the patient (U.S. Centers for Medicare and Medicaid Services, 2016). According to the Kaiser Family 
Foundation, in 2012 all states required Medicaid beneficiaries to be transported to the nearest hospital as well (The 
Henry J. Kaiser Family Foundation, 2012).
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When the hospital closed in Haywood County, Tennessee, the demand for ambulance 

services increased as some patients resorted to receiving emergency care from the ambulance 

service and then refused to be transported to the hospital because they found it too burdensome 

to find transportation back home from the hospital (Goldstein, 2017). If what is described in this 

article occurs regularly, this could lead to fewer ambulance trips to an ED on average in rural 

communities.  

Change in Ambulance Services 

The supply of ambulance services could change when an ED closes leading to changes in 

total response times. One reason is the availability of the ambulance could change as ambulances 

must travel further to the next closest ED resulting in an increase in the probability of that 

vehicle and crew being unavailable for the next emergency call, leading to an increase in 

response times. However, Mueller et al. (2016) find very remote areas have fewer delays on 

average in all parts of the ambulance call times than the average of times in urban, suburban and 

rural areas (non-remote areas).  

For urban areas, a closed hospital could mean overcrowding at the next closest ED, which 

would cause ambulances to be diverted to another ED even farther away further increasing the 

patient’s time in an ambulance. Over a 7-year period in Los Angeles County, Sun et al. (2006) 

found when a hospital closed the next closest ED experienced a short-term surge in crowding 

over the following four months, leading to ambulance diversions. However, after this period the 

EDs adjusted to the change in demand and there were fewer incidences of overcrowding.  

Doyle, Graves, Gruber, and Kleiner (2015) examine dispatch patterns among ambulance 

services in small geographic areas and provide evidence that services tend to prefer certain 

hospitals. If the preferred hospital closes, time in an ambulance could decrease if the new 

“preferred” hospital is closer. In addition, by the time a hospital closes it may be the patients and 

ambulance services have adjusted their behavior ahead of time in anticipation of the closer 

hospital closing. This could be particularly true if the number and quality of medical services 

offered at the closing hospital declines prior to its closing (Samuels et al., 1991). In this case, by 

the time the hospital closes we would not observe any change in ambulance call times.  

When the number of insured patients increases in an area this could lead to an increase in the 

demand for ambulance services. Courtemanche et. al (2019) found when there was increased 

demand for ambulance services due to more patients being insured under the Affordable Care 
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Act (ACA), there was a greater than two minute or twenty-four percent increase in the time an 

ambulance took to arrive on the scene of a motor vehicle accident in urban areas. They also 

found an eight to nine percent increase in the number of trips provided. In the short run, the 

authors found the additional demand for ambulance services led to an increase in response times. 

Patient Health Outcomes 

Ultimately, the important question is how additional time required for an ambulance call 

affects patient health. Previous studies examined the relationship between changes in distance 

and time and patient outcomes for patients suffering from many time-sensitive diseases including 

acute myocardial infarction (AMI), cardiac arrest, asthma and chronic obstructive pulmonary 

disease (COPD) and trauma injury. The patient outcome primarily examined is mortality. Most 

previous studies focused on the time to scene—the time from dispatch to the incident location—

as the measure of response time. This is likely because the National Fire Protection Association 

(2016) sets a standard of eight-minute time to scene for advanced life support (ALS) ambulance 

calls. The standard is also typically part of ambulance service performance assessment.  

Several studies found no relationship between time to scene and mortality for the diseases 

examined in their studies (Newgard et al., 2010; Pons et al., 2005). Blackwell, Kline, Willis, and 

Hicks (2009) analyzed trauma injury calls comparing the outcomes of a treatment group of 

patients for whom the time to scene was greater than 11 minutes with a randomly sampled 

control group for whom the time to scene was less than 11 minutes. They found no significant 

impact of time to scene on patient outcomes. In an urban setting, Pons and Markovchick (2002) 

examined whether an 8-minute EMS response time goal had any impact on mortality for trauma 

injury and found no effect in areas that implemented the 8-minute goal. 

Other studies found a modest increase in survival to hospital discharge with a decrease in 

time to scene for cardiac arrest patients (Nichol et al., 1996; Pell et al., 2001). Pons et al. (2005) 

found what is most important for patients with cardiac arrest is the time to electrical 

defibrillation and not the response time of the ambulance. Nichol et al. (1996) found a two-tier 

system of care including early access to care, early defibrillation and early ALS-level EMS 

response were most important for cardiac arrest patients and not the distance to the hospital. 

Wilde (2013) points out the potential endogeneity of the time to scene variable because of the 

discretion of ambulance drivers who decide how quickly to arrive at the scene based on the 

reported severity of the case. Failing to consider such endogeneity may result in finding no 
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significant relationship between time to scene and mortality. Once she accounts for this 

endogeneity Wilde finds a strongly significant impact of time to scene on mortality for diseases 

other than cardiac arrest, AMI and trauma injury. 

Researchers have also examined the impact of increasing the time it takes to transport the 

patient to the hospital and find the impact largely depends on the emergent medical condition. 

Nicholl et al. (2007) studied transport time and found that a ten percent increase in transport time 

led to a one percent increase in mortality for all patients except those with cardiac arrest. Jena, 

Mann, Wedlund, & Olenski (2017) examined the change in mortality of Medicare-aged patients 

who suffered from AMI or cardiac arrest and took an ambulance to a hospital when a marathon 

was being held in a city compared to patients’ transport time to the hospital when a marathon 

was not occurring. They found that patients transported during a race were in an ambulance 4.4 

minutes longer on average, which was a 32.1 percent increase in transport time, and resulted in 

the five-week mortality rate increasing from 24.9 percent to 28.2 percent. Buchmueller et al. 

(2006) found when a hospital closed in Los Angeles County between 1997-2003 one additional 

mile traveled by patients (not necessarily in an ambulance) experiencing AMI led to a 6.5 

percent increase in the number of deaths. For accidents caused by a variety of unintentional 

causes such as motor vehicles, falls and poisonings, the additional mile led to 11-20 percent 

increase in the number of deaths.  

Some studies have found no relationship or improved health outcomes with longer trips, 

again, depending on the patient’s condition. Newgard et al. (2010) estimated the impact of time 

spent at the scene and transport time on patient outcomes and found for trauma injury there was 

no association between the various portions of ambulance call times and mortality. Buchmueller 

et al. (2006) argued closed hospitals tend to be small, financially distressed, facilities with fewer 

specialty services so patients could experience an increased transport time in an ambulance but 

see improved health outcomes because of the higher quality care they receive from the next 

closest facility.  

Sanghavi et al. (2015) argue that, except for patients with AMI, patient outcomes improve 

when ambulance drivers or paramedics spend less time at the scene treating patients and instead 

focus on transporting the patient to an ED as quickly as possible. McCoy et al. (2013) show 

increased odds of mortality among severely injured trauma patients with scene times greater than 
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20 minutes where patients with less severe injuries showed no increased odds of mortality with 

longer scene times.  

In the end, studies examining the impact of changes in the time to scene or changes in 

transport time do not find a consistent impact on patient health—although most argue for faster 

services. There are many variables such as the emergent medical condition of the patient which 

can affect the time of an ambulance call and its effect on patients’ health outcomes.  

Factors Accounting for Hospital Closures 

Research into why hospitals close show that declining Medicare caseloads and declining 

population in an area are both correlated with the probability that a hospital closes (e.g. 

Williams, D., Hadley, J., & Pettengill, J., 1992; Kaufman et al., 2016). Areas where hospitals 

close also have higher rates of unemployment, larger shares of black and Hispanic residents and 

tend to be closer to another hospital (e.g. Thomas, S. R. et al., 2015; Ko, M. et al., 2014). 

Hospitals that close are also less efficient than other hospitals in the area (Buchmueller et al., 

2006). This research finds that similar factors account for hospital closures in rural and urban 

areas.  

II. Data

Ambulance Call Data 

To conduct our analysis, we access data on ambulance calls from the National Emergency 

Medical Services Information System (NEMSIS), which is a national repository of ambulance 

call data (Mann, Kane, Dai, & Jacobson, 2015; NEMSIS, 2016). The data contain individual 

patient, incident, and ambulance service data for a single 9-1-1 call involving an emergency 

transport to a hospital. The data are a convenience sample, meaning reporting of the data is not 

mandatory and compliance varies by state by year. In 2015, 47 states and Washington, DC 

reported data to NEMSIS.4 Four states, Delaware, Massachusetts, Ohio, and Texas reported no 

data in any year.  

For each call we know the patient’s age and gender. The exact location of the incident is de-

identified due to NEMSIS confidentiality restrictions. However, NEMSIS assigns the 2003 

USDA Urban Influence Codes (UIC) to the area of the zip code of the incident location. The 

4 Not every region in each state reports data to NEMSIS. 
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geographic areas are urban (UIC1,2), suburban (UIC3,5), rural (4,5,8,9), or wilderness (UIC 7,10 

11,12) (Newgard et al., 2010). We label calls as rural if they are rural or wilderness, and as urban 

if they are urban or suburban. We also know the Census region and division. 

For the ambulance services, we know the organizational type of the service: fire department, 

governmental units not associated with a fire department, hospital-based, nonprofit organizations 

in the community, and for-profit, private services. Hospital-based ambulances may be for-profit 

or non-profit services depending on the management of the hospital. We exclude from our data 

transports from paramedic intercepts, specialty care or air transports.5 The data also indicate the 

highest medical staff available to provide care on the ambulance and whether the staff are 

volunteers or non-volunteers.  

Ambulance personnel report the duration of different portions of the service: time to the 

scene of incident location, time at the scene or scene time and transport time from the scene to 

the ED. The total response time is the summation of the three separate times. In the NEMSIS 

data, there are some zero, negative, as well as very large positive times. According to NEMSIS, 

one of the main reasons for these errors is keying in the wrong date and/or time. NEMSIS also 

reports that when an agency does not report a time the system may automatically give it a default 

time which can result in large negative or positive times.6 For some calls, the agencies report the 

same time for different call time variables which results in a response time of zero. A response 

time of zero can also occur when a call is cancelled. In order to lessen the amount of 

measurement error, we drop observations with total response times of less than ten minutes and 

greater than 120 minutes. Since total response time is the sum of time to scene, scene time, and 

transport time, each of these times is also less than 120 minutes. We drop all records with 

missing transport time. We know the day of the week and the hour of the day for the ambulance 

call. From this we create indicators for weekend, weekday, morning rush hour (6:00-10:00 AM) 

and evening rush hour (4:00-8:00 PM). 

In our analysis, we focus on time in the ambulance as opposed to distance traveled because 

distance is not in the data we received from NEMSIS. However, response time is the most 

common measure in service agreements and contracts between EMS companies and 

5 A paramedic intercept is when the ambulance that transports the patient to the hospital is different than the 
ambulance that originally arrived on the scene.  
6 This information came from email correspondence with the NEMSIS staff in August 2018. 
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municipalities (David & Brachet, 2011), so this is not a severe limitation. We assume while 

ambulance services can vary in quality of service delivery, there is no major change in the 

performance of the ambulance service between the year before the hospital closes and the year 

after. Likewise, we assume there are no major changes in the 9-1-1 response system or other 

unobserved characteristics of the ambulance service around the time when the hospital closes.  

Hospital Data 

We obtain data on confirmed hospital closures from the University of North Carolina Cecil 

G. Sheps Center for Health Services Research and the Health Resources and Services

Administration (HRSA) for the period 2010-2015.7 These data indicate that 91 hospitals closed

during this time period. Figure 1 shows all hospital closures from 2011-2014. Hospital closures

in rural areas are shown as diamonds. The states with the most closures were Texas (20),

California (7), and Alabama (7).

We obtain location information for all hospitals in the U.S. from the Hospital Compare data 

available from the Centers for Medicaid & Medicare Services (CMS) (U.S. Centers for Medicare 

and Medicaid Services, 2010-2016a). These data contain yearly information on over 4,000 

Medicare-certified hospitals across the country including acute care and critical access 

hospitals.8 We merge the Hospital Compare data with the hospital closure data.9 The resulting 

data have all Medicare hospitals from 2011-2014 with an indicator if a hospital closed. This file 

contains time-invariant hospital characteristics such as number of beds gathered from the CMS 

Provider of Service (POS) file (U.S. Centers for Medicare and Medicaid Services, 2010-2016b) 

and the zip code where the hospital is located.  

Finally, the hospital data are summarized at the zip code level and include information on the 

number of hospitals, number of hospital closures, and number of beds for each year of the data. 

There are approximately 4,300 zip codes per year with at least one hospital. No zip code has 

more than one hospital closure in a year. We drop zip codes where reported population is zero or 

missing.10 We then merge in demographics of residents living in the zip code: population, 

7 The rural hospital closures can be found at http://www.shepcenter.unc.edu/ accessed December 12, 2017. We 
received a list of urban and rural closures per a data request from HRSA on January 9, 2017. 
8 Ninety-eight percent of these types of hospitals supplied complete data to CMS (U.S. Government Accountability 
Office, 2006). This count does not include long-term care, rehabilitation or psychiatric hospitals. 
9 When we merge the hospital closure file with the Hospital Compare file all but five closed hospitals match. 
10 An example of this is a university hospital with its own business zip code. 
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population density, median household income, median age of adults, percent of population 75 

years old and older.11 For each zip code, we assign a hospital service area (HSA) and add HSA-

level population to the data.12 

Because not all areas of the country report ambulance service data to NEMSIS, we only keep 

data on hospital closures located in an area that reports data to NEMSIS in the year the hospital 

closed, which leaves us with data on fifty-one hospitals that closed from 2011-2014.13 Table 1 

compares the hospital closures selected for our study with all hospital closures. The closures in our 

study are more rural than all closures and on average larger. In our closures data there is a higher 

percentage of hospitals closing in the Northeast. Despite not being able to include hospital closures in 

Texas, we still have a large proportion of closures in the South (52 percent). 

 Selection of Comparison Zip Codes 

While we have data by zip code for over 4,000 hospitals in the U.S., as well as for the 51 

hospitals that closed, we are unable to match these data directly to data on ambulance calls from 

NEMSIS because, to maintain confidentiality, the only location data on ambulance calls that 

NEMSIS releases is Census region, division and whether the call occurs in a urban or rural area. 

However, NEMSIS was willing to provide us with a file of all ambulance calls over a given 

period for a specified set of zip codes that we chose. In choosing a set of zip codes, we start with 

the zip code and year where a hospital closed. In our analysis we want to compare changes in the 

length of ambulance calls in a zip code from the year prior to the year after a hospital closure. 

We also want to compare these changes to changes in the length of ambulance calls between the 

same years in statistically similar zip codes where a hospital has not closed.  

To choose our sample of statistically similar zip codes, we use a technique called propensity 

score matching (Heinrich, Mueser, Troske, Jeon, & Kahvecioglu, 2013). Using data on all zip 

codes with at least one hospital, we start by estimating a logit model to estimate the probability 

that a hospital closes in the zip code in a given year controlling for the characteristics of the zip 

code. The characteristics included in the estimation are, the log of population density, the 

11 Demographic data are from the American Community Survey 2009-2013 5-year estimates (U.S. Census Bureau, 
2013). 

12 “HSAs are created to indicate the local market for a hospital. An HSA contains groups of zip codes containing 
residents that are likely to go to that hospital when they require hospitalization. (The Darmouth Institute for Health 
Policy and Clinical Practice, 2017). 
13 The information on which states are reporting to NEMSIS is from the NEMSIS website and numerous 
presentations made by NEMSIS on the state of the database. 
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proportion of the population 75 years old or older, median household income and its square, as 

well as the log of the population in the HSA and Census region that contain the zip code. We 

estimate separate logit models for every year of our data, essentially estimating the probability 

that a zip code contains a hospital that closes in that year, conditional on the controls included in 

the regression. We then keep the estimated probability and convert it into a log odds ratio. Using 

the estimated log odds ratio we then match the zip code where there is a hospital that closes to all 

zip codes where a hospital has not closed with a log odds ratio within 0.008 of the log odds ratio 

of the zip code where the hospital has closed—what is referred to as many-to-one caliper 

matching.14 We chose the caliper of 0.008 because it allows the most matches while being 

sufficiently small to ensure that the matched zip codes have similar characteristics.15 One benefit 

of the many-to-one matching is that it increases the number of zip codes we are submitting to 

NEMSIS. We refer to zip codes where hospitals closed as our treated zip codes and the matched 

zip codes as our comparison zip codes.  

Once we complete the matching, we check the quality of the matches using a balancing test. 

This involves comparing the difference in the mean value of the control variables between the 

treatment and comparison zip codes. We use a t-test to determine if no more than five percent of 

the variables are statistically significantly different at the 99 percent level. If there are more 

variables that are different then we adjust the specification and size of the caliper. The process 

described above passes the balancing test. In addition, we can find matches for all treated zip 

codes but one, which we drop, helping to ensure that the comparison zip codes are comparable to 

the treated zip codes.  

The effectiveness of the propensity score procedure to produce an appropriate sample of 

comparison zip codes rests on the assumption that the probability that a zip code receives the 

treatment is independent conditional on the observable controls—what is known as the 

conditional independence assumption. While it is impossible to formally test this assumption, the 

balancing test does help assure it holds. We also believe we have a reasonable set of control 

14 We match without replacement by year, but with replacement across years, so the same zip code can be matched 
to more than one zip code with a hospital closure in multiple years.  
15 One reason for using many-to-one caliper matching is that it produces more precise impact estimates by using all 
available data and not throwing out similar matches (Mueser et al., 2007). The downside to multiple matches is that 
it can produce a bias estimate resulting from using poor matches (Heinrich et al., 2010). However, our caliper is 
small enough to limit poor matches, so we believe the multiple matches helps improve the efficiency of our resulting 
estimates more than any bias that is introduced.  
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variables that help determine the likelihood a zip code contains a hospital that closes in a given 

year. Finally, the empirical method we use to estimate the impact of a hospital closure on the 

length of an ambulance run, which we describe in the next section, was chosen to further ensure 

that we are comparing statistically similar zip codes.  

Sample Construction 

The outcome from our matching is a list of treated and comparison zip codes for the years 

2011-2014. We provide this file to the staff managing NEMSIS who returned to us data on all 

ambulance calls one calendar year before and the year after a hospital closed. There are no zip 

code identifiers in the returned data. We only know whether the incident which resulted in the 

ambulance run occurs in a treated or comparison zip code. The ambulance may transport patients 

to hospitals either within or outside the zip code. Of the total number of zip codes sent to 

NEMSIS thirteen percent did not match so we have no ambulance call data for these zip codes. 

We do not believe that dropping these zip codes biases our results, as the missing matches are 

due to non-reporting to NEMSIS which appears independent of ambulance call times. The final 

file has 13.8 million ambulance calls for the years 2010-2015.   

In the final data set, for each zip code we have data on ambulance calls in the year prior to 

the match year and the year after the match year, where match year refers to the year a hospital 

closes in the treated zip code. In Table 2, we report patient, ambulance service, and incident 

characteristics for our final data set where each observation is one ambulance trip. In our final 

dataset we have 62,163 ambulance calls in our treated zip codes and 13.7 million in our 

comparison zip codes. The patients being transported are on average 56 years old and 55 percent 

are female. The patients in rural areas are almost three years older on average than those in the 

urban areas. The organizational type servicing the plurality of calls in our data are ambulances 

that are part of fire departments (26 percent of calls), followed by government non-fire 

ambulances (23 percent) and ambulances run by private businesses (23 percent). This aligns with 

the distribution for all calls reported to NEMSIS. Fire departments transport a greater percentage 

of calls in urban areas, and government non-fire entities and private firms transport more in rural 

areas. EMT paramedics attend to over 85 percent of the calls in all areas. Most calls are staffed 
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by paid staff.16 Over half the locations of the incidents are in the South region of the United 

States. About 81 percent of the calls are in urban areas. Over 73 percent of calls are during a 

weekday and about 13 percent of the calls occur during the morning rush hour and 19 percent 

occur during the evening rush hour. 

Comparing the estimates between calls in treated and comparison zip codes, we see that, for 

the most part, the numbers are similar which is what we would expect if our matching process 

produced a comparison sample that was similar to the treated sample. This provides some 

evidence that we were successful in matching similar zip codes. However, there are still some 

notable differences between the treated and comparison groups. Fire department ambulances 

undertake a smaller percentage of calls in treated areas, while private, non-hospital ambulances 

make up a larger proportion of calls in treated areas. In addition, calls in treated areas are less 

likely to have volunteer staff in the ambulance. These remaining differences are one reason why 

we use the empirical methodology that we describe in the next section.  

Another way to assess the success of our matching procedure is to compare our data to all 

calls in the NEMSIS data as well as to call times reported in the previous literature. On average 

over all years and calls, the mean transport time in our sample is 14.6 minutes.17 This is almost 

identical to the average transport time for all calls in NEMSIS in 2010-2015 which is 14.7 

minutes. Mueller et al. (2016) report a median transport time of 11-12 minutes. In summarizing 

transport times from 20 states reported in 30 years of ambulance literature Pons et al. (2005), 

report transport times for urban and rural areas of 10.8 and 17.3 minutes, respectively. In Table 3 

we report mean transport times for the year before and the year after a hospital closes for the 

treatment and comparison zip codes. These times are quite similar to the estimates from the full 

data sample and from the previous studies, providing additional evidence that our matched data 

are similar to other data on ambulance calls.   

III. Empirical Methodology

16 NEMSIS data has information on the type of call which indicates whether the call was basic or advanced life 
support. We chose not to use this information because over 40 percent of the data from this field are missing. When 
we run our analysis including this information the results are similar.  
17 We focus on transport time—the time it takes to get a patient from the scene to the hospital—because that is what 
is reported in these previous studies.  
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To estimate the impact of a hospital closure in a zip code on the length of time of ambulance 

calls, we use the following empirical model:  

𝑌𝑌𝑡𝑡 =  𝛽𝛽0  +  𝛽𝛽1𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝛽𝛽2ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑦𝑦𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑦𝑦 + 𝛿𝛿1𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 ⋅ ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑦𝑦𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑦𝑦 + 𝛽𝛽3′𝑿𝑿 +  𝜀𝜀.  (1) 

Yt includes four different outcome variables: the total time of the ambulance call (total response 

time) in period t; the time it takes the ambulance to arrive at the scene after receiving the call 

(time to scene) in period t; the time the ambulance spends at the scene (scene time) in period t; 

and transport time in period t, which is the time from the scene until arriving at the hospital. All 

of these variables are measured in minutes. Year is a dummy variable which equals zero if the 

ambulance run occurs in the year prior to the hospital closing and one in the year after the 

hospital closes. Hospitalclose is equal to one for all ambulance calls in zip codes with closures 

and is zero otherwise. X is a matrix of observable characteristics of the ambulance call. X 

includes patient age and gender, ownership type of the ambulance (fire department, hospital-

based, etc.), the highest level of medical staff available on the ambulance, whether the 

ambulance includes any volunteer staff and whether the incident took place on a weekday and if 

it was during morning or evening rush hour, as well as Census region.  

δ1 is our estimate of the treatment effect of a hospital closing in a zip code and is our main 

coefficient of interest. It measures the difference in the change in the average ambulance run 

time between the year prior to the match year and the year after the match year between the 

treated and comparison zip codes:  

𝛿𝛿1� = �𝑌𝑌𝑝𝑝𝑝𝑝𝑝𝑝𝑡𝑡,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡��������������� − 𝑌𝑌𝑝𝑝𝑡𝑡𝑡𝑡,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡��������������� − �𝑌𝑌𝑝𝑝𝑝𝑝𝑝𝑝𝑡𝑡,𝑐𝑐𝑝𝑝𝑐𝑐𝑝𝑝𝑡𝑡𝑡𝑡𝑐𝑐𝑝𝑝𝑝𝑝𝑐𝑐������������������� − 𝑌𝑌𝑝𝑝𝑡𝑡𝑡𝑡,𝑐𝑐𝑝𝑝𝑐𝑐𝑝𝑝𝑡𝑡𝑡𝑡𝑐𝑐𝑝𝑝𝑝𝑝𝑐𝑐������������������� (2) 

This type of estimator is referred to as a difference-in-difference estimator (DD). There are 

several reasons for using this type of regression for estimating the treatment effect in this setting. 

First, it allows us to control for other characteristics of the call relative to simply calculating the 

difference in the change in average response time between treated and comparison zip codes. 

Second, the Hospitalclose variable controls for any remaining observable and unobservable 

differences between treated and comparison zip codes that are unrelated to the hospital closing 

and are not captured by changes in ambulance response times. Including the Year and 

Hospitalclose dummy variables means that identification of δ1 comes from changes within the 

treated and comparison groups and changes in the time of the ambulance run between the two 

years.  
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 When estimating the standard errors in our regression, we cluster on the hour of the day, the 

day of the week and the year when the run occurs as well as the urban variable. Ideally, we 

would like to cluster on zip code, but as stated above, NEMSIS strips this information off the 

data file before returning the file to us. There are 2016 unique day-hour clusters. Since clustering 

in this manner will capture possible dependence in the errors that are related to the time, day, 

year and location of the ambulance run, we believe this allows us to calculate reasonably 

accurate standard errors.  

IV. Results

Mean Differences

Table 3 presents the mean total response time (row 1), time to scene (row 2), scene time (row 

3) and transport time to the hospital (row 4) for all calls in treated and comparison groups for the

year before (Pre) and the year after (Post) hospital closure as well as the mean change in these

times (Diff).18 We also report the change in the differences between the treated and control zip

codes (Diff-in-Diff). This table shows that in the year prior to a hospital closing total response

time is approximately three minutes longer in zip codes where a hospital closes relative to zip

codes where no hospital closes. This overall difference in response time is the result of both a

longer time to scene as well as a longer transport time. The time spent at the scene is similar in

the two groups of zip codes.

When we look at the change in times in the year after the hospital closes we see that in the 

treated zip codes the total response time increased by a little over one minute, while in the 

comparison sample there is essentially no change in the total response time over the years. This 

results in an overall increase in total response times in the treated zip codes relative to the 

comparison zip codes of 1.15 minutes (column 7).  

Our hypothesis is that, at least in the short run, any change in response times we see will be 

the result of an increase in transport time. Since it is unlikely that ambulance companies will 

have changed locations in the short-run, nor is there likely to be any change in where people live, 

18 We calculated the means for total response times for all observations to compare to the data with the total 
response times between 10 minutes and 120 minutes. We found the means and standard deviations are larger when 
we include the wider range of call times for treated and comparison groups illustrating the variability in the times. 
When we subtract times less than 10 minutes and greater than 120 minutes, the mean times drop by about one 
minute. 
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we would not expect to see any change in the time it takes for an ambulance to arrive at the 

scene. We do not expect to see any change in the severity of the average patient’s condition in 

the short run, so we do not expect to see any changes in scene time. There are a couple of reasons 

why our hypotheses could be wrong. First, if a hospital closing in an area results in an increase in 

the total transport time, then this could increase the probability that an ambulance is on a call and 

unavailable to transport a new patient, requiring that an ambulance from farther away come and 

transport the patient, or requiring a patient to wait until the ambulance completes the prior run. 

Both would lead to an increase in time to scene. In addition, if ambulance drivers know that it 

will take longer to transport a patient to the hospital, then they may try to arrive to the scene 

faster and once at the scene spend more time trying to stabilize a patient prior to transporting 

them (Wilde, 2013; Mueller et al., 2016). This could then lead to a decrease in time to scene 

and/or an increase in scene time. Finally, patients may respond to the increase in the time it takes 

to get to a hospital by choosing some alternative means of transportation, particularly for less 

severe conditions (Buchmueller et al., 2006; Moskatel et al., 2019). This sorting would mean that 

ambulances are dealing with more severe conditions on the typical run, which could also lead to 

an increase in scene time.  

Looking at the results in Table 3 we see that there is essentially no relative change in the time 

an ambulance takes to get to the scene, nor any change in the relative time an ambulance spends 

at the scene. The increase in total response time is primarily due to a relative increase in transport 

time—the time it takes to get the patient from the scene—of 1.86 minutes. At least in the short 

run we find no evidence suggesting that there is an increase in the probability an ambulance is 

unavailable to transport a patient, nor do ambulances appear to spend more time at the scene due 

to an increase in the severity of patients’ conditions, or in an attempt to further stabilize the 

patients prior to transporting them. The primary impact is on the transport time—the time a 

patient spends in the ambulance being transported to the hospital. 

Regression Results 

Difference-in-differences regressions of total response time, time to scene, scene time and 

transport time based on equation (1) are reported in Table 4. Clustered standard errors are in 

parentheses. In columns (1), (3), (5), and (7) we report regression results without any additional 

controls, which should exactly replicate the information in Table 3. In columns (2), (4), (6), and 

(8) we present results controlling for the set of variables discussed in Section IV.
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In column (1), the coefficient on the year*hospitalclose interaction shows that a hospital 

closure in a treated zip code is associated with a relative increase in total response time of 1.15 

minutes—identical to the results in Table 3. In column (2) we see that including our full set of 

controls increases the relative time to 1.79 minutes. Comparing the estimate for total response 

time reported in column (2) with those reported in columns (4), (6) and (8) we continue to see 

that the relative increase in total response time is almost exclusively the result of an increase in 

transport time. At least in the short run, we continue to find no evidence that the hospital closure 

leads to a change in the behavior of ambulance companies or patients that would lead to an 

increase in the time it takes to get to the scene or the time an ambulance spends at the scene.  

While we do find a positive and significant increase in both total response time and transport 

time, it is worth mentioning that given that we have over 13.7 million observations, simply 

finding a statistically significant result is not sufficient. We also need to consider whether we 

find a meaningful impact. Using this criterion, the increases we see do not appear to be 

particularly meaningful. In Table 4 in column (2) if we sum the constant with the coefficient on 

the Hospitalclose variable this provides us with an estimate of the average total response times in 

zip codes where a hospital closed in the year prior to closing of 33.87 minutes. Dividing the 

increase in total transport time of 1.79 minutes by 33.87 minutes shows that this change 

represents a 5.3 percent increase in total response time.19 However, focusing on transport time 

(column 8) we do find that once we control for other characteristics, patients in zip codes where 

hospitals close experience a 2.19 minute increase in transport time, which represents a fifteen 

percent increase relative to the year prior to the hospital closing.  

In considering the impact of a hospital closing, one area that receives a lot of attention in 

both the academic literature and the popular press are rural communities. The concern is that, 

because hospitals are located further away from residents in rural as compared to urban areas, the 

impact of a hospital closing could be larger since it will force patients to travel farther to get to 

the next closest hospital. Of course, these concerns do not take into account the costs of 

operating a hospital in an area with falling demand for hospital services, nor do they take into 

account the possibility that the quality of care provided in a failing hospital could be well below 

19 In this comparison we are assuming that had the hospital not closed in a zip code, ambulances in the zip code 
would have experienced the same change in total response times as ambulances in zip codes where a hospital did not 
close. Throughout the paper we will use this same metric when computing the percentage change in times in zip 
codes where a hospital closed.  
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the quality provided in the next closest hospital, which could mean that a patient receives much 

better treatment at the next closest hospital (Nicholl et al., 2007; Buchmueller et al., 2006).20  

In order to provide evidence on this issue, we estimate our regressions separately for hospital 

closures in rural and urban zip codes.21 The results for hospital closures occurring in rural zip 

codes are presented in Table 5 while the results for hospital closures in urban zip codes are 

presented in Table 6. The results in Table 5 show that a hospital closure in a rural area is 

associated with over a fifteen-minute relative increase in total response time. This estimate is 

both statistically significant and meaningful as it represents an almost fifty percent increase in 

total response time relative to the year prior to the closure. Looking at the results for transport 

time, we continue to see that most of this increase is the result of a significant increase in 

transport time. However, we also see that relative scene time increased by 1.84 minutes for rural 

zip codes where a hospital closed, which represents an eighteen percent increase over the scene 

time in the prior year. This offers some support for the Mueller et al. (2016) hypothesis that 

ambulance drivers spend more time at the scene providing additional treatment in anticipation of 

a longer time traveling to the hospital. We continue to see no relative increase in the time to 

scene, again suggesting that ambulance drivers do not change their behavior in response to a 

hospital closing in a rural area, at least in the short run.  

In contrast to the results for rural areas, the results in Table 6 for urban zip codes show that a 

hospital closure is associated with a decline in total response times in urban zip codes where a 

hospital closed, although the estimate is small in magnitude. We also see small negative 

coefficients in the Time to Scene and Scene Time regressions and insignificant coefficients in the 

Transport Time regressions. Based on these results it appears that a hospital closing in an urban 

zip code has almost no impact on patients’ ambulance call time in the zip code.  

Because Medicare-eligible people are proportionally the biggest users of ambulance services, 

we also examine the impact of a hospital closure on this group by restricting our estimation to 

only include data where the patient is sixty-five years old or older. The results are reported in 

20 Unfortunately, our data do not allow us to address these issues either.  
21 In our propensity score matching procedure, we do include a dummy for the population density of the zip code as 
a measure of the ruralness of a zip code in the logit model estimating the probability that a zip code contains a 
hospital that closes. However, we do not force rural zip codes to be matched exclusively to other rural zip codes, or 
urban zip codes only match with urban zip codes. So, it is possible for the comparison group of rural zip codes to 
contain urban zip codes and vice-versa.  
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Table 7 for all zip codes, and Tables 8 and 9 for rural and urban zip codes, respectively. The 

estimates reported in Table 7 provide evidence suggesting that a hospital closure may have a 

larger impact on older patients relative to patients younger than sixty-five years old. In column 

(2) the estimate shows that over all zip codes in our data, a hospital closure is associated with a

greater than four-minute relative increase in total response time with most of the increased time

coming from a relative increase in transport time. Relative to the prior year, this represents a ten

percent increase for total response time and a twenty-two percent increase in transport time.

Tables 8 and 9, show that the impact of a hospital closure for this population is also substantially

larger in rural areas relative to urban areas with the largest changes occurring in the transport

time. For the rural areas additional transport time is 15.6 minutes, sixty-one percent increase over

the prior year.

Robustness Checks

As we discussed earlier, one concern with our data is that there is an increase in the number 

of states and the number of regions within a state that report data to NEMIS overtime. In order to 

see if this increase in the number of reporters in a year influences our results, we estimate our 

regression models separately by year of the hospital closure. We do this for all zip codes, as well 

as separately for rural and urban zip codes. In this analysis we focus exclusively on total 

response time as our dependent variable. The results for all zip codes are presented in Appendix 

Table A1, the results for rural zip codes are presented in Appendix Table A2 and the results for 

urban zip codes are presented in Appendix Table A3. In all three tables the coefficient showing 

the relative impact of a hospital closure tends to vary across the years of the data. This is likely 

because in any given year we have relatively few zip codes where a hospital closes. However, 

overall the results continue to show that the impacts are larger in rural areas and smaller in urban 

areas (with the exception of 2011). It also appears that the largest estimate of the impacts of a 

hospital closing is found for match year 2011. Based on this finding we re-estimate our main 

regression equations dropping data from 2011 and find similar results.22 Other than this, we do 

not see any systematic pattern in the variation of the coefficients across years, providing some 

evidence that changes in the sample over the years are not biasing our results.  

22 Results available from the authors upon request. 
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Another factor that could affect our results is the implementation of the Affordable Care Act 

(ACA) in 2014. Given the results from Courtemanche et al. (2019) showing that the 

implementation of the ACA leads to an increase in the number of ambulance calls and an 

increase in the time it took an ambulance to get to the scene of a motor vehicle accident, we re-

estimated all of our basic regressions including a dummy variable for the year after the 

implementation of the ACA (2014 and 2015). Including this variable had no impact on our 

results.23 We also do not see any differences in the 2014 estimates relative to the other years in 

Tables A1-A3, which again suggests that the implementation of the ACA is not impacting our 

results.  

One possibility we are concerned about is whether ambulance operators anticipate that a 

hospital is going to close and start transporting patients to the next closest hospital prior to the 

hospital closing. One reason this might occur is if the quality of care a hospital provides is a 

signal of the future closing of a hospital and the ambulance operator responds to this decline in 

care by choosing to transport patients to a different hospital. In order to examine whether this 

potential change in behavior by ambulance owners prior to the hospital closing is affecting our 

results we perform a falsification test by seeing whether we can identify an effect prior to the 

date the hospital closes. To perform this test, we code the hospital as having closed two years 

earlier than the actual closing date and re-estimated our regressions. For example, for treated and 

comparison zip codes associated with a hospital closure in 2014, we code the closure year as 

2012 and then examine the change in ambulance response times between 2011 and 2013. We 

select two years earlier to avoid including data on ambulance response times in the year in which 

the hospital actually closes. Because the NEMSIS data are only available back to 2010, we can 

run this test for only two years, 2013 and 2014 using the data from 2010 through 2012. We 

report the results from this test for all zip codes in Appendix Table A4, for rural zip codes in 

Appendix Table A5 and for urban zip codes in Appendix Table A6.   

The coefficient estimates reported in Appendix Table A4 suggest that ambulance operators 

are adjusting their behavior prior to a hospital closing. In this table we see that relative total 

response times in zip codes with future hospital closures increased by 6.3 minutes in the year 

prior to the hospital closing, and that most of this change is due to the relative increase in 

23 Results available from the authors upon request. 
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transport time. Looking at the results in Appendix Table A5 we see no significant change in any 

of the times in the years prior to the hospital closing in rural zip codes. There is no evidence that 

ambulance operators change their behavior in rural areas in reaction to the future closing of a 

hospital. In contrast, in Appendix Table A6 we see that in urban areas response times experience 

a relative increase of 10.6 minutes in regressions where we include all of our controls (column 2) 

and that this change results from a relative increase in the time an ambulance spends at the scene 

of 4.0 minutes, and an increase transport time of 5.5 minutes. If we combine the estimate of 10.6 

from the Total Response Time regression in Appendix Table A6 column (2) with the estimate of 

-0.79 from the Total Response Time regression in Table 6 column (2), we have an estimated

overall impact of a relative increase in total response time in urban areas of 9.8 minutes. This is

certainly much larger than the estimate in Table 6 but remains smaller than the estimated relative

increase in total response time in rural areas from Table 5. The results from this falsification test

provide evidence that hospital closures in urban areas do result in an increase in ambulance

response times, but that the increase is in the year prior to the hospital closing is still smaller than

the increase in rural areas.

Another issue we want to examine further is whether changes in individuals’ behavior could 

account for some of the changes we see. As mentioned in the literature review, one possibility is 

that if patients know their local hospital has closed and they will face a longer ride in an 

ambulance they may seek alternative ways to get to the hospital, may be more likely to wait and 

see their primary care provider, or may only call an ambulance for more severe emergencies. 

Any of these changes could results in ambulances having to deal with more severe cases which 

take more time to treat which could lead to longer total responses times.24 We start by comparing 

changes in the number of ambulance calls in our treated zip codes with changes in the number of 

ambulance calls in the comparison zip codes. We find that the number of calls increases in both 

treated and comparison zip codes, with the percentages change being larger in treated zip codes.  

We also looked for any systematic changes in the reasons why individuals are calling an 

ambulance. The NEMSIS data provide the chief complaint reported to the dispatcher. The top 

four complaints by percent of all calls are Sick Person (18%), Breathing Problem (12%), Fall 

Victim (10%) and Chest Pain (9%). We look at whether there is any differential change in the 

24 We see some evidence of this in Table 5 for rural areas where there is a significant relative increase in scene time 
in zip codes where a hospital has closed.  
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distribution of complaints for patients in treated and comparison zip codes. We find no evidence 

of any differential change in the distribution of complaints in all areas and when we look 

separately at rural and urban zip codes.  It does not appear that people are calling an ambulance 

relatively less often or for different reasons immediately after a hospital closes in a zip code.25  

V. Conclusions

Over the years, stakeholders such as the Medicare program, the National Rural Health

Association and the American Hospital Association, have prioritized maintaining local access to 

emergency services especially in rural communities. For example, in 1997, the Medicare Rural 

Hospital Flexibility grant was established to, among other things, assist in maintaining 

emergency services in rural areas.26 In the 2017 annual report of the Medicare Payment Advisory 

Commission, the commissioners stressed the need to find more efficient and financially stable 

ways to deliver emergency services in rural communities. The National Advisory Committee on 

Rural Health and Human Services (2016) in a policy brief emphasized the need for ambulance 

services when discussing preserving access to emergency care. 

Our study contributes to the conversation about emergency care by focusing on ambulance 

service. It is the only study we know of that measures changes in ambulance call times when 

there has been a hospital closure—a major shock to health care in the community. Taking all the 

results together, we conclude that a hospital closure in a rural area has a much larger impact on 

the total time it takes an ambulance to transport a patient to the hospital and the total time in an 

ambulance in rural areas is more impacted by hospital closures than in urban areas. Compared to 

zip codes with a similar probability of having a hospital closure, patients in the rural treated zip 

codes experience a sixteen minute increase in total response time, which represents a forty-six 

percent increase, and experience on average fourteen minutes or almost a doubling in the time 

spent in the ambulance getting to the hospital. We also find evidence that older patients—

Medicare-eligible patients—experience an even larger increase in total response time in rural 

area after a hospital closes of eighteen minutes. The empirical methodology we employ allows us 

to make a plausible causal argument that in the short run, within one year of closure, rural and 

elderly patients are particularly affected by hospital closures.  

25 Both of these results are available from the authors upon request.  
26 Information about the Medicare Rural Hospital Flexibility program can be found at www.ruralcenter.org/tasc. 

http://www.ruralcenter.org/tasc
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When a hospital and ED closes, it is important to think about who is most likely affected by 

the closure and how the changes impact their access to care. Previous studies found both rural 

and urban communities where hospitals closed tended to have a higher percentage of elderly and 

poor residents in addition to higher unemployment rates and a higher percentage of blacks and 

Hispanics patients (Kaufman et al., 2016; Thomas et al., 2015). More than half the hospitals in 

the country are in rural areas and are the primary source of emergency medical services in these 

communities. When asked to rank attributes of rural health care facilities in a recent study, rural 

residents strongly valued access to emergency services through EDs in their communities (Allen, 

Davis, Hu, & Owusu-Amankwah, 2015; Buchmueller et al., 2005). 

Our analysis has some important limitations. We only consider zip codes where a hospital 

closed and selected comparison zip codes with hospitals. We do not observe how patients in 

neighboring zip codes are affected. We also only focus on short-run effects. In the long run the 

effect may change because the ambulance service may change locations to optimize service, or 

residents may move due to job loss at the hospital or to be closer to ED services. 

Since we do not have information about patient health outcomes, we cannot comment 

directly on the important question of how changes in total response time and transport time 

impact patient outcomes. However, based on our results and earlier studies in urban areas it 

seems that there are likely only minimal impacts on patient health resulting from changes in 

ambulance service where a hospital closes, because we see only small changes in the time 

patients spend in an ambulance after a hospital closes in an urban area.  For rural areas, we do 

not expect a change in health outcomes due to the time to scene and scene time as these times are 

unchanged from pre to post year of the hospital closure. The only health change due to the 

hospital closure would be the added transport time to the hospital ED. Unfortunately, there is 

very little literature addressing this component of the ambulance trip and its effect on health 

outcomes and the literature that does exist tends to only examine patients with certain conditions 

and finds conflicting results, with some studies reporting increases in transport time leading to an 

increase in mortality, while others find no impact on mortality from increased transport time 

(Jena et al., 2017; Newgard et al., 2010; Nicholl et al., 2007). In the end, our study does point out 

the importance of tying data from the ambulance transport with patient outcome data in order to 

assess the full cost of a hospital closure, particularly in rural areas.  
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Figure 1: Hospital Closures, 2011-2014 
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Census regions: Northeast: CT ME MA NH NJ NY PA RI VT; Midwest. IA IL IN KS MI MN MO NE ND OH SD 
WI; South: AL AR DE DC FL GA KY LA MD MS NC OK SC TN TX VA WV; West: AK AZ CA CO HI ID MT 
NM NV OR UT WA WY 

Table 1: Characteristics of Selected Hospital Closures and All Closures, 2011-2014 
Closures selected 

for study All closures 
Number of hospitals (all years) 51 91 
Urban (%) 44.0 52.7 
Rural (%) 56.0 47.3 
Mean number of beds  
        (standard deviation) 

123.7 
(181.2) 

109.9 
(147.3) 

Census Region (%) 
Northeast 22.0 14.3 
Midwest 14.0 16.5 

South 52.0 56.0 
West 12.0 12.2 
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Table 2: Mean Patient, Ambulance Service and Incident Characteristics, across ambulance 
calls for the matched sample 

Variable Total Treated Comparison Urban Rural 
Patient characteristics 

Female (%) 54.71 53.00 54.72 54.51 55.55 
  Age (mean in years) 55.94 51.97 55.96 55.32 58.62 
Ambulance service characteristics 

Ownership type (%) 
Community Nonprofit 12.68 20.58 12.64 12.72 12.51 

Fire Department 26.08 19.50 26.11 27.94 18.16 
Government Non fire 23.49 14.74 23.53 23.51 23.41 

Hospital 14.55 11.99 14.56 12.77 22.14 
Private Non-Hospital 23.20 33.19 23.15 23.06 23.78 

Staff medical status (%) 
EMT Basic 4.36 1.08 4.37 4.19 5.06 

EMT Intermediate 1.47 2.30 1.46 1.01 3.42 
EMT Paramedic 85.14 84.28 85.14 85.27 84.57 

Other medical 9.04 12.34 9.02 9.52 6.94 
Staff volunteer/non-volunteer(%) 

Mixed 18.54 3.78 18.54 17.76 21.49 
Non-volunteer 78.98 92.09 78.98 80.37 73.38 

Volunteer 2.49 4.13 2.48 1.87 5.13 
Incident characteristics 

Census Region (%) 
Midwest 21.70 14.22 21.73 18.85 33.84 

Northeast 16.16 27.27 16.11 18.85 4.69 
South 53.34 42.82 53.39 53.76 51.55 
West 8.81 15.70 8.77 8.55 9.92 

Urban (%) 81.01 82.40 81.00 na na 
Time of day (%) 

Weekday 73.05 73.19 73.05 73.18 72.49 
Weekend 26.95 26.81 26.95 26.82 27.51 

Morning rush hour 12.57 12.09 12.57 12.37 13.41 
Evening rush hour 19.48 19.56 19.48 19.57 19.08 

Number of observations 13,779,096 62,163 13,716,933 11,161,907 2,617,189 
Census regions: Northeast: CT ME MA NH NJ NY PA RI VT; Midwest. IA IL IN KS MI MN MO NE ND OH SD 
WI; South: AL AR DE DC FL GA KY LA MD MS NC OK SC TN TX VA WV; West: AK AZ CA CO HI ID MT 
NM NV OR UT WA WY 
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Table 3: Mean Ambulance Call Times by Group and Pre and Post Match Year, minutes 
Treated Comparison 

Pre 
(1) 

Post 
(2) 

Diff 
(3) 

Pre 
(4) 

Post 
(5) 

Diff 
(6) 

Diff-in-Diff 
(7) 

Total 
Response 
Time 

37.43 
(17.5) 

38.62 
(17.1) 

1.18* 
(0.144) 

33.99 
(16.6) 

34.02 
(16.4) 

0.03* 
(0.009) 

1.15* 
(0.145) 

Time to 
Scene 

8.00 
(6.1) 

7.41 
(5.0) 

-0.59*
(0.046)

7.60 
(5.6) 

7.63 
(5.5) 

-0.03*
(0.003)

-0.62*
(0.048)

Scene Time 15.95 
(8.6) 

15.93 
(9.5) 

-0.02
(0.077)

15.18 
(8.0) 

15.25 
(8.1) 

-0.06*
(0.004)

-0.08
(0.075)

Transport 
Time 

13.48 
(12.4) 

15.27 
(12.5) 

1.79* 
(0.104) 

11.21 
(11.6) 

11.14 
(11.3) 

0.07* 
(0.006) 

1.86* 
(0.104) 

Number of 
Observations 22,313 39,850 6,125,989 7,590,944 

Note: Mean and (standard deviation) shown for columns 1, 2, 4 and 5. Standard errors shown in 
columns 3, 6 and 7 with “*” indicating (P < .01). The data include 911 transport by EMS to hospital, all 
ages. Observations are deleted if total response time (time to scene+ scene time + transport time) <10 
and >120 minutes and time to scene, scene time, transport time and total call time are missing. 

Table 4: Total Response Time, Time to Scene, Scene Time and Transport Time for All 
Ambulance Calls (N=13,779,096) 

Total Response 
Time Time to Scene Scene Time Transport Time 

Independent 
variables (1) (2) (3) (4) (5) (6) (7) (8)

Constant 33.99* 30.78* 7.60* 7.31* 15.18* 9.42* 11.21* 14.05* 
(0.03) (0.08) (0.01) (0.03) (0.01) (0.04) (0.02) (0.07) 

year*hospital 
close 1.15* 1.79* -0.62* -0.40* -0.08 0.01 1.86* 2.19* 

(0.34) (0.29) (0.07) (0.07) (0.14) (0.13) (0.23) (0.20) 
year 0.03 0.28* 0.03* 0.10* 0.06* 0.11* -0.07 0.07* 

(0.03) (0.02) (0.01) (0.01) (0.01) (0.01) (0.03) (0.02) 
hospital close 3.44* 3.09* 0.40* 0.21* 0.77* 0.91* 2.27* 1.97* 

(0.19) (0.17) (0.06) (0.06) (0.06) (0.07) (0.14) (0.11) 
urban -0.33* 0.00 0.74* -1.07*

(0.05) (0.02) (0.01) (0.03)
Other controls No Yes No Yes No Yes No Yes
R-squared 0.0003 0.0332 0.0000 0.0233 0.0001 0.0401 0.0004 0.0244 
Note: Clustered standard errors for the destination day of the week, hour of the day, year of call and 
urban. 
Standard errors in parentheses = “* p<0.01" 
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Table 5: Total Response Time, Time to Scene, Scene Time and Transport Time for Rural 
Ambulance Calls (N=2,617,189) 

Total Response 
Time Time to Scene Scene Time Transport Time 

Independent 
variables (1) (2) (3) (4) (5) (6) (7) (8)

Constant 34.98* 33.71* 7.72* 8.55* 14.87* 10.80* 12.39* 14.36* 
(0.05) (0.15) (0.02) (0.05) (0.01) (0.05) (0.04) (0.12) 

year*hospital 
close 15.66* 15.67* -0.15 -0.13 1.69* 1.84* 14.12* 13.96* 

(0.43) (0.44) (0.13) (0.14) (0.19) (0.19) (0.34) (0.34) 
year -0.07 -0.05 0.03 0.06* 0.05* 0.01 -0.16* -0.12*

(0.06) (0.05) (0.02) (0.02) (0.02) (0.01) (0.05) (0.04) 
hospital close 2.09* 0.48 0.55* -0.33* -0.28 -0.44* 1.82* 1.24* 

(0.34) (0.32) (0.10) (0.11) (0.12) (0.12) (0.27) (0.25) 
Other controls No Yes No Yes No Yes No Yes 
R-squared 0.0018 0.0280 0.0000 0.0301 0.0001 0.0313 0.0024 0.0256 
Note: Clustered standard errors for the destination day of the week, hour of the day, year of call and 
urban. 
Standard errors in parentheses = “* p<0.01" 

Table 6: Total Response Time, Time to Scene, Scene Time and Transport Time for Urban 
Ambulance Calls (N=11,161,907) 

Total Response 
Time Time to Scene Scene Time Transport Time 

Independent 
variables (1) (2) (3) (4) (5) (6) (7) (8)

Constant 33.75* 29.79* 7.57* 7.08* 15.26* 9.92* 10.91* 12.79* 
(0.03) (0.07) (0.01) (0.03) (0.01) (0.05) (0.02) (0.07) 

year*hospital 
close -1.41* -0.79* -0.68* -0.51* -0.55* -0.55* -0.18 0.27 

(0.34) (0.29) (0.08) (0.09) (0.16) (0.14) (0.20) (0.19) 
year  0.08 0.35* 0.04* 0.10* 0.06* 0.12* -0.01 0.12* 

(0.03) (0.02) (0.01) (0.01) (0.01) (0.01) (0.03) (0.02) 
hospital close 3.79* 3.77* 0.36* 0.33* 1.09* 1.39* 2.35* 2.05* 

(0.22) (0.20) (0.07) (0.07) (0.07) (0.07) (0.15) (0.13) 
Other controls No Yes No Yes No Yes No Yes 
R-squared 0.0002 0.0393 0.0000 0.0235 0.0001 0.0446 0.0002 0.0265 
Note: Clustered standard errors for the destination day of the week, hour of the day, year of call and 
urban. 
Standard errors in parentheses = “* p<0.01" 
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Table 7: Total Response Time, Time to Scene, Scene Time and Transport Time for 
Medicare-Eligible Patients for All Ambulance Calls (N=5,573,997) 

Total Response 
Time Time to Scene Scene Time Transport Time 

Independent 
variables (1) (2) (3) (4) (5) (6) (7) (8)

Constant 35.40* 40.67* 7.71* 8.22* 16.72* 12.93* 10.97* 19.53* 
(0.03) (0.18) (0.01) (0.05) (0.02) (0.06) (0.03) (0.12) 

year*hospital 
close 4.78* 4.35* -0.67* -0.74* 0.53* 0.36* 4.93* 4.73* 

(0.39) (0.38) (0.10) (0.10) (0.14) (0.14) (0.31) (0.30) 
year 0.29* 0.45* 0.05* 0.10* 0.18* 0.22* 0.06 0.13* 

(0.03) (0.02) (0.01) (0.01) (0.02) (0.01) (0.03) (0.02) 
hospital close 3.64* 3.16* 0.60* 0.33* 0.76* 0.81* 2.27* 2.02* 

(0.22) (0.22) (0.08) (0.08) (0.09) (0.10) (0.16) (0.15) 
urban 0.72* 0.18* 1.23* -0.69*

(0.05) (0.02) (0.02) (0.04)
Other controls No Yes No Yes No Yes No Yes
R-squared 0.0007 0.0297 0.0000 0.0274 0.0002 0.0137 0.0009 0.0258 
Note: Clustered standard errors for the destination day of the week, hour of the day, year of call and 
urban. 
Standard errors in parentheses = “* p<0.01" 

Table 8: Total Response Time, Time to Scene, Scene Time and Transport Time for Medicare-
Eligible Patients for Rural Ambulance Calls (N=1,204,171) 
Total Response 

Time Time to Scene Scene Time Transport Time 

Independent 
variables (1) (2) (3) (4) (5) (6) (7) (8)

Constant 35.25* 50.44* 7.62* 10.54* 15.84* 14.65* 11.79* 25.25* 
(0.07) (0.32) (0.02) (0.08) (0.02) (0.09) (0.06) (0.26) 

year*hospital 
close 17.64* 17.62* -0.16 -0.19 2.18* 2.27* 15.62* 15.55* 

(0.59) (0.60) (0.20) (0.21) (0.26) (0.27) (0.45) (0.44) 
year 0.15 0.12 0.06* 0.09* 0.15* 0.12* -0.06 -0.08

(0.07) (0.06) (0.02) (0.02) (0.02) (0.02) (0.06) (0.04)
hospital close 2.81* 1.31* 0.87* 0.19 -0.18 -0.36 2.13* 1.48*

(0.44) (0.44) (0.14) (0.15) (0.16) (0.17) (0.34) (0.32)
Other controls No Yes No Yes No Yes No Yes
R-squared 0.0025 0.0391 0.0001 0.0293 0.0003 0.0172 0.0029 0.0366 
Note: Clustered standard errors for the destination day of the week, hour of the day, year of call and 
urban. 
Standard errors in parentheses = “* p<0.01" 
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Table 9: Total Response Time, Time to Scene, Scene Time and Transport Time for Medicare-
Eligible Patients for Urban Ambulance Calls (N=4,369,826) 

Total Response 
Time Time to Scene Scene Time Transport Time 

Independent 
variables (1) (2) (3) (4) (5) (6) (7) (8)

Constant 35.44* 38.75* 7.73* 7.78* 16.97* 13.78* 10.74* 17.19* 
(0.03) (0.13) (0.01) (0.05) (0.01) (0.07) (0.02) (0.09) 

year*hospit
al close 0.96* 0.49 -0.80* -0.89* -0.12 -0.36 1.88* 1.74* 

(0.36) (0.33) (0.11) (0.12) (0.17) (0.16) (0.27) (0.27) 
year 0.32* 0.52* 0.05* 0.10* 0.17* 0.24* 0.11* 0.18* 

(0.03) (0.02) (0.01) (0.01) (0.01) (0.01) (0.03) (0.02) 
hospital 
close 3.98* 3.69* 0.51* 0.35* 1.22* 1.32* 2.25* 2.02* 

(0.25) (0.24) (0.10) (0.10) (0.11) (0.12) (0.18) (0.16) 
Other 
controls No Yes No Yes No Yes No Yes 

R-squared 0.0004 0.0327 0.0000 0.0301 0.0002 0.0118 0.0004 0.0256 
Note: Clustered standard errors for the destination day of the week, hour of the day, year of call and 
urban. 
Standard errors in parentheses = “* p<0.01" 
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Appendix Tables 

Appendix Table A1: Total Response Time in an Ambulance by Match Year for All Zip Codes 
Independent variables 2011 2012 2013 2014 
Constant 31.11* 30.24* 29.18* 31.71* 

(0.18) (0.13) (0.16) (0.12) 
year*hospital close 5.61* 2.62* 1.07 1.04* 

(0.63) (0.34) (0.54) (0.36) 
year 0.19* 0.09 0.38* 0.40* 

(0.06) (0.05) (0.05) (0.04) 
hospital close 1.87* 1.30* 1.23* 6.88* 

(0.23) (0.22) (0.40) (0.28) 
urban 0.40* -0.77* -0.42* -0.26*

(0.07) (0.07) (0.09) (0.07)
Other controls Yes Yes Yes Yes
R-squared 0.0216 0.0370 0.0385 0.0374
Observations 1,936,413 3,725,609 2,442,316 5,674,758 
Note: Clustered standard errors for the destination day of the week, hour of the day, year of call and 
urban. 
Standard errors in parentheses =" * p<0.01"  

Appendix Table A2: Total Response Time in an Ambulance by Match Year for Rural Zip 
Codes 

Independent variables 2011 2012 2013 2014 
Constant 33.06* 35.27* 32.46* 34.97* 

(0.31) (0.23) (0.29) (0.21) 
year*hospital close 7.46* 12.90* 20.27* 17.25* 

(0.79) (0.74) (0.57) (1.03) 
year 0.16 0.15 0.53* -0.65*

(0.13) (0.12) (0.16) (0.11)
hospital close -4.94* 2.72* -0.62 0.63

(0.51) (0.62) (0.48) (0.74)
Other controls Yes Yes Yes Yes
Observations 0.0242 0.0310 0.0329 0.0308
R-squared 545,769 747,782 433,779 889,859
Note: Clustered standard errors for the destination day of the week, hour of the day, year of call 
and urban. 
Standard errors in parentheses =" * p<0.01"  
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Appendix Table A3: Total Response Time in an Ambulance by Match Year for Urban Zip 
Codes 

Independent variables 2011 2012 2013 2014 
Constant 30.93* 28.34* 28.14* 30.82* 

(0.15) (0.09) (0.15) (0.10) 
year*hospital close 10.52* 1.42* -6.91* -0.56

(1.55) (0.26) (0.46) (0.36)
year 0.20* 0.06 0.37* 0.58*

(0.06) (0.04) (0.04) (0.04)
hospital close 2.78* 0.18 5.83* 7.65*

(0.24) (0.21) (0.42) (0.28)
Other controls Yes Yes Yes Yes
R-squared 0.0259 0.0463 0.0452 0.0425
Observations 1,390,644 2,977,827 2,008,537 4,784,899 
Note: Clustered standard errors for the destination day of the week, hour of the day, year of call and 
urban. 
Standard errors in parentheses =" * p<0.01"  

Appendix Table A4: Falsification Test for All Zip Codes (N=5,833,610) 
Total Response 

Time Time to Scene Scene Time Transport Time 

(1) (2) (3) (4) (5) (6) (7) (8)
Constant 34.18* 31.89* 7.61* 7.48* 15.18* 10.33* 11.39* 14.08* 

(0.03) (0.10) (0.01) (0.04) (0.01) (0.03) (0.03) (0.07) 
year*hospital close 7.69* 6.32* 0.91* 0.32 2.76* 2.82* 4.02* 3.18* 

(0.41) (0.41) (0.14) (0.14) (0.16) (0.16) (0.26) (0.25) 
year -0.54* -0.02 -0.10* 0.02 -0.02 0.10* -0.42* -0.14*

(0.05) (0.04) (0.02) (0.02) (0.02) (0.01) (0.04) (0.03) 
hospital close -1.39* -1.27* 0.18 -0.07 -1.53* -1.17* -0.04 -0.03

(0.30) (0.28) (0.11) (0.11) (0.11) (0.11) (0.18) (0.17) 
urban -0.49* -0.02 0.67* -1.15*

(0.06) (0.02) (0.02) (0.04)
Other controls No Yes No Yes No Yes No Yes
R-squared 0.0005 0.0325 0.0001 0.0249 0.0001 0.0404 0.0005 0.0227 
Note: Clustered standard errors for the destination day of the week, hour of the day, year of call and 
urban. 
Standard errors in parentheses = “* p<0.01” 
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Appendix Table A5: Falsification Test for Rural Zip Codes (N=1,125,039) 
Total Response Time Time to Scene Scene Time Transport Time 

(1) (2) (3) (4) (5) (6) (7) (8)
Constant 35.00* 35.92* 7.69* 8.98* 14.77* 11.00* 12.54* 15.94* 

(0.08) (0.18) (0.02) (0.06) (0.02) (0.05) (0.07) (0.15) 
year*hospital close -3.00* -2.22* -0.75* -1.41* 0.02 0.57 -2.27* -1.38

(0.76) (0.80) (0.29) (0.30) (0.31) (0.32) (0.57) (0.59) 
year -0.07 -0.06 -0.05 -0.03 0.29* 0.19* -0.31* -0.23*

(0.11) (0.10) (0.03) (0.03) (0.02) (0.02) (0.10) (0.07) 
hospital close 3.80* 1.99* 1.20* 0.77* 0.06 -0.34 2.54* 1.55*

(0.66) (0.71) (0.26) (0.26) (0.25) (0.27) (0.50) (0.52) 
Other controls No Yes No Yes No Yes No Yes 
R-squared 0.0000 0.0250 0.0001 0.0327 0.0003 0.0349 0.0001 0.0216 

Note: Clustered standard errors for the destination day of the week, hour of the day, year of call and 
urban. 
Standard errors in parentheses = “* p<0.01” 

Appendix Table A6: Falsification Test for Urban Zip Codes (N=4,708,571) 
Total Response Time Time to Scene Scene Time Transport Time 

(1) (2) (3) (4) (5) (6) (7) (8)
Constant 33.93* 30.59* 7.59* 7.13* 15.30* 10.97* 11.04* 12.49* 

(0.04) (0.08) (0.02) (0.03) (0.01) (0.04) (0.03) (0.06) 
year*hospital 
close 11.26* 10.55* 1.44* 1.02* 3.75* 4.04* 6.07* 5.49* 

(0.36) (0.36) (0.15) (0.15) (0.18) (0.18) (0.23) (0.22) 
year -0.56* -0.03 -0.10* 0.03 -0.12* 0.09* -0.34* -0.15*

(0.05) (0.05) (0.02) (0.02) (0.02) (0.01) (0.04) (0.03) 
hospital close -2.84* -2.81* -0.10 -0.41* -1.99* -1.65* -0.74* -0.76*

(0.27) (0.27) (0.11) (0.11) (0.11) (0.12) (0.16) (0.15) 
Other controls No Yes No Yes No Yes No Yes 
R-squared 0.0007 0.0380 0.0001 0.0256 0.0002 0.0443 0.0006 0.0239 

Note: Clustered standard errors for the destination day of the week, hour of the day, year of call and 
urban. 
Standard errors in parentheses = “* p<0.01” 
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Rural/Urban Disparities in the Utilization of Health and Behavioral 

Assessments/Interventions in the Fee-for-Service Medicare Population 

Christian Rhudy; Eugene Shin; Jeffery Talbert, PhD 

Overview of Key Findings 

▪ In 2016, rural county residents represented 21.8% of the fee-for-service (FFS) Medicare population, but
only 1.6% of rural FFS beneficiaries live in a county with local utilization of Health and Behavioral
Assessments and Interventions (HBAI) services.

▪ Utilization of HBAI services in 2016 occurred in 19 (9.7%) rural counties and 176 (90.3%) urban
counties.

▪ Average utilization rates of HBAI services were higher in rural counties than urban counties (0.7% vs.
0.4%).

Introduction 

Identifying behaviors that contribute to a disease state and modifying them can be an important step in the 
treatment process. For this reason, it is recommended that primary care providers conduct Health and 
Behavioral Assessments and Interventions (HBAI) for many conditions, including poor diet, diabetes, obesity, 
cancer, and HIV.1-6 HBAI begins with an assessment of the need for an intervention, which may come in the 
form of an interview or questionnaire. If an intervention is deemed necessary, the patient may be provided 
education or behavioral counseling, or referred to counseling groups or other resources.2,3

The benefits of HBAI and similar applications of psychological assessment and counseling in primary care can 
have a substantial impact on patient outcomes. In diabetes, psychological factors have been shown to influence 
control of blood sugar, and provision of counseling services as needed for diabetics is recommended.4 Group 
counseling sessions for HIV and cancer, provided as the result of HBAI, have been tied to positive changes in 
immunologic and endocrine function, especially when provided early.6 Many patients also feel there is value in 
counseling and express interest in assessment and counseling services for weight management, smoking 
cessation, chronic pain, and general health management.7 HBAI is covered by Medicare during evaluation and 
management visits for patients with a variety of chronic conditions when a biopsychosocial factor may be 
affecting therapy. Up to 4, 15-minute units of HBAI may be submitted before documentation of medical 
necessity is required.8
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While a significant number of patients may express interest in counseling, fewer utilize counseling resources, 
reporting barriers such as cost.7 Disparities in the provision of counseling on diet and nutrition have been shown 
to exist based upon certain demographic factors including gender, ethnicity, education level, and insurance 
coverage.9 Geographic location in the U.S. has also been proposed as a predictor of utilization, with patients in 
the Northeast being more likely than those in the Midwest, South, and West to receive diet/nutrition and 
exercise counseling services. Patients in metropolitan areas were also observed to receive diet/nutrition 
counseling.10 The objective of this study was to further investigate geographic disparities and identify the 
availability of HBAI services in rural and urban communities by examining the population of FFS Medicare 
beneficiaries in 2016. 

Methods 

The Medicare Physician and Other Supplier Public Use File (PUF) provides information on services and 
procedures provided to fee-for-service (FFS) Medicare beneficiaries by physicians and other health care 
providers (including pharmacies and nurse practitioners).11 The PUF data contain information on utilization, 
payment, and charges by National Provider Identifier (NPI), Healthcare Common Procedure Coding System 
(HCPCS) code, and provider type for all providers delivering services to FFS Medicare beneficiaries. At the 
time of the study, 2016 was the most recent PUF available. The 2016 Medicare provider data were extracted and 
CPT codes 96150-96154 were used to determine the number of units of HBAI services provided, the number of 
health care providers administering the service, and the number of beneficiaries served by each provider. 
Provider services and beneficiaries were then aggregated at the county level using provider location data. Rural-
Urban Continuum Codes (RUCCs) were used to assign counties to rural versus urban designations, with codes 
1-3 designated as urban and codes 4-9 designated as rural.12 The 2016 FFS Medicare enrollment data were
observed in aggregate and applied at the county level to calculate the county utilization rate.12

Findings 

Table 1. Rural/Urban Enrollment in FFS Medicare Nationwide and Counties Utilizing HBAI Services, 2016

Total RUCC 1-3 RUCC 4-9 
Category Enrollees Enrollees Percentage Enrollees Percentage 

All 33,851,996 26,455,562 78.2% 7,396,434 21.8% 

In counties with HBAI utilization 11,136,195 10,952,480 98.4% 183,715 1.6% 

FFS Medicare enrollment increased to 33.9 million in 2016, with a roughly 4:1 ratio of enrollees residing in 
urban (RUCC 1-3) to rural (RUCC 4-9) counties (Table 1). In 2016, less than a third (11.1 million, 32.8%) of 
Medicare enrollees resided within a county utilizing HBAI services. Of those 11.1 million enrollees, 1.7% 
resided in rural regions, versus 98.3% in urban areas. As compared to the 1:4 ratio observed in total Medicare 
enrollment, this suggests rural enrollees may be less likely to utilize HBAI services. 

In 2016, a total of 497 unique providers administered 195,371 units of HBAI to 29,571 unique beneficiaries 
(Table 2). Rural HBAI providers represented 3.3% of the total provider population, 2.4% of the service units, 
and 2.9% of all beneficiaries. Comparatively, 96.7% of all HBAI providers were located in an urban county and 
provided 97.6% of all HBAI service units to 97.1% of the beneficiary population.  

On average, HBAI beneficiaries utilized 6.6 units of HBAI services in 2016. Rural beneficiaries utilized fewer 
units on average (5.5 units) compared to urban beneficiaries (6.6 units). The national average of HBAI units 
billed by an HBAI provider was 393.1. Urban providers billed more HBAI units on average (401.3 units) as 
compared to providers practicing in rural counties (216.0 units). 
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HBAI service utilization was observed in a total of 195 counties (176 urban; 19 rural). County utilization rates 
were calculated as the number of Medicare FFS beneficiaries using HBAI services divided by the number of 
Medicare FFS beneficiaries residing in a county. The average utilization rate for all counties was 0.4% in 2016. 
In rural counties the average utilization rate was 0.7%, while the mean urban utilization rate was 0.4%.  

Table 2. FFS Medicare HBAI Providers, Service Hours, and Beneficiaries in 2016

The geographic distribution of counties providing HBAI services in 2016 and their associated utilization rate 
can be observed in Figure 1. Services are concentrated around cities in the Northeast and West and are notably 
completely absent from states in the Midwest such as Nebraska and South Dakota. Interactive maps depicting 
the HBAI providers, service hours, beneficiaries, and utilization rates at the county level can be found at 
https://ruhrc.uky.edu/infographics/.    

Figure 1. FFS Medicare HBAI Providers, Service Hours, and Beneficiaries in 2016. 

Category Total RUCC 1-3 (Urban) RUCC 4-9 (Rural) 

Providers 497 475 22 
Service Units 195,371 190,618 4,753 
Beneficiaries 29,571 28,700 871 
Average County Utilization Rate 0.4% 0.4% 0.7% 

https://ruhrc.uky.edu/infographics/
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Conclusion/Discussion 

The data collected suggest a significant difference between the utilization of HBAI services in rural and urban 
counties in 2016. The average HBAI utilization rate is higher in rural counties; however, HBAI utilization 
occurs in disproportionately fewer rural than urban counties. Beneficiaries who utilized HBAI services in rural 
counties also typically utilized fewer units of services than beneficiaries in urban counties. The lack of 
utilization in many rural counties may be explained bylimited access to services in these counties, or that rural 
beneficiaries are traveling to urban locations to receive services. However, the exact cause cannot be determined 
by this analysis. Regardless, the pattern of lower utilization in rural counties may cause a disparity in outcomes 
between rural and urban residents. Using emerging technology or other methods to promote greater rural access 
to HBAI services may be important in addressing this disparity. 
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Rural/Urban Disparities in Utilization of Diabetes Self-Management Training 

to the Fee-for-Service Medicare Population 

Christian Rhudy; Aric Schadler, MS; and Jeffery Talbert, PhD 

Overview of Key Findings 

▪ In 2016, rural fee-for-service (FFS) Medicare beneficiaries represented 21.7% of the population
diagnosed with diabetes, but only 2.7% of the population utilizing Diabetes Self-Management Training.

▪ Utilization of DSMT services in 2016 occurred in 76 rural counties and 309 urban counties.
▪ Average utilization rates of DSMT services were greater in rural counties than urban counties (5.5% vs.

2.5%).

Introduction 

Diabetes mellitus (DM) is a complex chronic disease affecting 34.2 million people in the U.S. in 2018.1 
Unmanaged diabetes commonly can lead to complications such as cardiovascular disease, nephropathy, 
retinopathy, neuropathy, and other comorbid conditions. Effective management of diabetes and prevention of 
complications requires multiple treatment approaches, including patient self-management education.2  

Diabetes Self-Management Training (DSMT) is the process of providing patients with the management skills 
necessary for diabetes self-care in order to improve quality of life, clinical outcomes, and health status. DSMT 
may include a description of treatment options, beneficial lifestyle changes, or monitoring strategies, and it 
should be tailored to each patient’s individual needs.3 DSMT has been shown to improve patient knowledge, 
ability to self-treat, and health outcomes. Additionally, provision of DSMT has been observed to reduce the 
odds of hospitalization and emergency department (ED) visits in a cost-effective manner for Medicare 
beneficiaries.4 Medicare covers up to 10 hours of DSMT in the initial year of diagnosis, 1 hour of individual 
training and 9 hours of group training. Medicare may also cover up to 2 hours of follow-up training in the next 
calendar year after the patient receives their initial training.5 

For these reasons, DSMT is recommended for all patients upon diagnosis of diabetes and as needed thereafter.2,5 
Despite this recommendation, there is a low utilization rate of DSMT among patients newly diagnosed with 
diabetes.6,7 Utilization of DSMT services varies by several demographic factors, including age, race, insurance 
status, and the presence of comorbidities.6-9 The patient’s ability to utilize self-management techniques may also 
vary based upon patient cultural beliefs, perceived quality of patient-provider interaction, and other factors.10,11 
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Another important variable to examine in DSMT utilization is the availability of DSMT services in rural versus 
urban counties. Instances of diagnosed diabetes are higher in the Southeast, especially in rural areas.1 However, 
62% of rural counties do not have American Diabetes Association®/American Association of Diabetes 
Educators (ADA/AADE)-accredited DSMT programs.12 The objective of this study was to identify the extent of 
the rural/urban disparity in the utilization of DSMT in FFS Medicare beneficiaries in 2016. 

Methods 

The Medicare Physician and Other Supplier Public Use File (PUF) provides information on services and 
procedures provided to fee-for-service (FFS) Medicare beneficiaries by physicians and other health care 
providers (including pharmacies and nurse practitioners).13 The PUF data contain information on utilization, 
payment, and charges by National Provider Identifier (NPI), Healthcare Common Procedure Coding System 
(HCPCS) code, and provider type for all providers delivering services to FFS Medicare beneficiaries. At the 
time of the study, 2016 was the most recent PUF available. The 2016 Medicare provider data were extracted and 
HCPCS codes G0108 and G0109 were used to determine the number of units of DSMT services provided, the 
number of health care providers administering the service, and the number of beneficiaries served by each 
provider. Provider services and beneficiaries were then aggregated at the county level using provider location 
data. Rural-Urban Continuum Codes (RUCCs) were used to assign counties to rural versus urban designations, 
with codes 1-3 designated as urban and codes 4-9 designated as rural.14 The 2016 FFS Medicare enrollment 
data15 and diabetes prevalence rates16 were observed in aggregate and applied at the county level to calculate 
potentially eligible enrollees and DSMT utilization rates.  

Findings 

Table 1. Rural and Urban Enrollment in FFS Medicare Nationwide and in Counties Providing DSMT Services 

As seen in Table 1, in 2016 nationwide FFS Medicare enrollees increased to 33.9 million, with a roughly 4:1 
ratio of enrollees residing in urban (RUCC 1-3) to rural (RUCC 4-9) counties. More than a quarter (9.2 million, 
27.3%) of all FFS enrollees had diabetes. The ratio of urban to rural enrollees with diabetes was comparable to 
the urban to rural ratio for the total FFS population. 

Of these nationwide enrollees, just under half (16.1 million, 47.5%) resided in counties that provided DSMT 
services in 2016. Of the 9.2 million nationwide enrollees that had diabetes, 4.3 million (47.4%) lived in a county 
in which DSMT services were utilized. Approximately 4.2 million of this population lived in urban counties, or 
58.9% of all urban FFS enrollees with diabetes. Comparatively, only 120,045, or 6% of all rural FFS enrollees 
with diabetes resided in a county where DSMT services were utilized.  

 2016 Nationwide Medicare FFS Enrollees 
RUCC 1-3 (Urban) RUCC 4-9 (Rural) 

Category Total Enrollees Percentage Enrollees Percentage 

All 33,851,996 26,455,562 78.2% 7,396,434 21.8% 

With Diabetes 9,247,673 7,245,302 78.3% 2,002,371 21.7% 

2016 Medicare FFS Enrollees in Counties that Utilized DSMT Services 
All 16,086,764 15,611,227 97.0% 475,537 3.0% 

With Diabetes 4,385,009 4,264,964 97.3% 120,045 2.7% 
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In 2016, a total of 1,173 unique providers administered 208,821 units of DSMT services to 64,221 unique 
beneficiaries (Table 2). On average, DSMT beneficiaries utilized 3.2 units of services in 2016. Beneficiaries 
who used services in urban counties utilized more (3.3 units) on average, while beneficiaries in rural counties 
utilized less (3.0 units), suggesting shorter or fewer sessions of DSMT. Greater than 10 cumulative hours of 
DSMT has been associated with significant disease biomarker (A1c) improvement.17 The average DSMT 
provider administered 178 units of DSMT, and urban providers provided more DSMT (184 units) than those 
practicing in rural counties (126.8 units).  

Table 2. FFS Medicare DSMT Providers, Service Hours, and Beneficiaries in 2016

County utilization rates were calculated as the number of Medicare FFS beneficiaries using DSMT services in a 
county divided by the number of Medicare FFS beneficiaries with diabetes residing in a county. The overall 
average county utilization rate is 3.1%. When rural and urban counties are examined separately, rural counties 
are shown on average to have a higher utilization rate (5.5% rural; 2.5% urban).  

Figure 1. Diabetes Prevalence in the FFS Medicare Population in 2016

Category Total RUCC 1-3 (Urban) RUCC 4-9 (Rural) 

Providers 1,173 1,050 123 

Service Units 208,821 193,226 15,595 

Beneficiaries 64,221 59,003 5,218 

Average County Utilization Rate 3.1% 2.5% 5.5% 



Disparities in Provision of DSMT Policy Brief 

Rural & Underserved Health Research Center Page 281

Figure 1 displays diabetes prevalence by county in the FFS Medicare population. This can be compared to the 
actual utilization of DSMT services at the county level, as displayed in Figure 2. Services appear to be 
predominantly clustered around urban centers, especially in the Northeast and Midwest regions. In contrast, 
diabetes prevalence rates appear to be greatest in the Southeast and Southwest regions. Interactive maps 
displaying DSMT providers, service hours, beneficiaries and utilization rates at the county level can be found at 
https://ruhrc.uky.edu/infographics/. 

Figure 2. Counties with Utilization of DSMT and Associated Utilization Rate in 2016

Prevalence data from a total of 3,140 counties were observed, and utilization of DSMT services was observed to 
occur in 385 counties (Table 3). Counties where DSMT services were utilized appear to have a lower average 
prevalence of diabetes than counties without DSMT utilization. While the average prevalence of diabetes is 
similar between rural and urban counties, urban counties represented a much greater proportion (80.2%) of 
counties where DSMT utilization occurred.  

https://ruhrc.uky.edu/infographics/


Disparities in Provision of DSMT Policy Brief 

Rural & Underserved Health Research Center Page 282

Table 3. County Utilization of DSMT Services as Compared to Average County Prevalence, 2016

Conclusion/Discussion 

In 2016, the pattern of utilization of DSMT services by FFS Medicare beneficiaries is observed to vary based 
upon rural/urban residence. A much higher proportion of urban beneficiaries with diabetes resided in counties 
that utilized DSMT as compared to rural beneficiaries with diabetes. Moreover, while rural utilization rates of 
DSMT services were higher than urban rates, rural beneficiaries typically utilized fewer units of service than 
those in urban counties. The utilization of DSMT occurred in many fewer rural counties than urban counties, 
which cannot be wholly attributed to fewer eligible beneficiaries with diabetes. Finally, there is geographic 
evidence that DSMT services may not be utilized in areas with the greatest diabetes prevalence.  A lack of rural 
access to DSMT services, or rural beneficiaries traveling to urban providers to receive DSMT may be potential 
explanations for these observations. However, the limitations of the Medicare PUF prevent these possibilities 
from being further examined. Regardless of cause, the lower utilization of DSMT services may lead to a clinical 
outcome disparity between rural and urban patients. Expansion of ADA/AADE-accredited DSMT programs into 
rural areas, particularly in areas a significant distance from areas with urban programs, may help address this 
disparity and improve diabetes outcomes in rural populations. 

References 

1. Centers for Disease Control and Prevention. National Diabetes Statistics Report 2020. Atlanta, GA: Centers
for Disease Control and Prevention, U.S. Dept of Health and Human Services; 2020.

2. American Diabetes Association. Standards of medical care in diabetes – 2014. Diabetes Care
2014;37(Suppl 1):S14-S80.

3. Haas L, Maryniuk M, Beck J, et al. National standards for diabetes self-management education and support.
Diabetes Care 2013;36(Suppl 1):S100-S108.

4. Strawbridge LM, Lloyd JT, Meadow A, Riley GF, Howell BL. One-Year Outcomes of Diabetes Self-
Management Training Among Medicare Beneficiaries Newly Diagnosed With Diabetes. Med Care.
2017;55(4):391-397.

5. Medicare. Coverage for Diabetes Self-Management Training. Available at:
https://www.medicare.gov/coverage/diabetes-self-management-training. Accessed October 10, 2019.

6. Strawbridge LM, Lloyd JT, Meadow A, Riley GF, Howell BL. Use of Medicare's Diabetes Self-
Management Training Benefit. Health Educ Behav. 2015;42(4):530-538.

7. Li R, Shrestha SS, Lipman R, et al. Diabetes self-management education and training among privately
insured persons with newly diagnosed diabetes – United States, 2011-2012. MMWR Morb Mortal Wkly Rep.
2014;63(46):1045-1049.

All Counties Counties Utilizing DSMT Counties without DSMT Utilization 

Category Number 
Average 

 Prevalence of DM Number 
Average 

Prevalence of DM Number 
Average 

Prevalence of DM 

Total 3,140 26.8% 385 26% 2,755 26.9% 

Urban (RUCC 1-3) 1,165 27.1% 309 26.2% 856 27.4% 

Rural (RUCC 4-9) 1,975 26.6% 76 25% 1,899 26.7% 

https://www.medicare.gov/coverage/diabetes-self-management-training


Disparities in Provision of DSMT Policy Brief 

Rural & Underserved Health Research Center Page 283

8. Khairnar R, Kamal KM, Giannetti V, Dwibedi N, McConaha J. Barriers and facilitators to diabetes self-
management in a primary care setting – Patient perspectives. Res Social Adm Pharm. 2018;15(3)
DOI:10.1016/j.sapharm.2018.05.003.

9. Remler DK, Teresi JA, Weinstock RS, et al. Health care utilization and self-care behaviors of Medicare
beneficiaries with diabetes: comparison of national and ethnically diverse underserved populations. Popul
Health Manag. 2011;14(1):11-20.

10. Ruggiero L, Glasgow R, Dryfoos JM, et al. Diabetes self-management. self-reported recommendations and
patterns in a large population. Diabetes Care. 1997;20(4):568-576.

11. Shen H, Edwards H, Courtney M, McDowell J, Wei J. Barriers and facilitators to diabetes self‐management:
Perspectives of older community dwellers and health professionals in china. Int J Nurs Pract.
2013;19(6):627-635.

12. Centers for Disease Control and Prevention. Diabetes Report Card 2017. Atlanta, GA: Centers for Disease
Control and Prevention, U.S. Dept of Health and Human Services; 2018.

13. Centers for Medicare & Medicaid Services. Medicare Provider Utilization and Payment Data: Physician and
Other Supplier. Baltimore, MD: CMS. Available at: https://www.cms.gov/Research-Statistics-Data-and-
Systems/Statistics-Trends-and-Reports/Medicare-Provider-Charge-Data/Physician-and-Other-Supplier.html.
Accessed March 15, 2019.

14. U.S. Department of Agriculture, Economic Research Service. Rural-Urban Continuum Codes. Washington,
DC: USDA; 2013. Available at: https://www.ers.usda.gov/data-products/rural-urban-
continuumcodes/documentation.aspx.  Accessed March 17, 2019.

15. Centers for Medicare & Medicaid Services. Medicare Geographic Variation Public Use File. Baltimore,
MD: CMS. Available at: https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-
Reports/Medicare-Geographic-Variation/GV_PUF.html. Accessed June 29, 2019.

16. Centers for Medicare & Medicaid Services. Chronic Conditions. Baltimore, MD: CMS. Available at:
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Chronic-
Conditions/CC_Main.html. Accessed October 10, 2019.

17. Chrvala CA, Sherr D, Lipman RD. Diabetes self-management education for adults with type 2 diabetes
mellitus: a systematic review of the effect on glycemic control. Patient education and counseling. 2016 Jun
1;99(6):926-43.

Contact Information 

Jeff Talbert, Deputy Director, Rural and Underserved Health Research Center 
email: Jeff.talbert@uky.edu     website:  http://ruhrc.uky.edu 

Suggested Citation 

Rhudy C, Schadler A, Talbert J.  Rural/Urban Disparities in Utilization of Diabetes Self-Management Training 
to the Fee-for-Service Medicare Population.  Lexington, KY:  Rural and Underserved Health Research Center; 2020. 

https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.sapharm.2018.05.003
mailto:Jeff.talbert@uky.edu
http://ruhrc.uky.edu/


This project was supported by the Federal Office of Rural Health Policy (FORHP), Health Resources and Services Administration (HRSA), U.S. 
Department of Health and Human Services (HHS) under cooperative agreement # U1CRH30041. The information, conclusions and opinions 
expressed in this document are those of the authors and no endorsement by FORHP, HRSA, HHS, or the University of Kentucky is intended 
or should be inferred.  ©2020 Rural & Underserved Health Research Center, University of Kentucky 

 

Gr

Rural/Urban Disparities in Utilization of Medical Nutrition Therapy to the 

Fee-for-Service Medicare Population 

Christian Rhudy; Eugene Shin; Jeffery Talbert, PhD 

Overview of Key Findings 

▪ In 2016, 21.8% of the fee-for-service (FFS) Medicare population resided in a rural county, but only
3.7% of enrollees residing in a county with utilization of Medical Nutrition Therapy (MNT) services
were rural county residents.

▪ Utilization of MNT services in 2016 occurred in 92 rural counties and 388 urban counties.
▪ Average utilization rates of MNT services were greater in rural counties than urban counties (3.1% vs.

1.9%).

Introduction 

In the treatment of many disease states and conditions, lifestyle and dietary changes can be important to achieve 
positive outcomes. In order to guide effective dietary changes, patients with renal disease or diabetes can be 
provided Medical Nutrition Therapy (MNT). MNT involves the development of a nutrition plan for a patient 
with a physician or dietitian that is appropriate for the patient’s condition or disease state.1 After an assessment 
of the client, MNT involves determining the nutritional needs of the patient and prescribing a diet that will offer 
optimal outcomes.  

MNT plays an important role in the treatment of a variety of chronic conditions, including diabetes mellitus, 
hypertension, obesity, and chronic kidney disease.2-5 Usage of MNT services has been shown to decrease 
hemoglobin A1c values by 1%-2% in patients with diabetes mellitus,2 while also reducing systolic blood 
pressure up to 10 mmHg in hypertensive patients.3 Patients receiving MNT were also approximately twice as 
likely to obtain a clinically significant reduction in weight and were more likely to exercise more frequently.4 

Utilization of MNT in patients with chronic kidney disease was observed to delay dialysis and slow decline in 
kidney function.5 Medicare reimburses up to three hours of MNT services within the first year of diagnosis of 
either renal disease or diabetes. After the first year, Medicare will cover two further hours of MNT services per 
year.6 

Despite the effectiveness of MNT, comparatively low utilization rates have been observed in populations with 
certain disease states (such as diabetes mellitus).7 Additionally, differences in utilization and compliance with 
MNT-recommended regimens have been observed along socioeconomic and gender demographic lines.7-8  

 Policy Brief  June 2020 

University of Kentucky 
760 Press Ave. Suite 360 
Lexington, KY 40536 
ruhrc.uky.edu 

http://ruhrc.uky.edu/


Disparities in Provision of MNT Policy Brief 

Rural & Underserved Health Research Center Page 285

One potential variable affecting MNT utilization in the United States that has not yet been examined is the 
utilization of MNT services in rural versus urban communities. The objective of this study was to identify the 
utilization of MNT services in rural and urban communities by examining the population of Medicare fee-for-
service (FFS) beneficiaries in 2016. 

Methods 

The Medicare Physician and Other Supplier Public Use File (PUF) provides information on services and 
procedures provided to FFS Medicare beneficiaries by physicians and other health care providers (including 
pharmacies and nurse practitioners).9 The PUF data contain information on utilization, payment, and charges by 
National Provider Identifier (NPI), Healthcare Common Procedure Coding System (HCPCS) code, and provider 
type for all providers delivering services to FFS Medicare beneficiaries. At the time of the study, 2016 was the 
most recent PUF available. The 2016 Medicare provider data were extracted and HCPCS codes G0270 and 
G0271, as well as CPT codes 97802-97804, were used to determine the number of units of MNT services 
provided, the number of health care providers administering the service, and the number of beneficiaries served 
by each provider. Provider services and beneficiaries were then aggregated at the county level using provider 
location data. Rural-Urban Continuum Codes (RUCCs) were used to assign counties to rural versus urban 
designations, with codes 1-3 designated as urban and codes 4-9 designated as rural.10 The 2016 FFS Medicare 
enrollment data,11 as well as diabetes and chronic kidney disease (CKD) incidence rates,12 were observed in 
aggregate and applied at the county level to calculate potentially eligible enrollees and MNT utilization rates.  

Findings 

In 2016, FFS Medicare enrollees increased to 33.9 million (Table 1), with an approximate 4:1 ratio of enrollees 
residing in urban (RUCC 1-3) to rural (RUCC 4-9) counties. In this population, 9.2 million (27.3%) had 
diabetes, while 7.6 million (22.3%) had chronic kidney disease. Among FFS beneficiaries, 6.5 million (19.4%) 
had comorbid diabetes and CKD, which represents 38.9% of FFS beneficiaries with either diabetes or CKD. 
When examined separately, the ratio of urban to rural residence in enrollees with diabetes or CKD was 
comparable to the same ratio for the total FFS population.  

Table 1. Rural/Urban Enrollment in FFS Medicare Nationwide and in Counties Providing MNT Services, 2016

2016 Nationwide Medicare FFS enrollees 
RUCC 1-3 (Urban) RUCC 4-9 (Rural) 

Category Total Enrollees Percentage Enrollees Percentage 

All 33,851,996 26,455,562 78.2% 7,396,434 21.8% 
With Diabetes 9,247,673 7,245,302 78.3% 2,002,371 21.7% 

With CKD 7,562,534 6,024,435 79.7% 1,538,099 20.3% 
With Diabetes and CKD 6,533,747 * * * * 

2016 Medicare FFS Enrollees in Counties Where MNT Services Were Utilized 

All 19,410,855 18,697,835 96.3% 713,020 3.7% 
With Diabetes 5,300,610 5,117,576 96.5% 183,034 3.5% 

With CKD 4,419,866 4,276,853 96.8% 143,013 3.2% 
Eligible Enrollees* 5,939,208 5,739,993 96.6% 199,215 3.4% 

*Comorbidity rates of diabetes and CKD were unavailable at the county level. Eligible enrollees were estimated utilizing the
sum of beneficiaries with CKD/Diabetes less the national comorbidity average of 39.8%.
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Of all FFS Medicare enrollees in 2016, over half (19.4 million, 57.3%) resided in counties where MNT services 
were utilized. In these counties, 5.3 million (27.3%) FFS beneficiaries had diabetes, while 4.4 million (22.8%) 
had CKD. This group of enrollees resided predominantly in urban counties (96.3%). In subsets with diabetes or 
kidney disease, no marked differences in proportions of urban to rural residence were observed. 

The estimated number of eligible enrollees in counties utilizing MNT services was 5.9 million (30.6%). This 
estimate was calculated by adding the number of county enrollees with diabetes and CKD less the number of 
beneficiaries with comorbid CKD and diabetes. Because comorbidity rates were not publicly available at the 
county level, the number of beneficiaries with comorbid CKD and diabetes was estimated using the national 
average (39.8% of summed CKD/diabetes enrollees). 

In 2016, 1,533 unique providers administered 405,105 units of MNT services to 92,392 unique beneficiaries 
(Table 2). MNT beneficiaries utilized a mean 4.4 units of MNT services in 2016. Beneficiaries in rural counties 
utilized fewer units of MNT services on average (4.0 units) than those in urban counties (4.4 units). While there 
is no clinical recommendation for the amount of MNT a patient should receive as treatment is highly 
individualized, this does suggest that rural beneficiaries receive shorter or fewer sessions of MNT.12 The 
average MNT provider administered 264.3 units of MNT. MNT providers practicing in urban counties 
administered more than the national average (270.6 units), while rural providers typically administered 
significantly less (185.4 units). 

Table 2. FFS Medicare MNT Providers, Service Hours and Beneficiaries in 2016 

Category Total RUCC 1-3 (Urban) RUCC 4-9 (Rural) 

Providers 1,533 1,418 115 

Service Units 405,105 383,779 21,326 

Beneficiaries 92,392 87,116 5,276 

Average County Utilization Rate 2.1% 1.9% 3.1% 

County utilization rates were calculated as the number of Medicare FFS beneficiaries utilizing MNT services in 
a county divided by the estimated number of eligible enrollees in that county. The average county utilization 
rate for the total population was 2.1%. Rural counties on average had a higher utilization rate (3.1%) than urban 
counties (1.9%).  

Figures 1 and 2 display diabetes and chronic kidney disease prevalence by county in the FFS Medicare 
population. This can be compared to the actual utilization of MNT services at the county level, as displayed in 
Figure 3. Disease prevalence appears to be greatest in the Southeast, but services are more localized to the 
Northeast and Midwest. Interactive maps depicting MNT providers, service hours, beneficiaries, and utilization 
rates at the county level can be found at https://ruhrc.uky.edu/infographics/. 

https://ruhrc.uky.edu/infographics/
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Figure 1. Diabetes Prevalence in the FFS Medicare Population in 2016 

Figure 2. Chronic Kidney Disease Prevalence in the FFS Medicare Population in 2016
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Figure 3. Utilization of MNT Services in the FFS Medicare Population in 2016

Prevalence data from a total of 3,140 counties were observed, and utilization of MNT services was observed to 
occur in 480 counties (Table 3). While the average prevalence of chronic kidney disease/diabetes is relatively 
similar across rural and urban counties, MNT services were utilized in many more urban counties (388, 80.8%) 
than rural (92, 19.2%). When taken in the context of the overall greater number of rural counties (1,975 
compared to 1,165), the disparity is even more striking. 
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Table 3. County Utilization of MNT Services as Compared to Average County DM/CKD Prevalence, 2016

All Counties 

Category Number of Counties Average Incidence of Diabetes Average Incidence of CKD 

Total 3,140 26.8% 21% 

Urban (RUCC 1-3) 1,165 27.1% 22.2% 

Rural (RUCC 4-9) 1,975 26.6% 20.2% 

Counties Utilizing MNT 

Total 480 26.2% 21.8% 

Urban (RUCC 1-3) 388 26.5% 22.3% 

Rural (RUCC 4-9) 92 25.3% 19.8% 

Counties without MNT Utilization 

Total 2,660 26.9% 20.9% 

Urban (RUCC 1-3) 777 27.4% 22.2% 

Rural (RUCC 4-9) 1,883 26.7% 20.2% 

Conclusion/Discussion 

Based upon the observed patterns of MNT utilization, significant differences exist between rural and urban 
utilization. In counties where MNT services are utilized, utilization rates are higher in rural counties as 
compared to urban counties. However, utilization of MNT services occurs in far fewer rural counties than urban 
counties, and it occurs in lesser amounts per beneficiary as compared to urban utilization. The lack of utilization 
in rural counties cannot be explained by lower disease incidence and is not proportional to the rural segment of 
the FFS Medicare population. Low utilization in rural areas may be explained by a lack of rural access, or rural 
beneficiaries traveling to urban locations for treatment; however, these conditions could not be examined. 
Regardless of etiology, the lower utilization of MNT services in rural counties may lead to an outcome disparity 
as compared to urban counties. Finding methods to provide more MNT services to rural populations, via 
innovative health care organization structure or technology, may be key in addressing this observed disparity. 
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Diabetes Prevalence and Monitoring in Nonmetropolitan and Metropolitan Areas 
Within a Commercially Insured U.S. Population 

Lindsey Hammerslag, PhD; Jeffery Talbert, PhD 

Overview of Key Findings 

▪ Enrollees living in nonmetropolitan areas had 22% higher likelihood of having diabetes, even
after controlling for factors like age and region.

▪ The prevalence of diabetes in 2019-2020 was 7.9% in nonmetropolitan areas and 6.2% in
metropolitan areas.

▪ Annual hemoglobin A1c (HbA1c) testing occurred for 85.1% of nonmetropolitan and 85.7% of
metropolitan enrollees with diabetes. After controlling for other factors, we found significantly lower
testing for those in nonmetropolitan areas.

▪ For diabetic enrollees, having an HbA1c test in 2019 was associated with an 8% decrease in the
likelihood of non-cardiovascular complications related to diabetes and a 6% decrease in the
likelihood of inpatient diabetes care in 2020.

Introduction 
Compared to metropolitan (metro) areas, nonmetro areas have higher prevalence of diabetes and higher diabetes 
mortality rates.1,2 Survey-based estimates suggest that the nationwide prevalence of diabetes is 12.8% in nonmetro 
areas and 10.1% in metro areas.3 Diabetes prevalence and mortality also vary between regions in the U.S.4,5 For 
example, one study reported that nonmetro residents in the South and Midwest had 23%-29% higher oddsi of 
diabetes-related death, compared to metro residents, while differences were smaller in the West and nonexistent in 
the Northeast.2 Although diabetes mortality has declined in recent years, improvements in nonmetro areas, 
particularly in the South, have been relatively modest.6,7 Higher rates of diabetes prevalence and diabetes-related 
mortality are found alongside other challenges facing nonmetro communities, such as high rates of chronic disease7,8 
and limited access to health care, that can complicate type 2 diabetes prevention and management efforts.1,9 
Individuals living in nonmetro areas also have lower rates of achieving diabetes management goals.10 Although 
diabetes-related morbidity and mortality can be driven by multiple factors, differences in diabetes-related health care 

iOdds ratios compare the odds of an event happening in two groups. Odds are a bit different from probability because they measure the 
chance of something happening versus the chance of it not happening. For example, if the chance of winning a game is 1 in 3, the odds of 
winning are 1 to 2 (or 1:2), which means there is one chance of winning for every two chances of losing. Comparing odds ratios can help us 
understand how much more likely one group is to experience an event compared to another group. This can be especially useful when we 
want to understand differences between groups for rare events (i.e., when the chance of something happening is less than 10%). In these 
cases, we can use the terms "likelihood" or “risk” instead of odds ratio to make it easier to understand. 
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may contribute to differences in diabetes-related health issues, such as cardiovascular events, peripheral vascular 
disease, and inpatient hospitalization.11–13 

Annual hemoglobin A1c (HbA1c) testing is one metric that can be used to characterize the quality of diabetes 
management, as HbA1c testing is key to monitoring the progression of the disease and making lifestyle and 
medication adjustments as needed.14,15 The National Committee for Quality Assurance publishes the Health 
Effectiveness Data and Information Set (HEDIS®) guidelines,16 which can be used with administrative claims 
datasets to identify the rate of HbA1c testing and other markers of diabetes care, such as monitoring for nephropathy 
and conducting retinal eye exams. Despite a clear need to characterize potential differences in the quality of care 
provided to metro and nonmetro diabetic patients, to our knowledge there have not been any recent studies that have 
used national claims data sources to examine trends in diabetes care and diabetes-related health outcomes within 
metro and nonmetro communities.  

In the present study we used recent claims data, from services received between 2018 and 2020, to examine the 
prevalence of diabetes and to determine if patients with diabetes were more or less likely to receive HbA1c 
screening. We also examined the association between receipt of HbA1c testing in 2019 and diabetes-related health 
outcomes in 2020. Our findings could be used to inform policy discussions focused on reducing diabetes-related 
mortality in nonmetro communities.  

Methods 
Medical claims information was obtained from the IBM (now Meritave) MarketScan Commercial Claims and 
Encounters data.17 The study used data spanning from 2018-2020 to assess diabetes care and diabetes-related 
outcomes in 2019 and 2020. The study population was identified using specifications from an adjusted, uncertified, 
and unaudited version of HEDIS measures for comprehensive diabetes care,18 for measurement year 2020.19 Briefly, 
the study was limited to individuals with commercial insurance in 2019 or 2020 who had at least 11 months of 
continuous enrollment and were aged 18-64 by the end of the year. We excluded individuals who did not have a plan 
which reported pharmaceutical claims data to MarketScan, individuals who did not live in 1 of the 50 U.S. states or 
DC, and individuals who were missing information about their metropolitan statistical area (MSA). Enrollment 
information was used to stratify data by age, sex, state, region, and urbanization. Age was grouped into four 
categories (18 to 34, 35 to 44, 45 to 54, and 55 to 64) because the prevalence of diabetes more than quadruples 
between the ages of 18-44 and 45-64, from 4.2% to 17.5%,20 and it is not clear if age has a linear effect. Individuals 
with an MSA value of 0 were classified as living in a nonmetro area, while those with values of >0 were classified as 
living in a metro area. 21 The IBM MarketScan data used in this study did not include information about the race or 
ethnicity of individual enrollees. Crude information about the population racial and ethnic makeup was calculated for 
each year, state, and level of urbanization. This was done using the proportion of individuals that were non-Hispanic 
(NH) White according to U.S. Census data obtained from the CDC WONDER database; because the data were 
simplified to the state level and expressed as a percentage of the whole, we chose to simplify the measure of race and 
ethnicity (non-Hispanic White or not).22 People with diabetes were identified using the HEDIS definition,18 which 
incorporates pharmaceutical, inpatient, and outpatient claims from a given year (e.g., 2019) and the year prior (e.g., 
2018). A limitation of this approach was that the HEDIS definition does not require continuous enrollment in the 
year prior to the measurement year and thus some individuals with diabetes may have been misclassified as non-
diabetic if they did not meet the criteria for diabetes in the measurement year alone. In addition, the HEDIS definition 
does not differentiate between types of diabetes (e.g., type 1, type 2).     

We calculated prevalence as the total number of individuals with diabetes, out of all individuals who met the criteria 
for inclusion in the study population. Next, the sample was restricted to individuals with diabetes within either year 
and we determined if each individual had received an HbA1c test in the same year, using HEDIS definitions. Finally, 
we examined the impact of HbA1c testing in 2019 on 2020 health outcomes, using individuals with diabetes in 2019 
who remained eligible for inclusion in the study population through 2020. Two types of outcomes were considered: 
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serious diabetes-related complications and inpatient care. Because the majority of severe diabetes-related 
complications are cardiovascular,12 we separately examined cardiovascular and non-cardiovascular complications 
using ICD-10 code definitions from the Diabetes Complication Severity Index.12,13 Inpatient care was identified using 
HEDIS definitions for acute inpatient encounters and acute inpatient stays with a diabetes diagnosis.  

Weighted averages and estimates of standard error were generated for each outcome, using aggregated data from 
each state and level of stratification. Logistic regression models were used to estimate the relationship between the 
odds of diabetes or HbA1c testing and urbanization, controlling for age group, sex, region, year, and the proportion 
of individuals that were NH White in the enrollee’s living area (metro or nonmetro). For analysis of the association 
between 2019 HbA1c testing on 2020 health outcomes, we also controlled for whether each individual had 
experienced the event of interest (e.g., inpatient care) in 2019.  

Results 
The number of people meeting eligibility criteria was 11,324,683 in 2019 and 11,032,239 in 2020. Across the two 
years (22,356,922 person-years), 10.5% of enrollees lived in a nonmetro area (Table 1). A large percentage of 
individuals lived in the South (42.3%) and there were more women (51.3%) than men. A total of 6.4% (95% CI: 
6.1% - 6.7%) of enrollees had diabetes, with a higher proportion in nonmetro areas (7.9%, 95% CI: 7.5% - 8.3%) 
compared to metro areas (6.2%, 95% CI: 5.9% - 6.6%). The prevalence of diabetes also varied by region, sex, and 
age (Figure 1). Individuals living in nonmetro areas had 22% higher likelihoodii of diabetes, compared to individuals 
living in metro areas (Figure 2). The strongest association was with age, with younger ages having 42% - 93% lower 
likelihood of diabetes compared to individuals who were in the oldest age group (55 to 64). Region was also 
associated with the adjusted odds of diabetes prevalence. For example, people living in the South had 47% higher 
likelihood of diabetes, compared to people living in the West. Women had 25% lower likelihood of diabetes, 
compared to men. There was only a modest effect of year, and racial makeup (% NH White for the level of 
urbanization in a state) did not impact the likelihood of diabetes. 

Table 1: Demographics of those included in the study, stratified by living area, and the proportion with diabetes. 
Metro Nonmetro 

N % With Diabetes (95% CI) N % With Diabetes (95% CI) 
Year 

2019  10,172,785 6.3% (5.8-6.8)  1,151,898 7.9% (7.3-8.5) 
2020  9,837,219 6.1% (5.6-6.6)  1,195,020 7.9% (7.3-8.5) 

Region 
West  3,687,587 5.0% (4.4-5.6)  190,147 5.2% (4.6-5.8) 
Midwest  4,354,589 6.2% (5.5-6.9)  825,860 7.1% (6.3-7.9) 
Northeast  3,592,254 5.6% (4.8-6.4)  260,451 7.3% (6.2-8.5) 
South  8,375,574 7.0% (6.3-7.7)  1,070,460 9.1% (8.3-10.0) 

Age 
18 to 34  6,664,439 1.2% (1.1-1.2)  750,698 1.4% (1.4-1.5) 
35 to 44  4,239,890 3.7% (3.6-3.8)  441,781 5.0% (4.8-5.1) 
45 to 54  4,512,901 8.4% (8.1-8.6)  529,222 10.6% (10.2-11.0) 
55 to 64  4,592,774 13.7% (13.3-14.1)  625,217 15.5% (14.9-16.1) 

Sex 
Male  9,729,674 7.0% (6.4-7.6)  1,165,505 8.8% (8.1-9.5) 
Female  10,280,330 5.5% (5.1-5.9)  1,181,413 7.0% (6.5-7.5) 

Total  20,010,004 6.2% (5.9-6.6)  2,346,918 7.9% (7.5-8.3) 

ii Here, likelihood is measured using the adjusted odds ratio obtained from logistic regression. Because fewer than 10% of enrollees have 
diabetes the adjusted odds are approximately equal to the likelihood (or risk) of diabetes.   
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Figure 1: Prevalence in metropolitan (metro) and nonmetro areas by year (A), region (B), sex (C), and age (D). 
Error bars represent a 95% confidence interval.    

Figure 2: Oddsiii of diabetes within a year, among all enrollees (N = 22,356,922 person-years). 

iii Because fewer than 10% of enrollees have diabetes, the odd ratios are approximately equal to relative likelihood of diabetes. 
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When the population was limited to only people with a diabetes diagnosis, the sample size decreased to 1,428,727 
person-years. Nonmetro residents represented 13.0% of people with diabetes (Table 2). The overall prevalence of 
HbA1c testing was 85.6% (95% CI: 85.4% - 85.8%). After adjusting for other factors, we found that nonmetro 
residents had significantly lower odds of HbA1c testing, relative to metro residents (Figure 3), with unadjusted rates 
of 85.1% in nonmetro areas and 85.7% in metro areas (Table 2). There were also significant differences in the odds 
of testing by age and by region (Figure 3). For age, the unadjusted rate of HbA1c testing (Table 2) was highest in 
people aged 55 to 64 (metro: 87.5%, nonmetro: 86.7%) and decreased with younger ages. For region, the unadjusted 
rate of HbA1c testing (Table 2) was highest in residents of the South (metro: 86.7%, nonmetro: 85.8%) or Midwest 
(metro: 86.6%, nonmetro: 85.9%) and lowest in the Northeast (metro: 83.4%, nonmetro: 80.4%). There was a 
significant effect of year for this outcome, as people with diabetes in 2020 were less likely to receive HbA1c testing 
(metro: 83.8%, nonmetro: 84.5%), compared to people with diabetes in 2019 (metro: 87.4%, nonmetro: 85.8%). 
Women were slightly less likely than men to receive HbA1c testing and there was no effect of population racial 
makeup.  

Table 2: Demographics of diabetics included in the study and the proportion with an HbA1c test. 
Metro Nonmetro 

N % With HbA1c Test (95% CI) N % With HbA1c Test (95% CI) 
Year 

2019  642,126 87.4% (87.1-87.8)  91,053 85.8% (85.2-86.4) 
2020  601,260 83.8% (83.4-84.2)  94,288 84.5% (84.1-85.0) 

Region 
West  183,528 83.4% (82.7-84.1)  9,893 82.8% (81.8-83.9) 
Midwest  271,299 86.6% (86.1-87.2)  58,726 85.9% (85.3-86.5) 
Northeast  202,513 83.4% (82.8-84.0)  19,117 80.4% (78.9-81.9) 
South  586,046 86.7% (86.2-87.2)  97,605 85.8% (85.3-86.4) 

Age 
18 to 34  77,768 77.8% (77.2-78.5)  10,561 77.2% (76.2-78.3) 
35 to 44  157,575 82.1% (81.6-82.6)  21,893 81.9% (81.2-82.7) 
45 to 54  377,598 85.8% (85.3-86.2)  56,018 85.2% (84.7-85.8) 
55 to 64  630,445 87.5% (87.0-87.9)  96,869 86.7% (86.1-87.3) 

Sex 
Male  681,759 85.9% (85.5-86.4)  102,479 85.6% (85.1-86.1) 
Female  561,627 85.3% (84.9-85.8)  82,862 84.6% (84.0-85.2) 

Total 1,243,386 85.7% (85.4-86.0) 185,341 85.1% (84.8-85.5) 
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Figure 3: Odds of HbA1c testing within a year, among enrollees with diabetes in the same year (N = 1,428,727 
person-years).  

Out of people with diabetes in 2019, 498,335 individuals met inclusion criteria in 2020 and were used to evaluate 
serious diabetes-related health outcomes (Table 3). Within this group, the most commonly observed outcome was 
cardiovascular complications (8.1%, 95% CI: 7.7% - 8.4%), followed by non-cardiovascular complications (7.3%, 
95% CI: 7.0% - 7.7%), and inpatient care (6.2%, 95% CI: 6.0% - 6.3%). People who had an HbA1c test in 2019 had  
8% lower likelihood of experiencing non-cardiovascular complications in 2020 (Figure 4a). Although there was no 
association between living in a nonmetro area and non-cardiovascular complications, significant associations were 
observed for covariate factors (experiencing the same event in 2019, region, age, and sex). The same covariates were 
significantly associated with experiencing cardiovascular events (Figure 4b) and experiencing inpatient care (Figure 
5). Although having an HbA1c test in 2019 was not associated with cardiovascular events in 2020, it was associated 
with a 6% decrease in the likelihood of inpatient care.  
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Table 3: Demographics of individuals with diabetes in 2019 that were eligible for follow-up in 2020 as well as the proportion of these individuals 
experiencing each of the health outcomes of interest in 2020. 

Population N 
% with 2020 Non-Cardio Diabetes 
Complication (SEM) 

% with 2020 Cardio Diabetes 
Complication (SEM) % with 2020 Inpatient Care (SEM) 

Metro Nonmetro Metro Nonmetro Metro Nonmetro Metro Nonmetro 
2019 HbA1c Test 

No 54,073 8,946 7.4% (6.7-8.1) 7.0% (6.0-8.1) 7.7% (7.0-8.4) 8.6% (7.5-9.7) 6.6% (6.2-7.0) 6.3% (5.6-7.0) 
Yes 381,016 54,300 7.3% (6.8-7.9) 7.1% (6.4-7.9) 8.0% (7.4-8.6) 8.9% (8.1-9.7) 6.1% (5.9-6.3) 6.2% (5.9-6.6) 

Region 
West  62,865 3,429 6.7% (5.7-7.6) 6.6% (5.0-8.2) 6.6% (5.7-7.4) 7.1% (5.5-8.7) 5.3% (4.9-5.7) 5.4% (4.3-6.5) 
Midwest  99,254 20,824 7.4% (6.5-8.3) 7.1% (6.0-8.2) 8.7% (7.7-9.6) 9.0% (7.9-10.1) 6.8% (6.4-7.2) 6.4% (5.9-7.0) 
Northeast  74,716 7,647 8.3% (7.2-9.4) 7.3% (5.6-9.1) 8.8% (7.7-9.9) 9.6% (7.6-11.5) 5.9% (5.5-6.4) 5.1% (4.3-5.9) 
South  198,254 31,346 7.2% (6.5-7.9) 7.2% (6.3-8.1) 7.7% (7.0-8.4) 8.7% (7.8-9.7) 6.2% (5.9-6.4) 6.5% (6.0-7.0) 

Age 
18 to 34  25,353 3,422 3.3% (2.5-4.0) 2.7% (1.5-4.0) 2.2% (1.7-2.7) 2.4% (1.5-3.4) 7.1% (6.6-7.7) 7.1% (5.9-8.3) 
35 to 44  56,018 7,736 5.1% (4.2-5.9) 5.3% (4.0-6.6) 4.0% (3.5-4.6) 4.6% (3.6-5.6) 5.4% (5.0-5.8) 5.6% (4.8-6.3) 
45 to 54  140,749 20,395 6.6% (5.8-7.4) 6.3% (5.3-7.4) 6.4% (5.7-7.1) 6.9% (5.9-8.0) 5.6% (5.3-5.9) 5.4% (4.8-5.9) 
55 to 64  212,969 31,693 8.9% (8.0-9.7) 8.6% (7.5-9.6) 10.7% (9.8-11.6) 11.8% (10.6-13.0) 6.6% (6.3-6.9) 6.9% (6.4-7.3) 

Sex 
Male  239,726 35,711 8.1% (7.4-8.7) 7.7% (6.9-8.6) 9.1% (8.4-9.8) 9.8% (8.9-10.8) 6.2% (6.0-6.5) 6.2% (5.8-6.6) 
Female  195,363 27,535 6.4% (5.9-7.0) 6.3% (5.5-7.1) 6.6% (6.0-7.1) 7.5% (6.7-8.3) 6.0% (5.8-6.3) 6.3% (5.8-6.7) 

2019 Non-Cardio 
Diabetes 
Complication 

No 403,185 58,843 3.3% (3.2-3.4) 3.3% (3.1-3.5) 6.9% (6.4-7.4) 7.9% (7.2-8.6) 5.3% (5.1-5.4) 5.5% (5.2-5.7) 
Yes 31,904 4,403 58.6% (58.0-59.2) 58.4% (56.9-59.9) 21.4% (20.4-22.5) 21.4% (19.6-23.2) 17.3% (16.7-17.9) 16.7% (15.4-18.0) 

2019 Cardio 
Diabetes 
Complication 

No 399,874 57,685 6.3% (5.8-6.8) 6.2% (5.5-6.9) 3.7% (3.6-3.8) 4.2% (4.0-4.4) 5.4% (5.3-5.6) 5.5% (5.3-5.8) 
Yes 35,215 5,561 18.8% (17.7-19.9) 16.6% (15.0-18.2) 56.1% (55.5-56.7) 57.1% (55.8-58.5) 14.4% (13.8-15.0) 13.4% (12.3-14.5) 

2019 Inpatient Care 
No 404,818 58,793 6.2% (5.7-6.7) 6.1% (5.4-6.7) 6.8% (6.3-7.4) 7.7% (7.0-8.4) 5.1% (5.0-5.2) 5.2% (5.0-5.5) 
Yes 30,271 4,453 22.4% (21.2-23.5) 21.0% (19.2-22.8) 23.1% (22.0-24.2) 23.4% (21.6-25.1) 20.3% (19.7-20.8) 19.3% (18.1-20.5) 

Total  435,089 63,246  7.3% (6.9-7.8) 7.1% (6.5-7.7) 8.0% (7.5-8.4) 8.8% (8.2-9.5) 6.2% (6.0-6.3) 6.2% (5.9-6.5) 
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Figure 4: Oddsiv of experiencing a serious diabetes complication in 2020, among enrollees with diabetes 
in 2019 that remained eligible in 2020 (N = 498,335 individuals). Data presented for non-cardiovascular 
complications (A) and cardiovascular complications (B).12,13 *Data point not shown on graph. 

iv Because fewer than 10% of people experienced these diabetes-related outcomes, the odd ratios are approximately equal to the relative 
likelihood of each outcome. 
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Figure 5: Oddsiv of experiencing inpatient care in 2020, among enrollees with diabetes in 2019 that remained 
eligible in 2020 (N = 498,335 individuals). *Data point not shown on graph.  

Conclusion 
People with commercial insurance that live in nonmetro areas have 22% higher odds of diabetes compared to those 
living in metro areas, even after adjusting for factors like region, age, and sex. A similar difference was reported 
recently, using 2017 diabetes surveillance data collected by the CDC as part of the Behavioral Risk Factor 
Surveillance System, with nonmetro counties having a diabetes prevalence of 12.8% compared to 10.1% in metro 
counties.3 The prevalence of diabetes observed in the current study was lower than these 2017 estimates, at 6.2% and 
7.9% for metro and nonmetro residents, but this is expected given that the commercially insured population is 
generally under 65 and tends to be healthier and higher income than people with other payors, whereas the CDC 
estimates were obtained from a national survey. Regional differences in diabetes prevalence were clear in the current 
study, with the highest prevalence in the South. Although the current study did not test for interactions, differences 
between metro and nonmetro populations appeared smallest for people living in the West. Prevalence increased with 
age, as would be expected given that approximately 90% - 95% of diabetes cases are type 2,23 with onset occurring 
later in life.   

Although most individuals in both metro and nonmetro communities received HbA1c testing, the odds of HbA1c 
testing were 14% lower for people living in nonmetro areas. This suggests that there are gaps in preventative care and 
diabetes monitoring in nonmetro communities. Poorer monitoring of HbA1c can make it difficult for patients and 
providers to manage diabetes and take corrective action when blood sugar is chronically elevated.24 Uncontrolled 
diabetes can have devastating impacts on health, leading to severe complications such as amputation, cardiovascular 
events, and other issues that require intensive inpatient care or lead to death.12,13 One recent study found that people 
living in rural or highly rural areas were 16%-19% less likely to attain diabetes control goals related to glycemic 
control, blood pressure, lipids, aspirin use, and smoking status. Even when considering only glycemic control, people 
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in rural areas were 10%-13% less likely to meet HbA1c control goals.10 Thus, disparities in HbA1c testing may 
contribute to the higher rates of diabetes mortality in nonmetro areas.5  

In the current study, receipt of HbA1c testing was associated with 8% lower odds of non-cardiovascular severe 
diabetes complications12,13 and 6% lower odds of inpatient care for diabetes in the next year. However, we did not 
find any association between living in a nonmetro area and the adjusted odds of these outcomes. Even when 
considering the unadjusted data, cardiovascular complications were the only outcome that was more common among 
nonmetro residents. It is unclear why differences in diabetes-related complications were not observed, given that 
nonmetro areas experience higher rates of diabetes-related mortality. 

The current study provides a foundation for additional research into disparities in diabetes-related care for residents 
of nonmetro communities. Future studies should include an older population to gain better insight into factors more 
directly related to diabetes-related mortality. It would also be valuable to explore interactions between urbanization 
and factors like region or year. For example, only metro residents seemed to experience a decrease in HbA1c testing 
rates from 2019 to 2020, suggesting that pandemic-related decreases in health care may have had a greater impact in 
metro communities. Limitations should also be considered when interpreting the current results. The current study 
was unable to directly examine impacts of race and ethnicity, due to limitations in data availability, and it is known 
that people who are Black have higher rates of diabetes-related mortality regardless if they live in a rural or urban 
area.25 Because this study used claims data, only cases of diabetes that were documented through claims for medical 
care or prescriptions were identified. However, diabetes screening occurs at a similar rate in metro and nonmetro 
areas26 and so it is possible that the rate of undiagnosed diabetes is similar in metro and nonmetro areas.    
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Increased rates of death from unintentional injury among non-Hispanic 

White, American Indian/Alaska Native, and nonmetropolitan communities 

Lindsey R. Hammerslag, PhD; Jeffery Talbert, PhD; Tyrone F. Borders, PhD 

Overview of Key Findings 

▪ Living in a nonmetropolitan area is associated with an increase in the age-adjusted death rate from
unintentional injuries, from 46.2 in metropolitan areas to 59.2 in nonmetropolitan areas in 2018, with
all races/ethnicity groups affected except for non-Hispanic Black.

▪ The ratio of unintentional injury deaths in nonmetropolitan areas, compared to metropolitan areas, was
1.28 overall, ranging from 1.05 to 1.56 depending on race and ethnicity.

▪ American Indians and Alaska Natives have the highest rate of living in nonmetropolitan areas (39.5%),
and this group has the greatest increase in death from unintentional injury associated with living in a
nonmetropolitan setting (from 67.7 to 105.3 per 100,000).

▪ There is no association between urbanization and race/ethnicity on the rate of emergency department
visits for nonfatal unintentional injuries.

Introduction 

Unintentional injuries, such as motor vehicle accidents, accidental poisonings, and falls,i collectively represent the 
third leading cause of death in the U.S., with an age-adjusted death rate of 48.0 per 100,000 in 2018.1 This rate has 
increased over time, with metropolitan (metro) and ruralii areas experiencing increases in unintentional injury deaths 
from 2014 to 2017.2 Rural residents are at particularly elevated risk of death from motor vehicle traffic accidents.2–4 
In 2017, for example, there were 19.7 deaths per 100,000 residents of rural areas,2 compared to 12.8 deaths per 
100,000 in small metro areas and 8.3 per 100,000 in large central metro areas.2 A report on 2019 traffic fatalities, 
conducted by the National Highway Traffic Safety Administration, revealed that the rate of fatalities per vehicle 
miles traveled was 1.9 times higher in rural areas compared to urban areas.4 People living in rural and/or 
nonmetropolitan (nonmetro) areas may not be at increased risk of death from all causes of unintentional injury death, 
however. Metro residents experienced a higher rate of drug overdose deaths in 2017, with 20.2 per 100,000 in small 
metro areas and 18.3 per 100,000 in large central metro areas, compared to 17.3 per 100,00 in rural areas.2 For each 
of these types of unintentional injury deaths, it is unclear if the association between death rate and urbanization is due 
to differences in mortality following injury, or in the likelihood of experiencing an injury in the first place.  

iUnintentional, or accidental, injuries are distinct from those that are of undetermined intent and those that are intentional 
(e.g., suicides and homicides). Underlying cause-of-death (UCOD) codes: V01-X59 and Y85-Y86.2 
iiWhen describing results in this paper, nonmetropolitan areas are defined using the core-based 2013 Office of Management 
and Budget14 delineation of metropolitan statistical areas and the related county-based 2013 NCHS Urban-Rural classification 
scheme.15 However, the papers cited throughout may refer to either nonmetropolitan or rural area designations and may be 
based on different classification schemes. For consistency, we adopt the terms used by each reference. 
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People living in rural and/or nonmetro areas may be at greater risk of death following traumatic injuries, such as 
motor vehicle accidents, due to disparities in access to trauma care. Delayed treatment may be associated with greater 
mortality from traumatic injuries5 and, as of 2010, only 43.2% of rural areas were estimated to be within 60 minutes 
(driving or flying) of a trauma center, compared to 61.6% of suburban areas, 89.1% of minor city areas, and 99.7% of 
major city areas.6 Among fatal traffic accidents in 2019, only 60.6% of victims of crashes in rural areas reached a 
hospital within 60 minutes of the crash (average time = 56 minutes), compared to 89.9% of victims in urban areas 
(average time = 37 minutes).7 However, while the odds of death after severe traffic accident injury increase as the 
rurality of the crash location increases,8 at least one study indicates that severe injuries may occur more frequently for 
rural residents as well as for people who are Black.9 

There are known differences in the rate of death from unintentional injury related to race and ethnicity—for example, 
people who are American Indian or Alaska Native (AIAN) have a high rate of injury mortality relative to people who 
are White,10 and the difference between AIAN and White injury death rates may be higher for those living in rural 
areas.11 At present, there are few studies9,12 that stratify by race when examining the association between urbanization 
and unintentional injury deaths. To build targeted prevention programs, it is important to understand how 
race/ethnicity and urbanization impact unintentional injury rates. The purpose of this policy brief is to examine the 
rate of fatal and nonfatal injuries in nonmetro and metro areas, with a focus on the association with race/ethnicity. 

Methods 

The National Hospital Ambulatory Medical Care Survey (NHAMCS) public use datafile for 2018 was used to 
generate estimates of nonfatal unintentional injury rates. This dataset sampled 20,291 visit records occurring in 2018 
and used a weighting procedure to generate estimates of the total number of emergency department (ED) visits made 
in the U.S. Estimates were weighted according to Census information about the relative population size by sex, age, 
ethnicity, region, and metropolitan statistical area. The NHAMCS dataset was filtered to include only nonfatal injury 
encounters that were unintentional or of unknown intent (5,339 records representing 35,473,282 U.S. ED visits). To 
calculate rates, we use NHAMCS estimates as the numerator, and population estimates from the CDC Wide-ranging 
Online Data for Epidemiologic Research (WONDER) 2018 database as the denominator (Table 1).  

Table 1. Population in metropolitan (metro) or nonmetropolitan (nonmetro) areas in 2018,iii stratified by 

race and ethnicity,iv from CDC WONDER database. 

Race and Ethnicity 2018 U.S. 

Population 

Population by Urbanization % Nonmetro 

Metro Nonmetro 
White* 201,068,278 164,698,271 36,370,007 18.1% 
Black* 42,934,826 38,975,398 3,959,428 9.2% 
Hispanic 59,871,746 55,811,138 4,060,608 6.8% 
Asian (API)* 20,546,745 19,921,014 625,731 3.0% 
Am. Indian (AIAN)* 2,745,839 1,661,389 1,084,450 39.5% 
Total 327,167,434 281,067,210 46,100,224 14.1% 

*Non-Hispanic

Due to the limited sample size in the nonfatal injury dataset, the Asian and Pacific Islander (API) and AIAN 
categories were condensed into “non-Hispanic other” (Table 2). NHAMCS data weighted estimates use U.S. Census 
population estimates for 2018 from non-institutionalized populations, while the population estimates available 
through CDC’s WONDER use all populations. The CDC estimates are 1% higher for Hispanic, 3% higher for White, 
and 8% higher for Black people.  

iiiUsing the vintage 2018 bridged-race postcensal series: https://wonder.cdc.gov/wonder/help/ucd.html#Population%202018 
ivFor more details on race-bridged assignment, in the case of multiple races, and assignment of Hispanic origin, see: 
https://wonder.cdc.gov/wonder/help/CMF/Multiple_race_procedures_5-7-2004.pdf 
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The CDC’s WONDER database was used to summarize Underlying Cause of Death data from 2014-2018. This 
dataset provides county-level national mortality data obtained from death certificates. It also contains population 
estimates obtained from U.S. Census Bureau race-bridged counts. A limitation of this dataset is that self-reports of 
race and ethnicity to the Census may differ from race or ethnicity assignment on death certificates.13 To obtain 
estimates for all unintentional injury deaths, as well as deaths from unintentional drug overdoses and traffic 
accidents, we used definitions from a previous National Center for Health Statistics (NCHS) data brief.2 Confidence 
intervals and age-adjusted death rates were generated by the CDC WONDER database and non-overlapping 
confidence intervals were considered significantly different. Age-adjusted death rates were used to calculate rate 
ratios comparing deaths in metro versus nonmetro areas (stratified by race/ethnicity) and within racial/ethnic groups 
(stratified by urbanization).   

For the NHAMCS dataset, metro and nonmetro status was assigned using the 2013 Office of Management and 
Budget (OMB) delineations of metropolitan statistical areas.14 The CDC WONDER dataset used the 2013 NCHS 
Urban-Rural classification scheme,15 which is based on the 2013 OMB delineation but further divides individual 
counties in metro or nonmetro areas into a total of six levels of urbanization. To enable comparison to the NHAMCS 
data, we have condensed CDC WONDER data into metrov or nonmetrovi areas.  

Findings 

As seen in Table 1, in 2018 non-Hispanic White and American Indian and Alaska Native (AIAN) people were the 
most likely to live in a nonmetro area, with 18.1% and 39.5% of the White and AIAN populations living in nonmetro 
areas, respectively. The Asian and Pacific Islander (API) group had the lowest rates of nonmetro residency.  

Table 2. Estimated rate of nonfatal unintentional injuriesvii among people seeking treatment at hospitals 

in metropolitan (metro) or nonmetropolitan (nonmetro) areas in 2018, by race and ethnicity. 

Urbanization Race and 
Ethnicity  

Estimated 2018 
population 

Sample 
count 

Est. total # of ED visits in 2018 Est. rate of ED visits per 
100,000 in 2018 

Estimate 
95% CI: 
lower 

95% CI: 
upper 

Rate 
estimate 

95% CI: 
lower 

95% CI: 
upper 

Metro 

White* 164,698,271 2,503 16,757,786 13,053,751 20,461,820 10,175 7,926 12,424 

Black* 38,975,398 1,139 7,692,903 5,878,866 9,506,940 19,738 15,084 24,392 

Hispanic 55,811,138 731 4,891,652 3,658,053 6,125,252 8,765 6,554 10,975 

Other* 21,582,403 222 1,304,390 909,433 1,699,348 6,044 4,214 7,874 

Total 281,067,210 4,595 30,646,731 24,881,535 36,411,928 10,904 8,853 12,955 

Nonmetro 

White* 36,370,007 632 3,806,682 1,768,581 5,844,782 10,467 4,863 16,070 

Black* 3,959,428 65 661,353 - 1,344,042 16,703 - 33,945

Hispanic 4,060,608 38 269,750 56,305 483,194 6,643 1,387 11,900

Other* 1,710,181 9 88,766 11,066 166,467 5,190 647 9,734

Total 46,100,224 744 4,826,551 2,080,093 7,573,008 10,470 4,512 16,427
*Non-Hispanic

Visits to the emergency department (ED) for unintentional injuries in 2018 (Table 2) were similar in metro and 
nonmetro areas. Overall, it was estimated that there were 30,646,731 ED visits for nonfatal unintentional injuries in 
metro areas and 4,826,551 in nonmetro areas. Using 2018 population estimates to calculate the rate per 100,000, we 
found that there were similar rates of ED visits within metro (10,904 per 100,000; CI: 8,853 - 12,955) and nonmetro 

vIncluding decedents residing in metropolitan counties classified as 1) large central metro, 2) large fringe metro, 3) medium 
metro, and 4) small metro.   
viIncluding  decedents residing in nonmetropolitan counties classified as 1) micropolitan and 2) noncore.  
viiData obtained from NHAMCS database. Population estimates used to calculate rate of ED visits per 100,000 were obtained 
from the CDC WONDER database and represent race-bridged postcensal population estimates. 
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(10,470 per 100,000; CI: 4,512 - 16,427) populations. In metro areas, there was a higher rate of ED visits for people 
who are non-Hispanic Black, compared to non-Hispanic White, Hispanic, and Other (API and AIAN) people. For 
nonmetro areas, however, there was no difference between any of the racial/ethnic groups. The lack of association in 
nonmetro areas may have been due to the low number of events sampled and wide confidence intervals for nonmetro 
strata, compared to metro strata, suggesting that there was less power to detect differences within nonmetro areas.  

Table 3. Deaths from unintentional injuriesviii among residents of metropolitan (metro) or 

nonmetropolitan (nonmetro) areas in 2018, by race and ethnicity.  

Urbanization Race and Ethnicity  Deaths 

Age-adjusted death rate per 
100,000 

Comparison of age-
adjusted death rateix 

Rate 95% CI: 
lower 

95% CI: 
upper 

vs 
White* 

vs 
Metro 

Metro 

White* 98,150 52.4 52.0 52.7 ref ref 
Black* 18,501 48.1 47.4 48.8 lower ref 
Hispanic 15,824 32.2 31.7 32.7 lower ref 
Asian (API)* 3,289 16.9 16.4 17.5 lower ref 
Am. Indian (AIAN)* 1,096 67.7 63.6 71.8 higher ref 
Any race/ethnicity 137,446 46.2 45.9 46.4 - ref 

Nonmetro 

White* 25,001 60.9 60.1 61.7 ref higher 
Black* 1,985 50.5 48.2 52.8 lower non-sig 
Hispanic 1,415 40.1 37.9 42.3 lower higher 
Asian (API)* 160 26.1 22.0 30.2 lower higher 
Am. Indian (AIAN)* 1,057 105.3 98.8 111.8 higher higher 
Any race/ethnicity 29,681 59.2 58.5 59.9 - higher 

*Non-Hispanic

The rate of age-adjusted deaths from unintentional injuries in 2018 (Table 3) was significantly higher in nonmetro 
areas, compared to metro areas, for all racial/ethnic groups except non-Hispanic Black. Although people who are 
non-Hispanic Black had a higher age-adjusted death rate in nonmetro areas, the metro and nonmetro rates had 
overlapping confidence intervals and were therefore not significantly different.  

Figure 1. Age-adjusted death rates per 100,000 for all causes of unintentional injuryviii among residents of 

metropolitan (metro) and nonmetropolitan (nonmetro) areas, by race or ethnicityx. 

viiiData obtained from the CDC WONDER database.  
ixWe tested whether differences were significant (P < .05) by examining whether the confidence intervals were overlapping. If 
the two confidence intervals overlapped, then the difference was non-significant (non-sig). Otherwise, we indicated whether 
the rate was significantly higher or lower than the reference (ref) group.  
xFor each race/ethnicity, the rate difference (RD) and rate ratio (RR) were computed to compare metro and nonmetro areas. 

*Non-Hispanic
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The ratio of nonmetro versus metro death rates ranged from 1.05 to 1.56 (RR, Figure 1), with differences ranging 
from 2.4 to 37.6 deaths per 100,000, depending on racial/ethnic group. Living in a nonmetro area was associated with 
the largest increase in deaths for AIAN people. When death rates for each racial/ethnic group were compared to the 
group with the largest population, non-Hispanic White, a similar pattern emerged for residents of metro and 
nonmetro areas: non-Hispanic Black, Hispanic, and API people had lower relative rates of unintentional injury death, 
while AIAN people had a higher relative rate. Given that a large proportion of people who are AIAN live in 
nonmetro areas (39.5%), the burden of increased risk of death from unintentional injury associated with living in a 
nonmetro area may have the greatest impact on this group. 

Figure 2. Change in age-adjusted death rates for all causes of unintentional injury from 2014-2018, 

among residents in metro or nonmetro areas, by race or ethnicityxi. 

The rate of unintentional injury death from 2014-2018, as shown in Figure 2, demonstrates that the association 
between urbanization and race/ethnicity have been relatively constant over the most recent five years of data.  

Figure 3. Deaths from unintentional injuries in 2018 among residents in nonmetropolitan (nonmetro) or 

metropolitan (metro) areas, from all causes (left), drug overdoses (center), or traffic accidents (right), by 

race or ethnicityxii.  

xiData obtained from CDC WONDER database. Error bars represent bounds of 95% confidence interval for each year. 
xiiData from CDC WONDER database. Error bars represent bounds of 95% confidence interval. +P < .05 vs metro rate. 
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Unintentional injury deaths from 2018 were further subdivided into drug overdose deaths (Figure 3, center) or traffic-
related deaths (Figure 3, right). The association between urbanization and race/ethnicity appear to vary depending on 
the cause of death. For example, the decrease in drug overdose deaths associated with living in a nonmetro area 
seems to be greatest for people who are non-Hispanic Black. In contrast, for AIAN people living in nonmetro areas 
there is no difference in the rate of drug overdose deaths but there is a large increase in traffic-related deaths 
compared to AIAN people in metro areas.  

Conclusion/Discussion 

Previous publications have examined the relationship between unintentional injury death rates and urbanization2 or 
race,10,11 but the current study is the first to examine how both risk factors relate to the rate of fatal and nonfatal 
unintentional injuries. After stratifying by race/ethnicity, we found residents of nonmetro areas are more likely than 
those living in metro areas to suffer a fatal unintentional injury, regardless of racial/ethnic group. The absolute and 
relative increase in mortality associated with living in a nonmetro area was greatest for those who are AIAN and 
smallest for those who are non-Hispanic Black. These results are consistent with two previous studies demonstrating 
greater mortality rates for AIAN people,10 particularly in rural areas.11  However, this is the first study to demonstrate 
that there is no significant difference between metro and nonmetro areas for all cause unintentional injury mortality 
among people who are Black.    

In contrast to the results for fatal injuries, the rate of nonfatal unintentional injuries requiring an emergency 
department visit was not associated with race/ethnicity or urbanization. The reason for the difference between fatal 
and nonfatal injury rates is unclear. It is possible that the NHAMCS survey is not powered to detect the impact of 
urbanization on the rate of emergency department visits for nonfatal injury, but another possibility is that the case 
fatality rate for unintentional injuries is higher in nonmetro areas. Further work is needed to determine what factors 
are driving the high rate of fatal unintentional injury in nonmetro areas found here, particularly for traffic accidents 
among AIAN people. Within both metro and nonmetro areas, those who are AIAN and those who are non-Hispanic 
White had the highest rates of death from unintentional injury. Further work is needed to determine which factors are 
contributing to high rates of death for these groups.  
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