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Abstract

Background: As overdose rates increase for multiple substances, policymakers need to 

identify geographic patterns of substance-specific deaths. In this study, we describe county-level 

opioid and psychostimulant overdose patterns and how they correlate with county-level social 

vulnerability measures.

Methods: A cross-sectional observational study, we used nationwide 2016–2018 restricted access 

Centers for Disease Prevention and Control county-level mortality files for 1,024 counties. We 

estimated quartiles of opioid and psychostimulant overdose mortality and provided estimates of 

their association with county-level Social Vulnerability Index (SVI) percentile.

Results: There was high opioid and psychostimulant overdose mortality in the Middle Atlantic, 

South Atlantic, East North Central, and Mountain regions. The Central US had the lowest opioid 

and psychostimulant overdose mortality rates. Counties with higher SVI scores (i.e. higher social 

vulnerability) were significantly more likely to experience high opioid and high psychostimulant 

overdose (high-high) mortality. A 10-percentile increase in SVI score was associated with a 3.1 

percentage point increase in the likelihood of being a high-high county (p < 0.001) in unadjusted 

models and a 1.5 percentage point increase (p < 0.05) in models adjusting for region.

Conclusion: Our results illustrated the heterogenous geographic distribution of the growing 

concurrent opioid and psychostimulant overdose crisis. The substantial regional variation we 

identified highlights the need for local data to guide policymaking and treatment planning. The 

association of opioid-psychostimulant overdose mortality with social vulnerability demonstrates 

the critical need in impacted counties for tailored treatment that addresses the complex medical 

and social needs of people who use both opioids and psychostimulants.
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1. Introduction

Policymakers and public health professionals across the United States have paid 

considerable attention to the opioid epidemic. Despite focusing significant resources on 

prevention and treatment, overdose deaths have continued to increase and opioid use 

disorder (OUD) rates remain high. (Kariisa et al., 2021; Mason et al., 2021; Saloner et 

al., 2021; Segel & Winkelman, 2021; Twillman et al., 2020) Worryingly, illicit opioid 

use has increasingly involved fentanyl and other synthetic opioids, that pose greater risk 

of overdose than prescription opioids. (Haley & Saitz, 2020; Wilson et al., 2020) Two 

emerging substance use trends further complicate efforts to prevent and treat substance use 

disorders (SUD) and overdose: first, psychostimulant use, particularly methamphetamine, 

has reemerged as a growing problem; (Cano & Huang, 2021; Ellis et al., 2018; Shearer et 

al., 2021) second, use of multiple illicit substances has become increasingly common, with 

hospitalizations involving both opioids and psychostimulants such as methamphetamine 

rising. (Compton et al., 2021; Ellis et al., 2018; Hedegaard et al., 2021; Khatri et al., 2018; 

Winkelman et al., 2018) The rise of concurrent psychostimulant and opioid use and the 
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associated mortality may require prevention, harm reduction, and treatment services that are 

different than initiatives aimed at earlier waves of the opioid crisis.

Medications for opioid use disorder (MOUD), including methadone, buprenorphine, and 

naltrexone, are the most effective treatments for OUD. (Mohlman et al., 2016; Volkow et 

al., 2014) State and federal policymakers have increasingly provided funding as well as 

changed policies to expand patients’ access to MOUD, especially focusing on increased 

access to buprenorphine in the primary care setting. (Brooklyn & Sigmon, 2017; Miele et 

al., 2020; Reif et al., 2020; Winograd et al., 2020; Winstanley et al., 2020) For example, 

Pennsylvania established a state program called the Pennsylvania Coordinated Medication 

Assisted Treatment (PacMAT), which uses an expert-guided community-based approach to 

support health systems’ ability to provide MOUD to patients.(Pennsylvania Department of 

Health, 2020; Wolf, 2019) Similarly, policymakers have become more receptive to opioid 

overdose harm reduction strategies such as widespread distribution of naloxone, (Clark 

et al., 2014; Commonwealth of Pennsylvania, 2017; Erfanian et al., 2018) distribution of 

fentanyl test strips, (Krieger et al., 2018; Krieger et al., 2018; Peiper et al., 2019) and 

safe consumption sites. (Beletsky et al., 2008; Harris et al., 2018) On the other hand, 

compared to opioid use disorder, there are more limited pharmacological interventions to 

treat methamphetamine use disorder which limits effective treatment options for individuals 

who may use psychostimulants along with opioids. (Chan et al., 2019; Heinzerling et al., 

2014; Paulus & Stewart, 2020; Trivedi et al., 2021) As such, the dynamic and locally 

varying nature of the overdose crisis means that the rise of methamphetamine use has 

complicated public health, public safety, and treatment efforts.

Geographic characteristics may also be important in understanding the risk of overdose 

death. (Dasgupta et al., 2017; Hollingsworth et al., 2017; Monnat et al., 2019) A number of 

studies have examined county-level factors associated with higher rates of opioid overdose 

mortality finding that counties with worse economic conditions and those in rural areas 

had worse access to treatment and higher opioid overdose mortality rates compared with 

areas with higher median incomes or that were more urban, respectively. (Haffajee et al., 

2019; Langabeer et al., 2020; Monnat et al., 2019) Fewer studies have examined county 

characteristics related to psychostimulant overdose mortality, except in terms of regional 

patterns finding higher rates in the western and southwestern US; none have evaluated 

regional variation in or county-level factors associated with the overlap of opioid and 

psychostimulant mortality.(Jalal et al., 2018)

Thus, in the current study we make two primary contributions to the addiction 

literature. First, we provide geographic evidence of the complex patterns of opioid and 

methamphetamine across counties in the US. Second, we examine the association between 

these different county-level patterns of opioid and methamphetamine overdose mortality 

rates and a measure of social vulnerability. Specifically, we provide evidence of how well 

the validated Social Vulnerability Index (SVI) from the US Centers for Disease Control and 

Prevention (CDC) (Centers for Disease Control & Prevention, 2021) associates with county-

level overdose patterns. Better delineation of regional trends and associated geographic 

characteristics can assist policymakers and other stakeholders in developing tailored public 
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health efforts at the local level to address the increasing complexity of the substance use 

crisis.

2. Materials and methods

2.1. Data source

For all analyses, we used 2016–2018 restricted access CDC county-level mortality files. 

(National Center for Health Statistics, 2020) We were granted permission by the National 

Center for Health Statistics to use these deidentified, individual-level data that include 

decedent’s county of death. These data provide information on all deaths within the United 

States including information on date, cause of death, and county and state of death. 

Using a well-established approach, (Ruhm, 2017, 2018; Segel & Winkelman, 2021) we 

identified both opioid-related and psychostimulant-related overdose deaths. Specifically, we 

identified overdose deaths using International Classification of Diseases, Tenth Revision 

(ICD-10) codes X40-X44, X60–64, X85, or Y10-Y14 for the primary cause of death. We 

further separately identified opioid and psychostimulant overdose deaths using multiple 

causes of death codes using codes T40.1-T40.4 and T40.6 for opioid deaths and T43.6 

for psychostimulant deaths. We then calculated county-level death rates as the number of 

deaths per 100,000 population using estimates from the 2016–2018 US Census Bureau.(US 

Census Bureau, 2021a) To ensure adequate sample size, we combined all three years of 

mortality data to calculate the average, annual county-level mortality rates for opioid and 

psychostimulant overdose deaths.

2.2. Overdose mortality outcomes

To identify areas of high and low mortality, we then calculated the quartile of opioid and 

psychostimulant overdose mortality based on the definitions described above. We defined 

a county as “high” mortality as the top quartile of mortality for a specific substance and 

as “low” mortality as the bottom quartile. We then defined four categories of county-level 

overdose mortality: (i) low opioid mortality, low psychostimulant mortality (i.e. bottom 

quartile of mortality for each substance); (ii) high opioid mortality, low psychostimulant 

mortality; (iii) low opioid mortality, high psychostimulant mortality; (iv) high opioid 

mortality, high psychostimulant mortality. We restricted our analyses to these four categories 

to focus on the most extreme cases to understand potential county-level correlates of these 

categories of overdose mortality, a commonly used approach. (Hall et al., 2020; Kazerouni et 

al., 2021)

2.3. County social vulnerability measures

To understand differences in county characteristics across categories of overdose mortality, 

we primarily focused on components of the CDC’s SVI data from 2018 (Centers for Disease 

Control & Prevention, 2021) The SVI is a validated measure (Centers for Disease Control 

& Prevention, 2021) that includes four components: (1) socioeconomic status (including 

measures of the poverty rate, unemployment rate, per capita income, and percent with less 

than a high school diploma); (2) household composition and disability (including measures 

of the percent aged 65 and older, the percent under age 18, the percent with a disability, 

and the percent of single parent households among households with children under age 18); 
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(3) minority status and language (including measures of percent minority and percent of 

individuals ages 5 and older who speak English “less than well); and (4) housing type and 

transportation (including measures of the percent of housing in structures with 10 or more 

units, the percent living in mobile homes, the percent of occupied housing with more people 

than rooms, the percent of households with no vehicle, and the percent of people living in 

group quarters). Each of the components, as well as the overall index, are constructed by the 

CDC. Each county is ranked according to each theme as well as an overall ranking of social 

vulnerability. The overall SVI takes a value between 0 and 1 with a value of 1 indicating a 

county with the highest social vulnerability. Finally, in sub-analyses we also accounted for 

the standard 9 Census regions (using the Census regions of New England, Mid-Atlantic, East 

North Central, West North Central, South Atlantic, East South Central, West South Central, 

Mountain, and Pacific with Table A3 defining which states are included in each region (US 

Census Bureau, 2021b)).

2.4. Statistical analysis

Analytically, we first used graphical analysis to map the four categories of counties within 

the US using a graphing approach described by Huber (Huber, 2020) and Naqvi. (Naqvi, 

2021, 2023) This provides initial evidence of potential regional variation in the relative 

likelihood of each of the categories of opioid and psychostimulant overdose mortality. 

Second, we compared mean values of the component SVI values, and region across each 

of our 4 categories of overdose deaths. We used Kruskal-Wallis tests to test for statistically 

significant differences across counties.

Next, we used multivariate linear regression analysis to estimate the association between 

overall SVI and category of overdose mortality at the county level. For our primary analyses, 

we estimated three sets of these regressions. First, we estimated unadjusted versions that 

just included a measure of the overall SVI percentile (between 0 and 1). Second, we 

estimated versions of the regression that included region. To test the robustness of our 

results, we conducted sensitivity analyses. First, we re-estimated our results but weighted the 

regressions by the population of the county, in order to give counties with larger populations 

greater weight compared to the baseline analysis where each county was weighted equally. 

Second, we re-estimated our regressions using an indicator for whether the county had an 

above median SVI or not, as opposed to a continuous measure of SVI percentile. For all 

regressions, we limited our sample to counties that were in one of the 4 categories overdose 

mortality. Analyses were not pre-registered although we did hypothesize that counties with 

higher social vulnerability scores (i.e. more socially vulnerable) would have higher overdose 

mortality rates.

3. Results

Of the 3,106 counties in the data, 536 (17.3%) were low psychostimulant-low opioid 

mortality counties, 318 (10.2%) were high psychostimulant-high opioid mortality counties, 

103 (3.3%) were high opioid-low psychostimulant counties, and 67 (2.2%) were high 

psychostimulant-low opioid counties. Figure 1 shows the geographic distribution of counties 

according to the 4 categories of opioid/psychostimulant overdose mortality. The map 
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indicates a few regional patterns to highlight. First, there is a large swath through the middle 

of the country with low per capita overdose mortality (both opioid and psychostimulant) 

as shown by Figure 1. Second, we see concentrations of high psychostimulant-high opioid 

mortality in the East North Central, East South Central, and Mountain regions. Third, 

while few areas have low psychostimulant but high opioid overdose mortality, most of 

these counties are in the South Atlantic area. Finally, high psychostimulant but low opioid 

counties appear through the West North Central and West South Central regions as well as 

into the Mountain region.

Comparing characteristics of counties in each of the 4 overdose mortality categories we 

focus on several key results Table 1. First, the high psychostimulant-high opioid overdose 

mortality counties are relatively more likely to have non-elderly adults, single parent 

households, areas with housing structures of 10+ units, households with no vehicle, to be in 

metro areas (defined as a Rural-Urban Continuum Code of 1–3),(United States Department 

of Agriculture Economic Research Service, 2016) and to be in the East North Central, 

South Atlantic, East South Central, and Pacific regions but less likely to have a high 

proportion of racial and ethnic minorities. We observed relatively worse socioeconomic 

status in counties with high psychostimulant overdose deaths (both those with concomitantly 

high opioid mortality as well as counties with low high psychostimulant but low opioid 

overdose mortality).

Table 2 presents the regression results with several main findings. First, we observed that 

counties with higher SVI scores (i.e. higher social vulnerability) were more likely to be 

high opioid and high psychostimulant overdose mortality (i.e. high-high) as well as high 

psychostimulant but low opioid overdose mortality. For example, a 10-percentile increase 

in SVI score was associated with a 3.1 percentage point increase in the likelihood of 

being a high-high county (p < 0.001) in the unadjusted model and a 1.5 percentage point 

increase (p < 0.05) in the model that controlled for region. Conversely, counties with lower 

SVI scores were more likely to have low psychostimulant -low opioid overdose mortality 

as well as low psychostimulant but high opioid overdose mortality. We also found that 

relative to being in the New England region, counties in other regions were significantly 

more likely to have low psychostimulant and opioid mortality but significantly less likely 

to have low psychostimulant and high opioid overdose mortality. The only other regional 

differences were that the West North Central region was significantly more likely to have 

high psychostimulant and low opioid overdose mortality; while the East North Central was 

significantly more likely to have high psychostimulant -high opioid mortality.

The results of our sensitivity analysis are presented in Table A1 and Table A2. As Table 

A1 shows, in our population-weighted regressions we continued to observe greater SVI 

scores associated with a significantly higher likelihood of high psychostimulant and low 

opioid mortality, but not any other county-level mortality category. While we continued to 

observe a positive association between SVI score and high psychostimulant -high opioid 

mortality, the estimates were no longer statistically significant. Finally, we observed broadly 

similar estimates of the association with region with one main exception to highlight. When 

weighting by population, we observed significantly higher rates of high psychostimulant 
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-high opioid mortality for the South Atlantic, East South Central, Mountain, and Pacific 

regions relative to New England.

We also re-estimated each regression substituting an indicator for whether the county 

had an above median SVI score in place of the SVI percentile score. Table A2 presents 

these results. We generally found similar results—the signs of the coefficients for the SVI 

indicator in each regression are similar to those in Table 2, although the coefficients tended 

to be small in magnitude.

4. Discussion

As the nature of the overdose crisis continues to evolve, understanding the varying patterns 

of overdose mortality across the US is critical to tailoring clinical practice, public health 

resources, and health policy. Our findings provide several insights into county-level factors 

associated with psychostimulant and opioid mortality. First, consistent with our hypothesis, 

areas with higher social vulnerability (high SVI scores) were significantly more likely to be 

counties with both high psychostimulant and high opioid overdose mortality but also more 

likely to have high psychostimulant but low opioid mortality. The result highlights social 

vulnerabilities may be associated with greater psychostimulant overdose mortality even in 

counties with low opioid overdose mortality. This further indicates that treatment and public 

health approaches must facilitate ease of treatment access as areas with complex overdose 

patterns (i.e. high opioid and psychostimulant mortality) tended to be in counties with 

high social vulnerability. We found the opposite for high opioid but low psychostimulant 

mortality—this pattern appeared more likely in areas with lower social vulnerability. While 

SVI is clearly an important factor to identify areas of potentially higher substance-related 

overdose deaths, our results show the relationship is complex.

Our geographic results also show that high psychostimulant and high opioid overdose 

mortality is not limited to one or two regions, but has spread unevenly throughout the 

country. Historically, psychostimulant use and overdoses were concentrated in the West 

and Southwest, but this is no longer the case. While the opioid epidemic notably affected 

Appalachia and New England counties, (Rawson et al., 2019; Schalkoff et al., 2020) our 

results suggest a worrying pattern of higher rates of both psychostimulant and opioid 

overdoses in these areas, which may necessitate new policy or public health strategies. Our 

results indicate that areas with high psychostimulant-high opioid overdose mortality appear 

to be more likely to be experiencing social vulnerability suggesting efforts to address the 

polysubstance overdose crisis should also address social and structural factors associated 

with higher county-level overdose mortality rate.

We also note several limitations to the study. One is that while SVI is a validated measure 

of areas with greater social needs and is associated with a number of health outcomes, 

(Flanagan et al., 2018; Lehnert et al., 2020) the measure is not perfect as it relies on publicly 

available Census data so may miss other, more difficult to measure social vulnerabilities 

and structural barriers to treatment.(Lehnert et al., 2020) A couple of other studies have 

broadly examined the association between the SVI and overdoses (Frankenfeld & Leslie, 

2019; Yedinak et al., 2021) but none have specifically examined the association between the 
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SVI and patterns of opioid and psychostimulant overdose mortality. Second, our analyses 

are at the county level so necessarily mask important individual-level variation. However, 

county is still an important level of analysis as state and federal funds often flow to 

county governments and health departments. Third, overdose mortality may be subject to 

under-reporting. (Ruhm, 2018). Fourth, our data are cross-sectional and so only represent a 

single point in time. Future analyses could examine how some of these patterns may change 

temporally.

5. Conclusions

As the US faces a rapidly changing overdose crisis, our results highlight that there is no 

single, common pattern of psychostimulant and opioid overdose mortality. Although there 

appears to be some evidence of regional patterns, this hides widespread pockets of high 

psychostimulant and opioid overdose mortality as well as significant regional heterogeneity 

in overdose mortality. We find that counties with psychostimulant overdose mortality occurs 

in states with high SVI, regardless of opioid mortality. Yet, counties with high opioid 

overdose mortality but low psychostimulant overdose mortality do not have high SVI scores. 

Critically, investment in social and economic policy, not just treatment, may be important in 

areas with high overdoses rates from multiple substances compared with areas where only 

opioid overdoses predominate. Thus, policymakers, providers, and public health officials 

need local data in order to tailor prevention and treatment efforts with a particular need to 

facilitate treatment for the socially vulnerable.
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Figure 1. 
County-level map of opioid and psychostimulant quartiles of overdose mortality between 

2016 and 2018.

Segel et al. Page 13

Subst Use Misuse. Author manuscript; available in PMC 2025 February 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Segel et al. Page 14

Ta
b

le
 1

.

C
om

pa
ri

so
n 

of
 c

ou
nt

y 
ch

ar
ac

te
ri

st
ic

s 
by

 q
ua

rt
ile

 o
f 

op
io

id
 a

nd
 p

sy
ch

os
tim

ul
an

t m
or

ta
lit

y.

L
ow

 (
Q

1)
 P

sy
ch

os
ti

m
ul

an
t

L
ow

 (
Q

1)
 P

sy
ch

os
ti

m
ul

an
t

H
ig

h 
(Q

4)
 P

sy
ch

os
ti

m
ul

an
t

H
ig

h 
(Q

4)
 P

sy
ch

os
ti

m
ul

an
t

p-
va

lu
e 

(K
ru

sk
al

-W
al

lis
 

te
st

)
L

ow
 (

Q
1)

 O
pi

oi
d

H
ig

h 
(Q

4)
 O

pi
oi

d
L

ow
 (

Q
1)

 O
pi

oi
d

H
ig

h 
(Q

4)
 O

pi
oi

d

(n
 =

 5
36

 c
ou

nt
ie

s)
(n

 =
 1

03
 c

ou
nt

ie
s)

(n
 =

67
 c

ou
nt

ie
s)

(n
 =

 3
18

 c
ou

nt
ie

s)

%
 b

el
ow

 p
ov

er
ty

 [
A

P]
45

.4
%

 (
31

.6
)

46
.0

%
 (

27
.8

)
58

.2
%

 (
28

.7
)

58
.2

%
 (

24
.5

)
<

0.
00

1

U
ne

m
pl

oy
m

en
t r

at
e 

(a
ge

 1
6+

 w
or

k 
fo

rc
e)

 [
A

P]
37

.4
%

 (
34

.0
)

50
.8

%
 (

29
.2

)
46

.0
%

 (
35

.6
)

59
.0

%
 (

23
.9

)
<

0.
00

1

Pe
r 

ca
pi

ta
 in

co
m

e 
[A

P]
52

.0
%

 (
28

.9
)

48
.4

%
 (

28
.1

)
63

.2
%

 (
27

.2
)

56
.7

%
 (

25
.0

)
<

0.
00

1

%
 <

H
S 

di
pl

om
a 

(a
ge

 2
5+

) 
[A

P]
47

.9
%

 (
32

.4
)

48
.8

%
 (

28
.0

)
60

.8
%

 (
30

.8
)

55
.6

%
 (

23
.7

)
<

0.
00

1

%
 a

ge
 6

5 
+

 [
A

P]
64

.0
%

 (
28

.4
)

61
.3

%
 (

27
.6

)
56

.9
%

 (
27

.7
)

48
.8

%
 (

25
.5

)
<

0.
00

1

%
 a

ge
 <

18
 [

A
P]

50
.5

%
 (

29
.8

)
38

.2
%

 (
29

.4
)

52
.2

%
 (

30
.0

)
46

.3
%

 (
25

.7
)

<
0.

00
1

%
 w

ith
 d

is
ab

ili
ty

 [
A

P]
50

.9
%

 (
29

.0
)

53
.6

%
 (

28
.4

)
56

.0
%

 (
28

.1
)

61
.3

%
 (

27
.5

)
<

0.
00

1

%
 s

in
gl

e 
pa

re
nt

 h
ou

se
ho

ld
s 

w
ith

 c
hi

ld
re

n 
<

18
 [

A
P]

38
.2

%
 (

32
.4

)
44

.5
%

 (
30

.9
)

48
.7

%
 (

28
.3

)
52

.2
%

 (
24

.7
)

<
0.

00
1

%
 m

in
or

ity
 (

i.e
. a

ll 
ex

ce
pt

 N
H

 W
hi

te
) 

[A
P]

44
.1

%
 (

32
.6

)
47

.0
%

 (
28

.2
)

55
.5

%
 (

28
.8

)
42

.0
%

 (
27

.4
)

0.
00

8

%
 a

ge
 5

+
 w

ho
 s

pe
ak

 E
ng

lis
h 

“l
es

s 
th

an
 w

el
l”

 [
A

P]
38

.3
%

 (
32

.7
)

43
.7

%
 (

26
.8

)
46

.2
%

 (
34

.8
)

44
.7

%
 (

28
.8

)
0.

00
3

%
 o

f 
ho

us
in

g 
in

 s
tr

uc
tu

re
s 

w
ith

 1
0+

 u
ni

ts
 [

A
P]

33
.3

%
 (

25
.7

)
39

.2
%

 (
27

.8
)

27
.7

%
 (

23
.4

)
51

.5
%

 (
28

.5
)

<
0.

00
1

%
 m

ob
ile

 h
om

es
 [

A
P]

52
.2

%
 (

27
.1

)
49

.9
%

 (
31

.2
)

62
.6

%
 (

26
.7

)
54

.7
%

 (
28

.4
)

0.
01

3

%
 o

f 
oc

cu
pi

ed
 h

ou
si

ng
 u

ni
ts

 w
ith

 m
or

e 
pe

op
le

 th
an

 
ro

om
s 

[A
P]

41
.0

%
 (

33
.0

)
41

.3
%

 (
28

.9
)

55
.1

%
 (

33
.8

)
49

.3
%

 (
24

.6
)

<
0.

00
1

%
 h

ou
se

ho
ld

s 
w

ith
 n

o 
ve

hi
cl

e 
[A

P]
38

.7
%

 (
31

.1
)

50
.5

%
 (

30
.6

)
44

.3
%

 (
32

.7
)

56
.4

%
 (

26
.2

)
<

0.
00

1

%
 o

f 
pe

rs
on

 in
 g

ro
up

 q
ua

rt
er

s 
[A

P]
45

.8
%

 (
30

.6
)

48
.6

%
 (

30
.7

)
58

.4
%

 (
30

.3
)

46
.3

%
 (

26
.9

)
0.

01
1

R
eg

io
n 

- 
N

ew
 E

ng
la

nd
 (

C
T

 M
E

 M
A

 N
H

 R
I 

V
T

)
0.

0%
 (

0.
0)

8.
7%

 (
28

.4
)

0.
0%

 (
0.

0)
0.

9%
 (

9.
7)

<
0.

00
1

R
eg

io
n 

- 
M

id
-A

tla
nt

ic
 (

N
J 

N
Y

 P
A

)
1.

1%
 (

10
.5

)
7.

8%
 (

26
.9

)
0.

0%
 (

0.
0)

2.
2%

 (
14

.7
)

<
0.

00
1

R
eg

io
n 

- 
E

as
t N

or
th

 C
en

tr
al

 (
IL

 I
N

 M
I 

O
H

 W
I)

7.
1%

 (
25

.7
)

17
.5

%
 (

38
.2

)
1.

5%
 (

12
.2

)
20

.1
%

 (
40

.2
)

<
0.

00
1

R
eg

io
n 

- 
W

es
t N

or
th

 C
en

tr
al

 (
IA

 K
S 

M
N

 M
O

 N
E

 
N

D
 S

D
)

45
.5

%
 (

49
.8

)
3.

9%
 (

19
.4

)
35

.8
%

 (
48

.3
)

5.
7%

 (
23

.1
)

<
0.

00
1

R
eg

io
n 

- 
So

ut
h 

A
tla

nt
ic

 (
D

E
 D

C
 F

L
 G

A
 M

D
 N

C
 

SC
 V

A
 W

V
)

4.
7%

 (
21

.1
)

36
.9

%
 (

48
.5

)
9.

0%
 (

28
.8

)
24

.8
%

 (
43

.3
)

<
0.

00
1

R
eg

io
n 

- 
E

as
t S

ou
th

 C
en

tr
al

 (
A

L
 K

Y
 M

S 
T

N
)

9.
5%

 (
29

.4
)

8.
7%

 (
28

.4
)

6.
0%

 (
23

.9
)

22
.0

%
 (

41
.5

)
<

0.
00

1

R
eg

io
n 

- 
W

es
t S

ou
th

 C
en

tr
al

 (
A

R
 L

A
 O

K
 T

X
)

20
.5

%
 (

40
.4

)
5.

8%
 (

23
.5

)
26

.9
%

 (
44

.7
)

5.
3%

 (
22

.5
)

<
0.

00
1

R
eg

io
n 

- 
M

ou
nt

ai
n 

(A
Z

 C
O

 I
D

 M
T

 N
V

 N
M

 U
T

 
W

Y
)

10
.4

%
 (

30
.6

)
9.

7%
 (

29
.8

)
17

.9
%

 (
38

.6
)

15
.4

%
 (

36
.2

)
0.

06
9

R
eg

io
n 

- 
Pa

ci
fi

c 
(A

K
 C

A
 H

I 
O

R
 W

A
)

1.
1%

 (
10

.5
)

1.
0%

 (
9.

9)
3.

0%
 (

17
.1

)
3.

5%
 (

18
.3

)
0.

08
58

94

Subst Use Misuse. Author manuscript; available in PMC 2025 February 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Segel et al. Page 15

L
ow

 (
Q

1)
 P

sy
ch

os
ti

m
ul

an
t

L
ow

 (
Q

1)
 P

sy
ch

os
ti

m
ul

an
t

H
ig

h 
(Q

4)
 P

sy
ch

os
ti

m
ul

an
t

H
ig

h 
(Q

4)
 P

sy
ch

os
ti

m
ul

an
t

p-
va

lu
e 

(K
ru

sk
al

-W
al

lis
 

te
st

)
L

ow
 (

Q
1)

 O
pi

oi
d

H
ig

h 
(Q

4)
 O

pi
oi

d
L

ow
 (

Q
1)

 O
pi

oi
d

H
ig

h 
(Q

4)
 O

pi
oi

d

(n
 =

 5
36

 c
ou

nt
ie

s)
(n

 =
 1

03
 c

ou
nt

ie
s)

(n
 =

67
 c

ou
nt

ie
s)

(n
 =

 3
18

 c
ou

nt
ie

s)

M
et

ro
 (

R
U

C
C

 1
–3

)
10

.4
%

 (
30

.6
)

35
.0

%
 (

47
.9

)
6.

0%
 (

23
.9

)
44

.7
%

 (
49

.8
)

<
0.

00
1

N
on

-m
et

ro
 (

R
U

C
C

 4
–9

)
89

.6
%

 (
30

.6
)

65
.0

%
 (

47
.9

)
94

.0
%

 (
23

.9
)

55
.3

%
 (

49
.8

)
<

0.
00

1

A
bb

re
vi

at
io

ns
: Q

1 
(q

ua
rt

ile
 1

 o
r 

lo
w

es
t q

ua
rt

ile
);

 Q
4 

(q
ua

rt
ile

 4
 o

r 
hi

gh
es

t q
ua

rt
ile

);
 H

S 
(h

ig
h 

sc
ho

ol
);

 N
H

 W
hi

te
 (

no
n-

H
is

pa
ni

c 
W

hi
te

);
 R

U
C

C
 (

R
ur

al
 U

rb
an

 C
on

tin
uu

m
 C

od
es

);
 a

ls
o 

po
st

al
 a

bb
re

vi
at

io
n 

fo
r 

U
S 

st
at

es
; A

P 
(A

ve
ra

ge
 p

er
ce

nt
ile

 –
 n

ot
e 

th
is

 is
 th

e 
av

er
ag

e 
co

un
ty

-l
ev

el
 p

er
ce

nt
ile

 o
f 

ea
ch

 S
V

I 
m

ea
su

re
).

Subst Use Misuse. Author manuscript; available in PMC 2025 February 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Segel et al. Page 16

Ta
b

le
 2

.

R
ea

re
ss

io
n-

ba
se

d 
es

tim
at

es
 o

f 
th

e 
as

so
ci

at
io

n 
be

tw
ee

n 
SV

I 
an

d 
qu

ar
til

e 
of

 o
pi

oi
d 

an
d 

ps
yc

ho
st

im
ul

an
t o

ve
rd

os
e 

m
or

ta
lit

y.

(a
)

(b
)

(a
)

(b
)

(a
)

(b
)

(a
)

(b
)

[1
]

[2
]

[3
]

[4
]

L
ow

 (
Q

1)
 P

sy
ch

os
ti

m
ul

an
t,

 L
ow

 (
Q

1)
 

O
pi

oi
d 

co
un

ty
L

ow
 (

Q
1)

 P
sy

ch
os

ti
m

ul
an

t,
 H

ig
h 

(Q
4)

 O
pi

oi
d 

co
un

ty
H

ig
h 

(Q
4)

 P
sy

ch
os

ti
m

ul
an

t,
 L

ow
 

(Q
1)

 O
pi

oi
d 

co
un

ty
H

ig
h 

(Q
4)

 P
sy

ch
os

ti
m

ul
an

t,
 H

ig
h 

(Q
4)

 O
pi

oi
d 

co
un

ty

SV
I 

sc
or

e
−

0.
36

2*
**

−
0.

16
1*

*
−

0.
02

−
0.

10
5*

*
0.

07
1*

0.
11

8*
**

0.
31

1*
**

0.
14

9*
*

R
eg

io
n 

- 
N

ew
 E

ng
la

nd
R

E
F

R
E

F
R

E
F

R
E

F

R
eg

io
n 

- 
M

id
-A

tla
nt

ic
0.

30
4*

*
−

0.
35

7*
−

0.
01

4
0.

06
6

R
eg

io
n 

- 
E

as
t N

or
th

 C
en

tr
al

0.
33

3*
**

−
0.

58
9*

**
−

0.
00

6
0.

26
1*

R
eg

io
n 

- 
W

es
t N

or
th

 c
en

tr
al

0.
83

4*
**

−
0.

74
1*

**
0.

08
8*

**
−

0.
18

1

R
eg

io
n 

- 
So

ut
h 

A
tla

nt
ic

0.
22

5*
**

−
0.

45
7*

**
<

0.
00

1
0.

23
2

R
eg

io
n 

- 
E

as
t S

ou
th

 c
en

tr
al

0.
44

5*
**

−
0.

64
1*

**
−

0.
01

7
0.

21
3

R
eg

io
n 

- 
W

es
t S

ou
th

 c
en

tr
al

0.
79

3*
**

−
0.

66
8*

**
0.

07
2*

−
0.

19
7

R
eg

io
n 

- 
M

ou
nt

ai
n

0.
46

5*
**

−
0.

65
6*

**
0.

07
7*

*
0.

11
4

R
eg

io
n 

- 
Pa

ci
fi

c
0.

34
3*

**
−

0.
67

2*
**

0.
06

8
0.

26

n 
=

 1
,0

24
 c

ou
nt

ie
s

* p 
<

 0
.0

5

**
p 

<
 0

.0
1

**
* p 

<
 0

.0
01

.

A
bb

re
vi

at
io

ns
: S

V
I 

(S
oc

ia
l V

ul
ne

ra
bi

lit
y 

in
de

x)
.

M
od

el
s 

[1
],

 [
2]

, [
3]

, [
4]

 e
st

im
at

ed
 s

ep
ar

at
el

y.

Subst Use Misuse. Author manuscript; available in PMC 2025 February 08.


	Abstract
	Introduction
	Materials and methods
	Data source
	Overdose mortality outcomes
	County social vulnerability measures
	Statistical analysis

	Results
	Discussion
	Conclusions
	References
	Figure 1.
	Table 1.
	Table 2.

