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Strengths and limitations of this study

►► The Area Deprivation Index (ADI) was standardised 
to ensure that all variables were scaled equally prior 
to weighting.

►► The work accounted for changes in demographics 
and ADI quintiles over time using yearly demograph-
ic estimates and census indicators from American 
Community Survey.

►► This study is limited by potential reverse causality 
bias.

Abstract
Objective  To identify the relationships between county-
level area deprivation and patterns of both opioid 
prescriptions and drug-poisoning mortality.
Design, setting and participants  For this retrospective 
cross-sectional study, we used the IQVIA Xponent data 
to capture opioid prescriptions and Centres for Disease 
Control and Prevention National Vital Statistics System 
to assess drug-poisoning mortality. The Area Deprivation 
Index (ADI) is a composite measure of social determinants 
of health comprised of 17 US census indicators, spanning 
four socioeconomic domains. For all US counties with 
available opioid prescription (2712 counties) and drug-
poisoning mortality (3133 counties) data between 2012 
and 2017, we used negative binomial regression to 
examine the association between quintiles of county-
level ADI and the rates of opioid prescriptions and drug-
poisoning mortality adjusted for year, age, race and sex.
Primary outcome measures  County-level opioid 
prescription fills and drug-poisoning mortality.
Results  Between 2012 and 2017, overall rates of opioid 
prescriptions decreased from 96.6 to 72.2 per 100 people, 
while the rates of drug-poisoning mortality increased from 
14.3 to 22.8 per 100 000 people. Opioid prescription and 
drug-poisoning mortality rates were consistently higher 
with greater levels of deprivation. The risk of filling an 
opioid prescription was 72% higher, and the risk of drug-
poisoning mortality was 36% higher, for most deprived 
compared with the least deprived counties (both p<0.001).
Discussion  Counties with greater area-level deprivation 
have higher rates of filled opioid prescriptions and 
drug-poisoning mortality. Although opioid prescription 
rates declined across all ADI quintiles, the rates of drug-
poisoning mortality continued to rise proportionately 
in each ADI quintile. This underscores the need for 
individualised and targeted interventions that consider the 
deprivation of communities where people live.

Introduction
The drug epidemic has incurred great 
personal, societal and economic costs,1 

driven, in part, by the widespread availability 
and use of prescription opioids.2 In 2017, 
there were over 191 million dispensed opioid 
prescriptions,3 approximately 47 600 opioid-
related deaths4 and 70 237 drug-poisoning 
deaths4 in the USA. Overdose deaths continue 
to be the leading cause of injury-associated 
mortality and, over the past decade, have 
exceeded traffic fatalities.5 To date, the 
primary strategy for reducing drug-poisoning 
mortality has been limiting the inappropriate 
use of prescription opioids; yet, the relentless 
rise in drug-related mortality continued to 
contribute to the decline of life expectancy in 
the USA since 2015.6 7

Understanding factors associated with 
drug-related mortality, and identifying at-risk 
populations, is critical to developing and 
targeting interventions aimed to reduce it. 
While the drug epidemic has impacted all 
segments of society, recent studies identi-
fied young and middle-aged white men as 
populations disproportionately affected by 
drug-poisoning mortality.8 9 Other studies 
noted the greatest rise in drug-poisoning 
and overall mortality in areas where rurality 
intersects economic distress.6 10 Similarly, the 
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association between county-level poverty and higher rates 
of opioid prescribing was previously demonstrated in a 
2014 study of disabled Medicare and Medicaid beneficia-
ries,11 though this was not examined in the general US 
population or linked directly to drug-related mortality. 
Nevertheless, addressing this epidemic will require sophis-
ticated policy and public health approaches that consider 
a breadth of fundamental social determinants of health 
and cannot be fully captured by singular constructs such 
as age, race, sex or income. This is especially important 
for a complex and multifaceted public health problem 
such as the drug use epidemic, which is likely caused by a 
multitude of factors, affects all members of society and is 
fueled by both prescription and illicit drugs.

A variety of policies and public health campaigns 
have been implemented in an effort to curb the 
epidemic of opioid overdoses and other drug-related 
morbidity and mortality, including the introduction of 
state prescription drug monitoring programmes and 
the 2016 Centers for Disease Control and Prevention 
(CDC) opioid-prescribing guidelines.2 Though most of 
the focus has been on prescription opioids, other non-
opioid prescription and illicit drugs, such as heroin and 
fentanyl, have also contributed to the increase in drug-
poisoning deaths12 over the past two decades. Thus, the 
two outcomes—opioid prescribing and drug-poisoning 
mortality—should be tracked in parallel to assess the 
impact of limiting opioid use on overall drug mortality. 
Historically, areas with higher opioid prescription rates 
also experienced higher drug-related mortality,11 but 
recent intensive policy and public health efforts aimed 
at reducing opioid prescribing may have inadvertently 
created a divergence between opioid prescribing and 
drug-poisoning mortality, particularly in areas where 
opioid use may be low, but mortality due to non-opioids 
remains high. There is, therefore, a need for a contem-
porary population-level evaluation of current trends in 
opioid-prescribing practices and drug-related mortality to 
identify populations at greatest risk of harm from opioid 
and non-opioid misuse.

The Area Deprivation Index (ADI) is a validated 
composite measure of social determinants of health that 
can be used to quantify socioeconomic disadvantage for 
granular census-based regions.13 The ADI is comprised of 
17 US census indicators spanning four domains: poverty, 
education, housing and employment.14 County-level indi-
cators of economic disadvantage reflect general resource 
availability, safety, education quality, employment oppor-
tunity and social support,15 all of which contribute to the 
physical, emotional and financial health of communi-
ties and their residents. Despite the potential individual 
and public health implications of area-level deprivation 
for a wide range of clinical and public health outcomes, 
composite area-based measures have not been widely 
used to inform healthcare policy or clinical practice 
due to previously inaccessible national geospatial data.13 
In this study, we address a pressing public health need 
and pursue a critical knowledge gap by examining the 

relationships between county-level area deprivation and 
patterns of both opioid prescriptions and drug-poisoning 
mortality in the USA between 2012 and 2017. By exam-
ining the drug epidemic through the lens of county-level 
deprivation, this work contributes to the evidence base 
for informing clinical, public health and policy interven-
tions targeted at highest-need areas and populations.

Methods
Study design
We retrospectively analysed county-level summary 
measures of opioid prescriptions, drug-poisoning 
mortality and population demographics from 2012 to 
2017 using the IQVIA Xponent prescription database,3 
CDC National Vital Statistics System data16 and American 
Community Survey (ACS) estimates,17 respectively. These 
data are publicly available and contain no identifiable 
information; thus, this work was exempt from institu-
tional review board approval.

Study population
All US counties with opioid prescription and drug-
poisoning mortality data available each year between 
2012 and 2017 were included in the study sample. Coun-
ties without data for all 6 years of the study were excluded 
from the sample.

Patient Involvement
No patients or members of the public were directly 
involved in the design, conduct, reporting or dissemina-
tion plans of the research.

ACS estimates
County demographic information necessary for ADI 
derivation was ascertained from 2012 to 2016 and from 
2013 to 2017 5-year ACS estimates; the 5-year estimates 
are single year estimates based on 60 months of data.17 
The ADI was derived using 17 county-level indicators 
and calculated separately each year for each US county, 
as deprivation indices may change over time (online 
supplementary table S1). The acs R package (V.2.1.3) was 
used to connect to the Census Application Programming 
Interface to obtain data from the ACS.18 The ACS is an 
annual survey conducted by the US Census Bureau which 
randomly samples housing units and provides population-
level estimates representative of the non-institutionalised 
US population.17 In-depth survey methodology is avail-
able from the Census Bureau.17

Outcomes
IQVIA Xponent data were used to obtain county-level 
opioid prescription rates from 1 January 2012 to 31 
December 2017. The Xponent database includes all 
prescriptions issued by approximately 50 000 retail phar-
macies across the USA irrespective of insurance coverage 
(ie, prescriptions are captured whether paid for with 
commercial insurance, Medicaid, Medicare or cash). 
Sampled pharmacies dispense nearly 90% of all retail 
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Figure 1  Opioid prescription rates across US counties 
from 2012 to 2017. 2712 of 3142 US counties with available 
opioid-prescribing data are shown. All rates are expressed 
per 100 people.

Figure 2  Drug-poisoning mortality rates across US counties 
from 2012 to 2017. 3133 of 3142 US counties with available 
mortality data are shown. All rates are expressed per 100 000 
people.

prescriptions in the USA; information on drugs filled by 
mail order pharmacies is unavailable.3

Opioid prescription data from 2012 to 2017 was avail-
able for 2712 counties (figure  1). The annual rate of 
opioid prescriptions was calculated as the total number of 
prescriptions dispensed in a county per 100 residents as 
estimated by the ACS.3 Opioids, identified using National 
Drug Codes, included: buprenorphine, codeine, fentanyl, 
hydrocodone, hydromorphone, methadone, morphine, 
oxycodone, oxymorphone, propoxyphene, tapentadol 
and tramadol. Methadone dispensed through mainte-
nance therapy programmes was not included.

The CDC National Center for Vital Statistics data were 
used to obtain drug-poisoning mortality rates between 
1 January 2012 and 31 December 2017; these data were 
available for each year for 3133 counties (figure  2). 
The CDC performs hierarchical Bayesian methods with 
spatial and temporal random effects to generate adjusted 
county-level drug-poisoning mortality rates per 100 000 
residents.19 Drug-poisoning deaths related to opioid and 
non-opioid drugs were classified on the basis of Interna-
tional Classification of Diseases, Tenth Revision (ICD-10) 
codes and included deaths with unintentional (X40–
X44), suicide (X60–X64), homicide (X85) and undeter-
mined intent (Y10–Y14).16

Role of the funding source
The funding sources for this study had no role in study 
design, data collection, data analysis, data interpretation 
or writing of the report. The corresponding author had 
full access to all data in the study and final responsibility 
for the decision to submit for publication.

ADI derivation
We calculated modified ADI scores, using the Singh 
method,14 for all 3142 counties in the USA using 5-year 
ACS estimates (figure  3). Variables were selected using 
a factor analysis approach14 20 21 and missing values 
were substituted using single imputation. All variables 
were transformed to a rate per capita for the county. To 
improve on published ADI methodologies and prevent 
distortion of ADI by larger continuous variables such as 
income, we standardised these proportions to a mean 
of 0 and SD of 1, thereby ensuring that all variables in 
the modified ADI were scaled equally prior to weighting. 
Each variable was then multiplied by its respective weight 
obtained from the factor score coefficient (online supple-
mentary table S1), and the 17 weighted measures were 
summed for each county to obtain the base score. The 
base scores were then standardised to a mean of 100 and 
SD of 20. ADI was divided into quintiles for all analyses, 
with higher ADI values (quintile 5) representing greater 
deprivation.

Statistical analysis
We used negative binomial regression to examine the rela-
tionships between ADI and opioid prescription rates and 
drug-poisoning mortality from 2012 to 2017, controlling 
for over-dispersion of outcome estimates and county 
population size using an offset term. We used Huber-
White robust SEs clustered at the county level to adjust 
SEs for repeated county observations and variation. Inde-
pendent variables in the models included ADI quintile, 
per cent county-level estimates for age, per cent white, 
per cent male and year. The specific independent vari-
ables were chosen based on previous literature suggesting 
an area-level association between those demographic 
indicators and greater opioid use or drug mortality.6 8–11 
Predicted margins for adjusted prescription rates and 
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Figure 3  Area Deprivation Index (ADI) quintiles presented 
for all 3142 US counties from 2012 to 2017. ADI was 
calculated using 5-year American Community Survey 
estimates and all US counties were included.

Figure 4  Adjusted rates of opioid prescriptions by Area 
Deprivation Index (ADI) quintile from 2012 to 2017. Rates 
calculated from predicted margins adjusted for year, age, 
race and sex were calculated per 100 people.

drug-poisoning mortality were assessed by ADI quintile 
across all years.22

Analyses were conducted using SAS V.9.4 (SAS Insti-
tute) and Stata V.15.1 (StataCorp LLC, College Station, 
Texas, USA). Opioid prescription rates, drug-poisoning 
mortality and ADI at the county-level were visually repre-
sented with geographic information system maps created 
in ArcMap V.10.7 using Census TIGER/Line shapefiles.

Results
Association of area-level deprivation with opioid prescription 
rates
Opioid prescription rates were significantly higher among 
counties in the highest ADI quintile (Q5: most deprived) 
compared with those in the lowest quintile. The risk of 
filling an opioid prescription was 72% higher in ADI Q5 

than Q1 (IRR, 1.72; 95% CI (1.63, 1.82); p<0.001) (online 
supplementary table S2).

Overall, rates of filled opioid prescriptions declined 
over time, from 96.6 per 100 people in 2012 to 72.2 per 
100 people in 2017. Analogously, the percentage and 
total number of counties with more than one opioid 
prescription per resident steadily declined over time: 
40.3% (n=1093) in 2012, 38.6% (n=1047) in 2013, 36.9% 
(n=1001) in 2014, 31.5% (n=855) in 2015, 26.7% (n=723) 
in 2016 and 17.6% (n=477) in 2017.

Rates of opioid prescriptions appear to decrease 
between 2012 and 2017 within each ADI quintile 
(figure  4). The adjusted prescription rate for counties 
in the most deprived ADI quintile (Q5) decreased from 
115.9 prescriptions per 100 people in 2012 to 86.6 in 
2017 (IRR 0.75, 95% CI (0.73, 0.76); p<0.001) (online 
supplementary table S2). Adjusted rates calculated from 
the predicted margins suggest that each successively less 
deprived ADI quintile displayed a smaller decrease in the 
prescription rate. Although the absolute opioid prescrip-
tion rate decrement was largest in ADI Q5, the propor-
tion of the decrease was similar across all ADI quintiles.

Association of area-level deprivation with drug-poisoning 
mortality
In contrast to the decline in opioid prescription rates over 
time, the rates of drug-poisoning mortality rose steadily 
by 59% (IRR 1.59; 95% CI (1.56, 1.62); p<0.001) between 
2012 and 2017 (table 1) and increased incrementally with 
higher ADI (greater deprivation). The drug-poisoning 
mortality risk was 36% higher in ADI Q5 than Q1 counties 
(IRR, 1.36; 95% CI (1.28, 1.44); p<0.001) (table 1). The 
association between ADI and drug-poisoning mortality 
appeared to be linear with rising deprivation resulting 
in the higher rates of drug-poisoning mortality (online 
supplementary figure S1).

Geospatial variation in ADI, opioid prescriptions and drug-
poisoning mortality
As shown in figures  1–3, there were consistent and 
strongly demarcated spatial differences in both outcomes 
across ADI quintiles. The highest opioid prescription 
rates were seen in counties in southern states and Appa-
lachia. Southwestern USA and Appalachia also saw high 
drug-poisoning mortality. There were no major visual 
geospatial changes in the patterns of deprivation, opioid 
prescriptions or drug-poisoning mortality during the 
study period.

Discussion
Social determinants of health underlie many causes of 
the ongoing epidemic and need to be considered when 
developing and implementing interventions seeking to 
address it. In this study, we demonstrated that area-level 
deprivation, as measured by ADI, is strongly associated 
with geospatial variation in opioid prescriptions and drug-
poisoning mortality, and, as such, may be a powerful tool 
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Table 1  Factors associated with drug-poisoning mortality 
in the USA, 2012–2017

IRR 95% CI P value

Year

 � 2012 Ref.

 � 2013 1.05 1.04, 1.05 <0.001

 � 2014 1.11 1.10, 1.12 <0.001

 � 2015 1.23 1.22, 1.25 <0.001

 � 2016 1.45 1.43, 1.48 <0.001

 � 2017 1.59 1.56, 1.62 <0.001

ADI, quintile

 � 1 Ref.

 � 2 1.10 1.04, 1.16 <0.001

 � 3 1.20 1.14, 1.26 <0.001

 � 4 1.28 1.22, 1.35 <0.001

 � 5 1.36 1.28, 1.44 <0.001

Sex, %

 � Male 0.97 0.96, 0.97 <0.001

Race/ethnicity, *%

 � White 1.05 1.04, 1.07 <0.001

Age, %

 � 18–44 years 1.03 1.02, 1.03 <0.001

 � 45–64 years 1.06 1.05, 1.07 <0.001

 � ≥65 years 1.01 1.00, 1.01 0.04

Negative binomial regression analysis examined the risk of higher 
rates of drug-poisoning mortality in 3133 of 3142 US counties with 
available mortality data. Independent variables included year, ADI 
quintile, per cent male, per cent white and age.

*Percent white variable was scaled by 10 in the model (ie, per 10% 
change).
ADI, Area Deprivation Index; IRR, Incidence Risk Ratio .

for identifying areas of greatest need as well as informing 
and contextualising future public health and policy inter-
ventions. We also found that while opioid prescriptions 
decreased over time, likely driven by the multifaceted 
policy and practice efforts to reduce them, persistent 
disparities in both prescription opioid use and drug-
poisoning mortality remain. Deprived counties continue 
to have significantly higher rates of opioid prescriptions 
and drug-related mortality than less deprived counties. 
Moreover, despite reductions in opioid prescriptions, 
the rates of drug-poisoning mortality have continued to 
increase between 2012 and 2017, reinforcing the growing 
impact of drugs obtained outside of the healthcare system 
and missed opportunities to tailor and target interventions 
to those at highest risk for harm. By considering contex-
tual factors and developing customised approaches using 
area-level indicators, harm reduction strategies could 
yield a more sustainable and meaningful impact for the 
communities they serve.

A number of state and federal programmes have been 
introduced over the past decade to increase public 
awareness, decrease access to prescription opioids, 
improve opioid use disorder treatment and expand 
access to naloxone for overdose reversal.23 The interven-
tions targeting opioid prescribing (ie, state-controlled 
substance monitoring programmes) likely contributed to 
the decline in rates of opioid prescriptions between 2012 
and 2017, but did not rectify the disparities associated with 
drug-poisoning deaths. Persistent disparities in opioid 
prescription rates may be attributed to higher prevalence 
of comorbidities and disability in deprived areas,24 diffi-
culty accessing medication for opioid use disorder25 and a 
different experience of pain in the setting of lower health 
literacy26 and socioeconomic distress. Further efforts 
should focus on identifying alternative pain manage-
ment strategies that are effective, affordable and acces-
sible to all who need them, irrespective of where they 
live. At present, access to and reimbursement for non-
pharmacologic pain management modalities remains 
limited,27 which may further exacerbate disparities in 
opioid use and misuse among disadvantaged US adults.

Although opioid-prescribing rates declined over time, the 
rates of drug-poisoning mortality appeared to rise steadily 
between 2012 and 2017. While this increase affected all 
ADI quintiles, it, too, was higher in the most deprived coun-
ties. This finding underscores the complexity of the opioid 
and drug use epidemic. First, current opioid-prescribing 
rates are not the sole driver of drug-poisoning mortality, as 
mortality has continued to rise while prescription rates have 
declined. Illegally obtained opioids, non-opioid prescrip-
tion and illicit drugs, and high rates of addiction due to 
overprescribing, all play an important role in drug-related 
deaths.2 28 Second, high rates of drug-poisoning mortality 
result not only from greater availability of drugs, but also 
from greater probability of death with drug use. People 
living in deprived areas often have inadequate access to 
substance use disorder treatment and medications29–33 
and limited access to healthcare,34 resulting from failure 
to expand Medicaid coverage, inadequate reimbursement 
for treatment35 36 and variation in types of providers able 
to prescribe and manage treatment.37 Third, as a result 
of structural violence and barriers, individuals living in 
deprived communities may be less likely to seek medical 
treatment due to stigma and criminalisation leading to 
the higher rates of drug-poisoning mortality.38 Reducing 
mortality will, therefore, require a wide range of interven-
tions in addition to limiting opioid prescribing, including 
improving availability of and access to non-opioid pain 
management, social services, mental health and substance 
use treatment.

Consistent with prior literature, we found that higher 
proportions of male residents within a county were 
protective against both opioid prescriptions6 39 and drug-
poisoning mortality.40 Women are more likely than men to 
be prescribed opioid medications and to be co-prescribed 
other medications that increase overdose risk40–42; women 
are also less likely to enter substance use disorder treatment 
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programmes.43 Counties with fewer men may also reflect 
larger systemic issues such as higher incarceration rates 
among males.38 Incarceration not only interferes with the 
ability to seek substance abuse treatment, but is strongly 
associated with family disruption, unemployment, neigh-
bourhood decline, chronic economic hardship and impor-
tantly, increased mortality from drug-use disorders.38

Our study has several key strengths, making it relevant 
and actionable to public health professionals, policy makers, 
payers and health systems. By leveraging ADI, our anal-
yses highlighted the importance of understanding county 
resources and economic conditions that may affect both 
use of and mortality related to opioids and other drugs. We 
also identified the degree of deprivation associated with 
increased drug-poisoning mortality in spite of extensive 
efforts to curb opioid use/misuse. We improved on earlier 
ADI studies by modifying the ADI and accounting for 
changes in demographics and ADI quintiles over time using 
yearly demographic estimates and census indicators from 
ACS, which has not been done to date. This is also the first 
study to examine disparities in the opioid and non-opioid 
drug epidemic using ADI and applying it to most recent 
CDC mortality data, allowing us to explore contemporary 
trends in opioid prescription and drug-poisoning mortality 
rates at a granular level across the USA. Nevertheless, our 
findings are limited by potential reverse causality bias and 
the inability to identify causal relationships between ADI, 
opioid prescription rates and drug-poisoning death. We 
also did not capture all prescription opioids; methadone 
dispensed through maintenance therapy programmes and 
medications dispensed by mail-order pharmacies and hospi-
tals were not included. Lastly, the SEs may be impacted by 
potential spatial autocorrelation and uncertainty in the 
modelled outcome rates.

Addressing the drug crisis requires multifaceted interven-
tions that address the wide range of biomedical, psychoso-
cial and socioeconomic factors contributing to this complex 
and evolving problem. Recent analyses have shown that 
current efforts aimed at decreasing opioid prescribing are 
not sufficient and may slow, but not meaningfully reverse, 
the rise in drug-poisoning deaths.2 Our work demonstrates 
the need to consider local factors when developing inter-
ventions related to opioid and non-opioid use. Policies 
should avoid a one-size-fits-all approach and be informed 
by indicators such as ADI to identify areas that may benefit 
from additional monitoring, specific resources and tailored 
interventions.
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