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IMPORTANCE Fading economic opportunity has been hypothesized to be an important
factor associated with the US opioid overdose crisis. Automotive assembly plant closures
are culturally significant events that substantially erode local economic opportunities.

OBJECTIVE To estimate the extent to which automotive assembly plant closures were
associated with increasing opioid overdose mortality rates among working-age adults.

DESIGN, SETTING, AND PARTICIPANTS A county-level difference-in-differences study was
conducted among adults aged 18 to 65 years in 112 manufacturing counties located in
30 commuting zones (primarily in the US South and Midwest) with at least 1 operational
automotive assembly plant as of 1999. The study analyzed county-level changes from
January 1, 1999, to December 31, 2016, in age-adjusted, county-level opioid overdose
mortality rates before vs after automotive assembly plant closures in manufacturing counties
affected by plant closures compared with changes in manufacturing counties unaffected by
plant closures. Data analyses were performed between April 1, 2018, and July 20, 2019.

EXPOSURE Closure of automotive assembly plants in the commuting zone of residence.

MAIN OUTCOMES AND MEASURES The primary outcome was the county-level age-adjusted
opioid overdose mortality rate. Secondary outcomes included the overall drug overdose
mortality rate and prescription vs illicit drug overdose mortality rates.

RESULTS During the study period, 29 manufacturing counties in 10 commuting zones were
exposed to an automotive assembly plant closure, while 83 manufacturing counties in
20 commuting zones remained unexposed. Mean (SD) baseline opioid overdose rates per
100 000 were similar in exposed (0.9 [1.4]) and unexposed (1.0 [2.1]) counties. Automotive
assembly plant closures were associated with statistically significant increases in opioid
overdose mortality. Five years after a plant closure, mortality rates had increased by 8.6
opioid overdose deaths per 100 000 individuals (95% CI, 2.6-14.6; P = .006) in exposed
counties compared with unexposed counties, an 85% higher increase relative to the
mortality rate that would have been expected had exposed counties followed the same
outcome trends as unexposed counties. In analyses stratified by age, sex, and race/ethnicity,
the largest increases in opioid overdose mortality were observed among non-Hispanic white
men aged 18 to 34 years (20.1 deaths per 100 000; 95% CI, 8.8-31.3; P = .001) and aged 35 to
65 years (12.8 deaths per 100 000; 95% CI, 5.7-20.0; P = .001). We observed similar patterns
of prescription vs illicit drug overdose mortality. Estimates for opioid overdose mortality in
nonmanufacturing counties were not statistically significant.

CONCLUSIONS AND RELEVANCE From 1999 to 2016, automotive assembly plant closures were
associated with increases in opioid overdose mortality. These findings highlight the potential
importance of eroding economic opportunity as a factor in the US opioid overdose crisis.
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D uring the past 2 decades, the United States has expe-
rienced a widespread and significant increase in opi-
oid overdose mortality, particularly among working-

age adults.1-3 Recent work has shown that supply-side factors
(eg, physician prescribing behavior and increasing availabil-
ity of synthetic opioids) are associated with increased opioid
dependence and risk of overdose.4-7 Consequently, policy and
programmatic responses to the opioid overdose crisis have em-
phasized reducing the supply of opioids.8-12

The coincident increase in opioid overdose mortality dur-
ing a time of worsening economic opportunity has also sparked
interest in understanding the growing demand for opioids.13,14

Most prominently, Case and Deaton15,16 have argued that the
erosion of long-standing economic opportunities has played
a leading role in precipitating deaths from drug overdose, sui-
cide, and other “deaths of despair.”16(p398) However, studies ex-
amining the associations between unemployment, income, and
opioid overdose mortality have yielded mixed findings.17-20

This lack of consensus may reflect the fact that standard eco-
nomic measures do not adequately capture the fundamental
and sustained decline in economic opportunity or the ad-
verse socioeconomic and cultural climate that follows.16,21-24

Consistent with this hypothesis, studies based on other eco-
nomic measures (eg, changes in employment opportunities
owing to changes in international trade policy) have esti-
mated strong associations with drug overdose mortality.23-25

To reconcile the mixed findings in the literature, we con-
ducted a study to estimate the association between automo-
tive assembly plant closures and opioid overdose mortality
among working-age adults. We focused specifically on auto-
motive assembly plant closures because they are often un-
expected (to workers26), discrete, and both culturally and
economically significant events, thus providing a unique op-
portunity to estimate the potential consequences of an acute,
sustained decline in economic opportunities. Moreover, au-
tomotive plant closures have long been viewed as exemplars
of the broader, gradual decline in US manufacturing that has
occurred during the last 2 decades, a trend that has specifi-
cally been associated with the opioid overdose crisis.16 We com-
pared changes in age-adjusted opioid overdose mortality rates
among working-age adults living in manufacturing counties
before vs after automotive assembly plant closures occurred
compared with similar changes in manufacturing counties
where plant closures did not occur.

Methods
Study Sample and Assignment of Exposure
The study period spanned from January 1, 1999, to December
31, 2016, corresponding to the full set of dates for which In-
ternational Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10)–coded death certifi-
cate data were available at the time of study design. Follow-
ing the approach used in the academic literature and federal
government reports,27-29 we built a database of all automo-
tive assembly plants in operation as of 1999 using data from
industry trade publications, automotive company websites,

and newspaper articles. We identified the location of each plant
and their dates of closure, if any (section 1 of the eAppendix
in the Supplement provides further details; eTable 1 in the
Supplement lists all identified plants.) Per University of
Pennsylvania policy, institutional review board review was not
required for this study given its use of deidentified data on
deceased persons.

We next identified counties located within commuting zones
that contained 1 or more automotive assembly plants. Counties
were defined as exposed if, during the study period, there was
a plant closure in the commuting zone in which they were lo-
cated. Counties were defined as unexposed if their associated
commuting zones experienced no closures of automotive as-
sembly plants during the study period. We used commuting
zones, which are contiguous groups of counties that are used to
define local labor markets,30 to define exposure because indi-
viduals may not necessarily reside in the same county in which
they work.23,31 In the 4 cases in which more than 1 automotive
plantclosureoccurredwithinthecommutingzone,exposurewas
assigned based on the date of the first closure.

The study sample was limited to manufacturing coun-
ties, defined as those in the top quintile nationwide with
respect to the share of workers employed in manufacturing
(eFigure 1 in the Supplement). This sample restriction fo-
cused our analysis on the manufacturing-dominated areas of
the country32,33 most likely to be affected by automotive as-
sembly plant closures and their downstream consequences.
Our approach here follows the literature in using area-level
measures to identify regions of the country at greatest risk,34

necessitated by the fact that death certificates lack informa-
tion on the occupation of the deceased. Further details of the
sample and exposure assignment are provided in section 2 of
the eAppendix in the Supplement.

Outcomes
The primary outcome was the county-level age-adjusted opi-
oid overdose mortality rate among adults aged 18 to 65 years.
We computed these rates by county of residence (the small-
est available geographic identifier) and by calendar year using
individual-level death certificate data from the US National

Key Points
Question Are closures of US automobile assembly plants
associated with increases in opioid overdose mortality rates
among working-age adults?

Findings In this difference-in-differences study, US manufacturing
counties that experienced an automotive assembly plant closure
were compared with counties in which automotive plants
remained open from 1999 to 2016. Automotive assembly plant
closures were associated with a statistically significant increase in
county-level opioid overdose mortality rates among adults aged
18 to 65 years.

Meaning Automotive assembly plant closures were associated
with increases in opioid overdose mortality, highlighting the
potential importance of the role of declining economic
opportunity in the US opioid overdose crisis.
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Center for Health Statistics and population estimates from the
US Census Bureau.35,36 Opioid overdose mortality rates were
identified using ICD-10 underlying cause codes X40 to X44,
X60 to X64, X85, and Y10 to Y14 to identify drug overdose
deaths and contributing cause codes T40.0 to T40.4 to iden-
tify deaths specific to opioid overdoses.2

To address possible bias from differential underreporting
of opioid overdose deaths, we investigated the age-adjusted
overall drug overdose mortality rate as a secondary outcome
(section 3 of the eAppendix in the Supplement).37,38 We also
separately examined prescription opioid (ICD-10 codes T40.2,
T40.3, and T40.4) and illicit opioid (opium and heroin [ICD-10
codes T40.0 and T40.1]) overdose mortality rates as second-
ary outcomes.39

Statistical Analysis
We first compared the socioeconomic characteristics of
exposed and unexposed manufacturing counties using data
from the 2000 Decennial Census (percentage of working-
age adults, percentage of non-Hispanic white individuals,
the unemployment rate, percentage of adults with a college
degree, median household income, and the percentage of
households below the federal poverty line). We used graphi-
cal methods to visualize unadjusted trends in the primary
outcome of opioid overdose mortality rates per 100 000
adults aged 18 to 65 years separately within exposed and
unexposed counties. We plotted these trends by event time
(assigning the median year of plant closure, 2005, as the
event year for unexposed counties).

We then estimated the association between automotive
assembly plant closures and age-adjusted mortality rates at
the county level using a difference-in-differences approach
that allowed for the associations between exposure and out-
come to vary over time (also known in the economics litera-
ture as an event study specification).40-42 Specifically, we
estimated multivariable regression models in which the pri-
mary independent variables of interest were a series of
binary indicators denoting each year before vs after automo-
tive assembly plant closures. Unexposed manufacturing
counties were assigned zeros for each of these indicator
terms. This approach effectively compared changes in mor-
tality rates in each yearly increment before vs after plant clo-
sures in manufacturing counties located in commuting zones
in which a plant closure occurred against changes in mortal-
ity rates in manufacturing counties located in commuting
zones in which no plant closure occurred. Unlike conven-
tional applications of the difference-in-differences method,
this specification is less prone to bias when the association
between exposure and outcome changes over time.42 All
regression models included county fixed effects, to adjust for
potential confounding from time-invariant county-level fac-
tors (eg, rurality) or baseline differences in socioeconomic
characteristics, and calendar year fixed effects, to adjust for
nationwide secular trends in the outcomes, including supply-
side factors (eg, national changes in opioid availability) or
macroeconomic conditions (eg, the Great Recession). We did
not adjust for standard county-varying and time-varying
covariates, such as unemployment rates, poverty rates, or

social capital, given that these are potential mediators of the
association between automotive assembly plant closures and
opioid overdose mortality rates. Adjusting for these variables
would thus amount to overadjustment.43 Further details,
including the estimation equation, are provided in section 4
of the eAppendix in the Supplement.

The key causal identifying assumption in difference-in-
differences models is that outcomes in exposed counties would
have continued along their same trajectories in the absence of
exposure.44 This assumption cannot be directly tested, but po-
tential violations can be probed by examining outcome trends
for event years prior to plant closures. We expected the par-
allel trends assumption to be met in our study, given that plant
closures were often announced to local communities with little
advance notice, were rapidly implemented (ie, typically within
1-2 years) after announcement, and were unrelated to the
productivity of the plant being closed (which is potentially
associated with health status).26

The primary analysis focused on age-adjusted opioid
overdose mortality rates among working-age adults (18-65
years). We also conducted analyses for subgroups based
on age (18-34 vs 35-65 years), sex (men vs women), and
race/ethnicity (non-Hispanic white vs all other racial/ethnic
groups), given their differential exposures to the opioid over-
dose crisis.2 For all models, we computed 95% CIs adjusted
for clustering within commuting zones, the geographical
level at which exposure occurred.45 Observations were
weighted by the 1999 county population size of working-age
adults. All analyses were conducted using Stata/MP software,
version 15.0 (StataCorp). All P values were from 2-sided tests
and results were deemed statistically significant at P < .05.
Data analyses were performed between April 1, 2018, and
July 20, 2019.

Sensitivity Analyses
We conducted several sensitivity analyses, which are de-
scribed in greater detail in section 5 of eAppendix in the Supple-
ment. We examined the sensitivity of our findings to model-
ing counts of opioid overdose deaths instead of mortality
rates, using a generalized linear model method that allows for
the estimation of relative changes in mortality,46 expanding
the study sample to include commuting zones with automo-
tive assembly plants that were excluded in the primary analy-
sis, calculating SEs using a method that is more robust to
smaller numbers of clusters, and using a different control group
(to address potential spillovers between exposed and unex-
posed counties). We also reproduced the analysis under con-
ditions in which it was unlikely to demonstrate the same find-
ings: namely, estimating the association between plant closures
and mortality outcomes in nonmanufacturing counties (de-
fined as those in the bottom 4 quintiles nationwide with re-
spect to the share of workers employed in manufacturing).
Nonmanufacturing counties are less likely to be affected by
automotive assembly plant closures, given that they are less
likely to be composed of workers who are either employed or
seek to be employed in the automotive industry. Finally, we
assessed the extent to which our findings may be associated
with selective migration out of exposed counties.

Research Original Investigation Association Between US Automotive Assembly Plant Closures and Opioid Overdose Mortality

256 JAMA Internal Medicine February 2020 Volume 180, Number 2 (Reprinted) jamainternalmedicine.com

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2019.5686?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.5686
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2019.5686?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.5686
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2019.5686?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.5686
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2019.5686?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.5686
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.5686


Results

Study Sample
Our study sample consisted of 112 counties situated in 30
commuting zones, which were primarily distributed across
the midwestern and southern United States (Figure 1).
These 112 counties accounted for 2.7% of the total popula-
tion aged 18 to 65 years in the United States at baseline
(1999) and 3.4% of the total number of deaths from opioid
overdose nationwide among this age group during the study
period (1999-2016).

Of the sample counties, 29 were exposed and were
located in 10 commuting zones that experienced an auto-
motive assembly plant closure during the study period.
The remaining 83 counties were unexposed because they
were located in 20 commuting zones that did not ex-
perience an automotive assembly plant closure. With 18
years of follow-up, our sample included 2016 county-year
observations.

Baseline opioid overdose mortality rates and demo-
graphic and economic characteristics were similar in ex-
posed vs unexposed counties (Table). Among the sample coun-
ties, plant closures occurred during the period from 2002 to
2009 (eFigure 2 in the Supplement).

Automotive Assembly Plant Closures
and Drug Overdose Mortality
Unadjusted trends in opioid overdose mortality by time since
event are provided in Figure 2A. Prior to plant closures, base-
line opioid overdose mortality rates in exposed counties were
lower than those in unexposed counties, with no evidence of
differential trends in the primary outcomes. After plant clo-
sures, exposed counties experienced a greater increase in opi-
oid overdose mortality rates compared with unexposed coun-
ties. Two years after plant closures, mortality rates were higher
in exposed counties.

The adjusted difference-in-differences estimates of the
association between automotive assembly plant closures
and opioid overdose mortality displayed a similar pattern
(Figure 2A). Each point on the y-axis reflects the difference
in opioid mortality rates between exposed and unexposed
counties relative to the year before plant closure (denoted as
event time −1). Opioid overdose mortality increased in each
of the first 5 years after plant closure and plateaued thereaf-
ter. Five years after exposure, mortality rates had increased
by 8.6 deaths per 100 000 in exposed vs unexposed coun-
ties (95% CI, 2.6-14.6; P = .006). This estimate represents an
85% increase relative to the mortality rate of 12 deaths per
100 000 observed in unexposed counties at the same time
point (Figure 2A). The pattern and magnitude of estimates
were similar 5 years after exposure for the secondary out-
come of overall drug overdose mortality (9.5 excess deaths
per 100 000; 95% CI, 4.8-14.1; P < .001) (eFigure 3 in the
Supplement), suggesting that differential identification and
reporting of opioid deaths across exposed and unexposed
counties did not substantively bias our findings.

We found a similar pattern of results when we examined
prescription vs illicit opioid overdose mortality separately

Figure 1. Sample Counties and Geographic Distribution
of Automotive Assembly Plant Closures

No closure

Closure

The 112 manufacturing counties that comprised the study sample were
defined as those in which the percentages of employed residents working
in manufacturing are in the top quintile nationwide. The 29 exposed
manufacturing counties (Closure) were located in the 10 commuting zones
in which an automotive assembly plant closure occurred between 1999 and
2016. The 83 unexposed manufacturing counties (No closure) were located in
the 20 commuting zones in which automotive assembly plants in operation
as of 1999 remained open throughout the duration of the study period.

Table. Baseline Characteristics of Counties Included
in the Estimation Sample, Stratified by Exposure Statusa

Baseline Characteristics

Mean (SD) Value

Closure No Closure

Opioid overdose mortality rate
(per 100 000 adults aged 18-65 y)

0.9 (1.4) 1.0 (2.1)

Working-age adults (18-65 y) in the
county population, %

60.6 (1.4) 61.0 (1.5)

Non-Hispanic white adults in the
county population, %

84.9 (18.8) 91.1 (10.7)

County-level unemployment rate, % 3.2 (0.8) 3.2 (0.8)

Adults in the county population who
completed college, %

12.3 (3.2) 12.5 (3.7)

Household income (median, 2000), $b 45 977 (7513) 44 893 (6781)

Households in the county below 100%
of the federal poverty line, %

9.6 (4.1) 9.3 (3.7)

No. of counties 29 83

a Opioid overdose mortality rates are based on data from 2001, the year
immediately preceding the first automotive plant closure in the sample. All
other county-level variables are derived from the 2000 US Census, calculated
as the percentage of individuals aged 16 years or older.

b Median value within the county (county-level median), but the mean and the
SD refer to the means and variation of median income levels across sample
counties.
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(Figure 3). Five years after exposure, prescription opioid over-
dose mortality (Figure 3A) had increased by 4.4 deaths per
100 000 (95% CI, −0.8 to 9.6; P = .10), although this estimate
was not statistically significant. Similarly, illicit opioid over-
dose mortality (Figure 3B) increased by 5.8 deaths per 100 000
(95% CI, 1.7-9.8; P = .001).

The magnitude of the association between plant closure
and opioid overdose mortality was largest for non-Hispanic
white men (Figure 4). Non-Hispanic white men aged 18 to 34
years experienced a relative increase of 20.1 deaths per 100 000
in exposed vs unexposed counties 5 years after a plant clo-
sure (95% CI, 8.8-31.3; P = .001). Similarly, non-Hispanic white
men aged 35 to 65 years experienced a relative increase of 12.8
deaths per 100 000 (95% CI, 5.7-20.0; P = .001). Non-

Hispanic white women aged 18 to 34 years experienced a rela-
tive increase in opioid overdose mortality of 6.4 deaths per
100 000 (95% CI, 0.4-12.3; P = .04), while the estimated as-
sociation for older non-Hispanic white women (35-65 years)
was smaller in magnitude and not statistically significant. Es-
timates for nonwhite men and women were generally smaller
in magnitude, although we could not exclude clinically mean-
ingful associations owing to the smaller population sizes of
these subgroups (eFigure 4 in the Supplement). Among
younger non-Hispanic white men and women, the estimates
implied larger increases in mortality from illicit opioid over-
doses vs prescription opioid overdoses, while the opposite pat-
tern was found for older non-Hispanic white men (eFigure 5
in the Supplement).

Sensitivity Analyses
The substantive findings remained unchanged when we
modeled death counts instead of rates (eFigure 6 in the

Figure 2. Unadjusted Trends and Adjusted Difference-in-Differences
Estimates of the Association Between Automotive Assembly Plant
Closures and Opioid Overdose Mortality Rates
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Difference-in-differences estimatesB

A, Unadjusted trends in county-level age-adjusted opioid overdose mortality
rates among adults aged 18 to 65 years, separately for counties exposed and
unexposed to automotive assembly plant closures. B, Adjusted
difference-in-differences estimates (ie, the absolute adjusted difference
between exposed and unexposed counties) for the same outcome (with the
shaded areas representing 95% CIs) are plotted. In both panels, the x-axis
represents the number of years relative to a plant closure, with event years
5 years or more years before exposure and 7 years or more years after
combined into a single time point. The sample consisted of 2016 county-year
observations, representing 29 exposed and 83 unexposed counties in
30 commuting zones followed from 1999 to 2016.

Figure 3. Difference-in-Differences Estimates of the Association
Between Automotive Assembly Plant Closures and Prescription Opioid
Overdose Mortality and Illicit Opioid Overdose Mortality
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A, Prescription opioid overdose mortality. B, Illicit opioid overdose mortality.
Models are identical to those presented in Figure 2B, except here the
dependent variables are opioid overdose mortality per 100 000 individuals
aged 18 to 65 years from prescription opioids and illicit opioids. See Figure 2
caption for further details.
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Supplement), used alternative methods to compute SEs
(eTable 2 in the Supplement), expanded the study sample to
include all commuting zones (eFigure 7 in the Supplement),
and used an alternative control group (eFigure 8 in the
Supplement). When we restricted the sample to nonmanu-
facturing counties with the intent of reproducing the analy-
sis under conditions unlikely to generate the same findings,
the estimated association between automotive plant closure
and opioid overdose mortality was substantially smaller in
magnitude and not statistically significant (eFigure 9 in the
Supplement). We found no evidence of a substantively or
statistically significant association between plant closures
and changes in migration rates, which suggests that our
findings were not driven by differential outmigration from
counties experiencing plant closures (eFigure 10 in the
Supplement).

Discussion
In this difference-in-differences study of 112 US manufactur-
ing counties, we found that automotive assembly plant clo-

sures were associated with increased mortality from opioid
overdose. The estimated association was consistent with tem-
poral progression and was specific to manufacturing coun-
ties. The estimates imply that, 5 years after a plant closure, opi-
oid overdose mortality rates were 85% higher, in relative terms,
than what would have been expected had exposed counties
followed the same outcome trends as unexposed counties. The
burden of this increase in opioid overdose mortality was pri-
marily borne by non-Hispanic white men.

Our findings illustrate the importance of declining eco-
nomic opportunity as an underlying factor associated with
the opioid overdose crisis. In particular, our findings, com-
bined with a growing body of research demonstrating
adverse associations between trade-related industrial
decline and drug overdose mortality,23,24 lend support to
the view that the current opioid overdose crisis may be
associated in part with the same structural changes to the
US economy that have been responsible for worsening
overall mortality among less-educated adults since the
1980s.47,48 Declining economic opportunity is one hypoth-
esized mechanism associated with these longer-term
trends.15,16,21,49 Given our study context, this argument is

Figure 4. Difference-in-Differences Estimates for Opioid Overdose Mortality for Non-Hispanic White Adults, Stratified by Sex-Age Subgroups
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A, White men aged 18 to 34 years. B, White men aged 35 to 65 years. C, White
women aged 18 to 34 years. D, White women aged 35 to 65 years. Models are
identical to those in Figure 2B except here the dependent variable is opioid

overdose mortality for each listed sex-age subgroup among non-Hispanic white
adults. See Figure 2 caption for further details.
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most relevant for worsening population health trends in the
midwestern and southern United States, regions that have
experienced some of the largest increases in opioid over-
dose mortality50,51 and in which the automotive industry
has long been economically and culturally significant. In
addition, our focus on an acute, sustained decline in eco-
nomic opportunity may help reconcile prior disparate find-
ings about the importance of the economic factors associ-
ated with the opioid overdose crisis, which are based
primarily on standard measures of economic status (eg,
unemployment and per capita income).17-20

Our findings should not be interpreted in such a way as
to diminish the role of opioid supply, either from physician
prescriptions or from illicitly made and supplied synthetic
substances, in the US opioid overdose crisis. Instead, the
findings suggest that successful approaches to address the
opioid overdose crisis will likely involve complementary
interventions to reduce the prescription and illicit opioid
supply as well as interventions to diagnose and treat sub-
stance use disorders in regions of the country hardest hit
by structural economic change. The development of a
national resilience strategy, which includes heightened
screening and surveillance and the development of scalable
community-based interventions,52 educating and empower-
ing clinicians to identify and address structural forces that
may shape patient health,53 and increasing engagement of
community agencies and health care systems in addressing
key social determinants of health, could be important in
mitigating the negative health consequences of economic
shocks.54,55 In addition, social policies to mitigate growing
disparities in economic opportunity will also be required,13

particularly as economic opportunities in sectors such as
manufacturing—where jobs are prone to be automated away
or offshored—are likely to continue to decline for the fore-
seeable future.56

Limitations
Interpretation of our findings is subject to several limita-
tions. First, despite the robustness of the findings to several
sensitivity analyses, we could not definitively rule out the
possibility that the estimated associations could be ex-
plained by residual confounding. There could be unmea-
sured time-varying factors at the level of the county coinci-
dent with these unexpected plant closures, above and
beyond national secular trends, that could also be associ-
ated with changes in the outcomes. Second, owing to the
inherent limitations of vital statistics records, we relied on a

proxy measure for exposure assignment. It is therefore pos-
sible that measurement error could have attenuated the
magnitude of our estimates.

Third, our findings may not generalize beyond this spe-
cific study context. In particular, the sample counties
accounted for only a small share (2.7%) of the US adult popu-
lation at the beginning of the study period, and automotive
assembly plant closures represent a unique, albeit large-
scale, shock in 1 specific industry. However, the study regions
share similarities with the temporal and demographic pat-
terns in opioid overdose mortality observed nationwide, and
other manufacturing industries have also experienced similar
trajectories of decline as the automotive industry. Future
work could apply the difference-in-differences approach
used in this study to examine the population health conse-
quences of declining employment opportunities in the
manufacturing sector. Future research could also extend our
findings to mortality from other causes of death tied to
despair, such as alcoholic liver disease and suicide,15 as well
as other causes of death for which mortality rates have stag-
nated or increased in recent years, such as cardiometabolic
diseases.57

Fourth, we were unable to definitively elaborate the
mechanisms underlying our results. Although job loss is
likely an important factor,41,58 other important mediators
could include broad changes in expectations about future
economic mobility and the social and cultural change that
follows the death of historically and culturally significant
industries.16,23,59 Fifth, our study was not powered to iden-
tify moderators of the association between automotive
plant closures and opioid overdose deaths. Prior prevalence
of prescription opioids, baseline social capital, or preceding
economic conditions and policies may all play a role in
diminishing resilience to declining economic fortunes.16

Identifying key mechanisms underlying our findings and
the factors that moderate the association between economic
opportunities and opioid overdose mortality remain impor-
tant areas for future research.

Conclusions
From 1999 to 2016, automotive assembly plant closures were
associated with increased county-level opioid overdose mor-
tality. These findings highlight the potential importance of de-
clining economic opportunity as a factor associated with the
US opioid overdose crisis.

ARTICLE INFORMATION

Accepted for Publication: September 25, 2019.
Published Online: December 30, 2019.
doi:10.1001/jamainternmed.2019.5686
Correction: This article was corrected on March 2,
2020, to fix errors in the abstract and Figure 2A.
Open Access: This is an open access article distributed
under the terms of the CC-BY License. © 2019
Venkataramani AS et al. JAMA Internal Medicine.

Author Contributions: Dr Venkataramani had full
access to all the data in the study and takes

responsibility for the integrity of the data and the
accuracy of the data analysis.
Concept and design: All authors.
Acquisition, analysis, or interpretation of data:
All authors.
Drafting of the manuscript: Venkataramani.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Venkataramani, Bair, Tsai.
Obtained funding: Venkataramani, Tsai.
Administrative, technical, or material support:
Venkataramani, Bair.

Supervision: Tsai.

Conflict of Interest Disclosures:
Dr Venkataramani reported receiving research
support from grant K23MH106362 from the
US National Institute of Mental Health,
Commonwealth of Kentucky, the Patrick and
Catherine Weldon Donaghue Medical Research
Foundation, and the Rx Foundation. No other
disclosures were reported.

Funding/Support: This work was supported by a
grant from the Robert Wood Johnson Foundation,

Research Original Investigation Association Between US Automotive Assembly Plant Closures and Opioid Overdose Mortality

260 JAMA Internal Medicine February 2020 Volume 180, Number 2 (Reprinted) jamainternalmedicine.com

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2019.5686?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.5686
https://jamanetwork.com/journals/jamainternalmedicine/pages/instructions-for-authors?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.5686#SecOpenAccess
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.5686


Evidence for Action (E4A) program
(Drs Venkataramani and Tsai).

Role of the Funder/Sponsor: The funding source
had no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

REFERENCES

1. Rudd RA, Seth P, David F, Scholl L. Increases in
drug and opioid-involved overdose deaths—United
States, 2010-2015. MMWR Morb Mortal Wkly Rep.
2016;65(50-51):1445-1452. doi:10.15585/mmwr.
mm655051e1

2. Scholl L, Seth P, Kariisa M, Wilson N, Baldwin G.
Drug and opioid-involved overdose deaths—United
States, 2013-2017. MMWR Morb Mortal Wkly Rep.
2018;67(5152):1419-1427. doi:10.15585/mmwr.
mm675152e1

3. Jalal H, Buchanich JM, Roberts MS, Balmert LC,
Zhang K, Burke DS. Changing dynamics of the drug
overdose epidemic in the United States from 1979
through 2016. Science. 2018;361(6408):eaau1184.
doi:10.1126/science.aau1184

4. Compton WM, Jones CM, Baldwin GT.
Relationship between nonmedical
prescription-opioid use and heroin use. N Engl
J Med. 2016;374(2):154-163. doi:10.1056/
NEJMra1508490

5. Morden NE, Munson JC, Colla CH, et al.
Prescription opioid use among disabled Medicare
beneficiaries: intensity, trends, and regional
variation. Med Care. 2014;52(9):852-859. doi:10.
1097/MLR.0000000000000183

6. Shah A, Hayes CJ, Martin BC. Characteristics of
initial prescription episodes and likelihood of
long-term opioid use—United States, 2006-2015.
MMWR Morb Mortal Wkly Rep. 2017;66(10):265-269.
doi:10.15585/mmwr.mm6610a1

7. Barnett ML, Olenski AR, Jena AB.
Opioid-prescribing patterns of emergency
physicians and risk of long-term use. N Engl J Med.
2017;376(7):663-673. doi:10.1056/NEJMsa1610524

8. Doctor JN, Nguyen A, Lev R, et al. Opioid
prescribing decreases after learning of a patient’s
fatal overdose. Science. 2018;361(6402):588-590.
doi:10.1126/science.aat4595

9. Meara E, Horwitz JR, Powell W, et al. State legal
restrictions and prescription-opioid use among
disabled adults. N Engl J Med. 2016;375(1):44-53.
doi:10.1056/NEJMsa1514387

10. Grecu AM, Dave DM, Saffer H. Mandatory
access prescription drug monitoring programs and
prescription drug abuse. J Policy Anal Manage.
2019;38(1):181-209. doi:10.1002/pam.22098

11. Barnett ML, Gray J, Zink A, Jena AB. Coupling
policymaking with evaluation—the case of the
opioid crisis. N Engl J Med. 2017;377(24):2306-2309.
doi:10.1056/NEJMp1710014

12. SUPPORT for Patients and Communities Act,
HR 6, 115th Cong, (2018).

13. Dasgupta N, Beletsky L, Ciccarone D. Opioid
crisis: no easy fix to its social and economic
determinants. Am J Public Health. 2018;108(2):182-
186. doi:10.2105/AJPH.2017.304187

14. Quinones S. Dreamland: The True Tale of
America’s Opioid Epidemic. New York, NY:
Bloomsbury; 2015.

15. Case A, Deaton A. Rising morbidity and
mortality in midlife among white non-Hispanic
Americans in the 21st century. Proc Natl Acad Sci
U S A. 2015;112(49):15078-15083. doi:10.1073/pnas.
1518393112

16. Case A, Deaton A. Mortality and morbidity in
the 21st century. Brookings Pap Econ Act. 2017;2017
(Spring):397-476. doi:10.1353/eca.2017.0005

17. Currie J, Jin JY, Schnell MUSUS. employment
and opioids: is there a connection? NBER Working
Paper No. 24440. https://www.nber.org/papers/
w24440. Revised April 2019. Accessed
November 11, 2019.

18. Ruhm CJ. Drivers of the fatal drug epidemic.
J Health Econ. 2019;64:25-42. doi:10.1016/j.
jhealeco.2019.01.001

19. Hollingsworth A, Ruhm CJ, Simon K.
Macroeconomic conditions and opioid abuse.
J Health Econ. 2017;56:222-233. doi:10.1016/j.
jhealeco.2017.07.009

20. Carpenter CS, McClellan CB, Rees DI.
Economic conditions, illicit drug use, and
substance use disorders in the United States.
J Health Econ. 2017;52:63-73. doi:10.1016/j.
jhealeco.2016.12.009

21. O’Brien RL, Venkataramani AS, Tsai AC.
Economic mobility and the mortality crisis
among US middle-aged whites. Epidemiology.
2017;28(2):e12-e13. doi:10.1097/EDE.
0000000000000585

22. Venkataramani AS, Chatterjee P, Kawachi I,
Tsai AC. Economic opportunity, health behaviors,
and mortality in the United States. Am J Public Health.
2016;106(3):478-484. doi:10.2105/AJPH.2015.
302941

23. Autor D, Dorn D, Hanson G. When work
disappears: manufacturing decline and the
falling marriage market value of young men.
Am Econ Rev. 2019;2(1):161-178. doi:10.1257/aeri.
20180010

24. Pierce JR, Schott PK. Trade liberalization and
mortality: evidence from US counties. Am Econ
Rev. In press. https://www.aeaweb.org/articles?id=
10.1257/aeri.20180396. Accessed November 25,
2019.

25. Dean A, Kimmel S. Free trade and opioid
overdose death in the United States. SSM Popul
Health. 2019;8:100409. doi:10.1016/j.ssmph.2019.
100409

26. Goldstein A. Janesville: An American Story.
New York, NY: Simon & Schuster; 2017.

27. Rubenstein JM. The evolving geography of
production—is manufacturing activity moving out
of the Midwest? evidence from the auto industry.
Federal Reserve Bank of Chicago working paper
No. SP-3. https://ideas.repec.org/p/fip/fedhas/
sp-3.html. Published 1996. Accessed November 11,
2019.

28. Ramey V, Vine D, Bresnahan TF. Weekly
Production Scheduling at Assembly Plants in the
United States Automobile Industry: 1972-1983 and
1990-2001. Ann Arbor, MI: Inter-university
Consortium for Political and Social Research;
2009.

29. Platzer MD, Harrison GJ. The U.S. Automotive
Industry: National and State Trends in
Manufacturing Employment. Washington, DC:
Congressional Research Service; 2009.

30. Chetty R, Stepner M, Abraham S, et al.
The association between income and life
expectancy in the United States, 2001-2014.
JAMA. 2016;315(16):1750-1766. doi:10.1001/jama.
2016.4226

31. Chetty R, Hendren N, Kline P, Saez E.
Where is the land of opportunity? the geography
of intergenerational mobility in the United States.
Q J Econ. 2014;129(4):1553-1623. doi:10.1093/qje/
qju022

32. Ramaswamy S, Manyika J, Pinkus G, et al.
Making it in America: Revitalizing US Manufacturing.
New York, NY: McKinsey & Co Global Institute;
2017.

33. Nunn R, Parsons J, Shambaugh J.
The Geography of Prosperity. In: Nunn R,
Shambaugh J, eds. Place-Based Policies for Shared
Economic Growth. Washington, DC: Brookings
Institution; 2018.

34. Currie J, Schwandt H. Mortality inequality:
the good news from a county-level approach.
J Econ Perspect. 2016;30(2):29-52. doi:10.1257/jep.
30.2.29

35. National Center for Health Statistics, Centers
for Disease Control and Prevention. Data release
policy for vital statistics micro-data files.
https://www.cdc.gov/nchs/nvss/dvs_data_release.
htm. Accessed February 14, 2019.

36. National Center for Health Statistics, Centers
for Disease Control and Prevention. U.S. Census
populations with bridged race categories.
https://www.cdc.gov/nchs/nvss/bridged_race.htm.
Accessed February 14, 2019.

37. Ruhm CJ. Corrected US opioid-involved drug
poisoning deaths and mortality rates, 1999-2015.
Addiction. 2018;113(7):1339-1344. doi:10.1111/add.
14144

38. Warner M, Paulozzi LJ, Nolte KB, David GG,
Nelson LS. State variation in certifying manner of
death and drugs involved in drug intoxication
deaths. Acad Forensic Pathol. 2013;3(2):231-237.
doi:10.23907/2013.029

39. Centers for Disease Control and Prevention.
Prescription Drug Overdose Data & Statistics: Guide
to ICD-9-CM and ICD-10 Codes Related to Poisoning
and Pain. Atlanta, GA: Centers for Disease Control and
Prevention; 2013.

40. Jacobson LS, LaLonde RJ, Sullivan DG.
Earnings losses of displaced workers. Am Econ Rev.
1993;83(4):685-709.

41. Sullivan D, von Wachter T. Job displacement
and mortality: an analysis using administrative data.
Q J Econ. 2009;124(3):1265-1306. doi:10.1162/qjec.
2009.124.3.1265

42. Goodman-Bacon A. Difference-in-differences
with variation in treatment timing. NBER Working
Paper No. 25018. https://www.nber.org/papers/
w25018. Accessed November 11, 2019.

43. Shrier I, Platt RW. Reducing bias through
directed acyclic graphs. BMC Med Res Methodol.
2008;8:70. doi:10.1186/1471-2288-8-70

44. Angrist JD, Pischke J-S. Mastering Metrics:
The Path From Cause to Effect. Princeton, NJ:
Princeton University Press; 2015.

Association Between US Automotive Assembly Plant Closures and Opioid Overdose Mortality Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine February 2020 Volume 180, Number 2 261

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://dx.doi.org/10.15585/mmwr.mm655051e1
https://dx.doi.org/10.15585/mmwr.mm655051e1
https://dx.doi.org/10.15585/mmwr.mm675152e1
https://dx.doi.org/10.15585/mmwr.mm675152e1
https://dx.doi.org/10.1126/science.aau1184
https://dx.doi.org/10.1056/NEJMra1508490
https://dx.doi.org/10.1056/NEJMra1508490
https://dx.doi.org/10.1097/MLR.0000000000000183
https://dx.doi.org/10.1097/MLR.0000000000000183
https://dx.doi.org/10.15585/mmwr.mm6610a1
https://dx.doi.org/10.1056/NEJMsa1610524
https://dx.doi.org/10.1126/science.aat4595
https://dx.doi.org/10.1056/NEJMsa1514387
https://dx.doi.org/10.1002/pam.22098
https://dx.doi.org/10.1056/NEJMp1710014
https://dx.doi.org/10.2105/AJPH.2017.304187
https://dx.doi.org/10.1073/pnas.1518393112
https://dx.doi.org/10.1073/pnas.1518393112
https://dx.doi.org/10.1353/eca.2017.0005
https://www.nber.org/papers/w24440
https://www.nber.org/papers/w24440
https://dx.doi.org/10.1016/j.jhealeco.2019.01.001
https://dx.doi.org/10.1016/j.jhealeco.2019.01.001
https://dx.doi.org/10.1016/j.jhealeco.2017.07.009
https://dx.doi.org/10.1016/j.jhealeco.2017.07.009
https://dx.doi.org/10.1016/j.jhealeco.2016.12.009
https://dx.doi.org/10.1016/j.jhealeco.2016.12.009
https://dx.doi.org/10.1097/EDE.0000000000000585
https://dx.doi.org/10.1097/EDE.0000000000000585
https://dx.doi.org/10.2105/AJPH.2015.302941
https://dx.doi.org/10.2105/AJPH.2015.302941
https://dx.doi.org/10.1257/aeri.20180010
https://dx.doi.org/10.1257/aeri.20180010
https://www.aeaweb.org/articles?id=10.1257/aeri.20180396
https://www.aeaweb.org/articles?id=10.1257/aeri.20180396
https://dx.doi.org/10.1016/j.ssmph.2019.100409
https://dx.doi.org/10.1016/j.ssmph.2019.100409
https://ideas.repec.org/p/fip/fedhas/sp-3.html
https://ideas.repec.org/p/fip/fedhas/sp-3.html
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2016.4226?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.5686
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2016.4226?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.5686
https://dx.doi.org/10.1093/qje/qju022
https://dx.doi.org/10.1093/qje/qju022
https://dx.doi.org/10.1257/jep.30.2.29
https://dx.doi.org/10.1257/jep.30.2.29
https://www.cdc.gov/nchs/nvss/dvs_data_release.htm
https://www.cdc.gov/nchs/nvss/dvs_data_release.htm
https://www.cdc.gov/nchs/nvss/bridged_race.htm
https://dx.doi.org/10.1111/add.14144
https://dx.doi.org/10.1111/add.14144
https://dx.doi.org/10.23907/2013.029
https://dx.doi.org/10.1162/qjec.2009.124.3.1265
https://dx.doi.org/10.1162/qjec.2009.124.3.1265
https://www.nber.org/papers/w25018
https://www.nber.org/papers/w25018
https://dx.doi.org/10.1186/1471-2288-8-70
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.5686


45. Bertrand M, Dulfo E, Mullainathan S. How
much should we trust differences-in-differences
estimates? Q J Econ. 2004;119(1):249-275. doi:10.
1162/003355304772839588

46. Sommers BD. State Medicaid expansions and
mortality, revisited: a cost-benefit analysis. Am J
Health Econ. 2017;3(3):392-421. doi:10.1162/ajhe_a_
00080

47. Meara ER, Richards S, Cutler DM. The gap
gets bigger: changes in mortality and life
expectancy, by education, 1981-2000. Health Aff
(Millwood). 2008;27(2):350-360. doi:10.1377/hlthaff.
27.2.350

48. Novosad P, Rafkin C. Mortality Change
Among Less Educated Americans. Mimeo. http://
www.dartmouth.edu/~novosad/novosad-rafkin-
mortality.pdf. Published April 2019. Accessed
November 19, 2019.

49. Muennig PA, Reynolds M, Fink DS,
Zafari Z, Geronimus AT. America’s declining
well-being, health, and life expectancy:
not just a white problem. Am J Public Health.
2018;108(12):1626-1631. doi:10.2105/AJPH.2018.
304585

50. Kiang MV, Basu S, Chen J, Alexander MJ.
Assessment of changes in the geographical
distribution of opioid-related mortality across the
United States by opioid type, 1999-2016. JAMA
Netw Open. 2019;2(2):e190040. doi:10.1001/
jamanetworkopen.2019.0040

51. Dwyer-Lindgren L, Bertozzi-Villa A, Stubbs RW,
et al. Trends and patterns of geographic variation in
mortality from substance use disorders and
intentional injuries among US counties, 1980-2014.
JAMA. 2018;319(10):1013-1023. doi:10.1001/jama.
2018.0900

52. Auerbach J, Miller BF. Deaths of despair and
building a national resilience strategy. J Public
Health Manag Pract. 2018;24(4):297-300. doi:10.
1097/PHH.0000000000000835

53. Metzl JM, Hansen H. Structural competency:
theorizing a new medical engagement with stigma
and inequality. Soc Sci Med. 2014;103:126-133.
doi:10.1016/j.socscimed.2013.06.032

54. Singh P. Dying and Living in the
Neighborhood. Baltimore, MD: Johns Hopkins
University Press; 2016.

55. Alley DE, Asomugha CN, Conway PH,
Sanghavi DM. Accountable health
communities—addressing social needs through
Medicare and Medicaid. N Engl J Med. 2016;374(1):
8-11. doi:10.1056/NEJMp1512532

56. Muro M, Maxim R, Whiton J. Automation and
Artificial Intelligence: How Machines are Affecting
People and Places. Washington, DC: Brookings
Institution; 2019.

57. Shah NS, Lloyd-Jones DM, O’Flaherty M, et al.
Trends in cardiometabolic mortality in the United
states, 1999-2017. JAMA. 2019;322(8):780-782.
doi:10.1001/jama.2019.9161

58. Brand JE. The far-reaching impact of job
loss and unemployment. Annu Rev Sociol. 2015;
41:359-375. doi:10.1146/annurev-soc-071913-
043237

59. Cherlin A. Labor’s Love Lost: The Rise and Fall of
the Working-Class Family in America. New York, NY:
Russell Sage Foundation; 2014.

Research Original Investigation Association Between US Automotive Assembly Plant Closures and Opioid Overdose Mortality

262 JAMA Internal Medicine February 2020 Volume 180, Number 2 (Reprinted) jamainternalmedicine.com

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://dx.doi.org/10.1162/003355304772839588
https://dx.doi.org/10.1162/003355304772839588
https://dx.doi.org/10.1162/ajhe_a_00080
https://dx.doi.org/10.1162/ajhe_a_00080
https://dx.doi.org/10.1377/hlthaff.27.2.350
https://dx.doi.org/10.1377/hlthaff.27.2.350
http://www.dartmouth.edu/~novosad/novosad-rafkin-mortality.pdf
http://www.dartmouth.edu/~novosad/novosad-rafkin-mortality.pdf
http://www.dartmouth.edu/~novosad/novosad-rafkin-mortality.pdf
https://dx.doi.org/10.2105/AJPH.2018.304585
https://dx.doi.org/10.2105/AJPH.2018.304585
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2019.0040?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.5686
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2019.0040?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.5686
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2018.0900?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.5686
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2018.0900?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.5686
https://dx.doi.org/10.1097/PHH.0000000000000835
https://dx.doi.org/10.1097/PHH.0000000000000835
https://dx.doi.org/10.1016/j.socscimed.2013.06.032
https://dx.doi.org/10.1056/NEJMp1512532
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.9161?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.5686
https://dx.doi.org/10.1146/annurev-soc-071913-043237
https://dx.doi.org/10.1146/annurev-soc-071913-043237
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.5686

