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Abstract

Background: Emerging evidence suggests the composition of local illicit drug markets varies 

over time and the availability and relative lethality of illicit drugs may contribute to temporal 

trends in overdose mortality. Law enforcement drug seizures represent a unique opportunity to 

sample the makeup of local drug markets. Prior research has associated shifts in the types of drugs 

seized and trends in unintentional drug overdose mortality. The present report builds on this work 

by demonstrating a novel methodology, the Street-Drug Lethality Index, which may serve as a 

low-lag predictor of unintentional overdose deaths.

Methods: Data included administrative records of law enforcement drug seizures and 

unintentional drug overdose deaths in Ohio from 2009 -to- 2018. Death records and lab results 

from drug seizures occurring during the calendar year 2017 were transformed via the described 

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
*Corresponding author at: College of Health Sciences and Professions, Ohio University, Grover Center West 379, Athens, Ohio 45701, 
USA. hallo@ohio.edu (O.E. Hall). 

CRediT authorship contribution statement
Orman E. Hall: Conceptualization, Methodology, Investigation, Data curation, Formal analysis, Writing - review & editing. O. Trent 
Hall: Conceptualization, Methodology, Writing - original draft, Writing - review & editing, Visualization, Project administration. 
John L. Eadie: Writing - review & editing, Supervision, Resources. Julie Teater: Writing - review & editing, Supervision. Joe Gay: 
Writing - review & editing, Supervision. Meelee Kim: Methodology, Writing - review & editing, Supervision. Dennis Cauchon: 
Writing - review & editing, Supervision. Rita K. Noonan: Writing - review & editing, Supervision.

Declaration of Competing Interest
The authors report no declarations of interest.

HHS Public Access
Author manuscript
Drug Alcohol Depend. Author manuscript; available in PMC 2024 April 21.

Published in final edited form as:
Drug Alcohol Depend. 2021 April 01; 221: 108637. doi:10.1016/j.drugalcdep.2021.108637.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://creativecommons.org/licenses/by/4.0/


procedure to create lethality indices for individual drugs. These indices were then summed 

annually to create the independent variable for a linear regression model predicting unintentional 

overdose deaths for all years during the study period.

Results: The regression model explained 93 % of the year-to-year variance in unintentional 

overdose fatalities (slope = 0.009480; CI = 0.007369 to 0.011590; t10 = 10.355942; P = 0.000007; 

Y = 11.808982 + 0.009480X, r2 = 0.931).

Conclusion: These findings contribute to a growing body of evidence that changes in the 

composition of the drug supply may predict trends in unintentional overdose mortality. The 

proposed methodology might inform future overdose prevention and response efforts as well as 

research.
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1. Background

A common limitation of research assessing population-based interventions to reduce 

unintentional drug overdose is a failure to control for the effect of the illicit drug supply 

on overdose mortality. The availability and relative lethality of trafficked drugs varies 

geographically and over time (Drug Enforcement Administration, 2017). Changes in the 

composition of the illicit drug supply have been observed to parallel shifts in overdose 

mortality (Hall et al., 2020; Jones et al., 2018; Zoorob, 2019). Law enforcement interdiction 

represents a unique opportunity to assess the makeup of local illicit drug markets, with 

each street level confiscation representing a sampling of the drugs available at a given place 

and time. A recent report found an association between law enforcement seizures of illicit 

drugs and overdose deaths in Ohio from 2014 to 2017 (Zibbell et al., 2019). However, 

further research is required to show how this association might predict the incidence of 

unintentional drug overdose in population health research.

There is an urgent need for improved timeliness in estimates of unintentional drug 

overdose mortality. A significant lag often occurs between shifts in unintentional drug 

overdose mortality and official reports detailing these trends. Data documenting changes 

in unintentional drug overdose mortality are often unavailable for months, and sometimes 

a year or more. Yet public health officials, treatment providers, law enforcement and 

community groups must respond swiftly in order to save lives when shifts in unintentional 

overdose mortality occur. Law enforcement data, including information on the composition 

of seized illicit drugs, are available on a timelier basis than death certificate data in many 

locales. The aim of the present study is to demonstrate a novel methodology, the Street-Drug 

Lethality Index (SDLI), which may be employed by researchers, law enforcement and public 

health authorities as a low-lag predictor of the incidence of deaths due to unintentional drug 

overdose.
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2. Methods

Data used in this analysis included gas chromatography-mass spectrometry (GC–MS) lab 

results from drug seizures conducted by Ohio Bureau of Criminal Investigation (OBCI) 

crime labs and overdose death records obtained from the Ohio Department of Health 

(ODH) for the years 2009–2018. OBCI maintains a database of drug seizures submitted 

by state and local law enforcement agencies to OBCI crime labs for GC–MS analysis. 

This database includes the type of drugs found in each seizure, the date and county of 

seizure, and the quantity of the drug mixture seized. Frequency of seizure was used as a 

proxy measure for the availability of drugs on the illicit market. Unintentional drug overdose 

deaths were identified using the International Classification of Diseases, Tenth Revision 

(ICD-10) underlying cause of death codes X40-X44. The death records of unintentional 

overdose decedents were reviewed for substances determined to be present at the time of 

death per toxicology report as well as date of death.

Death records and lab results from drug seizures occurring during the calendar year 

2017 were employed via the following procedure to predict unintentional overdose deaths 

annually for each year 2009–2018. Calendar year 2017 was chosen as this was the peak year 

for unintentional overdose deaths allowing a greater number of observations to inform the 

calculation of our predictor variable. Table 1 presents the steps of the analysis including the 

calculation of sub-measures described in detail below.

Unintentional drug overdose deaths involving only one substance per toxicology report 

(single-drug deaths, step 1) were identified for each of the drugs listed in Table 1. Seizures 

in which only one drug was captured by law enforcement (single-drug seizures, step 2) were 

also identified. Unintentional drug overdose deaths and seizures involving more than one 

substance were excluded at this point of the analysis to better estimate the relative lethality 

of individual drugs. Lethality ratios (LR, step 3) were calculated for each drug by dividing 

the number of unintentional overdose deaths by the number of seizures involving individual 

drugs of interest in 2017.

Letℎality RatioDrug X = Deatℎs Involving Only Drug X in 2017
Seizures Involving Only Drug X in 2017

SDLI (step 4) for each drug and year were determined by multiplying LR by the total 

number of seizures of each drug annually including single-drug seizures and mixed seizures 

(more than one substance present).

Street Drug Letℎality IndexDrug X = Letℎality RatioDrug X × All Seizures of Drug XY ear

SDLIs of each drug were summed to produce the Summed Annual Lethality Index (SALI, 

step 5).

Summed Annual Letℎality Index = ∑SDLIDrugs X, Y , Z
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A simple linear regression analysis was performed to predict deaths from unintentional drug 

overdose utilizing SALI as the independent variable and the square root transformation of 

observed unintentional overdose as the dependent variable. The assumption of linearity was 

established via scatterplot. The Durbin-Watson statistic was used to ensure independence 

of residuals. A plot of standardized residuals and predicted values was assessed for 

homoscedasticity. Normality was evaluated via histogram and Q-Q plot.

The institutional review board of Ohio University determined this study to be non-regulated. 

All analyses were performed in IBM SPSS Statistics for Windows (SPSS version 24; IBM 

Corporation, Armonk, NY).

3. Results

The Durbin-Watson statistic was 1.827 indicating independence of residuals. The 

assumptions of linearity and homoscedasticity were not violated per visual inspection 

of scatterplots. Skewness of residuals was noted via histogram and Q-Q plot. This was 

corrected by square root transformation of the dependent variable as noted in the methods 

above. The slope of the regression line was significantly greater than zero, indicating 

that unintentional overdose deaths increased as SALI increased. (slope = 0.009480; CI = 

0.007369 to 0.011590; t10 = 10.355942; P = 0.000007; Y = 11.808982 + 0.009480X, r2 = 

0.931). The model explained 93 % of the variance in unintentional overdose fatalities. Fig. 1 

shows observed unintentional drug overdose deaths which occurred during the study period 

relative to those predicted by the model.

4. Discussion

The present analysis demonstrates a methodology capable of predicting the incidence of 

unintentional drug overdose using drug seizure and overdose mortality data, and frequency 

of law enforcement seizure data as a proxy measure for the local availability of lethal drugs. 

We have found that drug seizure data can be used to forecast unintentional drug overdose by 

calculating lethality indices (SDLI) for individual drugs and summing these indices (SALI) 

for the time period of interest. The described methodology is of high importance given the 

pressing need for more timely estimates of unintentional overdose mortality burden. In Ohio, 

public updates to the overdose death registry take up to two years, while drug seizure data 

reports are produced monthly. Because seizure data are available on a monthly basis in many 

states, trends in overdose may be predicted by the proposed novel methodology long before 

appearing in state death registries, empowering health systems to respond rapidly with harm 

reduction, primary prevention and substance use treatment services, saving lives.

Designed for ease of reproducibility by public health authorities and law enforcement 

officials, this methodology circumvents technical barriers to practical implementation. All 

necessary calculations may be performed using common desktop spreadsheet applications. 

Additionally, we have excluded factors such as the weight, volume or purity of seized 

drugs which might have slightly improved our predictions but at the cost of making 

SDLI a less accessible tool for public health, law enforcement agencies and researchers. 

Despite limiting the variables used, our model accurately predicted annual unintentional 
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drug overdose accounting for the vast majority of year-to-year variance. Another potential 

limitation of our research is that it is unclear if the frequency of law enforcement seizures 

increases with improvements in law enforcement efforts in response to overdose trends, or 

if seizures and unintentional overdoses rise and fall together with the ebb and flow of lethal 

drugs on the illicit market. However, neither scenario negates our principle findings nor the 

practical utility of our approach as a low-lag predictor of unintentional drug overdose. Public 

health and public safety organizations should partner at all levels of government to facilitate 

data-sharing and predict overdose via this approach.

In addition to its anticipated public health applications, the present work has many 

implications for future research. Additional studies are needed to determine applications 

for SDLI on different time and geographic scales. Epidemiological moderation analyses may 

provide insight into the impact of improved treatment and prevention efforts. For example, 

one might determine to what extent a particular intervention moderated the relationship 

between SALI and observed overdose deaths (i.e. decreased mortality despite stable or 

increased lethality of the local drug supply). SDLI should be further investigated as a 

potential means of quantitatively differentiating the relative lethality of different illicit 

drugs, predicting unintentional overdose deaths based on drug seizures at the national level 

and evaluating the effectiveness of interventions designed to reduce deaths by examining 

disparities between observed deaths and those predicted by street-drug lethality.
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Fig. 1. 
Predicted and Observed Unintentional Overdose Deaths Based on Summed Annual Lethality 

Index (SALI).

Hall et al. Page 7

Drug Alcohol Depend. Author manuscript; available in PMC 2024 April 21.

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

Hall et al. Page 8

Ta
b

le
 1

Su
m

m
ar

y 
St

at
is

tic
s 

fo
r 

St
re

et
 D

ru
g 

L
et

ha
lit

y 
In

de
x.

St
ep

s 
1−

 3
 o

f 
th

e 
A

na
ly

si
s 

by
 D

ru
g

D
ru

g
St

ep
 1

: 
P

ur
e 

D
ea

th
s 

20
17

St
ep

 2
: 

P
ur

e 
Se

iz
ur

es
 2

01
7

St
ep

 3
: 

L
et

ha
lit

y 
R

at
io

 (
L

R
)

Fe
nt

an
yl

14
97

38
12

0.
39

3

C
oc

ai
ne

25
4

57
81

0.
04

4

Pr
es

cr
ip

tio
n 

O
pi

oi
ds

21
7

36
50

0.
05

9

H
er

oi
n

11
0

24
86

0.
04

4

A
m

ph
et

am
in

es
85

90
12

0.
00

9

B
en

zo
di

az
ep

in
es

28
54

37
0.

00
5

St
ep

 4
: 

St
re

et
 D

ru
g 

L
et

ha
lit

y 
In

de
x 

(S
D

L
I)

 b
y 

D
ru

g 
an

d 
Y

ea
r

Y
ea

r
F

en
ta

ny
l

C
oc

ai
ne

P
re

sc
ri

pt
io

n 
O

pi
oi

ds
H

er
oi

n
A

m
ph

et
am

in
es

B
en

zo
di

az
ep

in
es

20
09

15
25

2
27

7
13

4
16

16

20
10

12
20

5
31

7
13

4
13

16

20
11

11
21

8
32

3
16

9
17

18

20
12

11
17

6
31

5
24

2
27

20

20
13

27
20

2
28

9
29

1
29

19

20
14

22
0

21
5

28
5

34
0

29
18

20
15

56
5

24
5

31
4

40
3

40
20

20
16

14
35

31
2

29
8

34
3

61
30

20
17

21
23

30
0

27
0

22
5

98
31

20
18

19
89

26
8

25
8

20
8

13
1

26

St
ep

s 
5:

 S
um

m
ed

 A
nn

ua
l L

et
ha

lit
y 

In
de

x 
(S

A
L

I)
 a

nd
 O

bs
er

ve
d 

an
d 

P
re

di
ct

ed
 U

ni
nt

en
ti

on
al

 O
ve

rd
os

e 
D

ea
th

s 
by

 Y
ea

r

Y
ea

r
St

ep
 5

:S
A

L
I

O
bs

er
ve

d
P

re
di

ct
ed

20
09

71
0

13
89

17
30

20
10

69
7

15
11

17
19

20
11

75
6

17
20

17
74

20
12

79
1

18
64

18
08

20
13

85
7

20
65

18
72

20
14

11
07

24
76

21
23

Drug Alcohol Depend. Author manuscript; available in PMC 2024 April 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hall et al. Page 9
St

ep
s 

5:
 S

um
m

ed
 A

nn
ua

l L
et

ha
lit

y 
In

de
x 

(S
A

L
I)

 a
nd

 O
bs

er
ve

d 
an

d 
P

re
di

ct
ed

 U
ni

nt
en

ti
on

al
 O

ve
rd

os
e 

D
ea

th
s 

by
 Y

ea
r

Y
ea

r
St

ep
 5

:S
A

L
I

O
bs

er
ve

d
P

re
di

ct
ed

20
15

15
87

29
86

26
52

20
16

24
79

39
39

37
88

20
17

30
47

49
79

46
17

20
18

28
80

36
14

43
62

N
ot

e:
 S

te
p 

1 
is

 a
 c

ou
nt

 o
f 

al
l u

ni
nt

en
tio

na
l o

ve
rd

os
e 

de
at

hs
 a

ttr
ib

ut
ab

le
 to

 o
nl

y 
on

e 
dr

ug
 o

f 
ab

us
e 

(s
in

gl
e-

dr
ug

 d
ea

th
s)

 f
or

 c
al

en
da

r 
ye

ar
 2

01
7.

St
ep

 2
 is

 a
 c

ou
nt

 o
f 

al
l s

ei
zu

re
 e

ve
nt

s 
fr

om
 th

e 
O

hi
o 

B
ur

ea
u 

of
 C

ri
m

in
al

 I
nv

es
tig

at
io

n 
da

ta
ba

se
 w

he
re

 o
nl

y 
on

e 
dr

ug
 w

as
 p

re
se

nt
 (

si
ng

le
-d

ru
g 

se
iz

ur
es

).

St
ep

 3
 is

 th
e 

le
th

al
ity

 r
at

io
 c

al
cu

la
te

d 
by

 d
iv

id
in

g 
si

ng
le

-d
ru

g 
de

at
hs

 b
y 

si
ng

le
-d

ru
g 

se
iz

ur
es

.

St
ep

 4
 c

al
cu

la
te

s 
th

e 
St

re
et

 D
ru

g 
L

et
ha

lit
y 

In
de

x 
(S

D
L

I)
 b

y 
m

ul
tip

ly
in

g 
th

e 
to

ta
l n

um
be

r 
of

 s
ei

zu
re

s 
(s

in
gl

e-
dr

ug
 a

nd
 m

ix
ed

) 
by

 th
e 

le
th

al
ity

 r
at

io
s 

ca
lc

ul
at

ed
 in

 s
te

p 
3.

St
ep

 5
, i

s 
th

e 
su

m
m

at
io

n 
of

 a
ll 

an
nu

al
 S

D
L

I 
sc

or
es

, S
A

L
I.

 S
A

L
I 

is
 u

se
d 

as
 th

e 
pr

ed
ic

to
r 

va
ri

ab
le

 in
 th

e 
re

gr
es

si
on

 a
na

ly
si

s.

Drug Alcohol Depend. Author manuscript; available in PMC 2024 April 21.


	Abstract
	Background
	Methods
	Results
	Discussion
	References
	Fig. 1.
	Table 1

