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ABSTRACT 
 
IMPORTANCE:  Differences in mortality rates from drugs, alcohol, and suicide between U.S. 
counties are large. It is unknown whether mortality rate differences reflect county population 
composition, economic composition, and/or contextual factors. 
 
OBJECTIVE:  To determine associations between county compositional and contextual 
characteristics and drug, alcohol, and suicide (DAS) mortality rates. 
 
DATA, SETTING, AND PARTICIPANTS: Spatial analyses were conducted on county-level 
factors and pooled age-adjusted DAS mortality rates from the Centers for Disease Control and 
Prevention Wide-Ranging Online Data for Epidemiologic Research data system, 2006-2015. 
 
EXPOSURES: County-level population and socioeconomic composition, labor market change, 
income inequality, and health-promoting infrastructure.    
 
MAIN OUTCOME AND MEASURES: Pooled age-adjusted drug-related, alcohol-related, and 
suicide deaths per 100,000 population in 3,083 U.S. counties. Regression models included state 
fixed effects and 16 county-level characteristics. 
 
RESULTS: In 2006-2015, the average county-level age-adjusted DAS mortality rate was 43.4 
(95% CI, 42.8 to 43.9). In adjusted models, compared to counties in the lowest quartiles of each 
predictor, average DAS mortality rates were higher among counties with the largest shares of 
socioeconomically disadvantaged residents (23.3%, 95%CI, 19.5% to 27.1%; P<.001), military 
veterans (12.4%, 95%CI, 9.5% to 15.2%; P<.001), and age 65+ (13.8%, 95%CI, 10.4% to 
17.2%; P<.001). Average rates were lower among counties in the highest quartile of percent 
black (-10.0%, 95%CI, -13.8% to -6.2%; P<.001) and presence of social-capital promoting 
establishments (-3.7%, 95%CI, -6.9% to -0.4%; P=.03). Counties with declines in median 
income since 1980 had an average DAS mortality rate that was 7.2% higher than counties with 
the largest income gains (95%CI, 4.4% to 10.1%; P<.001). In the unadjusted model, average 
DAS mortality rates were higher in rural (12.2%, 95%CI, 9.1% to 15.3%; P<.001), micropolitan 
(8.3%, 95%CI, 4.9% to 11.7%; P<.001), and small urban (7.6%, 95%CI, 4.4% to 10.8%; P<.001) 
versus large urban counties, but this was due to differences in demographic and socioeconomic 
composition. 
 
CONCLUSIONS AND RELEVANCE: High DAS mortality rates are not randomly distributed 
across the U.S. In addition to rapid-response interventions in economically disadvantaged areas, 
the public health community and policymakers should consider efforts to address underlying 
macro-economic drivers of DAS mortality.  
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Nationwide, mortality from drug and alcohol poisoning and suicide has increased by 63% 

since 1999.1 Most of this increase was driven by a surge in opioid overdoses, but overdoses from 

other drugs, suicides by other means, and alcohol-induced deaths also increased over this period 

(see Figure 1)1. Drug, alcohol, and suicide deaths are not a random collection; they often derive 

from depression, hopelessness, and chronic pain.2 Especially striking is that drug, alcohol, and 

suicide (DAS) mortality has increased during a period of declining mortality for other major 

causes of death.3-8 

County-level differences in DAS morality rates are large,7-9 but empirical explanations 

for this spatial heterogeneity are limited. Population composition differences (demographic, 

socioeconomic) likely contribute to this spatial variation. DAS mortality rates are much higher 

among non-Hispanic whites and American Indians than among blacks and Hispanics.1,8 

Therefore, unlike other major causes of death, DAS mortality rates may be higher in counties 

with larger shares of whites relative to blacks and Hispanics. DAS mortality rates may also be 

higher in places with larger shares of elderly residents and military veterans, as these groups 

often suffer from chronic pain for which opioids are prescribed and have high rates of depression 

and substance misuse.10,11 Socioeconomic disadvantage (e.g., unemployment, poverty, lack of 

health insurance), lower educational attainment, and disabilities limiting daily functioning also 

increase risk of substance misuse and suicide.12-15 Accordingly, counties with comparatively 

larger shares of socioeconomically disadvantaged residents should have higher DAS mortality 

rates. Chronic outmigration from distressed rural areas and small cities over the past four 

decades has led to larger concentrations of vulnerable residents in these places. Beyond these 

compositional factors, counties also differ in their contextual features. Research shows that 

structural economic factors (e.g., income inequality, labor markets) and health-promoting 
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institutions (e.g., social capital-promoting establishments, health care infrastructure) are 

associated with all-cause mortality rates.16-19 It is unknown whether these same factors contribute 

to spatial differences in mortality from drugs, alcohol, and suicide – deaths that may derive more 

directly from depression, hopelessness, and chronic pain than other major causes of death.20,21 

Some have described DAS mortality as “deaths of despair” and suggested that they are linked to 

economic dislocation and place-level downward mobility.4,22-24 This contention, though yet to be 

empirically tested, is well justified: the past two-decade increase in DAS mortality has 

corresponded with significant economic stressors, including de-industrialization, wage 

stagnation, and growing income inequality.25-29 Therefore, high DAS mortality rates may reflect 

place-level economic precarity, downward mobility, and social isolation.23,30-33 

Distinguishing the contributions of county-level compositional and contextual features to 

DAS mortality rates is essential for identifying place-level strategies to reduce rates of deaths 

from these preventable causes. Therefore, I examined associations between several county-level 

factors and DAS mortality rates (2006-2015). Because many of these factors may also be related 

to other cause-specific mortality rates, I compared associations from DAS mortality models to 

models examining heart disease, cancer, and chronic lower respiratory disease mortality rates. 

 

Methods 

Mortality 

I extracted pooled county-level mortality rates (2006-2015) from the U.S. Centers for Disease 

Control and Prevention’s Wide-Ranging Online Data for Epidemiologic Research (WONDER) 

multiple cause-of-death (MCD) files, which identify assigned causes of death from all death 

certificates filed in the 50 states and D.C.1 Categorization of presumed causes of death used 
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International Statistical Classification of Diseases, 10th revision (ICD-10) codes: drug related 

(accidental poisoning; poisoning of undetermined intent by exposure to drugs [X40-X44, Y10-

Y14]; drug-induced diseases [D52.1, D59.0, D59.2, D61.1, D64.2, E06.4, E16.0, E23.1, E24.2, 

E27.3, E66.1, G21.1, G24.0, G25.1, G25.4, G25.6, G44.4, G62.0, G72.0, I95.2, J70.2-J70.4, 

K85.3, L10.5, L27.0, L27.1, M10.2, M32.0, M80.4, M81.4, M83.5, M87.1, R50.2]; drugs in the 

blood [R78.1-R78.5]; mental/behavioral disorders due to drugs [F11.0-F11.5, F11.7-F11.9, 

F12.0-F12.5, F12.7-F12.9, F13.0-F13.5, F13.7-F13.9, F14.0-F14.5, F14.7-F14.9, F15.0-F15.5, 

F15.7-F15.9, F16.0-F16.5, F16.7-F16.9, F18.0-F18.5, F18.7-F18.9, F19.0-F19.5, F19.7-F19.9]); 

alcohol-related (alcohol-induced diseases [E24.4, G31.2, G62.1, G72.1, I42.6, K29.2, K70.0-

K70.4, K70.9, K85.2, K86.0, R78.0]; mental/behavioral disorders due to alcohol [F10.0-F10.9]; 

accidental poisoning and poisoning of undetermined intent by alcohol [X45, Y15]); and suicides 

(all intentional self-poisoning and self-harm [X60-X84, X87.0]). Because I did not separately 

examine drug, alcohol, and suicide mortality rates, deaths are counted only once in county-level 

rates. 

There are practical and conceptual reasons for using MCD versus underlying cause-of-

death (UCD) files for these analyses. First, data suppression for counties with fewer than 10 

deaths results in missing mortality rates for over one-third of counties in the UCD data. 

Excluding those counties introduces significant bias because they are more likely to be rural. 

More deaths are captured in the MCD files, resulting in fewer counties with suppressed mortality 

rates. Second, using MCD data reduces risk of undercounting due to misclassification, which has 

been especially pronounced for suicide.34-36 Third, identifying a single factor as the underlying 

cause of death is an oversimplification of clinical and pathological processes that lead to death37 
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and does not account for the possibility that the death may not have occurred without the 

presence of drugs or alcohol.  

 

County Factors 

County-level predictors came from the U.S. Census Bureau,38,39 the USDA Economic 

Research Service,40 the Northeast Regional Center for Rural Development,41 and the Health 

Resources and Services Administration Area Health Resource Files.42 I used measures that 

capture conditions before 2006-2015 to reduce reverse causality bias. Based on research 

discussed earlier,8-21,23-33 I examined several demographic and socioeconomic composition 

factors and structural economic and health-promoting institution factors. Variable sources and 

descriptive information are provided in Table 1. Population composition was measured with 

percent non-Hispanic black, American Indian, foreign born, ages 65+, and veterans. 

Socioeconomic composition was measured with a factor-weighted index for economic 

precarity/disadvantage and an index for working-class presence. Structural economic 

characteristics included change in median household income 1980-2000, industry transformation 

1980-2000, and income inequality. Health-promoting institutional factors included presence of 

Putnam-style social capital-promoting establishments,49 presence of “rent-seeking”/special 

interest organizations,16 and designations as primary and mental health professional shortage 

areas. I included persistent population loss and metropolitan status as proxies for resource supply 

and (dis)investment.16 I recoded all continuous variables into quartiles to allow for nonlinear 

relationships with mortality rates and to address multicollinearity problems that arose from 

leaving them in their continuous forms.  
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Statistical Analysis 

Analyses included 3,083 of the 3,143 U.S. counties. All counties in Alaska (29) and 

Hawaii (5) were excluded due to unavailable data for several variables. I excluded four counties 

due to county boundary changes since 1980 (Broomfield County, CO; Bedford City, VA; La Paz 

County, AZ; Cibola County, NM). I excluded 22 counties with percent American Indian 

exceeding 40% because they are extreme outliers that dramatically skew the findings; the mean 

DAS mortality rate for these 22 counties was 153.8 compared to a mean rate of 43.4 for all other 

counties. CDC data suppression criteria resulted in suppression for 118 counties (3.8%). Because 

the majority of these counties are rural (82%), excluding them would bias results. Therefore, I 

conducted multiple imputation using the Markov Chain Monte Carlo method with several 

auxiliary variables either correlated with DAS mortality rates or likely to be associated with 

suppression.43  

Linear regression analysis proceeded in two stages. First, I separately regressed each 

county-level predictor on the logged DAS mortality rate, controlling for state fixed effects. State 

fixed effects account for the clustering of counties within states and unobserved state-level 

differences in policies and other factors. Second, I conducted multivariable regression with all 

county-level factors in the same model. To account for spatial autocorrelation (spillover effects), 

I calculated spatial weights for DAS mortality using first-order queen continguity in GeoDa44 

and included those weights as a parameter in the regression model. For each county, the spatial 

weight represents the average DAS mortality rate among neighboring counties. To adjust for 

heteroscedasticity, I weighted by the log of county population, thereby giving less weight to 

counties with smaller populations whose mortality rates tend to vary more widely. Regression 
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analyses were conducted in Stata/MP 13.1 (StataCorp). Analysis of publicly available secondary 

data is exempt from Institutional Review Board review by Pennsylvania State University. 

Sensitivity Tests 

To determine whether the factors associated with DAS mortality rates are also associated 

with mortality rates for other major causes of death, I used seemingly unrelated regression (SUR) 

to run simultaneous regressions with the same predictors on DAS mortality, cancer mortality 

(ICD 10 codes: C00-C97), coronary heart disease mortality (I09, I11, I13, 120-I51), and chronic 

lower respiratory disease mortality (J40-J47). This procedure corrects for correlated errors across 

regression models. To enable comparisons of coefficients across models, I standardized the four 

mortality rates (mean=0, standard deviation=1). T-tests were used to compare differences in 

coefficient magnitudes for DAS mortality rates compared to the others (P<.05). To ensure that 

deaths were not included in more than one rate, I used the UCD files for coronary heart disease, 

cancer, and chronic lower respiratory disease. 

I performed several additional sensitivity analyses. I substituted county-level factors 

measured in 2000 with those temporally proximate to or overlapping with the 2006-2015 

mortality rates (See Table 1). I tested different thresholds for manufacturing and natural resource 

dependence and loss, ranging from 20% to 40%. I substituted various health care supply 

measures. Finally, I compared results to those from both weighted least squares and random-

effects models. Findings were robust to these alternate specifications. 

 

Results 

The mean county-level age-adjusted DAS mortality rate was 43.4 (min=12.2; 

max=191.0). There was significant spatial clustering (Moran’s I=0.46) with above average 
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mortality clusters in New England, central Appalachia, the Industrial Midwest, Oklahoma, 

northern California, the Pacific Northwest, and much of the Mountain West (Figure 2).  

 In unadjusted models (Table 2), percent American Indian, percent veterans, percent ages 

65+, socioeconomic precarity, working-class presence, income inequality, manufacturing and 

natural resource job losses and declines in median household income since 1980, presence of 

social capital-promoting and rent-seeking establishments, health care shortage, persistent 

population loss, and higher mortality rates in neighboring counties (spatial spillover) were 

associated with higher DAS mortality rates. Small urban, micropolitan, and rural counties had 

significantly higher rates than large urban counties. Higher percent black and foreign-born were 

associated with lower DAS mortality rates.  

 In the adjusted model (Table 2), percent black remained associated with lower DAS 

mortality rates, whereas percent American Indian, percent veterans, percent ages 65+, and 

socioeconomic precarity remained associated with higher DAS mortality rates. Compared to 

counties with the smallest concentrations of socioeconomically disadvantaged residents, the 

average DAS mortality rate was 23.3% higher among counties with the largest concentrations 

(95% CI, 19.5% to 27.1%, P<.001). Industry transition lost significance in the adjusted model. 

This was explained by concomitant median income decline. Compared to counties with the 

largest increases in median household income, counties where income declined had an average 

DAS mortality rate that was 7.2% higher (95% CI, 4.4% to 10.1%, P<.001). High presence of 

social capital-promoting establishments was associated with lower DAS mortality rates, whereas 

high presence of rent-seeking establishments was associated with higher DAS mortality rates. 

Average DAS mortality rates were significantly lower in small urban, micropolitan, and rural 

counties compared to large urban counties. Additional analyses (not shown but available from 
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author upon request) demonstrated that both socioeconomic and demographic composition 

explained the nonmetropolitan and small urban disadvantage observed in the unadjusted models.  

 

Comparison to other Mortality Rates 

With few exceptions the spatial distribution of DAS mortality rates varies from heart 

disease, cancer, and lower respiratory disease mortality rates (eFigure 1). Standardized model 

comparisons (Table 3) show that some factors were associated with all four types of mortality, 

but there were also important differences. Unstandardized model comparisons are presented in 

eTable 1. In fully adjusted models, economic precarity and median income decline were 

positively associated with all four mortality rates, but the associations were strongest with DAS 

mortality. High presence of social capital-promoting establishments was inversely associated 

with only DAS mortality, whereas high presence of rent-seeking establishments was positively 

associated with only DAS mortality. Higher percent black was associated with higher heart 

disease and cancer mortality rates but lower DAS mortality rates. Percent ages 65+ was most 

strongly associated with drug, alcohol, and suicide mortality rates.  

 

Discussion 

 This is the first national U.S. study to identify specific compositional and contextual 

factors contributing to county-level differences in drug, alcohol, and suicide (DAS) mortality 

rates – the so-called ‘deaths of despair’. 22-24 Consistent with recent research on accidental 

overdose and suicide mortality rate trends,7,9,54 this study highlights significant spatial variation 

in DAS mortality rates and identifies the characteristics of counties that are bearing the heaviest 

DAS mortality burdens. 
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Compositionally, average DAS mortality rates were higher among counties with larger 

shares of socioeconomically disadvantaged residents, American Indians, military veterans, and 

elderly residents, and rates were lower among counties with larger shares of black residents. 

Contextually, job losses in manufacturing and natural resources in counties that were dependent 

on those industries and concomitant declines in median household income are associated with 

higher DAS mortality rates. Due to their comparative socioeconomic and demographic 

composition disadvantages, nonmetropolitan and small urban counties had higher average DAS 

mortality rates than large urban counties. 

 Although this study did not test specific mechanisms, findings suggest links between 

DAS mortality and both absolute economic distress and place-level downward mobility. These 

findings are consistent with research showing associations between county-level poverty and 

suicide rates,13 and sociological literature showing that socioeconomic status is a major social 

determinant of health and fundamental cause of preventable disease disparities.45,46 DAS 

mortality rates were higher in counties that experienced occupational losses in manufacturing 

and natural resource industries, explained by concurrent declines in median household income. 

Economic distress, out-migration, and community-level instability following major labor market 

shifts26-28 can manifest in collective psychosocial distress47 and social disorders like substance 

misuse.29-33 Economic insecurity and instability also contribute to family and community 

breakdown,27,48 undermining important supports against depression and substance misuse.  

Social capital may play a unique role in buffering against “deaths of despair”. Net of 

other county-level factors, average DAS mortality rates were lowest in counties with the largest 

presence of social capital promoting establishments. This association was not observed for heart, 

cancer, or respiratory mortality. Opportunities for civic engagement facilitate social interactions, 
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trust, goodwill, and social cohesion, and increase residents’ sense of community belonging .49 

Average DAS mortality rates were higher in counties with high presence of rent-seeking 

establishments, like political and business associations. Rent-seeking organizations may 

undermine community well-being by diverting resources from education, health, and social 

services to corporate tax incentives and/or property development.16  

Unlike other major causes of death, blacks have lower rates of DAS mortality than 

whites,50 contributing to significantly lower DAS mortality rates in the highest percent black 

counties. This is a demographic and epidemiological conundrum, given that high percent black 

counties fare collectively worse on several key health measures and face considerable economic 

disadvantage. Lower drug-related mortality rates may be related to physicians being less likely to 

prescribe opioids to black patients,51 but blacks also have lower alcohol-related and suicide 

mortality rates50 and lower rates of depression and anxiety than whites.52 Reference group theory 

may be at play53; non-Hispanic whites, especially those without a college degree living in rural 

areas and small cities have experienced declining employment opportunities for several 

decades.26-29 This group may be comparing their conditions to prior generations of working-class 

whites that had better opportunities for upward mobility. Conversely, blacks and Hispanics may 

compare themselves to prior generations that had fewer opportunities.53 Collectively, whites’ 

reference group may leave them feeling worse off, whereas blacks’ and Hispanics’ reference 

groups may leave them feeling as though progress has been made. Future research should 

explore the potential roles of reference groups, collective mobility and resilience, and social 

support as buffers against DAS mortality in economically disadvantaged predominantly black 

and Hispanic communities. 
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Thus far, policy efforts have focused on opioid prescribing guidelines, expanding access 

to naloxone and treatment services, and reducing heroin supply entering at the U.S./Mexico 

border. But the problem is bigger than opiates. Although opiate overdoses increased the most 

over the past 15 years, deaths due to other drugs, alcohol, and suicides also increased.1 

Moreover, pooled mortality rates for alcohol-induced and suicide deaths exceed those for drug-

induced deaths, and less than a quarter of recent DAS deaths involved opiates.50 Most suicides 

are caused by guns, and most drug-induced suicides are caused by benzodiazepines,1 for which 

opiate reversal agents have no effect. Focusing only on opiates, rather than considering the 

underlying connections between drugs, alcohol, and suicide, and failing to recognize the 

substantial spatial variation in DAS mortality rates may lead to costly and ineffective policy 

strategies. My findings suggest that, in addition to targeting treatment and prevention 

interventions toward communities with significant economic distress, places that have 

experienced major labor market shifts and income decline over the past four decades are 

important targets for intervention. Policymakers could consider spatially-targeted strategies to 

improve employment and training opportunities for those without a college degree, particularly 

in places most affected by blue-collar manufacturing and natural resource job losses. 

Results should be considered in light of important limitations. First, analyses were 

ecologic and cannot account for characteristics of individuals who died within each county. 

Moreover, data suppression prevented disaggregating rates by race/ethnicity, sex, and age. There 

is significant demographic variation in DAS mortality.50 Associations between county-level 

factors and mortality rates may vary across these demographic groups. Third, this study did not 

examine changes in mortality. The factors associated with increases in DAS mortality may differ 

from those associated with this pooled cross-section from 2006-2015. Fourth, death certificates 
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may misclassify causes of death. Pooling drug, alcohol, and suicide deaths and using MCD files 

somewhat reduces the likelihood of undercounting deaths due to misclassification.35 Results may 

also be biased by unexamined heterogeneity in cause-of-death reporting, but state-level variation 

in reporting was controlled via state fixed effects. State fixed effects also accounted for 

unobserved heterogeneity in state programs and policies that may affect drug access, but national 

county-level data on such programs, narcotic supply, and other factors associated with mortality 

risk are unavailable. 

 

Conclusions 

Drug, alcohol, and suicide mortality rates are not randomly distributed across the U.S. 

Nonmetropolitan and small urban counties with comparatively larger concentrations of 

economically vulnerable residents, and counties that have experienced income declines due to 

manufacturing and natural resource job losses are shouldering a much heavier burden than 

others. The results of this study provide a comparative context for clinicians, public health 

professionals, and policymakers to give higher priority to the macro-economic drivers of DAS 

mortality. In concert with immediate and rapid-response treatment interventions, long-term 

economic policies that address the underlying causes of high rates of DAS mortality are likely to 

facilitate reducing these preventable deaths. 
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Figure 1. Age-Adjusted Mortality Rates for Drug-Induced, Alcohol-Induced, and Suicide Deaths 

from 1999 to 2015 

 
 
Note:  Drug- and alcohol-induced rates exclude intentional self-poisonings which are captured in 
the suicide category. 
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Figure 2. County-Level Drug, Alcohol, and Suicide Mortality Rates, 2006-2015 

 

 
 

a
 Legend categories represent mortality rate deciles. 
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Table 1. Variable Information and Data Sourcesa 

Variable 
County-Level Mean 

(SD) or % 
Source/Years for Main 

Analysis 
Source/Years for 

Sensitivity Analysis 

POPULATION COMPOSITION 

percent non-Hispanic black 8.8 (14.5) 

U.S. Decennial Census, 
2000 

American Community 
Survey 5-year estimates, 

2010-14 

percent American Indian 1.1 (3.0) 

percent foreign born 3.5 (4.8) 

percentage age 65 and older 14.8 (4.1) 

percentage of the population age 18-64 who are veterans 10.7 (2.7) 

SOCIOECONOMIC COMPOSITION 

Economic Precarity Index (standardized α=0.77) 46.8 (12.1) U.S. Decennial Census, 
2000 

 
 

Small Area 
Health Insurance 

Estimates (SAHIE), 
2005b 

American Community 
Survey 5-year estimates, 

2010-14 

  poverty rate for ages 18-64 12.6 (5.7) 

  percentage of adults age 16+ in labor market who are unemployed 3.4 (1.3) 

  percentage of adults age 16+ with a work disability 19.7 (5.1) 

  percentage of families with children that are headed by a single-parent 26.0 (7.2) 

  percentage of households receiving public assistance 3.3 (1.7) 

  percentage ages 18-64 without health insurance 18.0 (6.1) 

 
Working-Class Index (standardized α=0.89) 

 
127.4 (14.6)  

 
 

U.S. Decennial Census, 
2000 

 
 

American Community 
Survey 5-year estimates, 

2010-14 

percentage of residents age 25 and older without a 4-year college degree 83.5 (7.8) 

percentage of employed residents in food/personal service and manual labor 
occupations (food service, serving, personal care and service, farming, forestry, 
fishing, construction, extraction, maintenance, production, transportation, and 
material moving) 

44.0 (7.5) 

STRUCTURAL ECONOMIC CHARACTERISTICS 

Industry Transformation - Counties grouped into four categories:   

U.S. Decennial Censuses, 
1980 & 2000 

Change between 1980 
(U.S. Decennial Census) 
and 2010-14 (American 
Community Survey 5-

year estimates) 

1. not dependent on manufacturing or natural resource employment (counties 
where less than 25% of all employed workers were in manufacturing or natural 
resource [extraction, forestry/fishing, farming] occupations in 1980) 

47.5% 
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2. manufacturing job loss (counties where at least 25% of employed workers 
were in manufacturing occupations in 1980, but the number of workers 
employed in manufacturing occupations declined by at least 20% 1980-2000) 

13.4% 

3. natural resource job loss counties where at least 25% of employed workers 
were in extraction, forestry/fishing, or farming occupations in 1980, but the 
number of workers employed in those occupations declined by at least 20% 
1980-2000) 

12.5% 

4. manufacturing or natural resource industry stability or growth (counties 
where at least 25% of employed workers were in manufacturing or natural 
resource occupations in 1980 and either gained jobs in those industries or lost 
fewer than 20% of the jobs in those industries 1980-2000) 

26.7% 

Percent change in median household income, 1980-2000 (constant $) 16.5 (14.7) 
U.S. Decennial Censuses, 

1980 and 2000 

Change between 1980 
(U.S. Decennial Census) 
and 2010-14 (American 
Community Survey 5-

year estimates) 

Income inequality (gini coefficient) 
0.43 (0.04) 

U.S. Decennial Census, 
2000 

American Community 
Survey 5-year estimates, 

2010-14 

HEALTH-PROMOTING ORGANIZATIONAL/INSTITUTIONAL FACTORS 

Social capital-promoting establishments: number of religious, civic, bowling, 
fitness, golf, sports organizations and associations per 10,000 population 

12.9 (6.5) 
Rupasingha et al. - 

County Level Measures 
of Social Capital, 2005  

Rupasingha et al. - 
County Level Measures 
of Social Capital, 2009 

Rent-seeking special interest establishments: number of labor, professional, 
and political organizations and business associations per 10,000 population 

1.7 (1.6) 

Health care infrastructure: 
Designation as primary care health professional shortage area (0=no; 1=yes) 
Designation as mental health care professional shortage area (0=no; 1=yes) 

63.1% 
54.8% 

Area Health Resource 
Files NA 
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Persistent population loss (number of residents declined between 1980 and 
1990 censuses and between 1990 and 2000 censuses) 

19.4% 
U.S. Decennial Censuses, 

1980, 1990, 2000 

U.S. Decennial 
Censuses, 1990, 2000, 

and 2010 
metropolitan status: 
large urban (county in a metro area with > 1 million residents) 
small urban (county in a metro area with < 1 million residents) 
micropolitan (nonmetropolitan county in labor market area centered on an 
urban cluster with population >10,000 and < 50,000) 
rural (counties located outside of metro/micropolitan areas) 

14.0%  
23.6% 
20.5% 
41.9% 

USDA,                
Economic Research 

Service Urban Influence 
Codes, 2013 

NA 

SD = standard deviation 
a Final variable selection came after assessing multiple measures and testing for multicollinearity. Other health care measures tested in preliminary models 
included: Medicare Part D opioid claims per enrollee; presence of at least one community mental health center, psychiatric hospital, hospital with alcohol/drug 
inpatient or outpatient care, and hospital with pain management services; per capita supply of active MDs, psychiatrists, psychologists, social workers, 
occupational, physical, and recreational therapists, occupational medicine MDs, and physical rehabilitation MDs; and the ratio of population to mental health 
providers and primary care providers. Multicollinearity prevented the inclusion of median household income (correlated with economic precarity) and percent 
Hispanic (correlated with percent foreign-born). 
b Although percent non-Hispanic white would arguably be a better  racial/ethnic composition variable for a study on drug, alcohol, and suicide mortality, it was 
too strongly correlated with many of the economic indicators (even when using quartiles) to include it in regression models. 
c County-level health insurance rates are not available in the Decennial Census. 2005 is the first year for which SAHIE estimates are available 
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Table 2. Associations Between County-Level Factors and Drug, Alcohol, and Suicide Mortality Rates in the United States, 2006-2015 

 

Unadjusted Percentage Difference in 
AAMRa 

 

Adjusted Percentage Difference in 
AAMRab 

Independent Variables Estimate (95% CI) p-value 
 

Estimate (95% CI) p-value 
Population Composition  

     Percent non-Hispanic black 
       Quartile 1 (REF) 0.0 

  
0.0 

   Quartile 2 -1.7 (-4.6 to 1.2) .259 
 

0.5 (-2.0 to 3.0) .668 
  Quartile 3 -2.8 (-6.1 to 0.4) .090 

 
-0.1 (-3.0 to 2.8) .952 

  Quartile 4  -14.5 (-18.5 to -10.6) <.001 
 

-10.0 (-13.8 to -6.2) <.001 
Percent American Indian 

       Quartile 1 (REF) 0.0 
  

0.0 
   Quartile 2 1.3 (-1.5 to 4.2) .361 

 
1.4 (-1.0 to 3.8) .238 

  Quartile 3 2.9 (-0.2 to 6.0) .069 
 

2.1 (-0.6 to 4.8) .125 
  Quartile 4  14.5 (10.9 to 18.1) <.001 

 
3.3 (0.2 to 6.5) .039 

Percent foreign born 
       Quartile 1 (REF) 0.0 

  
0.0 

   Quartile 2 0.5 (-2.3 to 3.4) .710 
 

1.0 (-1.5 to 3.4) .442 
  Quartile 3 -0.8 9-3.8 to 2.3) .614 

 
3.0 (0.2 to 5.8) .035 

  Quartile 4  -13.3 (-16.7 to -9.9) <.001 
 

-1.0 (-4.3 to 2.3) .547 
Percentage aged 18-64 who are veterans 

      Quartile 1 (REF) 0.0 
  

0.0 
   Quartile 2 7.5 (4.7 to 10.3) <.001 

 
5.9 (3.4 to 8.3) <.001 

  Quartile 3 12.4 (9.6 to 15.2) <.001 
 

8.4 (5.9 to 11.0) <.001 
  Quartile 4  18.5 (15.6 to 21.5) <.001 

 
12.4 (9.5 to 15.2) <.001 

Percent aged 65+ 
       Quartile 1 (REF) 0.0 

  
0.0 

   Quartile 2 11.1 (8.5 to 13.8) <.001 
 

6.7 (4.3 to 9.1) <.001 
  Quartile 3 14.1 (11.3 to 16.9) <.001 

 
7.3 (4.5 to 10.2) <.001 

  Quartile 4 21.9 (19.0 to 24.8) <.001 
 

13.8 (10.4 to 17.2) <.001 
Socioeconomic Composition 
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Economic precarity 
       Quartile 1 (REF) 0.0 

  
0.0 

   Quartile 2 18.9 (16.2 to 21.7) <.001 
 

12.4 (9.8 to 15.0) <.001 
  Quartile 3 28.2 (25.2 to 31.3) <.001 

 
19.9 (16.7 to 23.1) <.001 

  Quartile 4  27.1 (23.9 to 30.4) <.001 
 

23.3 (19.5 to 27.1) <.001 
Working class presence 

       Quartile 1 (REF) 0.0 
  

0.0 
   Quartile 2 9.0 (6.2 to 11.8) <.001 

 
1.2 (-1.4 to 3.8) .349 

  Quartile 3 10.6 (7.8 to 13.5) <.001 
 

2.6 (-0.2 to 5.5) .072 
  Quartile 4  10.9 (7.8 to 13.9) <.001 

 
1.7 (-0.5 to 6.2) .096 

Structural Economic Characteristics 
     Employment industry transition, 1980 to 2000 
       Not manufacturing or natural resource dependent in 1980 

(REF) 0.0 
  

0.0 
   Manufacturing loss  5.0 (1.7 to 8.2) .003 

 
-0.4 (-3.3 to 2.4) .759 

  Natural resource loss 4.5 (0.9 to 8.1) .014 
 

1.7 (-0.8 to 5.9) .132 
  Manufacturing or natural resource stability or growth  -1.2 (-3.9 to 1.5) .395 

 
1.0 (-1.4 to 3.4) .404 

Change in median household income, 1980 to 2000 (constant $) 
      Quartile 1 (decline/stagnation) 15.7 (12.6 to 18.8) <.001 

 
7.2 (4.4 to 10.1) <.001 

  Quartile 2 7.5 (4.6 to 10.4) <.001 
 

4.2 (1.7 to 6.6) .001 
  Quartile 3 5.1 (2.3 to 7.9) <.001 

 
2.2 (-0.2 to 4.5) .070 

  Quartile 4 (largest increase) (REF) 0.0 
  

0.0 
 Income inequality 

       Quartile 1 (REF) 0.0 
  

0.0 
   Quartile 2 9.7 (6.9 to 12.5) <.001 

 
2.1 (-2.9 to 4.6) .084 

  Quartile 3 12.1 (9.2 to 15.0) <.001 
 

1.8 (-0.9 to 4.6) .186 
  Quartile 4  7.9 (4.8 to 11.1) <.001 

 
-0.3 (-3.5 to 2.9) .852 

Health-Promoting Organizational/Institutional Characteristics 
    Putnam-type social capital-promoting establishments  
      Quartile 1 (REF) 0.0 
  

0.0 
   Quartile 2 6.5 (3.6 to 9.3) <.001 

 
2.5 (0.03 to 5.0) .047 
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  Quartile 3 8.1 (5.1 to 11.1) <.001 
 

-0.04 (-2.8 to 2.7) .975 
  Quartile 4  4.4 (1.1 to 7.7) .009 

 
-3.7 (-6.9 to -0.4) .027 

Rent-seeking establishments  
      Quartile 1 (REF) 0.0 
  

0.0 
   Quartile 2 0.8 (-2.0 to 3.6) .569 

 
1.3 (-1.0 to 3.6) .262 

  Quartile 3 2.8 (0.01 to 5.6) .049 
 

1.5 (-0.8 to 4.0) .204 
  Quartile 4  6.5 (3.6 to 9.5) <.001 

 
5.2 (2.6 to 7.7) <.001 

Primary health care professional shortage area 
       No (REF) 0.0 

  
0.0 

   Yes 3.1 (1.0 to 5.3) .005 
 

-0.7 (-2.5 to 1.1) .467 
Mental health care professional shortage area  

       No (REF) 0.0 
  

0.0 
   Yes 5.9 (3.6 to 8.3) <.001 

 
0.8 (-1.3 to 2.8) .464 

Persistent population loss, 1980-2000      
  No (REF) 0.0   0.0  
  Yes 6.8 (3.9 to 9.6) <.001  1.0 (-1.7 to 3.6) .478 
Metropolitan Status      
  Large urban (REF) 0.0   0.0  
  Small urban 7.6 (4.4 to 10.8) <.001  -5.9 (-8.7 to -3.1) <.001 
  Micropolitan  8.3 (4.9 to 11.7) <.001  -8.0 (-11.3 to -4.7) <.001 
  Rural 12.2 (9.1 to 15.3) <.001  -9.2 (-12.6 to -5.8) <.001 

Spatial Weight – Rhod  18.4 (17.1 to 19.7) <.001 
 

13.8 (12.5 to 15.0) <.001 
N=3,083 counties 
aAAMR = age-adjusted mortality rate; all models include state fixed effects 
bAdjusted R-square=.574 
cQuartiles are ordered so that Quartile 1 represents the lowest 25th percentile and Quartile 4 represents the highest 25th percentile. 
dMoran’s I=.460; the spatial weight is standardized to have a mean of 0 and standard deviation of 1 
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Table 3. Comparison of Associations between County-Level Factors and Standardized Cause-Specific Mortality Rates in the United States, 2006-2015 

 
Model-Adjusted Standardized Percentage Difference in AAMRa 

 
Drugs, Alcohol, Suicide Heart Disease Cancer Respiratory Disease 

 

Estimate 
(95% CI) p-value 

Estimate 
(95% CI) p-value 

Estimate 
(95% CI) p-value 

Estimate  
(95% CI) p-value 

Population Composition 
            Percent non-Hispanic black 

            Quartile 1 (REF) 0.0 
  

0.0 
  

0.0 
  

0.0 
  

Quartile 2 .009 
(-.064 to .082) 

.801 
 

.086 
(.022 to .150) 

.009 
 

.088 
(.013 to .163) 

.021 
 

.090 
(.013 to .167) 

.022 
 

Quartile 3 -.023 
(-.109 to .064) 

.607 
 

.154 
(.078 to .230) 

<.001 * 
.117 

(.028 to .205) 
.010 * 

.150 
(.059 to .240) 

.001 * 

Quartile 4  -.334 
(-.447 to -.222) 

<.001 
 

.242 
(.145 to .339) 

<.001 * 
.246 

(.133 to .359) 
<.001 * 

.001 
(-.115 to .117) 

.985 * 

Percent American Indian 

 

 

  

  

 

  

 

  

Quartile 1  (REF) 0.0 
  

0.0 
  

0.0 
  

0.0 
 

 

Quartile 2 .043 
(-.028 to .114) 

.238 
 

-.022 
(-.085 to .041) 

.493 
 

-.012 
(-.085 to .061) 

.749 
 

-.018 
(-.093 to .057) 

.631 
 

Quartile 3 .063 
(-.016 to .141) 

.118 
 

.007 
(-.063 to .076) 

.853 
 

.047 
(-.033 to .127) 

.252 
 

.057 
(-.026 to .139) 

.180 
 

Quartile 4  .086 
(-.006 to .179) 

.068 
 

.017 
(-.065 to .098) 

.685 
 

.135 
(.040 to .230) 

.005 
 

.076 
(-.022 to .173) 

.128 
 

Percent foreign born 

 

 

  

  

 

  

 

  

Quartile 1 (REF) 0.0 
  

0.0 
  

0.0 
  

0.0 
  

Quartile 2 .028 
(-.044 to .100) 

.446 
 

-.021 
(-.085 to .043) 

.521 
 

-.031 
(-.105 to .043) 

.406 
 

-.024 
(-.100 to .052) 

.528 
 

Quartile 3 .086 
(.004 to .167) 

.040 
 

-.051 
(-.123 to .022) 

.171 * 
-.016 

(-.100 to .068) 
.712 * 

.063 
(-.023 to .149) 

.153 
 

Quartile 4  -.043 
(-.140 to .054) 

.381 
 

-.134 
(-.221 to -.048) 

.002 
 

-.146 
(-.246 to -.045) 

.004 
 

-.065 
(-.167 to .038) 

.216 
 

Percentage aged 18-64 who are veterans 

 

 

  

  

 

  

 

  

Quartile 1  (REF) 0.0 
  

0.0 
  

0.0 
  

0.0 
  

Quartile 2 .163 
(.091 to .235) 

<.001 
 

.052 
(-.012 to .115) 

.111 * 
.151 

(.077 to .224) 
<.001 

 
.263 

(.187 to .339) 
<.001 * 

Quartile 3 .236 
(.160 to .313) 

<.001 
 

.040 
(-.028 to .107) 

.247 * 
.149 

(.071 to .228) 
<.001 

 
.271 

(.191 to .352) 
<.001 

 
Quartile 4  .360 

(.276 to .444) 
<.001 

 
.073 

(-.001 to .147) 
.054 * 

.244 
(.158 to .330) 

<.001 * 
.346 

(.257 to .434) 
<.001 

 
Percent aged 65+ 
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Quartile 1 (REF) 0.0 
  

0.0 
  

0.0 
  

0.0 
  

Quartile 2 .197 
(.122 to .271) 

<.001 
 

.031 
(-.034 to .097) 

.345 * 
.120 

(.044 to .196) 
.002 

 
.003 

(-.075 to .081) 
.934 * 

Quartile 3 .215 
(.130 to .300) 

<.001 
 

.085 
(.010 to .160) 

.026 * 
.111 

(.024 to .198) 
.013 * 

.017 
(-.073 to .107) 

.708 * 

Quartile 4 .397 
(.296 to .498) 

<.001 
 

.082 
(-.007 to .171) 

.071 * 
.135 

(.032 to .238) 
.010 * 

-.005 
(-.112 to .101) 

.923 * 

Socioeconomic Composition 

 

 

  

  

 

  

 

  

Economic precarity 

 

 

  

  

 

  

 

  

Quartile 1 (REF) 0.0 
  

0.0 
  

0.0 
  

0.0 
  

Quartile 2 .361 
(.284 to .437) 

<.001 
 

.207 
(.139 to .274) 

<.001 * 
.222 

(.144 to .301) 
<.001 * 

.262 
(.182 to .343) 

<.001 * 

Quartile 3 .585 
(.490 to .679) 

<.001 
 

.356 
(.273 to .438) 

<.001 * 
.434 

(.338 to .530) 
<.001 * 

.386 
(.287 to .484) 

<.001 * 

Quartile 4  .689 
(.577 to .801) 

<.001 
 

.586 
(.487 to .684) 

<.001 
 

.598 
(.483 to .712) 

<.001 
 

.421 
(.303 to .538) 

<.001 * 

Working class presence 
            

Quartile 1 (REF) 0.0 
  

0.0 
  

0.0 
  

0.0 
  

Quartile 2 .050 
(-.027 to .128) 

.202 
 

.322 
(.254 to .390) 

<.001 * 
.290 

(.211 to .369) 
<.001 * 

.275 
(.194 to .357) 

<.001 * 

Quartile 3 .086 
(.001 to .171) 

.048 
 

.506 
(.431 to .581) 

<.001 * 
.414 

(.327 to .501) 
<.001 * 

.322 
(.233 to .412) 

<.001 * 

Quartile 4  .085 
(-.015 to .185) 

.094 
 

.591 
(.503 to .679) 

<.001 * 
.481 

(.379 to .583) 
<.001 * 

.416 
(.311 to .521) 

<.001 * 

Structural Economic Characteristics 

 

 

  

  

 

  

 

  

Employment industry transition, 1980 to 2000 

 

 

  

  

 

  

 

  

Not manufacturing or natural resources 
dependent in 1980 (REF) 

0.0 
  

0.0 
  

0.0 
  

0.0 
  

Manufacturing  loss  -.016 
(-.101 to .069) 

.713 
 

.029 
(-.047 to .104) 

.455 
 

-.015 
(-.102 to .073) 

.745 
 

.077 
(-.013 to .167) 

.095 
 

Natural resource loss .070 
(-.023 to .163) 

.142 
 

.023 
(-.059 to .105) 

.584 
 

-.018 
(-.113 to .077) 

.713 
 

.217 
(.119 to .316) 

<.001 * 

Manufacturing or natural resource stability or 
growth since 1980 

.029 
(-.043 to .100) 

.430 
 

.021 
(-.042 to .083) 

.521 
 

.001 
(-.072 to .074) 

.979 
 

.112 
(.037 to .187) 

.004 
 

Change in Median Household Income, 1980 to 2000 (constant $)  

  

  

 

  

 

  

Quartile 1  .218 
(.135 to .301) 

<.001 
 

.109 
(.036 to .182) 

.004 * 
.183 

(.098 to .268) 
<.001 

 
.157 

(.069 to .245) 
<.001 

 
Quartile 2 .127 

(.053 to .200) 
.001 

 
.154 

(.089 to .219) 
<.001  

.133 
(.058 to .209) 

.001 
 

.170 
(.092 to .248) 

<.001 
 

Quartile 3 .068 .057 
 

.089 .005 
 

.088 .016 
 

.061 .105 
 



28 

 

(-.002 to .138) (.027 to .151) (.016 to .160) (-.013 to .135) 

Quartile 4  (REF) 0.0 
  

0.0   0.0  
 

0.0  
 

Income inequality 

 

 

  

  

 

  

 

  

Quartile 1  (REF) 0.0 
  

0.0 
  

0.0 
  

0.0 
  

Quartile 2 .064 
(-.008 to .137) 

.083 
 

.018 
(-.046 to .082) 

.580 
 

-.031 
(-.105 to .044) 

.421 * 
.042 

(-.035 to .119) 
.281 

 
Quartile 3 .054 

(-.028 to .135) 
.197 

 
-.014 

(-.086 to .058) 
.697 

 
-.102 

(-.185 to -.019) 
.016 * 

.001 
(-.085 to .087) 

.976 
 

Quartile 4  -.017 
(-.113 to .079) 

.736 
 

-.105 
(-.190 to -.020) 

.015 
 

-.135 
(-.233 to -.036) 

.007 * 
-.113 

(-.214 to -.012) 
.028 

 
Health-Promoting Organizational/Institutional Characteristics  

  

  

 

  

 

  

Social capital-promoting establishments (Putnam type)  

  

  

 

  

 

  

Quartile 1 (REF) 0.0 
  

0.0 
  

0.0 
  

0.0 
  

Quartile 2 .070 
(-.004 to .144) 

.065 
 

.032 
(-.034 to .097) 

.343 
 

.027 
(-.048 to .103) 

.479 
 

.036 
(-.042 to .114) 

.371 
 

Quartile 3 -.004 
(-.086 to .078) 

.926 
 

.014 
(-.058 to .086) 

.708 
 

-.008 
(-.092 to .076) 

.849 
 

.029 
(-.057 to .116) 

.504 
 

Quartile 4  -.117 
(-.212 to -.022) 

.016 
 

.017 
(-.066 to .101) 

.686 * 
-.049 

(-.146 to .048) 
.323 

 
-.003 

(-.102 to .097) 
.960 * 

Rent-seeking establishments (Olson type) 

 

 

  

  

 

  

 

  

Quartile 1 (REF) 0.0 
  

0.0 
  

0.0 
  

0.0 
  

Quartile 2 .035 
(-.033 to .103) 

.318 
 

-.002 
(-.062 to .058) 

.945 
 

.012 
(-.058 to .082) 

.735 
 

-.114 
(-.186 to -.043) 

.002 * 

Quartile 3 .043 
(-.028 to .113) 

.235 
 

-.011 
(-.074 to .051) 

.720 
 

.026 
(-.046 to .098) 

.478 
 

-.154 
(-.228 to -.080) 

<.001 * 

Quartile 4  .151 
(.076 to .226) 

<.001 
 

-.076 
(-.142 to -.010) 

.024 * 
.027 

(-.050 to .104) 
.490 * 

-.159 
(-.238 to -.080) 

<.001 * 

Primary health care professional shortage area, 2000  

  

  

 

  

 

  

No (REF) 0.0 
  

0.0 
  

0.0 
  

0.0 
  

Yes -.020 
(-.074 to .035) 

.480 
 

-.022 
(-.070 to .025) 

.358 
 

-.023 
(-.079 to .032) 

.413 
 

-.019 
(-.077 to .038) 

.509 
 

Mental health care professional shortage area, 2000   

  

  

 

  

 

  

No (REF) 0.0 
  

0.0 
  

0.0 
  

0.0 
 

 

Yes .018 
(-.043 to .079) 

.567 
 

.032 
(-.022 to .086) 

.240 
 

-.046 
(-.108 to .017) 

.150 
 

.046 
(-.018 to .111) 

.159 
 

Persistent population loss, 1980-2000             

No (REF) 0.0   0.0   0.0   0.0   
Yes .031 

(-.046 to .108) 
.430  

.171 
(.103 to .239) 

<.001 * 
.098 

(.019 to .176) 
.015  

.067 
(-.014 to .148) 

.104  
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Metropolitan Status             

Large urban (REF) 0.0   0.0   0.0   0.0   
Small urban -.181 

(-.268 to -.093) 
<.001  

-.115 
(-.193 to -.038) 

.004  
-.202 

(-.291 to -.112) 
<.001  

-.079 
(-.171 to .014) 

.096  

Micropolitan  -.241 
(-.341 to -.142) 

<.001  
-.112 

(-.200 to -.024) 
.013 * 

-.189 
(-.291 to -.087) 

<.001  
-.055 

(-.161 to .050) 
.302 * 

Rural -.270 
(-.372 to -.167) 

<.001  
-.111 

(-.201 to -.020) 
.017 * 

-.245 
(-.350 to -.141) 

<.001  
-.098 

(-.206 to .010) 
.074 * 

Spatial Weight - Rho  .396 
(.360 to .432) 

<.001 
 

.379 
(.339 to .419) 

<.001 
 

.358 
(.320 to .396) 

<.001 
 

.484 
(.452 to .517) 

<.001 * 

R-Square .581 
  

.674 
  

.560 
  

.534 
  

Moran's I .460 
  

.593 
  

.490 
  

.481 
  

N=3,083 counties 
aAAMR = age-adjusted mortality rate (per 100,000 persons); logged mortality rates were standardized to have a mean of 0 and standard deviation of 1 to enable comparisons of 
coefficient magnitude across models; all models include state fixed effects 
bThe spatial weight is standardized to have a mean of 0 and standard deviation of 1 
*Indicates that the coefficient is significantly different (P<.05) from the coefficient in the drug, alcohol, and suicide mortality model 
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eTable 1. Associations between County-Level Factors and Heart Disease, Cancer, and Chronic Lower Respiratory Disease Mortality Rates in 

the United States, 2006-2015 

 

Model-Adjusted Percentage Difference in AAMR
a
 

 

Heart Disease Cancer 

Chronic Lower Respiratory 

Disease 

 

Estimate  

(95% CI) p-value 

Estimate  

(95% CI) p-value 

Estimate  

(95% CI) p-value 

Population Composition 

      Percent non-Hispanic black 

        Quartile 1 (REF) 0.0 

 

0.0 

 

0.0 

   Quartile 2 2.2 (0.6 to 3.7) 0.007 1.3 (0.2 to 2.4) 0.019 3.0 (0.6 to 5.4) 0.013 

  Quartile 3 3.7 (1.8 to 5.5) <.001 1.8 (0.5 to 3.1) 0.006 4.9 (2.2 to 7.7) 0.001 

  Quartile 4  5.8 (3.5 to 8.1) <.001 3.7 (2.0 to 5.3) <.001 0.7 (-2.9 to 4.2) 0.715 

Percent American Indian 

        Quartile 1  (REF) 0.0 

 

0.0 

 

0.0 

   Quartile 2 -0.5 (-2.0 to 1.0) 0.495 -0.1 (-1.1 to 1.0) 0.917 -0.5 (-2.7 to 1.8) 0.689 

  Quartile 3 -0.1 (-1.8 to 1.5) 0.868 0.6 (-0.6 to 1.7) 0.358 1.7 (-0.8 to 4.2) 0.188 

  Quartile 4 (high percent American Indian) 0.5 (-1.4 to 2.5) 0.598 2.0 (0.6 to 3.4) 0.006 2.7 (-0.3 to 5.7) 0.075 

Percent foreign born 

        Quartile 1 (REF) 0.0 

 

0.0 

 

0.0 

   Quartile 2 -0.4 (-1.9 to 1.1) 0.619 -0.4 (-1.5 to 0.7) 0.504 -0.6 (-3.0 to 1.7) 0.589 

  Quartile 3 -1.0 (-2.8 to 0.7) 0.245 -0.2 (-1.4 to 1.0) 0.748 2.0 (-0.6 to 4.7) 0.128 

  Quartile 4  -3.0 (-5.1 to -0.9) 0.004 -2.0 (-3.5 to -0.6) 0.007 -2.0 (-5.1 to 1.1) 0.215 

Percentage aged 18-64 who are veterans 

        Quartile 1  (REF) 0.0 

 

0.0 

 

0.0 

   Quartile 2 1.5 (0.0 to 3.0) 0.047 2.4 (1.3 to 3.5) <.001 8.5 (6.2 to 10.8) <.001 

  Quartile 3 1.2 (-0.4 to 2.7) 0.155 2.5 (1.3 to 3.6) <.001 9.0 (6.6 to 11.4) <.001 

  Quartile 4  2.0 (0.3 to 3.8) 0.024 3.9 (2.6 to 5.1) <.001 11.3 (8.7 to 14.0) <.001 

Percent aged 65+ 

        Quartile 1 (REF) 0.0 

 

0.0 

 

0.0 

   Quartile 2 0.7 (-0.8 to 2.2) 0.359 1.7 (0.7 to 2.8) 0.002 0.1 (-2.2 to 2.4) 0.927 

  Quartile 3 1.8 (0.1 to 3.6) 0.042 1.4 (0.2 to 2.7) 0.026 0.3 (-2.4 to 3.0) 0.843 

  Quartile 4 1.6 (-0.5 to 3.7) 0.132 1.8 (0.3 to 3.3) 0.019 -0.6 (-3.8 to 2.6) 0.708 

Persistent population loss, 1980-2000 

        No (REF) 0.0 

 

0.0 

 

0.0 
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  Yes 4.3 (2.7 to 6.0) <.001 1.6 (0.4 to 2.7) 0.008 1.7 (-0.8 to 4.2) 0.178 

Metropolitan Status 

        Large urban (REF) 0.0 

 

0.0 

 

0.0 

   Small urban -2.8 (-4.6 to -1.1) 0.002 -3.0 (-4.3 to -1.8) <.001 -2.5 (-5.2 to 0.1) 0.064 

  Micropolitan  -2.7 (-4.7 to -0.6) 0.010 -2.8 (-4.2 to -1.3) <.001 -1.8 (-4.9 to 1.4) 0.270 

  Rural -2.7 (-4.8 to -0.6) 0.013 -3.7 (-5.2 to -2.2) <.001 -3.2 (-6.4 to 0.0) 0.051 

Socioeconomic Composition 

      Economic precarity 

        Quartile 1 (low precarity) (REF) 0.0 

 

0.0 

 

0.0 

   Quartile 2 5.1 (3.6 to 6.7) <.001 3.6 (2.5 to 4.7) <.001 8.1 (5.7 to 10.5) <.001 

  Quartile 3 8.9 (6.9 to 10.8) <.001 6.8 (5.4 to 8.2) <.001 11.9 (8.9 to 14.8) <.001 

  Quartile 4 (high precarity) 14.5 (12.2 to 16.9) <.001 9.3 (7.6 to 11.0) <.001 13.2 (9.7 to 16.8) <.001 

Working class presence 

        Quartile 1 (small working class) (REF) 0.0 

 

0.0 

 

0.0 

   Quartile 2 7.7 (6.1 to 9.3) <.001 4.2 (3.0 to 5.3) <.001 8.2 (5.8 to 10.7) <.001 

  Quartile 3 12.1 (10.3 to 13.8) <.001 6.1 (4.8 to 7.3) <.001 10.0 (7.3 to 12.7) <.001 

  Quartile 4 (high working class) 14.2 (12.1 to 16.3) <.001 7.1 (5.6 to 8.6) <.001 13.0 (9.9 to 16.2) <.001 

Structural Economic Characteristics 

      Employment industry transition, 1980 to 2000 

        Not manufacturing or natural resources dependent in 1980 (REF) 0.0 

 

0.0 

 

0.0 

   Manufacturing  loss  0.7 (-1.1 to 2.4) 0.465 -0.1 (-1.4 to 1.1) 0.840 2.2 (-0.4 to 4.9) 0.103 

  Natural resource loss 0.6 (-1.5 to 2.6) 0.587 -0.4 (-1.8 to 1.1) 0.595 6.2 (3.1 to 9.3) <.001 

  Manufacturing or natural resource stability or growth since 1980 0.6 (-0.9 to 2.1) 0.443 0.2 (-0.8 to 1.3) 0.698 3.0 (0.8 to 5.3) 0.009 

Change in Median Household Income, 1980 to 2000 (constant $) 

        Quartile 1 (decline or stagnation) 2.7 (0.9 to 4.4) 0.003 2.5 (1.3 to 3.8) <.001 4.7 (2.0 to 7.3) 0.001 

  Quartile 2 3.5 (2.0 to 5.1) <.001 1.8 (0.7 to 2.9) 0.001 5.0 (2.6 to 7.3) <.001 

  Quartile 3 2.0 (0.6 to 3.5) 0.007 1.2 (0.2 to 2.2) 0.024 1.8 (-0.4 to 4.1) 0.107 

  Quartile 4 (large increase) (REF) 0.0 

 

0.0 

 

0.0 

 Income inequality 

        Quartile 1 (low inequality) (REF) 0.0 

 

0.0 

 

0.0 

   Quartile 2 0.5 (-1.1 to 2.0) 0.548 -0.4 (-1.5 to 0.7) 0.476 1.0 (-1.3 to 3.4) 0.374 

  Quartile 3 -0.4 (-2.1 to 1.3) 0.622 -1.5 (-2.7 to -0.2) 0.018 -0.3 (-2.9 to 2.3) 0.805 

  Quartile 4 (high inequality) -2.5 (-4.5 to -0.5) 0.014 -2.0 (-3.4 to -0.5) 0.007 -4.2 (-7.3 to -1.2) 0.007 

Organizational/Institutional Characteristics 

      Social capital-promoting establishments (Putnam type) 
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  Quartile 1 (low social capital) (REF) 0.0 

 

0.0 

 

0.0 

   Quartile 2 0.8 (-0.7 to 2.3) 0.309 0.5 (-0.6 to 1.6) 0.379 1.2 (-1.1 to 3.6) 0.293 

  Quartile 3 0.4 (-1.3 to 2.1) 0.668 -0.1 (-1.3 to 1.2) 0.920 0.9 (-1.7 to 3.5) 0.481 

  Quartile 4 (high social capital) 0.7 (-1.3 to 2.7) 0.485 -0.5 (-1.9 to 0.9) 0.490 0.2 (-2.8 to 3.3) 0.883 

Rent-seeking establishments (Olson type) 

        Quartile 1 (low rent-seeking) (REF) 0.0 

 

0.0 

 

0.0 

   Quartile 2 0.0 (-1.4 to 1.4) 0.979 0.2 (-0.8 to 1.3) 0.629 -2.8 (-4.9 to -0.6) 0.011 

  Quartile 3 -0.3 (-1.8 to 1.2) 0.695 0.4 (-0.6 to 1.5) 0.406 -4.1 (-6.3 to -1.8) 0.000 

  Quartile 4 (high rent-seeking) -1.8 (-3.4 to -0.2) 0.030 0.5 (-0.7 to 1.6) 0.425 -4.1 (-6.5 to -1.6) 0.001 

Primary health care professional shortage area 

        No (REF) 0.0 

 

0.0 

 

0.0 

   Yes -0.4 (-1.6 to 0.7) 0.452 -0.3 (-1.1 to 0.5) 0.484 -0.9 (-2.6 to 0.8) 0.319 

Mental health care professional shortage area  

        No (REF) 0.0 

 

0.0 

 

0.0 

   Yes 0.8 (-0.5 to 2.1) 0.209 -0.6 (-1.5 to 0.3) 0.186 1.4 (-0.5 to 3.3) 0.159 

Spatial Weight – Rho
b
  9.2 (8.2 to 10.2) <.001 5.6 (5.0 to 6.2) <.001 15.9 (14.8 to 16.9) <.001 

R-Square .684 

 

.560 

 

.534 

 Moran’s I .592  .490  .481  

N=3,083 counties 
a
AAMR = age-adjusted mortality rate (per 100,000 persons); all models include state fixed effects 

b
The spatial weight is standardized to have a mean of 0 and standard deviation of 1 

 

 

 


