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Abstract
The United States has been experiencing a drug overdose mortality epidemic marked by the introduction and spread of opioids across rural and urban communities over the past 20 years. The current
Coronavirus (COVID-19) pandemic has overshadowed the opioid epidemic but aggravated the opioid
problem by hindering access to health services and increasing the number of people out of work.
Research on the geography of the opioid epidemic has focused on the association between declining
local economic opportunities and increases in drug overdose mortality since 2000, but the link has
not always been strong. This study identifies two phases comprising the epidemic and examines their
differing demographic and geographic natures. Results show that in the first phase, beginning around
2000 and ending in the early 2010s, drug overdose mortality rates soared among the middle aged as
prescription opioid painkillers drove the epidemic. Physical disability is associated with chronic pain,
and during this period, drug overdose deaths rose most in areas with high physical disability rates. We
found little evidence that the aggravation of local economic problems was associated with increases in
drug overdose mortality in the 2000s.
Since the early 2010s, opioid drug reformulation and declining prescription rates have resulted in
ebbing mortality from prescription opioids. At the same time, illicit opioids such as heroin and, increasingly, fentanyl and related synthetic opioids rapidly entered the scene—causing a growing share of drug
overdose deaths, marking the beginning of what we call the illicit opioid phase of the epidemic. In this
phase, drug overdose mortality has risen, particularly among young adult males, and its geography has
shifted markedly. Physical disability seems less a factor in rising drug overdose mortality than local
(county) economic hardship and outmigration in the northeastern quadrant of the United States, where
the marketing of these drugs currently appears most developed.
Keywords: drug overdose, chronic pain, opioids, rural, epidemic, prescription painkillers, physical
disability, fentanyl, heroin, mortality, economic hardship.
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What Is the Issue?
Since the late 1990s, an opioid epidemic has afflicted the U.S. population, particularly people in
prime working ages of 25-54. Driven by the opioid epidemic, the age-adjusted overall mortality
rate from drug overdoses rose from 6.1 per 100,000 people in 1999 to 21.7 per 100,000 in 2017,
before dropping to 20.7 per 100,000 in 2018. The drug overdose mortality rate among the prime
working age population was 36.5 deaths per 100,000 people in 2018. Among major causes of
death in this population, this rate was exceeded only by cancer (40.5 deaths per 100,000) in
2018.
What caused this epidemic, and who has been most affected? One view is that economic misfortune has driven many working-age people to self-destructive behavior—marked by increasing
drug and alcohol abuse and suicide. However, another line of research shows that local economic
downturns have been a small factor in the geography of the drug overdose epidemic. A second
view faults the widespread introduction of new opioid prescription painkillers, succeeded in
recent years by the spread of heroin and powerful synthetics such as fentanyl. This view, which
has received less research attention, is the focus of this study.

What Did the Study Find?
The study found evidence that the introduction and supply of new opioid drugs, whether
through prescription painkillers in the 2000s or illicit opioids such as fentanyl in the 2010s, were
major drivers of the opioid epidemic. These two drivers involved such different demographic
groups and geographic areas that, in many ways, they comprise distinct phases of the epidemic.
Mortality data indicate that the earlier “prescription opioid phase,” from about 2000 to 2011,
most affected adults in the age range of 25-54, Native American/Alaskan Natives and Whites,
and rural more than urban populations. In this phase, the epidemic was most severe in areas of
high physical disability rates, which, following epidemiological research, we use as an indicator
of physical pain. We found little evidence that local economic misfortune accounted for the
substantial geographic differences in the severity of this phase across State rural areas or counties.
ERS is a primary source
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providing timely information
on economic and policy issues
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the environment, and rural
America.

www.ers.usda.gov

A later “illicit opioid phase,” involving primarily heroin and extremely powerful synthetic opioids such as fentanyl,
was concentrated in the northeastern United States at least through the 2014-18 period, affecting mostly youngadult (ages 25-39) urban and rural males. This phase has involved members of all the racial/ethnic groups studied—
Hispanics, Blacks, American Indian/Alaskan Natives, and Whites.
Fentanyl and its analogs are often used to spike other addictive drugs, including other opioids and cocaine, creating
powerful combinations of often unknown, sometimes deadly, strength. The arrival of these synthetics tended to
make existing drug addictions more lethal.
In the Northeast, greater economic misfortune in certain counties in the 2010s, as measured by lower net migration rates or employment loss, was associated with greater increases in drug overdose mortality over much of the
decade. While the evidence indicates that economic misfortune was an important factor in the rise of drug overdose mortality in the illicit opioid phase, it also seems likely that drug problems created economic misfortune by
reducing employability and causing fewer people to move to the area.
We found economic misfortunes in the 2000s, however, just as relevant as misfortunes in the 2010s in accounting
for drug overdose mortality gains in the 2010s. Our explanation is that while prescription opioids for populations
with physical disability drove the rise in opioid mortality in the 2000s, the recessions of the late 2000s likely also
resulted in higher addiction rates, addictions that became more fatal with the arrival of fentanyl and related drugs.
Supporting this explanation is the finding that, outside the fentanyl-plagued Northeast, economic decline over the
2000s and 2010s continued to have little bearing on rising drug overdose mortality during the study period.

How Was the Study Conducted?
This study drew on two primary sources of geographic data: county and State rural area mortality rates made available by the Centers for Disease Control and Prevention (CDC) and county physical disability rates and socioeconomic characteristics from the U.S. Census Bureau.
The study comprises three sets of analyses:
The first set uses graphical analyses of State rural areas to show both the strong relationship between
area opioid prescriptions and physical disability rates at the 2010-12 peak of the epidemic’s prescription
phase and the strengthening links between area physical disability rates and drug overdose mortality
in the 2000s, as well as the subsequent dissipation of those links in the 2010s as increases in overdose
mortality shifted to State rural areas in the Northeast.
The second set of descriptive analyses examines racial and ethnic differences in rural and urban drug
overdose mortality trends in the 2000s and 2010s.
The last section uses individual mortality records from the CDC to compile county drug overdose
mortality rates for prime-working-age White non-Hispanics. These county data are used in regression
analyses to compare factors associated with gains in drug overdose mortality in the Northeast with
those responsible for gains elsewhere in the country, both in the 2000s and the 2010s.

www.ers.usda.gov

Introduction
In 2011, a Centers for Disease Control and Prevention (CDC) report labeled the high and rising mortality
from prescription opioid overdoses a national epidemic (Paolozzi et al., 2011). The epidemic was largely
responsible for doubling the number of drug overdose deaths nationwide, from 17,000 in 2000 to 36,000 in
2007.1 The drug overdose epidemic has since surged, with the number of drug overdose deaths redoubling to
more than 70,000 by 2017 before falling to 67,000 in 2018.2, 3
Although drug abuse historically has been largely an urban problem, rural areas have been drawn into the
opioid epidemic (Mack et al., 2017). According to a 2018 survey, rural Americans identify drug addiction or
abuse (including opioids) and economic concerns as the two biggest problems facing their local communities
(National Public Radio/Robert Wood Johnson Foundation/Harvard T.H. Chan School of Public Health,
p.1). Indeed, throughout the 2000s, rural (nonmetropolitan) drug overdose mortality rates rose faster than
urban (metropolitan) rates and exceeded urban rates by the end of the decade (figure 1).4 While rural rates
continued to rise in the 2010s, the urban rates jumped even more. The central purpose of this study is to
better understand the geography and demography of the opioid epidemic, particularly as it has spread into
rural areas.
Figure 1

Between 1999 and 2011, rural growth in drug mortality exceeded urban
Rural and urban age-adjusted drug overdose mortality rates, 1999-2018
Deaths per 100,000
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Note: Rural is equivalent to nonmetropolitan in 2013, while urban is metropolitan.
Source: USDA, Economic Research Service using data from the Centers for Disease Control and Prevention Wonder website.
1Numbers
2To

downloaded from the Centers for Disease Control and Prevention Wonder website.

add perspective, deaths from firearms in the United States rose by 38 percent between 2000 and 2017 to a total of 39,000.

3Provisional national estimates for 2019 indicate that drug overdose mortality rose again in 2019, edging above the 2017 rate. A
recent American Medical Association news brief cited a wide range of news sources suggesting the COVID-19 pandemic aggravated
the opioid epidemic in 2020 by drawing away health resources, isolating addicts, and increasing unemployment, creating situations to
drug abuse. The spread of fentanyl and its analogs out of the Northeast is likely adding to the fire.
4Throughout this report, we include drug overdose mortality from accidents, suicide, assault (intentional poisoning of another
person), and unknown intent in our measure of drug overdose deaths.
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There are basically two schools of thought about the rise in drug overdose mortality. One emphasizes drug
supply, which involves an increased availability of licit drugs through the introduction and prescription of
new opioid painkillers in the late 1990s and 2000s. This was encouraged by a growing belief in the medical
community that pain should be treated independently of its cause and that treatment with narcotics rarely
developed into addiction (Quinones, 2015).5 From this perspective, the geography of the rise in drug overdose deaths in the 2000s should mirror the geography of pain. However, while there has been research on the
geography of prescriptions (e.g., McDonald et al., 2012; Paolozzi et al., 2014), the role of pain in this geography—or the geography of drug overdose mortality—has not been explored. An exception is a small English
study that drew on the Health Survey of England for measures of pain and found regional differences in pain
associated with variation in opioid analgesic use (Todd et al., 2018).
The second school of thought has focused on shrinking local economic opportunities that may increase
people’s tendency to use drugs as a relief from mental stress. Case and Deaton (2015) noted the simultaneous rise in deaths from suicide, alcohol poisoning, and drug overdoses, particularly among midlife Whites
without a college degree. Case and Deaton (2017) conjectured that the declining fortunes of Whites who
had been middleclass led to an increase in what they called “deaths of despair.” From this perspective, drug
mortality among middle-aged Whites rose because of an increase in demand for emotional painkillers.
The idea that unhealthful behavior rises in times of economic stress is not new. A recent international survey
of published research on the effects of recession and unemployment on illegal drug use found broad evidence
for this link (Nagelhout et al., 2017). Studies following Case and Deaton (2015) provided some support with
respect to the influence of trade with China in the disappearance of manufacturing jobs (Pierce and Schott,
2016; Autor et al., 2018). In related results, Betz and Jones (2018) found that employment effects on county
changes in opioid deaths were stronger when the analysis focused on industries likely to employ less-skilled
workers. In a study of manufacturing counties between 1999 and 2016, counties exposed to auto manufacturing plant closures had greater increases in opioid deaths per 100,000 working-age people in the subsequent 5 years than over the same period among manufacturing counties not exposed to auto plant closures
(Venkataramani et al., 2019).
It is easy to slip from the finding that economic misfortunes resulted in a rise in drug overdose mortality to
an assumption that the opioid epidemic could be explained by a rise in despair. However, in a careful analysis
including many of the same trade and industry measures analyzed in the above studies, Ruhm (2019) found
that economic misfortune has played, at best, a small role in the drug overdose epidemic. This finding resonated with Betz and Jones (2018), who noted that their own analysis did little to explain why the epidemic
affected some localities so much more than others since 2000. In addition, a series of studies by Shannon
Monnat of the relationships between demographic, socioeconomic, and other factors with drug overdose
mortality and mortality from specific opioids made clear that the antecedents to the opioid epidemic include
social and economic factors that go well beyond the loss of manufacturing jobs (Monnat, 2018; Monnat,
2019; and Monnat et al., 2019). Finally, Case and Deaton (2017) raised questions about a direct link between
the recessions in the post-2000 period and the spike in drug overdose mortality—suggesting a longer, even
multigenerational, gestation.6
In the sharpest challenge to the “deaths of despair” story of the opioid epidemic, Ruhm (2019) noted changes
in the demographic characteristics of opioid overdose mortality in the early 2010s as prescription opioids
became less available and drugs such as fentanyl and heroin became more available. In this study, we examine
5Other

investigative reporters (e.g., McGreal, 2018; Macy, 2018; Meier, 2018) looking into the development of the opioid epidemic
also emphasized new and heavily marketed opioid drugs and greater emphasis on pain reduction in the medical community as contributing factors during this period.
6Most

recently, Case and Deaton (2020) focused on the long-term decline in the economic well-being of midlife Whites without a
college degree.
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the changing geography of opioid mortality that accompanied this transition. This report presents evidence
that the geography of the initial phase of the opioid epidemic more likely stemmed from the diffusion of new
painkillers being prescribed to people with chronic pain than as a reaction to economic distress. Physical
disability, with its associated pain, was essentially a pre-existing condition, and prescription opioids spread as
healthcare providers, often encouraged by pharmaceutical companies, moved to treat physical pain with the
new opioid drugs. Low education levels and weak local economies accompany physical disability but were not
at the root of the prescription opioid epidemic.
This geography did not extend past the beginning of the decade, however. Opioid prescriptions have fallen
from their 2011 peak as State and Federal policy changed to gain greater control over the use and abuse of
prescriptions; the medical community became more aware of the danger of abuse; and since OxyContin,
a time-release opioid, was reformulated in 2010 to inhibit abuse. However, an increase in the black-market
availability of heroin and new, powerful synthetic opioids such as fentanyl7 has spurred the opioid epidemic
to new heights (figure 2). We divide the analysis into a “prescription opioid phase” (1999-2011) and an “illicit
opioid phase” (2011-18) to better identify the changing forces driving drug overdose mortality.
Figure 2

Prescription drugs initially drove the opioid epidemic but were succeeded by heroin and
synthetics such as fentanyl after 2011
Age-adjusted drug overdose mortality involving opioids, United States, 1999-2018
Deaths per 100,000
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Note: “Prescription drugs” includes natural, semi-synthetic opioids, and methadone, a synthetic. “Other synthetics” includes
fentanyl, tramadol, and meperidine, among others. “Any opioid” includes these classes and heroin, plus deaths where the opioid
is unspecified. Beginning in 2014, deaths in the overall category are less than the sum of the specific classes because fentanyl
and kindred drugs are often mixed with the other opioids, with deaths assigned to more than one opioid type.
Source: USDA, Economic Research Service updating a chart from the Centers for Disease Control and Prevention using its
Wonder data.

7We use the term “fentanyl” to refer to a group of related synthetic opioids classified as T40.4 in the International Code of Diseases
10 (figure 2). These opioids, sometimes prescribed for acute short-term pain, were classified in the past as prescription opioids (Paulozzi
et al., 2011), but the preponderance of use is now illicit, and the Centers for Disease Control and Prevention now excludes them from
prescription opioids, as figure 2 indicates.
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In some situations, these illicit drugs may be replacing and supplementing prescription opioids,8 but, as
noted by Ruhm (2019), the demography of the epidemic changed as illicit opioids became more widely used.
During the prescription opioid phase, drug-overdose mortality increased most among middle-aged men and
women in both rural and urban areas, but more recently young men (ages 25-39) seem the most affected
(figure 3). Moreover, it seems likely the sale of illicit opioids faces different contingencies than prescription
opioids. For instance, because these new illicit opioids are less targeted toward pain relief, their geography and
associated mortality may be more reflective of local economic misfortune than are prescription opioids. Also,
without reliance on local pharmacies for distribution, sales networks may be thin in rural areas, especially
those that are sparsely settled.
The study considers heroin and synthetic opioids such as fentanyl to be “illicit opioids,” since they track
roughly the same demography and geography. However, their roles in the opioid epidemic have been quite
different. Heroin generally serves as an alternative to other drugs, including prescription opioids.5 In contrast,
illicit fentanyl and its analogs more often serve as high-strength supplements, mixed with and adding to the
effects of heroin, cocaine, prescription opioids, or other addictive drugs (Hedegaard et al., 2008). More than
creating new addictions, fentanyl and its analogs have likely made existing addictions more lethal.
Figure 3

After 2010-12, the rise in drug overdose mortality involved primarily young adult males
Drug overdose mortality rates by rural-urban (nonmetropolitan-metropolitan) location, sex, and age
group, 1999-2002, 2010-12, and 2016-18 averages
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8Evans

et al. (2019) found that the 2010 reformulation of time-release OxyContin, which made it impossible to release all the medication at once, “ignited the heroin epidemic” as people switched to more accessible drugs.
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Previous research on the changing geography of opioids since 1999 has treated that time as a single period.
The central thesis of this study is that drug overdose mortality in the prescription opioid and illicit opioid
phases had different drivers and different geographies. Prescription opioids and resulting mortality were
highest in counties with high incidences of physical disability, while illicit opioids went to more densely
settled counties in the Northeast, particularly those with limited economic opportunities for young adults.
The study presents three distinct analyses related to the drug epidemic, each with its own section. The first
focuses on physical disability as the driver of the spread of prescription opioids and drug overdose mortality
in the 2000s and its subsequent ebbing influence on the opioid epidemic’s geography as the illicit opioid
phase became predominant. This analysis focuses on areas outside metropolitan boundaries, labeled “State
rural areas.” The second analysis focuses on the distinct experiences of different racial/ethnic groups, as the
opioid epidemic has not been pandemic across all groups. The third analysis uses county data to consider
community factors (such as local education levels and employment change) that may have affected the
epidemic’s geography during each phase.

Opioid prescription data
Yearly estimates of the number of county retail opioid prescriptions per capita were downloaded from the
Centers for Disease Control and Prevention for 2006 to 2017 on its website under “drug overdose maps.”
The data are not available by age, race/ethnicity, or any other population subgroup. We present data for
2010-12, the 3 years with the largest number of prescriptions, recalculating rates from per 100 residents
to per 100 residents ages 25 to 54, surmising from mortality rates that this is the population most likely
to have received retail prescriptions (see figure 3). The data are from pharmacy records that provide the
pharmacy location but not recipient residences. During this period, approximately 13 percent of the counties had no records because the county had no pharmacy, none was sampled, or the data were erroneously
attributed to an adjacent, more populous county according to the sampling rules used. There are obvious
questions about the validity of the data for smaller rural counties. Analyzing State rural areas rather than
counties largely avoids these problems but at the expense of having a small number of cases (47) and eliminating within-State differences from the analysis.
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Physical Disability and the Rural Prescription Opioid Epidemic
Prescription opioids are painkillers. The simplest explanation for the geographies of opioid prescriptions and
drug overdose mortality in the 1999-2002 to 2010-12 period is that they rose most in places with the highest
incidence of chronic pain. Although there are no direct measures of a geography of chronic pain, there are
reasons to believe that physical disability rates may serve as proxies for the prevalence of chronic pain in a
locality.
First, Krueger (2017, table 6) showed that pain and self-reported disability were significantly linked. In
a survey of men ages 25-54, he found that 62 percent of respondents with a self-reported disability also
reported episodes of pain the previous day, and 45 percent reported taking pain medication the previous
day. In contrast, among those not reporting a disability, the proportions were halved—about 29 percent
reported episodes of pain, and 21 percent reported taking pain medication the previous day. Epidemiological
survey research has also found a close link between pain and physical disability (see, for example, Scudds and
Robertson, 2000, and Lee et al., 2015).
Second, epidemiological research has found that physical disability is strongly linked to chronic disease.
According to a literature review, “The major underlying causes of physical disability are chronic diseases,
including both acute events, such as hip fracture and stroke, and slowly progressive diseases such as arthritis
and heart disease,” (Fried and Guralnik, 1997, p. 92). Chronic disease is likely related to opioid prescription,
addiction, and overdosing. As addiction builds over time, increasing dosages eventually are required to obtain
the same pain relief (Chou et al., 2015; Krebs et al., 2018).9
The 2000 Census question on physical disability provides a good proxy for chronic pain due to its
wording and the national economic circumstances under which it was conducted. The question asked if
the respondent had “a long-lasting condition that substantially limits one or more basic physical activities
such as walking, climbing stairs, reaching, lifting, or carrying” (Census 2000 Summary File 4 Technical
Documentation/prepared by the U.S. Census Bureau, 2003, Appendix D, p. 13).10 As noted above, associated
pain often limits these activities.

Is our physical disability measure valid?
As noted by Case and Deaton (2015), economists are generally skeptical of physical disability measures as
indicators of health. People who become unemployed will often apply for physical disability insurance, so
a physical disability measure may reflect local economic conditions as well as actual disability (Autor et al.,
2013). Physical disability claims rise during economic recessions, likely resulting in higher reports in the
Census (Maestas et al., 2015). However, April 2000, the Census enumeration month, had the lowest unemployment rate (3.8 percent) of any month (seasonally adjusted) between January 1969 and August 2018. This
minimized any potential for the influence of job loss on the measure.

9For

pain-relief regimes lasting longer than 3 months, the Centers for Disease Control and Prevention now recommends nonopioid treatment (Dowell et al., 2016).
10The 2000 Census reports physical (and other) disability for only four age categories: up to 15 years, 15-20, 21-64, and 65 and
over. Although chronic health problems and disability seem likely to be much higher for people over 50 than people in their 20s, it is
not possible to adjust physical disability statistics for differences in age distribution within this broad 21-64 age group.
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Further evidence of the validity of our physical disability measure
Despite using a measure from the population census rather than administrative records and using a gauge
from a time of prosperity, continued skepticism among some researchers led us to undertake two analyses to
test the validity of physical disability as a measure of chronic pain.
The first analysis examined two issues: whether physical disability was negatively associated with prior
employment change, and whether the measure was sensitive to conditions known to be associated with
chronic disease. Here we drew on the “life course” approach to health problems, which has shown that
difficult experiences in childhood tend to be associated with health problems later in life (Case et al., 2005;
Montez and Hayward, 2014; Monnat and Chandler, 2015). The closest precedent to our analysis is Bowen
and Gonzalez (2010), who used survey data from older Americans to show that childhood socioeconomic
stress had a bearing on chronic disabilities in adulthood, even when taking respondents’ present-day socioeconomic situations into account.
Using child poverty rates in 1970 to reflect county socioeconomic stress when the current middle-age population was young, we found this stress correlated with local adult physical disability (ages 21-64) rates in 2000,
even when considering current adult poverty (see Appendix 1 and its table 1.2). Further, self-reported physical
disability in the working-age population in 2000 was not related to employment change over the previous
decade as skeptics of physical disability measures have suggested, perhaps because the U.S. economy was relatively healthy in the 1990s.
The second analysis related to physical disability outcomes. To the extent that our measure reflects the pervasiveness of chronic disease, counties with high physical disability rates should also have high mortality rates
from natural causes (defined here to include all deaths except those related to accidents, suicide, or homicide), other conditions being equal. Even after taking into account local education—a strong predictor of
health (Cutler and Lleras-Muney, 2011) and longevity (Lleras-Muney, 2005)—and the deleterious effects of
poverty (Adler and Stewart, 2010), we found across State rural areas that 2000 physical disability rates among
Whites (ages 21-64) were strongly related to their natural cause mortality rates in 1999-2002 (appendix table
1.3). We obtained similar results when we repeated the analysis for rural counties alone and for all counties,
confirming their robustness.
These analyses together support the validity of our physical disability measure and suggest that residents of
counties with high levels of reported physical disability were likely target populations for prescription opioids.

State rural area physical disability, opioid prescriptions, and drug overdose
mortality
The tie between physical disability and opioid prescriptions is remarkably strong. Physical disability in the
rural (nonmetropolitan) population ages 21-64 in 2000 accounted for a substantial 71 percent of the variance
in opioid prescriptions across State rural areas 10-12 years later (figure 4).11 Rural Kentucky, West Virginia,
and Tennessee had the highest physical disability rates—and the highest opioid prescription rates in 2010-12.
Heavily agricultural States, including the Dakotas, Iowa, Minnesota, and Nebraska, had among the lowest
physical disability rates and correspondingly relatively few prescriptions per prime-age adult.

11Variance here is a statistical term denoting differences across units, in this case State rural areas. If physical disability allowed us to
predict county drug prescriptions exactly, it would account for 100 percent of the variance in prescription rates across counties. At the
other extreme, if physical disability was absolutely no help in predicting county prescription rates, the variance accounted for would be
zero. As evident in the scatter plot, physical disability is a good predictor of State rural area prescription rates.
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Figure 4

Rural county opioid retail prescription rates in 2010-12 were closely tied to 2000 physical
disability rates
Physical disability rate, ages 21-64, 2000, and average annual retail opioid prescription rates per 100
residents ages 25-54, 2010-12, by State rural (nonmetropolitan) area
Annual average opioid retail prescriptions
per 100 residents, ages 25- 54 (2010-12)
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Variance accounted for: 71 percent
KY

400

TN
OR
MS

300

CA

GA

IN

MI

NC

SC

OK

LA

MO
KS IL
MD
OH NV ME
WA
UT NH
PA TX
AZ
CO NE
NM
ID
HI
CT MN
NY
IA
MT
WI
ND MA VT
SD

200

WV

AL

AR
FL
VA

AK

100

0
5.0

7.5

10.0

12.5

15.0

Percent reporting physical disability, ages 21-64 (2000)
Note: The line and its variance accounted for are derived from regression analysis. The “variance accounted for”
measures how close the dots are to the line and ranges from zero percent (no association) to 100 percent (perfect fit).
Source: USDA, Economic Research Service calculations using data from the Centers for Disease Control and Prevention and U.S. Census Bureau.

Affirming the relevance of physical disability, the socioeconomic measures in this study (also from Census
2000) accounted for much lower proportions of the variation in opioid prescription rates: middle-age poverty
rate (24 percent), share of people ages 25-64 with no schooling beyond high school (43 percent), and share of
single-parent families with children (10 percent).
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Given the thesis that drug overdose mortality rose because of increasing economic hardship, we also looked
at the relationship between employment change in 1999 to 2006-10 and the 2010-12 opioid prescription
rates. We found that the better the employment situation, the lower the opioid prescription rates. However,
our analysis also showed that physical disability in 2000 was associated with less favorable subsequent
employment change across State rural areas. Once this was taken into consideration, it was apparent that
recent employment change itself had little bearing on the rate of opioid prescriptions. This is consistent with
previous research on the opioid epidemic in the 2000s that found local economic problems could account for
little of the epidemic’s geography.
Figure 5 plots the relationships between physical disability in State rural areas in 2000 and drug-overdose
mortality rates (ages 25-54) at three time periods: at the beginning of the opioid epidemic (1999-2002), at the
height of the prescription phase (2010-12), and in the new phase involving heroin and fentanyl and related
drugs (2016-18). In 1999-2002, there was little relationship between physical disability and the drug overdose mortality for those ages 25-54. For example, the drug overdose mortality rates were only slightly above
average in rural West Virginia and Kentucky, which had the highest physical disability rates.
By 2010-12, however, the local rate of physical disability became a good predictor of drug overdose mortality
as well as opioid prescriptions.12 Drug overdose mortality rates had more than quadrupled in rural Kentucky
and West Virginia and doubled in rural areas with average physical disability rates. Among the rural State
areas with low physical disability rates, the upper Midwest agricultural regions (Nebraska, Iowa, North
Dakota, South Dakota, and Minnesota) had scarcely any gain in drug overdose mortality between 19992002 and 2010-12.13

12 As

noted in the box “Drug overdose mortality in State rural areas,” the State rural area variation in drug overdose mortality
accounted for by opioid prescriptions in 2010-12 was 40 percent.
13This pattern may have been reinforced by the marketing strategy of drug companies. For instance, OxyContin, the delayedrelease opioid, was marketed most heavily to doctors already prescribing opioids (Van Zee, 2009).
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Figure 5

Drug overdose mortality was most closely associated with physical disability at the peak of the opioid prescription phase in 2010-12
State rural (nonmetropolitan) area physical disability, ages 21-64, 2000 and age-adjusted drug overdose mortality rates, ages 25-54, at three stages of the
opioid epidemic
b. Peak of prescription phase, beginning of illicit
opioid phase (2010-12)

a. Start of prescription phase (1999-2002)

c. Study peak of Illicit opioid phase (2016-18)
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Source: USDA, Economic Research Service calculations using the Centers for Disease Control and Prevention Wonder and U.S. Census Bureau data.

Drug overdose mortality in State rural areas
Any analysis of the opioid mortality epidemic faces unfortunate tradeoffs as to the choice of a measure
to use. Data on opioid overdose mortality alone are available but incomplete. Although records are
improving, those filling out death certificates are not required and are not necessarily able to identify
drugs involved in overdose deaths and often do not; consequently, actual deaths from opioids are underestimated (Ruhm, 2019). The degree of underestimation varies geographically. The broader alternative
measure, drug overdose mortality, results from a variety of drugs besides opioids, such as methamphetamines or cocaine, so using drug overdose mortality as a proxy for opioid deaths results in some overestimating of the role of opioids. Overestimation likely would vary from place to place, depending on what
other drugs are in use.
Using 2010-12 data for State rural areas, we found that the opioid prescription measure accounted for
a much higher proportion of the variation in drug overdose mortality overall (40 percent) than in drug
overdose mortality specifically from opioids (23 percent). Similar results were obtained for physical
disability in individuals ages 21-64: 48 percent versus 33 percent. This pattern suggests that, despite the
inclusion of other drugs, drug overdose mortality better reflects the opioid crisis than the opioid death
measure, for which data are missing. We assume these biases have remained constant and use the opioid
mortality measures only to compare trends in different types of opioids, figures 2 and 6 being examples.

Regional concentration of illicit opioid mortality
This association between areas of physical disability and rises in drug overdose mortality largely disintegrated
by 2016-18. For many State rural areas, there was little change in drug overdose mortality rates between
2010-12 and 2016-18. However, for nine State rural areas in the Northeast quadrant of the United States, the
rate rose by more than 20 and sometimes 30 deaths per 100,000: Connecticut (CT), Maine (ME), Maryland
(MD), Massachusetts (MA), New Hampshire (NH), New York (NY), Ohio (OH), Pennsylvania (PA), and
Vermont (VT).14 These rural areas, indicated by red markers in figures 5b and 5c, do not have particularly
high rates of physical disability, but in 2016-18 they were among the areas with the highest rates of drug overdose mortality.
Mortality associated with heroin and synthetic opioids such as fentanyl increased at an extraordinary pace
between 2010-12 and 2016-18 in these nine rural areas, especially among young adults (ages 25 to 39) (figure
6a).15 Mortality from these drugs also increased in the rural parts of other States, but generally at more
modest paces among both young and middle-aged adults (figure 6b).

14We use the term “northeastern quadrant” or “Northeast” to designate this group of States, later including completely urban
States: Delaware (DE) New Jersey (NJ), and Rhode Island (RI), and the District of Columbia (DC), which are contiguous. This designation should not be confused with the Census-defined Northeast Region, which does not include OH, MD, or DC.
15Improved

detail on death certificates of the particular drugs involved in fatal drug overdoses may have somewhat exaggerated
the rise in deaths from fentanyl-type drugs and understated the decline in other drugs over the study period. Hedegaard et al. (2018)
reported that the proportion of drug overdose deaths that did not mention a particular drug or drug class declined from 22 percent in
2011 to 13 percent in 2016.
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Figure 6

Rises in rural mortality from heroin and synthetics after 2011 was concentrated in the Northeast
Running 2-year average rural (nonmetropolitan) overdose mortality rates, 2000 to 2018, Northeast and
remaining States, ages 25-39 and 40-54, prescription opioids and heroin and other synthetics
Prescription opioids, ages 25-39
Heroin and synthetics, ages 25-39

Prescription opioids, ages 40-54
Heroin and synthetics, ages 40-54
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Note: Some of the apparent rise in mortality by opioid type reflects improvements in reporting. Northeast States with rural areas
include CT, ME, MD, MA, NH, NY, OH, PA, and VT. Statistics are running 2-year averages. See figure 2 for a description of opiate
categories. Mortality statistics are not age-adjusted.
Source: USDA, Economic Research Service calculations using Centers for Disease Control and Prevention Wonder data.

It is not immediately clear why these State rural areas had such a rapid rise in heroin and fentanyl opioid
mortality in the 2010s, but the confinement to the Northeast suggests that differences in supply must
be considered. To explore this issue, we made two assumptions. First, especially because they are largely
imported, we assumed heroin and fentanyl tended to spill into rural areas from neighboring urban centers,
making State rural availability (and mortality) somewhat dependent on urban availability (and mortality).
Second, we assumed that distribution systems to rural areas would be stronger and more pervasive where
population density was higher, yielding a larger increase in rural drug overdose mortality in the higher
density rural areas.
Our analysis of recent changes in State rural area drug overdose mortality tends to confirm these conjectures.
First, area population density had virtually no bearing on rural changes in drug overdose mortality in the
2000s when pharmacies were the source of prescription opioids, but there was a strong relationship in the
2010-12 to 2016-18 period (figure 7). Second, rural and urban changes in drug overdose mortality within
the same State had a modest correlation in 1999-2002 to 2010-12 (r=0.33), but this correlation became much
stronger in 2010-12 to 2016-18 (r=0.72), consistent with there being a stronger urban influence on rural drug
overdose mortality in the same State during that decade.
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Figure 7

Changes in rural drug overdose mortality became tied to population density in the illicit opioid
phase
State rural (nonmetropolitan) area population density and changes in age-adjusted drug overdose
mortality rates, ages 25-54
a. Prescription phase, 1999-2002 to 2010-12

b. Illicit opioid phase, 2010-12 to 2016-18
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The State rural areas of high gain in drug overdose mortality in the Northeast tended to have higher residential density (r=0.51) and higher urban increases in drug overdose mortality than other States (r=0.66). Do
these qualities account for the very high increases in drug overdose mortality in the rural Northeast quadrant
between 2010-12 and 2016-18, or are there other drivers? Table 1 reports the results of a multivariate analysis of the associations of these measures with changes in rural drug overdose mortality in the 2010s. Also
included was the rural physical disability rate on the expectation that, because of restrictions on prescriptions
and changes in the formulation of the opioid Oxycontin, disability might be associated with declines in drug
overdose mortality in this period.
From equation 1 in table 1 it is apparent that all three factors—lower rates of physical disability, urban gain
in drug overdose mortality, and population density—help account for the changing geography in the rural
drug overdose epidemic in 2010-12 and 2016-18. When we also consider the nine Northeast States with the
highest rural gains in drug overdose mortality as a group, however (equation 2), it is apparent that these three
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factors do not fully account for the greater gains in these States: The sizable partial correlation of being in a
northeastern State with change in mortality (rp= 0.67) indicates an independent relationship.16
Table 1

Population density and State urban changes in drug mortality account for only some of the
substantial increases in State rural area drug mortality in the Northeast in 2010-12 to 2016-18
Regression of changes in age-adjusted State rural (nonmetropolitan) area drug overdose mortality rates,
ages 25-54, 2010-12 to 2016-18 on selected area characteristics
Coefficients
Area attributes

Equation 1

Equation 2

r

Partial r

Partial r

-0.37

-0.69

-0.56

0.71

0.69

0.48

Population density, 2000

0.67

0.37

Northeast State

0.88

Physical disability rate, 2000
Change in State urban drug overdose mortality,
2010-12 to 2015-17, ages 25-54

R2 (percent of variation accounted for)

0.31
0.67

76

87

N=47
Note: Coefficients are all statistically significant (p<.05 level). Northeast States with rural areas include CT, ME, MD, MA, NH, NY,
OH, PA, and VT. Physical disability is for ages 21-64. r = correlation coefficient. Partial r = partial correlation coefficient.
Source: USDA, Economic Research Service, calculations based on data from Centers for Disease Control and Prevention Wonder
website and the U.S. Census Bureau.

Regional concentration seems then to be a separate factor shaping the geography of the rise in illicit drug
mortality. Not only were all nine States with high rural gains in the northeastern quadrant of the United
States (see figure 7b), the 14 States with the highest urban area gains include all but one of the nine top States
in rural gains and the completely urban (by our definition) neighboring States of Delaware (DE), New Jersey
(NJ), and Rhode Island (RI), and the District of Columbia.17 18 This centering on the northeastern quadrant
seems likely to be at least partly the result of drug ports of entry and contagion, where problems leak across
State lines.
The analysis in this section has looked at the changing geography of the rural drug epidemic using State rural
areas as the units of comparison. In section C below, we address some of the same questions using counties as
units of comparison. That analysis allows greater attention to the role of local economic hardship in the geography of the drug epidemic within the Northeast.

A comparison of the correlations in this table with comparable correlation statistics for 1999-2002 to 2010-12 demonstrates the
sharp differences in the geographies of change in drug overdose mortality between the two periods. Thus, the correlation of physical
disability with change in drug overdose mortality went from r= 0.65 in the 2000s to r=-0.37 in the 2010s. On the other hand, correlations involving urban drug overdose mortality (r=0.33), population density (r=0.11), and Northeast location (r=-0.07) were much
smaller in the 2000s than in the 2010s.
16

17Kentucky and West Virginia were exceptions, with high urban gains, but perhaps because of low rural population density and
isolation from urban areas, very low (West Virginia) or nonexistent (Kentucky) rural gains.
18For

another analysis of regional concentration, based on drug mortality levels rather than change but highlighting different types
of drugs, see Kiang et al., 2019.
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Race/Ethnicity and Drug Overdose Mortality
The opioid epidemic has not affected all racial/ethnic groups equally. Using data from 2010, Mack (2013)
noted that White (non-Hispanics) and American Indian/Alaskan Native populations had much higher drug
overdose mortality rates than Blacks, Hispanics, or Asian/Pacific Islanders. Figure 8 updates the information
for populations ages 25-54 and distinguishes rural from urban mortality. Differences between White and
American Indian/Alaskan Native populations and Hispanic, Black, and Asian/Pacific Islander populations
are stark, especially in rural areas, and have only increased over time (although a substantial increase in drug
overdose mortality has occurred among urban Blacks in the past few years).
Figure 8

American Indian/Alaskan Natives and Whites have been the most affected by the opioid
epidemic, although this difference has become less pronounced in urban areas since the
mid-2010s
Rural (nonmetropolitan) and urban (metropolitan) age-adjusted drug overdose mortality rates, ages
25-54, by race/ethnicity, 2000-18 (running 2-year averages)
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One possible explanation for the growing discrepancy through the early 2010s could be that physical
disability is much more prevalent among the White and American Indian/Alaskan Native populations than
among Blacks or Hispanics. This explanation is plausible for American Indian/Alaskan Native populations,
who have relatively high disability rates—above 10 percent—in both rural and urban areas (figure 9). It is
also credible for Hispanics in the United States, who, because of their relatively young age or through their
selective immigration, have lower physical disability levels than Whites.19 The explanation does not hold for
Blacks, however. Consistent with prior research on White and Black physical disability in general (Kington
and Smith, 1997; Keil et al., 1989), we found disability rates among Blacks to be relatively high in both rural
and urban areas. In 2000, 12.2 percent of rural Blacks (ages 21-64) and 9.4 percent of urban Blacks reported
they were physically disabled, while the corresponding disability rates among Whites were 8.5 percent and
5.8 percent, respectively (figure 9).
Figure 9

Blacks and American Indian/Alaskan Native working-age populations had higher disability rates
than Whites in 2000
Rural (nonmetropolitan) and urban (metropolitan) physical disability rates for ages 16-64,
by race/ethnicity, 2000
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Source: USDA, Economic Research Service calculations based on U.S. Census Bureau data.

An alternative explanation—that Blacks (and, to a lesser extent, Hispanics) have been less likely to be
prescribed opioids for their disabilities—has received substantial research support. Survey data suggest
that compared to Whites, Blacks and Hispanics have less access to healthcare (Weinick et al., 2000). Even
when healthcare was obtained, however, Blacks and Hispanics were substantially less likely to receive opioid
prescriptions than Whites for many of the same reported ailments (Meghani et al., 2012; Pletcher et al.,
2008).20

19Using

data downloaded from the Centers for Disease Control and Prevention Wonder website, we calculated for each racial/
ethnic group the proportion that was age 50 or more. This proportion was about 31 percent for Whites, 25 percent for Blacks and
American Indian/Alaskan Natives, and 19 percent for Hispanics.
20 A third possible explanation for racial differences in drug overdose mortality rates in the 2000s is differential local availability of
prescription opioids. A New York City study found that pharmacies in minority neighborhoods were less likely than pharmacies elsewhere to carry a full supply of prescription opioids (Morrison, et al., 2000). We did not find any further research on this question.
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Our analysis relating physical disability rates to drug overdose mortality suggests that the strength of this
relationship varied considerably across racial/ethnic groups in both rural and urban areas (figure 10). For both
rural and urban Whites, the higher the rate of physical disability in 2000, the greater the increase in drug
overdose mortality between 1999-2002 and 2010-12. Note that for any given physical disability level, the
urban increase in White mortality is somewhat larger, arguably because of greater urban access to healthcare
and prescriptions.21
Nevertheless, because rural physical disability rates are considerably higher, the overall increase in drug overdose mortality (ages 25-54) was greater in rural than urban areas.
Figure 10

During the opioid epidemic’s prescription phase, for rural and urban Whites and rural American
Indian/Alaskan Natives, physical disability was strongly related to drug overdose mortality, but
there was little or no relationship for either rural or urban Blacks
Changes in age-adjusted drug overdose mortality, ages 25-54, 1999-2002 to 2010-12, for rural (nonmetropolitan) and urban (metropolitan) racial/ethnic groups, by their respective 2000 area physical disability
rates, ages 21-64
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The rural relationship between physical disability and drug overdose mortality for rural American Indian/
Alaskan Native populations resembles the rural White pattern. However, there was no apparent link between
American Indian/Alaskan Native physical disability and drug overdose mortality in urban areas, perhaps
because the Indian Health Service, a likely source of prescriptions covering about half of the American
Indian/Alaskan Native population overall, plays a much smaller role in urban areas than in rural ones (Indian
Health Service, 2018). Among rural Hispanics, there was a relationship between physical disability and
increases in drug overdose mortality, but these increases were relatively small compared with the increases
among the White and American Indian/Alaskan Native populations. Urban Hispanics had little gain in drug
overdose deaths, perhaps because their population is relatively young. Among Blacks, there was no appre-

21For

instance, among rural residents in counties with disability rates between 10 and 13 percent, drug overdose mortality rose by
23 deaths per 100,000 in the population ages 25-54. The corresponding urban rise was 28 deaths per 100,000.
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ciable increase in drug overdose mortality in the 2000s at any physical disability rate in either rural or urban
areas.
An extension of the above graph to consider the trends in drug overdose mortality in the illicit opioid phase
yields a largely disorganized pattern of results. The exceptions are the consistently greater urban than rural
increases in drug overdose mortality across all racial/ethnic groups and a decline in rural drug overdose
mortality among Whites with high disability (figure 11). This lower rate likely reflects a decline in drug
prescriptions.
Figure 11

In a reversal from the prescription opioid phase, high physical disability was later associated with
a decline in drug overdose mortality among rural Whites and relatively low gains among urban
Whites and rural American Indian/Alaskan Natives
Changes in age-adjusted drug overdose mortality rates, ages 25-54, 2010-12 to 2016-18, among rural
(nonmetropolitan) and urban (metropolitan) racial/ethnic groups, by their respective 2000 area physical
disability rates, ages 21-64
Percent with physical disability
a. Rural
Change in mortality per 100,000

7 or less

7 to 13

Over 13

Overall

b. Urban

Change in mortality per 100,000

50

50

40

40

30

30

20

20

10

10

0

0

-10

-10
White

Black

American Hispanic
Indian/
Alaskan Native

White

Black

American Hispanic
Indian/
Alaskan Native

Note: Racial groups are non-Hispanic, while Hispanic includes all races.
Source: USDA, Economic Research Service calculations from data from the Centers for Disease Control and Prevention Wonder
website and U.S. Census Bureau.

This disorganization makes sense when we recall the surge in drug overdose mortality in the rural Northeast in
the 2010s noted at the end of the previous section. Graphs of changes in drug overdose mortality by residence in
or outside the above-defined Northeast region result in a much clearer picture of change in several ways (figure
12). First, the centering of the drug overdose mortality increase in the Northeast in the 2010s involved all the
racial/ethnic groups in the study and both urban and rural areas, although the increases varied in size across the
groups. Second, for each of these groups, the patterns of change in rural and urban areas have been largely the
same. For instance, among rural American Indians/Alaskan Natives, increases in drug overdose mortality were
greater outside the Northeast in the 2000s, but this pattern was reversed in the next decade. This essentially
describes the urban changes as well—and rural changes for Whites and Hispanics. Rural-urban similarities
suggest that the rural-urban distinction is less relevant for understanding the current geography of drug overdose
mortality than the distinction between the Northeast and the rest of the country.
In the next section, multivariate analysis is used to explore county characteristics associated with changes in
drug overdose mortality. Because the racial/ethnic groups had disparate trends in the study period, the mortality
analysis is confined to non-Hispanic Whites, the largest group.
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Figure 12

Drug overdose mortality increased markedly among all racial/ethnic groups in the 2010s, but only
in the Northeast
Changes in age-adjusted drug overdose mortality rates, ages 25-54, among racial/ethnic populations in
rural (nonmetropolitan) and urban (metropolitan) areas of the Northeast and rest of the country, 2000s
(1999-2006 to 2009-13) and 2010s (2009-13 to 2016-18)
Rural

Urban

Black

Black

Change in deaths per 100,000
60
50
Rural Northeast
40
Other rural areas
30
30.1
20
10
4.9
1.6
7.3
0
-10
2000s
2010s

Change in deaths per 100,000
60
50
Urban Northeast
40
Other urban areas
30
29.1
20
10
13.4
0
-6.1
-0.7
-10
2000s
2010s

American Indian/Alaskan Native
Change in deaths per 100,000
60
56.6
Rural Northeast
50
40
Other rural areas
30
20
17.8
10
11.3
1.3
0
-10
2000s
2010s

American Indian/Alaskan Native
Change in deaths per 100,000
60
Urban Northeast
50
40
Other urban areas
30
33.9
20
10
5.3
14.7
12.0
0
-10
2000s
2010s

White
Change in deaths per 100,000
60
50
Rural Northeast
40
Other rural areas
30
35.0
20
10
5.7
14.4
12.9
0
-10
2000s
2010s

White
Change in deaths per 100,000
60
Urban Northeast
50
Other urban areas
40
41.9
30
20
10
12.6
12.2
10.9
0
-10
2000s
2010s

Hispanic
Change in deaths per 100,000
60
Rural Northeast
50
40
Other rural areas
30
20
17.6
10
5.7
14.4
3.4
0
-10
2000s
2010s

Hispanic
Change in deaths per 100,000
60
Urban Northeast
50
Other urban areas
40
30
20
21.8
10
4.7
0.6
0
-0.9
-10
2000s
2010s

Note: Northeast includes CT, DE, DC, ME, MD, MA, NH, NJ, NY, OH, PA, RI, and VT. To avoid data suppression for rural American
Indian/Alaskan Native populations in the Northeast, the beginning of the 2000s uses 1999-2006 data instead of the usual
1999-2002 average, and end of the 2000s and beginning of the 2010s uses 2009-13 instead of 2010-12 data. Because of large gains
in drug overdose mortality in the 2010s, suppression was not an issue in 2016-2018. Age adjustments allow fair comparisons
across areas and populations with different age distributions. Racial groups are non-Hispanic; Hispanic includes all races.
Source: USDA, Economic Research Service calculations based on data from the Centers for Disease Control and Prevention
Wonder website and U.S. Census Bureau
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Multivariate Analyses of County Changes in White Drug
Overdose Mortality: Prescription and Illicit Opioid Phases
In the previous sections, we presented our case for physical disability as the primary shaper of the geography
of the prescription phase of the opioid epidemic based on differences across State rural areas. We showed
that in the 2010s, as the epidemic shifted from prescription opioids to heroin and synthetic opioids such as
fentanyl, differences in local percentages of physical disability lost relevance. We also saw that the prescription
phase of the opioid epidemic involved Whites and rural American Indian/Alaskan Natives primarily, while
the illicit phase affected other racial/ethnic groups as well.
This section expands on these analyses to consider other possible influences on the geography of opioids. The
expanded analysis involves multivariate regression using all counties instead of State rural areas as units of
comparison. The county analysis permits the incorporation of a wider set of measures, but there is a cost in
precision because of the small number of deaths, particularly in small counties (see Measures and methods
box).
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Measures and methods
The most common statistical rates relating to people (such as physical disability or poverty) are expressed
in percentages, but deaths are generally expressed as per 100,000 residents. Most rural counties do not
have 100,000 residents, much less 100,000 residents aged 25-54, the population of primary concern here.
As numbers of observations become smaller, statistics become more unreliable or “noisy,” with random
events, coding errors, and other external factors having increasing influence on calculated rates. To reduce
noise problems in analyzing change over time, we pooled State rural area and county mortality data in 3
multiyear periods:
•
•
•

a 4-year period, 1999-2002, which we use to represent the beginning of the opioid epidemic’s
prescription phase;
a 3-year period, 2010-12, to mark the transition between the prescription and the illicit opioid
phases; and
another 3-year period, 2016-18, to represent the most current period in the illicit phase.

In addition, for county analyses in the third section (drug overdose mortality) and the appendix (physical
disability), we used population-weighted regression, which gives greater analytic importance to counties
with larger populations and, therefore, less noisy statistics. The use of weighted regression is consistent
with other statistics in the report, which examine overall averages across subpopulations such as age groups
rather than averages across counties. Note that the State rural area analysis did not use weighted regression
because the geographic units are relatively large.
Because of differences across racial/ethnic groups in both the levels of drug overdose mortality and the
relationships between this mortality and physical disability, the county mortality analysis includes only
White non-Hispanics. Otherwise, results are confounded by racial/ethnic differences. For example, among
State rural areas, physical disability accounted for 46 percent of the variance in drug overdose mortality
for the overall population aged 25-54 in 2010-12 (figure 5b). When confining the analysis to White nonHispanics, the corresponding statistic rises to 64 percent. The age group is limited to county analysis
of those between ages 25 and 54, in line with the analyses above. All told, White non-Hispanics, with
61 percent of the population in this age group, accounted for 80 percent of the drug overdose deaths in
2014-16. The disability and socioeconomic measures in the mortality analysis that follows apply to White
non-Hispanics only. The community growth measures, however, apply to the entire county population.
As in the analysis of physical disability, we consider a correlation (r) or partial correlation (rp) of ±0.12
or more to be meaningful. In analyses containing all counties, coefficients at this level are significant at
the p<.001 level or above. For the analysis of counties in the Northeast, where the number of counties is
333, this size correlation or partial correlation is statistically significant at the 5-percent level. This keeps
the focus on the size of statistical relationships while assuring that we only consider relationships that are
statistically significant at least at a minimum level.
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The analysis is divided into four parts. The prescription opioid phase (1999-2002 to 2010-12) and the illicit
opioid phase (2010-12 to 2016-18) are considered separately. Within each of these phases, counties in the
Northeast are analyzed separately from counties in the rest of the country, although it is only in the illicit
phase that we anticipated major differences between the two regions. Given the racial/ethnic differences
found above (see figure 12), the analysis focuses on White non-Hispanics.22
Of prime consideration is to what extent differences in local economic stress shaped the geography of the
opioid epidemic during its illicit phase. As noted earlier, a recent international literature review found strong
support for the thesis that recession and job loss lead to greater psychological distress and increased drug use
(Nagelhout et al., 2017), but this proposition has received inconsistent empirical support when applied to
U.S. county economic change since 1999. The 2000s comprised most of the period covered by these latter
studies. Now that illicit opioids drive the opioid epidemic—at least in much of the northeastern United
States—the role of local economic stress may have increased.
An inherent problem in relating local economic stress to working-age drug overdose mortality is that the
causal direction is difficult to untangle. Drug problems may stem from this stress, but they also may be
the source of employment decline by limiting labor force participation and employability. To assess local
economic stress, we included county net migration as well as employment change. Our reasoning is that local
economic stress is associated with both declining employment and people leaving the area. However, while
greater drug addiction may be reflected in declining employment, only in extreme cases will migration be
affected by increases in drug addiction (where people worry about associated crime or their children’s exposure, for instance).
We noted earlier that the introduction of fentanyl and its kindred drugs to an area tends to make existing
addictions more lethal. By generating high rates of drug overdose mortality, the prescription opioid crisis of
the 2000s may have overwhelmed the tendency for economic misfortune to result in higher addiction and
mortality rates. However, the reformulation of OxyContin and reduced availability of prescription opioids
in the 2010s, coupled with the introduction of relatively lethal synthetic opioids such as fentanyl, may have
raised the overdose mortality of those who became addicts in response to economic hardship in the 2000s.
Our analyses of the illicit opioid phase include measures of economic change for both the 2010s and the
2000s.
The second concern in the county multiple regression analyses is the relative importance of physical disability
in relation to the central socioeconomic measures—low education, high poverty, and single-parent family
structure—in shaping the geography of opioid use in the 2000s. Previous research has found one or more
measures of low socioeconomic status associated with drug overdose deaths (e.g., Case and Deaton (2015,
2017); Monnat, 2018). Our analysis of physical disability showed it to be related to measures of low socioeconomic status (see appendix table 2). Given these linkages, it is plausible that low education and other socioeconomic attributes, rather than physical disability, drove the increase in drug overdose mortality. Our earlier
analysis of State rural areas suggests otherwise, but the present multivariate analysis covers urban and rural
areas and uses a much finer geography (counties), allowing us to doublecheck our findings. (See appendix
table 2 for names and averages of measures discussed in this section.)
Gentrification, which transforms the socioeconomic characteristics of neighborhoods through in-migration
of people with higher socioeconomic status, is a third consideration. While this transformation is thought
of as an urban phenomenon (Zukin, 1987), it has been usefully applied to rural areas, too, in the context of
people seeking pleasant climates and attractive landscapes (Winkler et al., 2009; Nelson and Nelson, 2010).
22The prescription data were not analyzed at the county level as the data did not precede 2006, did not contain information on age
or race/ethnicity, and did contain many uninterpretable zeros in rural counties. Rural and urban counties were not analyzed separately
because of the small number of rural counties in the Northeast and the rural-urban similarities shown for Whites in figure 12.
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Gentrification may reduce the presence of drugs by raising education and income levels, measured as change
in the proportion of people age 25 and over with a college degree.
The State context is our fourth consideration. States have varied considerably in the regulation of opioid
prescriptions, and other differences such as medical practices may also have varied across States (Krueger,
2017). Some States, such as Florida, strengthened their regulations to apparently good effect as their opioid
epidemic developed (Rutkow et al., 2015). For State residence, we included yes-no variables (coded 1-0) for all
but one State to take account of possible State differences.
We also considered the degree to which the county is rural. Residents of very rural counties generally have
relatively high levels of physical disability (appendix table 2). Yet during the prescription phase of the opioid
epidemic, rural areas in general had about the same increase in drug overdose mortality as urban areas (see
figure 1). Rural disability may have been counterbalanced by limited access to healthcare, which reduced
exposure to prescription opioids and associated addiction and mortality. Where illicit opioids are involved,
rural residence may limit drug addiction and mortality rates because of difficulties in establishing drug
distribution networks in sparsely settled areas. The direction of influence may not be all in rural residents’
advantage, however. Treatment may be less available in rural areas, for instance, making residents with drug
problems more vulnerable.
We saw in figure 7 that State rural areas with lower population density had less increase in opioid mortality
in the 2010s but not in the 2000s. County-level analysis can provide a finer grade analysis. The urban-rural
scale used in this analysis includes three size classifications for urban (metropolitan) areas, with lower population bounds of 1 million, 250,000, and 50,000 residents. We used two classifications for rural area residence:
micropolitan (county with city of 10,000-49,999 people or where 25 percent of its workforce commutes to
such a city) and completely rural (or noncore). Yes-no indicators were included for four of these five residential categories.23
Given the concentration of the illicit opioid phase of the epidemic in the northeastern States, we analyzed
their counties separately from other counties. This helped identify local geographic characteristics that shaped
drug overdose mortality in areas where illicit opioids were apparently most available. Overall, drug overdose
mortality rates for Whites ages 25-54 in the 2000s rose by similar amounts in the Northeast and in the rest
of the country. However, the Northeast far outpaced the rest of the country in the 2010s, at least through
2016-18 (figure 12).

Multivariate results
Table 2 presents analyses of changes in drug overdose mortality during the prescription phase of the opioid
epidemic. There are two equations for each area, one using net migration as a measure of community
economic health (equation 1) and the other using employment change (equation 2). Similar analyses are
presented in table 3 for the illicit opioid phase of the epidemic. The means and standard deviations for the
measures in both tables are in appendix table 2.

23

With the large urban type left out, coefficients for the other residence types indicate their differences from the large urban type.
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Table 2

County change in drug overdose mortality rates, 1999-2002 to 2010-12, for White non-Hispanics,
ages 25-54, in Northeast and remaining States

County attributes

Counties in Northeast States

Counties in remaining States

Eq. 1

Eq. 2

Eq. 1

Eq. 2

Partial r

Partial r

Partial r

Partial r

r

r

Urban-rural scale
Major metro (omitted)

-0.02

…

…

-0.17

…

…

Medium metro

-0.03

-0.21

-0.23

0.07

-0.03

-0.03

Small metro

0.02

-0.11

-0.13

0.03

-0.07

-0.07

Micropolitan (rural)

0.05

-0.22

-0.24

0.06

-0.09

-0.10

Noncore (rural)

0.02

-0.14

-0.15

0.10

-0.10

-0.10

0.40

0.48

0.47

0.52

0.23

0.24

No education beyond high school

0.40

-0.12

-0.12

0.42

-0.05

-0.05

Poverty rate (ages 25-54)

0.03

-0.38

-0.37

0.43

-0.02

-0.02

Single-parent families

0.21

-0.08

-0.07

0.26

0.05

0.04

0.03

-0.10

…

-0.01

-0.01

…

Employment change, 2000s (loge)

-0.21

…

-0.05

-0.14

…

-0.02

Percent college graduates, 2000 to 2006-10

-0.40

-0.09

-0.08

-0.23

-0.04

-0.04

Yes

Yes

Yes

Yes

Physical disability rate, 2000
Socioeconomic characteristics, 2000

Community change
Net migration, 2000s (loge)

State effects (0-1)
R2 (percent of variation accounted for)
Number of counties

56

56

39

39

333

333

2,787

2,787

Note: Northeast States include CT, DE, DC, ME, MD, MA, NH, NJ, NY, OH, PA, RI, and VT. Physical disability and socioeconomic
measures are for White non-Hispanics. Statistical significance at the standard 0.05 level requires a correlation or partial correlation
of 0.12. We bolded coefficients of at least that size to indicate both statistical significance and substantial importance. For a fuller
description of measures, see appendix table 2. Loge denotes natural logarithm transformation. r = correlation coefficient. Partial r =
partial correlation coefficient.
Source: USDA, Economic Research Service calculations based on data from the Centers for Disease Control and Prevention and
the U.S. Census Bureau.

The first measure in table 2 is the urban-rural code of residence, expressed as a set of 0-1 variables. Given the
similar increases in drug overdose mortality of Whites during the prescription phase of the opioid epidemic
between rural and urban sectors (figure 12c), both in and outside the Northeast, we expected correlations to
be small across the urban-rural scale. While correlations are small in the Northeast, once the analysis is
multivariate (equations 1 and 2), the partial correlations for the included urban-rural scale categories are
substantially negative. This indicates that major metropolitan areas (the omitted category) in this region had a
larger jump in drug overdose mortality than expected, given their physical disability rates, socioeconomic
characteristics, and community change.
Two factors suggest that this pattern represents the start of the illicit drug phase of the opioid epidemic. First,
the partial correlation pattern is substantially weaker outside the Northeast region, where this phase has been
slower to develop. Second, when we redid the analysis but used 2008-11 as the period end instead of
2010-12, this pattern did not show up. The jump in major urban areas was a new phenomenon. The
2010-12 transition period saw drug overdose mortality involving prescription opioids taper off while
mortality involving heroin rose (figure 2). Fentanyl and related synthetic opioids were not yet a factor.
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Consistent with the earlier State rural area analyses for the prime-age population overall (figure 5), partial
correlations with a gain in prime-age drug overdose mortality in the 2000s are stronger for physical disability
than for White socioeconomic attributes both in the Northeast and among the remaining counties.24
Employment change has negative correlations with the change in drug overdose mortality, but the partial
correlations are small, suggesting other factors are responsible. While there is little indication here of a
substantial relationship between local economic problems and the growth in drug overdose deaths in the
2000s, our analysis of the 2010s suggests that economic problems in this period likely led to increases in drug
use, which, with the arrival of fentanyl in the Northeast, led to rises in drug overdose mortality.

24The substantial negative partial correlations in the Northeast equations between poverty and change in drug overdose mortality
are unexpected: Normally, one would expect greater increases in drug overdose in areas of greater poverty, not decreases. The statistical source of anomaly is the negligible correlation between poverty and gains in drug mortality in the Northeast shown in table 2.
High poverty is associated with physical disability in the Northeast, which in turn is related to gains in drug mortality in the 2000s.
Once this indirect link is taken into account, the net relationship of poverty to mortality is negative. One possible explanation is that
prescription opioids are expensive, and the cost of living is relatively high in the Northeast, which would tend to dampen the relationship between poverty and drug overdose mortality.
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Table 3

County change in drug overdose mortality rates, 2010-12 to 2016-18, White non-Hispanics,
ages 25-54, in Northeast and remaining States
Counties in Northeast States
County attributes

r

Counties in remaining States

Eq. 1
Partial r

Eq. 2
Partial r

Eq. 3
Partial r

Eq. 4
Partial r

r

Eq. 1
Partial r

Eq. 2
Partial r

Eq. 3
Partial r

Eq. 4
Partial r

Urban-rural scale
Major metro (omitted)
Medium metro

0.05

-0.16

-0.15

-0.19

-0.18

0.05

-0.06

-0.06

-0.06

-0.06

Small metro

0.00

-0.18

-0.17

-0.22

-0.21

-0.04

-0.13

-0.13

-0.13

-0.13

Micropolitan (rural)

-0.07

-0.27

-0.27

-0.33

-0.34

-0.07

-0.11

-0.11

-0.12

-0.12

Noncore (rural)

-0.10

-0.27

-0.27

-0.31

-0.33

-0.12

-0.11

-0.11

-0.13

-0.13

Physical disability rate, 2000

0.23

0.26

0.29

0.19

0.24

-0.09

-0.13

-0.13

-0.14

-0.14

0.22

-0.12

-0.10

-0.06

-0.04

0.05

0.07

0.07

0.07

0.07

Poverty rate (ages 25-54)

0.06

-0.13

-0.17

-0.05

-0.10

-0.08

-0.08

-0.08

-0.07

-0.08

Single-parent families

0.23

0.11

0.10

0.05

0.03

0.02

0.16

0.16

0.16

0.16

-0.15

-0.05

-0.35

-0.21

-0.03

-0.12

-0.09

Socioeconomic characteristics,
2006-10
No education beyond high school

Community change
Net migration, 2000s (loge)

-0.06

Net migration, 2010-2015 (loge)

-0.17

Employment change, 2000s (loge)

-0.25

Employment change, 2010s (loge)

-0.26

Percent college graduates

-0.02

State effects (0-1)
R2

(percent of variation
accounted for)

Number of counties

-0.28

-0.08

-0.37

-0.24

-0.04

0.01

-0.04

0.11

0.09

0.05

Yes

Yes

Yes

47

48

333

333

-0.01
-0.03
-0.10

-0.08

-0.01

-0.01

0.00

0.00

Yes

Yes

Yes

Yes

Yes

47

51

31

31

31

31

333

333

2,787

2,782

2,787

2,786

Note: Northeast States include CT, DE, DC, ME, MD, MA, NH, NJ, NY, OH, PA, RI, and VT. Physical disability and socioeconomic
measures are percentages for White non-Hispancs. Mortality rates have been age-adjusted to account for differences in age distribution across areas and over time. For a fuller description of county measures, see appendix table 2. Statistical significance at the
standard .05 level for the Northeast counties requires a correlation or partial correlation of at least 0.12, larger than in the analysis
for the remaining States. We bolded coefficents of at least that size to indicate substantive as well as statistical importance. Loge
denotes natural logarithm transformation. r = correlation coefficient. Partial r = partial correlation coefficient.
Source: USDA, Economic Research Service calculations based on data from the Centers for Disease Control and Prevention and
the U.S. Census Bureau.

As noted above, table 3 largely repeats for 2010-12 to 2016-18 the analysis of the previous decade. However,
there are four equations for inside the Northeast and four equivalent equations for the rest of the country.
Equations 1 and 3 include migration or employment change, respectively, for the 2010s as an explanatory
measure. Equations 2 and 4 include migration or employment change for the 2010s and the 2000s.
Urban-rural location had about the same relationship with change in drug overdose mortality in the 2010s
as it had in the 2000s. Correlations were small in both the Northeast and elsewhere, but partial correlations
were substantially negative in the Northeast. This suggests the gain in overdose mortality outside large urban
areas was less than expected based on other county characteristics. This pattern was most evident in the
rural micropolitan and noncore counties in the Northeast and scarcely evident at all outside the Northeast.
This comports with the earlier finding that the illicit drug phase of the opioid epidemic was weaker in more
sparsely settled State rural areas (figure 7 and table 1).
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Despite increasing limitations on prescription opioids in the early 2010s, there were still positive partial correlations between physical disability and rises in drug overdose mortality in the Northeast over the decade. This
may have been the result of people augmenting prescription opioids or switching to illicit drugs (Evans et al.,
2019), an interpretation reinforced by the negative partial correlations outside the Northeast between physical
disability and changes in drug overdose mortality.
While there are some modest correlations in the Northeast between socioeconomic characteristics and
mortality gains in the 2010s, the partial correlations are small—essentially trivial—in the employment
change equations (equations 3 and 4). Outside the Northeast, even the correlations are trivial.
In contrast to the pattern of the 2000s, local economic difficulties in the Northeast were associated with
greater rises in drug overdose mortality in the region’s White prime-age population in the 2010s (table 3).
For employment change, partial correlations suggest rising mortality in the 2010s was more strongly related
to local economic change in the prior decade than to contemporary change. Negative partial correlations for
employment are larger for the 2000s than for the 2010s in equation 4 and substantial for net migration in
the 2000s in equation 2. Thus for the Northeast, economic problems in the 2000s, largely unrelated to drug
overdose mortality in the 2000s, were important for the fentanyl era of the 2010s.
In contrast to the Northeast, where earlier local economic misfortune was associated with rising drug overdose mortality—largely from illicit drug overdoses, according to our State rural area analysis (figure 6) and
recent State-level analyses (Kiang et al., 2019; Spencer et al., 2019)—there was little such relationship in
the rest of the United States. None of the economic change measures have substantial relationships with
mortality in table 3 equations for remaining States. This is further evidence of the key role of fentanyl and its
analogs.

Employment change and drug overdose mortality in the illicit phase
of the opioid epidemic: another look
To get a more concrete picture of the relationship between long-term change in employment and recent
changes in drug overdose mortality, we categorized the change in employment, 2000 to 2013-17, and examined change in drug overdose mortality across levels of employment change for both the Northeast and the
rest of the country. First, however, it is useful to compare employment change in the two regions.
The Northeast has severely lagged the rest of the country in employment growth since 2000. The average
prime-working-age White resident in the Northeast lived in a county that gained only 2 percent employment
from 2000 to 2013-17. By comparison, in the rest of the country, prime-working-age Whites typically saw
county employment grow by 12 percent (figure 13). In both broad territories, gains favored large metropolitan areas while employment in rural areas declined. Prime-working-age Whites in micropolitan areas in the
Northeast faced an average loss in employment of 7 percent over the period, more than in completely rural
counties in the region and more than the average loss of less than 2 percent in rural areas outside the region.
Given that within the Northeast, less favorable county employment trends were associated with greater
increases in drug overdose mortality, it is possible the widespread failure to create jobs in the region was one
of the conditions that made it attractive to illicit drug distribution networks.25

25Another

factor may be that northeastern ports serve as a conduit for drug entry. A recent cocaine shipment interception provides
an example (NBC News, 2019).
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Figure 13

Except in the most rural counties, working-age Whites faced much weaker local employment
growth in the Northeast than in the rest of the country from 1999 to 2012-17
Employment change between 2000 and 2013-17, by urban and rural status
Percent change
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18.8
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5
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4.7

11.6
6.7
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2.0
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Rest of United States
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-7.1

-8.1

Micropolitan
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Rural
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Note: Results are weighted by the 2012-15 average White non-Hispanic population, ages 25-54. Metropolitan areas are defined by
population size in 2010: large (1 million or more), medium (250,000-999,999), and small (50,000-249,999). Micropolitan includes
rural counties with cities of 10,000 residents or more and adjacent counties with substantial commuting to these counties. Noncore
refers to other, more rural counties. Northeast includes: CT, DE, DC, ME, MD, MA, NH, NJ, NY, OH, PA, RI, and VT. Employment in
previous year is more comparable between the 2000 Census and the American Community Survey (ACS), the data sources, as
current employment in the Census is only for April, while the ACS is a survey taken over the year.
Source: USDA, Economic Research Service calculations using data from the U.S. Census Bureau.

To better gauge the strength of the relationship between this employment change and drug overdose
mortality in the illicit phase of the opioid epidemic, we reran the employment change equations in table 3
for the Northeast and the rest of the United States, substituting employment change over the entire period
(2000 to 2013-17) for the two employment measures in equation 4. We divided the employment variable into
four categories of change and calculated the average change in drug overdose mortality within each category,
holding other measures constant statistically.26 These yielded estimates of drug overdose mortality change,
assuming the other measured community characteristics within each region were the same across all its
counties.
Consistent with table 3, the changes in employment in counties outside the Northeast were not substantially
associated with differences in the spread of drug overdose mortality. Increases were relatively small, whether
employment rose or fell (figure 14).

26

This was accomplished using the univariate analysis of variance procedure in the SPSS Statistics program package (V. 18).
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Figure 14

Drug overdose mortality rose in the Northeast during the opioid epidemic’s illicit phase,
especially in areas with employment loss
Change in age-adjusted White non-Hispanic drug overdose mortality, ages 25-54, 2010-12 to 2016-18,
by employment
Change in drug overdose mortality per 100,000
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Employment in previous year: change 2000 to 2013-17
Note: These are results of univariate regression, repeating the two equation 4 analyses in table 3, but combining employment
change into a single measure and breaking it into four categories. Estimates are based on assuming other measures in the analysis
are average for the respective regions. Northeast includes: CT, DE, DC, ME, MD, MA, NH, NJ, NY, OH, PA, RI, and VT.
Source: USDA, Economic Research Service calculation based on data from the National Center for Health Statistics and the U.S.
Census Bureau.

The picture is dramatically different in the Northeast, however. The drug overdose mortality rates for primeworking-age Whites rose by 57 deaths per 100,000 where this population faced an employment decline of 10
percent or more between 2000 and 2013-17, but rose by only 21 deaths per 100,000 where employment grew
by more than 10 percent during that period. The partial correlation between long-term employment change
and change in drug overdose mortality in the 2010s is rp = -0.43 in the Northeast, which approaches in size
the previous decades’ partial correlation of physical disability with change in drug overdose mortality in table
3 (rp = -0.47). For the rest of the United States, the corresponding employment-drug mortality partial correlation is only rp = -.09, which we consider insubstantial.
While figure 14 shows considerable differences in the increases in overdose mortality rates in the 2010s
across the Northeast’s local employment change categories for the entire study period, employment loss may
be the result as well as the cause of increases in local drug use. The analysis presented in table 3, however,
includes separate measures of employment change for the 2000s and the 2010s. While it is quite plausible
that employment change in the 2010s might have been affected by the concurrent illicit opioid phase of the
epidemic, it is not plausible for employment change in the 2000s to have been affected by changes in drug
use in the 2010s, especially given that the partial correlations in equations 2 and 4 for change in the 2000s
take net migration and employment change in the 2010s into account.
Our analysis indicates that, at least among prime-age Whites, job loss may have been associated with increased drug
use over the past 2 decades, but it was associated with substantial rises in drug overdose mortality only in contexts
such as the Northeast where fentanyl and related drugs were available. This pattern was apparent in the case of physical disability: Drug reformulation made addiction to prescription opioids less lethal except in the Northeast, where
fentanyl and its analogs could serve as deadly supplements to existing addictions.
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Conclusions
The opioid epidemic remains a major health issue for the United States. To better understand the underlying
forces driving the epidemic, this report identifies two phases of the epidemic: an opioid prescription phase
and an illicit opioid phase. The conditions associated with rising mortality in each phase have very distinct
geographies.
An earlier line of research initiated by Case and Deaton in 2015 suggested that the main force behind the
epidemic was the changing economic fortunes of middle-aged Whites as manufacturing jobs disappeared
in the 2000s. However, with some exceptions, previous geographic research on the drug epidemic that
followed this line of argument (including Case and Deaton, 2017) did not find a substantial link between
local economic downturns and rising working-age mortality from an overdose of opioids or drugs in general
(Ruhm, 2019). Our analysis of change in drug mortality in the 2000s is generally consistent with this
research: We found little association with concurrent local economic change in this period.
We explored an alternative story—that the supply of opioid painkiller prescriptions drove the epidemic of
the 2000s. Several factors shifted in the late 1990s to make prescription opioids more readily dispensed and
abused:
• The medical community came to believe that pain alone was a treatable health issue;
• There was a belief that opioid medicines were not highly addictive;
• New, supposedly easier to manage time-release opioid medicines proved easy to abuse (Quinones,
2015).
We found the geography of the prescription painkiller phase of the opioid epidemic during the 2000s to be
largely shaped by State rural area and county differences in physical disability rates, which we took to be a
measure of the prevalence of chronic pain. Whatever difficulties physical disability entails, the prescription
phase brought more difficulties, as addiction grew and prescriptions proved eventually unable to quell the
pain, resulting in rising opioid deaths.
In the early 2010s, prescription regulation and opioid reformulation began to slow and, in some places,
reverse the rise in prescription overdose mortality. With the introduction of new forms of heroin and new
illegal synthetic opioids, however, these years also marked the beginning of the illicit drug phase of the opioid
epidemic. With the arrival of new illicit opioids in the early 2010s, local economic health appears to have
become relevant to the opioid mortality epidemic. Analyzing changes in drug overdose mortality rates in
the 2010s among working-age Whites in the fentanyl-plagued Northeast, we found strong negative countylevel relationships with employment change, especially with employment change in the 2000s. We believe
that local employment decline in the 2000s was likely associated with increased drug addiction, but that any
effect on mortality was largely outweighed by the tremendous increase in prescription opioids, their link with
physical pain and disability, and their ultimate inability to safely ease chronic pain.
Fentanyl and its analogs have no such link, and their arrival has resulted in a geographic shift in the opioid
epidemic toward the northeastern quadrant of the country. In this region, drug overdose mortality in the
2010s tended to concentrate in counties with a history of employment loss and outmigration—and this drug
problem may now be contributing to the region’s inability to attract jobs and people. Earlier conclusions
about the weak link between local employment change and drug overdose mortality during the prescription
phase of the epidemic are not pertinent to the illicit opioid phase of the epidemic in the Northeast.
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Does the rise in drug overdose mortality in the Northeast represent a rise in despair or a rise in the lethality
of the drug supply? County loss of employment in the region is associated with rises in drug overdose
mortality for White prime-working-age adults in the 2010s, but to ascribe that rise to despair leaves no explanation as to why similar changes in county employment in the rest of the country had a minor association
with this population’s change in drug overdose mortality. It also raises the question of why a similar pattern
was not found in the 2000s in either the Northeast or the rest of the country.
There is no doubt that the economic trends over the past 20 years have placed tremendous stress on the
prime-working-age population whose schooling did not extend beyond high school. But the rises in drug
overdose mortality that have characterized, first, the prescription opioid phase of the epidemic and, more
recently, the illicit opioid phase, seem to have reflected more the increasing availability of more dangerous
opioids than growing stress or despair.
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Appendix 1: Supplemental Analysis of County Adult Physical
Disability Rate
This supplement provides three explorations of the validity of our measure of physical disability. The first is a
multivariate county-level analysis testing whether there was a link between adult physical disability in 2000
and child poverty in 1970. Research on health over an individual’s life shows that health problems later in
life are often linked to health, economic, or other difficulties in childhood. Early difficulties tend to make
people less resilient to health problems as adults, resulting in higher rates of chronic disease and shorter lives
than might otherwise be expected by their adult socioeconomic status. Moreover, low socioeconomic status
in adulthood also can be a result of childhood difficulties (Cohen et al., 2010; Montez and Hayward, 2014).
In the context of the present study, if physical disability in a county’s working-age population in 2000 reflects
long-term health issues, we would expect that, independent of current county poverty levels and educational attainment, physical disability in 2000 might be related to county child poverty in 1970 (Bowen and
Gonzalez, 2010). We examine this issue here using county multivariate analysis so we can consider several
possible influences on physical disability rates at the same time.
The second exploration, in the same multivariate analysis, is a test of the relationship between county employment change in the 1990s and reported physical disability in 2000. Specifically, we consider five other
possible sources of a county’s high rate of physical disability besides child poverty:
• First, we include a rural-urban scale. Rural areas tend to lose population as young people leave for
college, the armed forces, or city lights, and only some return (McGranahan et al., 2010). People with
disabilities seem less likely to leave, making disability levels relatively high among those left behind.
We used the National Center for Health Statistics’ five-category urban-rural code to indicate how rural
a county was.27
• Second, to consider possible racial/ethnic differences, we included measures of the proportions of the
population that were Black, American Indian/Alaskan Native, Asian/Pacific Islander, and Hispanic,
leaving Whites as the omitted category.
• Third, because physical disability is likely to increase with age, and areas differ in their age structure,
we included the proportion of the population in 2000 that was age 50 or over. We expected that, other
things being equal, the higher this proportion, the higher the disability rate was likely to be.
• Fourth, to allow for industry differences in physical risk, we included the proportions employed in agriculture (including forestry and fishing), mining, and manufacturing in 2000. These industries make
more physical demands than most service sector jobs.
• Fifth, we considered socioeconomic status in 2000—the percentage of those ages 25-64 who
completed schooling beyond high school, the poverty rate (ages 25-54), and the proportion of singleparent families with children. Child poverty in 1970 and schooling completed were socioeconomic
background measures, and 2000 adult poverty and single parenthood among families with children
were the final measures. We expected that physical disability would be related not only to low socioeconomic levels in 2000 but also to 1970 child poverty as well.
In line with other county analyses in this study, equations were weighted by the relevant population, in this
case, county residents who were aged 21-64 in 2000. Weighted regression gives more significance to counties
with larger populations, assuming these estimates are more precise. Lest this weighting scheme result in esti27For

a more detailed description of these and other measures used in this study, see appendix table 1.1.
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mates that apply to urban but not rural areas, the analysis was done for all counties and rural counties only.
The rural and overall averages for the measures are in appendix table 1.1.
Appendix table 1.1

Physical disability county level analysis variable means and standard deviations
All counties
County measures

Mean

Physical disability percentage rate, population ages 21-64, 2000

Std. dev.

6.9

1.7

0.55

0.36

Rural counties
Mean

Std. dev.

9.4

3.3

Urban-rural categories, 2013 (each coded yes=1, else=0)
Large metro area (population 1 million plus)
Medium metro area (population 250,000–999,999)

0.21

0.29

Small metro area (urbanized area, 50,000-249,999)

0.09

0.20

Micropolitan area (urban cluster of 10,000-49,999

0.09

0.20

0.58

0.49

Noncore (other rural)

0.06

0.18

0.42

0.49

12.2

9.3

8.4

14.5

Race/ethnicity (percent of population), 2000
Black
American Indian/Alaskan Native
Asian/Pacific Island
Hispanic
Population ages 50-64 as percent of population ages 21-64, 2000

0.8

2.1

1.8

6.6

12.2

10.3

5.3

11.1

4.9

4.4

0.8

1.8

25.9

2.5

29.3

3.7

1.5

1.9

4.7

4.2

Percent employment by industry, 2000
Agriculture, forestry, and fishing
Mining

0.4

1.0

1.2

2.7

Manufacturing

14.1

5.0

18.5

9.6

Socioeconomic background
Child (0-17) poverty rate, 1970
Employment change, 1990-2000 (loge)

14.8

6.8

22.0

13.5

0.122

0.096

0.121

0.111

Socioeconomic conditions, 2000 (percentages)
43.8

11

55.5

10.5

Poverty rate, ages 25-54

No school completed beyond high school, ages 25-64

9.6

4.6

11.9

5.5

Single-parent families as percent of all families with children

29.1

7.9

27.7

6.9

Note: All measures weighted by 2000 county population ages 21-64. Loge denotes natural logarithm transformation.
Source: USDA, Economic Research Service calculations based on data from the U.S. Census Bureau and, for 1970 child poverty, U.S.
Census Bureau data from Integrated Public Use Microdata Series: National Historical Geographic Information System.

We present the results of the analysis in terms of correlations and partial correlations. A correlation (r) represents both the strength and direction of a relationship. Thus, it might be negative, such as between poverty
and education, or positive, such as between height and weight. Mathematically, a correlation may be as
strongly negative as -1 or as positive as +1, but socioeconomic measures tend to be imperfectly related and
correlations are typically much smaller. Partial correlations reflect relationships remaining after taking the
other measures in the analysis into account statistically.
Correlational statistics are not causal in one direction. For instance, county physical disability rates tend to be
associated with relatively high poverty rates. Physical disability could cause poverty by limiting employment
opportunities. But, through a lack of healthcare resources, poverty could make physical disability more likely.
Correlations and partial correlations represent the degree that measures account for one another without
presuming a direction of causation. An additional consideration is that, with about 2,000 rural counties and
more than 3,000 overall, relationships may be statistically significant without having substantive impor37
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tance. We consider correlations and partial correlations larger than ±0.12 to be substantive in this study.
For the rural, regional, and overall county analyses, correlations of this or larger size are always statistically
significant.28
The results show, first, that high physical disability rates correlate with highly rural areas, indicating that
working-age residents in more rural areas tend to have higher physical disability rates than their more urban
counterparts.29 These differences, however, may be attributed to rural-urban differences in socioeconomic
and other characteristics included in the study, as the partial correlations are all near zero.

28Except

in the Northeast, correlations and partial correlations of ±0.12 are significant at the p<.001 level, meaning that the
chances of finding a correlation of this size when there is not an actual relationship is less than 1 in 1,000. In the Northeast, with only
333 counties, correlations and partial correlations of this size are significant at the p<.05 level, the usual level accepted for statistical
significance.
29Separate

calculations show that the physical disability rates for this age group are 5.9 percent in large metro areas and 10.2 percent
in noncore rural areas.
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Appendix table 1.2

County physical disability rate (ages 21-64), 2000, regressed on industry structure, socioeconomic
background, current conditions, and control measures
All counties

Rural counties

r

Equation
Partial r

r

Equation
Partial r

Medium metro area

0.08

0.05

Small metro area

0.12

0.00

Micropolitan area (rural)

0.25

0.00

Noncore (rural)

0.36

0.02

0.22

-0.04

Black
American Indian/Alaskan Native

0.12

-0.31

0.20

-0.37

0.13

-0.11

0.05

-0.33

Asian/Pacific Islander

-0.43

-0.09

-0.15

-0.07

Hispanic

-0.19

-0.45

0.12

-0.31

0.48

0.24

0.48

0.24

Agriculture, forestry, and fishing

0.30

-0.12

-0.14

-0.24

Mining

0.31

0.17

0.29

0.20

Manufacturing

0.16

-0.01

-0.03

-0.02

Child (0-17) poverty rate, 1970

0.62

0.23

0.59

0.25

Employment change, 1990-2000 (loge)

-0.03

0.09

-0.11

-0.01

County measures
Urban-rural scale
Large metro area

…

…

Race/ethnicity (percent of population), 2000

Population ages 50-64 as percent of population
ages 21-64, 2000
Percent employment by Industry, 2000

Socioeconomic background and change

Socioeconomic conditions, 2000 (percentages)
No schooling completed beyond high school, ages 25-64

0.71

0.32

0.56

0.25

Poverty rate, ages 25-54

0.57

0.32

0.67

0.42

Single-parent families as percent of all families with children

0.33

0.21

0.34

0.19

R2

(percent of variance acccounted for)

Sample size (N)

78

74

3,067

1,935

Notes: Regression weighted by county 2000 population, ages 21-64. Appendix table 1.1 includes a fuller description of the measures.
"Large metro area" and "Micropolitan area" are omitted variables in the overall and rural analyses, respectively. Loge denotes natural
logarithm transformation. r = correlation coefficient. Partial r = partial correlation coefficient.
Source: USDA Economic Research Service calculations based on U.S. Census Bureau data.

Second, the racial/ethnic composition of the population has some bearing on the physical disability rate.
Areas with relatively high proportions of Blacks and/or American Indian/Alaskan Natives tend to have somewhat higher physical disability rates than elsewhere—but, given the negative partial correlations, substantially
lower rates than one would expect based on other population characteristics. When taking other characteristics into account, areas with larger Hispanic populations tend to have much less physical disability than
would be expected. Hispanics are a relatively young population in the United States, but this does not appear
to be the only explanation as the age of the population is already included in the analysis.
Overall, counties with higher proportions employed in agriculture, mining, and manufacturing tend to
have relatively high physical disability rates, but among the partial correlations of the three, only mining
has a clear relationship with physical disability. In rural areas, the negative partial correlation for agriculture suggests that farming areas generally have low physical disability rates once other factors are taken into
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consideration. Rural mining areas usually have relatively high physical disability rates. This could partly be a
legacy from a time when mining was more prevalent.
While socioeconomic measures were highly associated with physical disability in 2000, child poverty in 1970
correlated as well. The corresponding partial correlation was smaller than the overall correlation but still
substantial overall and in rural areas, supporting the conjecture that high rates of physical disability stem in
part from long-term economic and health difficulties. The results fit the life course approach, which locates
the genesis of much chronic disease in childhood distress.
Finally, there is no indication that county employment change over 1990-2000 had a substantial influence on
self-reports of physical disability in 2000 overall or in rural areas. The results may be different when there is
widespread job loss, but that was not the situation in the 1990s in rural or urban areas.
Appendix figure 1

Physical disability rate by county for ages 21-64, 2000

7.2
4.7

Physical disability (percent)
7 or less
7 to 10
10 to 13
Over 13

Note: Census respondents with a physical disability reported having a long-lasting condition that substantially limited one or more
basic physical activities, such as walking, climbing stairs, reaching, lifting, or carrying.
Source: USDA, Economic Research Service calculations using data from the Census Bureau, 2000 Census, Summary File 4.

A county map of physical disability in 2000 shows high disability rates concentrated in the Southern Highlands,
including the Appalachian areas of West Virginia, Kentucky, and parts of Tennessee, the Ozarks of southern
Missouri and northern Arkansas, and the Ouachita mountains of eastern Oklahoma and parts of Arkansas. Coal
mining dominated parts of West Virginia and Kentucky but has been rare in the rest of the Southern Highlands.
These areas are largely populated by Whites and often have had high poverty rates (Beale, 2004).
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Other areas with high rates of physical disability in 2000 tended to be more scattered but included northern
California, southern Oregon, and a cluster of northern Michigan counties, as well as several counties
dispersed across the South. In contrast, counties in the agricultural Northern Plains tended to have among
the lowest rates of physical disability.
Appendix table 1.3

Age-adjusted mortality rates from natural causes in 1999-2002, Whites non-Hispanics, ages 25-54,
regresssed on physical disability rate, education, and poverty in 2000, State rural areas and counties
A. State rural areas
Coefficients
Area population characteristics (percentages)

r

B. Rural counties
Coefficients

C. All counties
Coefficients

Partial r

r

Partial r

r

Partial r

Physical disability rate (ages 21-64)

0.87

0.75

0.68

0.42

0.69

0.32

No education beyond high school (ages 25-64)

0.73

0.43

0.50

0.19

0.50

0.02

Poverty rate (ages 25-54)

0.60

-0.36

0.54

-0.08

0.62

0.10

R2 (percent of variance accounted for)

83

48

48

Sample size (N)

47

1,764

3,128

Notes: Natural causes are all causes except those classified as "external" (ICD-10 codes V01-Y89), such as accidental deaths, homicide, and suicide. All measures are for White non-Hispanics. County analyses are weighted by White non-Hispanic population,
ages 25-54 in 1999-2002. r = correlation coefficient. Partial r = partial correlation coefficient.
Source: USDA, Economic Research Service calculations based on data from the U.S. Census Bureau and the Centers for Disease
Control and Prevention and National Center for Health Statistics.
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Change in age-adjusted drug overdose mortality rates per 100,000, 1999-2002 to 2010-12,
White non-Hispanics, ages 25-54

0.06
0.09
0.03

Small metro area (urbanized area, 50,000-249,999)

Micropolitan area (urban cluster of 10,000-49,9990

Noncore (other rural)

Change in age-adjusted drug-induced mortality rates per 100,000, 2010-12 to 2016-18,
White non-Hispanics, ages 25-54

1.7

0.04

0.021

6.3

3.2

11.4

20.5

2.0

0.05

0.062

3.3

0.021

0.029

24.9

8.3

34.1

10.7

4.0

0.049

0.041

22.1

6.5

38.2

6.9

0.08

0.10

0.12

0.22

0.47

16.7

Mean

1.9

0.067

0.051

5.3

3.7

12.5

20.5

2.0

0.099

0.129

3.9

3.3

13.4

2.7

0.27

0.31

0.32

0.42

0.50

14.1

Std. Dev.

Counties in remaining States

Source: USDA, Economic Research Service calculations based on data from the National Center for Health Statistics and standardized to the 2014 population using 5-year age groups. Net migration statistics are from the University of Wisconsin, while the 2010-15 migration data are U.S. Census Bureau estimates.

Notes: Statistics weighted by White non-Hispanic population, ages 25-54, 2009-12. Northeast States include: CT, DE, DC, ME, MD, MA, NH, NJ, NY, OH, PA, RI, and VT. Measures included in both
tables 2 and 3 are not repeated in this list. County measures of socioeconomic status and employment post-2000 are only available for 5-year periods from the U.S. Census Bureau's American
Community Survey. Differences between the Northeast and the rest of the country are bolded where etas are at least 0.12, signifying both statistical and substantive differences. Loge denotes
natural logarithm transformation.

4.0

-0.004

Number employed in previous year, ages 16-64, ratio 2013-17 to 2007-11 (loge)

Change in percent with a college degree, 2006-10 to 2013-17, White non-Hispanics,
ages 25 and over

0.004

23.6

7.1

35.8

40.4

Change in overall population due to net migration, 2000 to 2005 (loge)

Community change

One-parent families as a percent of all families with related children

Poverty rate, ages 25-54

Percent with no school completed beyond high school, ages 25 and over

Socioeconomic characteristics, White non-Hispanics, 2006-2010

2.

4.7

0.002

Number employed in previous year, ages 16-64, ratio 2007-11 to 2000 (loge)

Percent with a college degree, change 2000 to 2006-10, White non-Hispanics, ages 25 and over

-0.017

Change in overall population due to net migration, 2000-2010 (loge)

Community change

2.7

5.7
21.0

Poverty rate, ages 25-54

One-parent families as a percent of all families with related children

4.3

12.2

1.7

0.18

0.28

0.24

0.41

0.49

10.8

Std. Dev.

40.6

Percent with no school completed beyond high school, ages 25-64

Socioeconomic characteristics, White non-Hispanics, 2000

5.9

0.22

Medium metro area (population 250,000–999,999)

Percent reporting physical disability, White non-Hispanics, ages 21-64, 2000

0.60

16.7

Mean

Large metro area (population 1 million plus)(omitted metro category)

Urban-rural categories, 2013 (each coded yes=1, else=0)

1.

County measures

Counties in Northeast States

County analyses of changes in drug overdose mortality, Northeast and remaining States: Means and standard deviations

Appendix table 2

Appendix 2: County Analyses of Drug Overdose Mortality in the Northeast and Remaining
States: Means and Standard Deviations

