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Objectives.We investigated whether nonmedical opioid pain reliever use is associated

with higher mortality in the general US population.

Methods.We assessed the history of nonmedical opioid pain reliever use among 9985

people interviewed at baseline of the Epidemiologic Catchment Area Program initiated

in 1981 to 1983 in Baltimore, Maryland; St. Louis, Missouri; and Durham, North Carolina.

We linked the data with the National Death Index through 2007.

Results. Nonmedical opioid pain reliever use was 1.4%. Compared with no non-

medical drug use, mortality was increased for nonmedical opioid pain reliever use

(hazard ratio [HR] = 1.60; 95% confidence interval [CI] = 1.01, 2.53) or nonmedical

use of other drugs (HR = 1.31; 95% CI = 1.07, 1.62). Mortality was also higher for

males and for those beginning nonmedical opioid pain reliever use before aged

15 years.

Conclusions. A history of nonmedical opioid pain reliever use was associated with

increased mortality, in particular for males and early onset users. (Am J Public Health.

2016;106:509–516. doi:10.2105/AJPH.2015.302961)

The nonmedical use of opioid pain re-
lievers is a major problem in the United

States. The 2013 National Survey on Drug
Use and Health indicated that 4.5 million
people (or 1.7%) aged 12 years and older
report recent use of these medicines outside
the boundaries of prescribed use, and an es-
timated 350 000 persons aged 12 years and
older recently initiated nonmedical use of
pain relievers.1 In that study, nonmedical use
was defined as use without a prescription of
one’s own or for the experience or feeling the
drugs caused, which did not include the use of
over-the-counter drugs or the legitimate use
of prescription drugs.1 Nonmedical use of
opioid pain relievers has been linked to
a variety of adverse health outcomes,2,3 and
elevated mortality rates have been observed
consistently in previous studies, most often
with treatment-seeking or -attending samples
of drug users.4,5 Several factors are believed to
contribute to the higher mortality rates,4

including the toxicity of the drug itself6;
various infections introduced by nonsterile

injections such as HIV, hepatitis C, and
wound-related infections7; and other envi-
ronmental factors associated with the use of
opioids, such as greater exposure to violence
and traumatic injuries.8

Meta-analyses onmortality associatedwith
the regular illegal use of opioids (including
both the use of heroin and the nonmedical use
of opioid pain relievers) were conducted in
1998 and 2010, which drew largely on users
ascertained in treatment settings and not in
general population settings.4,5 On the basis
of the results from 12 studies conducted in

Europe and the United States from 1968 to
1991, Hulse et al. derived a pooled estimated
mortality rate of 8.6 per 1000 person-years
among heroin or nonmedical opioid pain
reliever users, which was 13.2 times higher
than was the mortality rate among nonusers.4

Degenhardt et al. reviewed 58 prospective
studies conducted globally from 1993 to
20085; they derived a pooled mortality rate of
20.9 per 1000 person-years for individuals
with serious opioid involvement and reported
a similar standardized mortality rate (SMR) of
14.7.

Although the pooled mortality rates pro-
vide important descriptive epidemiological
information on the relationship between
opioid use and death, generalizability from
these studies remains somewhat uncertain
because of variations in study designs, sample
sizes, and sampling methods (often conve-
nience samples); short follow-up periods; and
heterogeneity across the studies. Most studies
on mortality and the use of opioids have been
grounded on samples drawn from treatment
centers or other services or from convenience
samples, whichmay introduce selection biases
because only a small fraction of opioid users
ever receives treatment.1

We built on research that has linked the
history of mental and behavioral disorders
with all-cause mortality9 and in which drug
use disorders were associated with markedly
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increased mortality. Although the use of
opioid pain relievers and heroin is frequently
linked with epidemics, studies have suggested
that the epidemiology of opioid pain reliever
use may not be synonymous with the epi-
demiology of heroin use.10,11 However,
our review of the literature disclosed no
population-based studies on all-cause mor-
tality risk and nonmedical use of opioid pain
relievers. Because of the various adverse
health outcomes associated with the non-
medical use of opioid pain relievers,2,3 we
hypothesized that people who used opioid
pain relievers nonmedically would have
higher mortality risks than would those who
used drugs other than opioid pain relievers
nonmedically and those who use no drugs at
all. In addition, we hypothesized that non-
medical opioid pain reliever users with early
age of onset or a history of daily or near-daily
use would have a higher mortality rate than
would those with older age of onset and no
history of daily or near-daily use because they
are more likely to have higher cumulative
exposure to the drugs.

To achieve these aims, we analyzed data
from the Epidemiologic Catchment Area
(ECA) study with a 27-year follow-up to
investigate the mortality associated with
a history of nonmedical use of opioid pain
relievers. Probability sampling methods used
in the ECA program gave us a representative
sample of household-residing populations in
these areas and made it possible to constrain
the limitations of previous studies on the basis
of clinical and convenience samples.

METHODS
The ECA program was funded by the

National Institute of Mental Health in the
early 1980s and was conducted as a multisite
collaboration of research teams at 5 univer-
sities (Yale University, Johns Hopkins
University, Washington University, Duke
University, and University of California, Los
Angeles). One of themost highly cited studies
in psychiatric epidemiology of the 20th
century, the ECA study focused on mental
health problems and associated outcomes, as
described in many publications on its sub-
stantive andmethodological details.12 Briefly,
multistage probability sampling was used to
sample and recruit participants from the 5
sites, with an average participation level of

76% (ranging from 68% to 79% across sites).
Refusal convertors were used and more than
casual attempts were made to reach partici-
pants in the ECA, which is muchmore than is
feasible or applied today.13–15

We used data collected from 1981 to 1983,
which included 10 406 participants from the
household-residing stratum of the population
in 3 ECA sites (Baltimore, MD; St. Louis,
MO; and Durham, NC). We did not include
the site in New Haven, Connecticut, in this
study because of concerns about use of
a previous version of theDiagnostic Interview
Schedule (DIS)16 used at the other 3 sites.We
excluded the Los Angeles, California, site
because it had not retained identifiers re-
quired for links with the National Death
Index (NDI).

Outcome Assessment
The assessment of all-cause mortality has

been described elsewhere.9 Briefly, subjects
were determined as deceased if they were
identified from any of the 3 data sources: (1)
the NDI database, (2) the Social Security
Death Index, and (3) information obtained
during the process of recruiting subjects for
follow-up surveys.

Among the 10 406 subjects available from
the 3 sites, 4107 were deceased by the end
of 2007. Similar to the previous study,9

person-years of follow-ups were calculated
starting from the time of recruitment,whereas
age was used as the survival time (units were
years).

Exposure Assessment
Whether an individual had a history of

nonmedical drug use was assessed by the
Diagnostic Interview Schedule.16 During the
wave 1 interview of the ECA study con-
ducted in 1981 to 1983 in the 3 sites, par-
ticipants were asked whether they “ever used
opiates other than heroin such as codeine,
Demerol, morphine, methadone, Darvon, or
opium more than 5 times in your life to get
high or without a prescription, or more than
was prescribed—that is, on your own.”Those
who responded “yes” were categorized as
nonmedical opioid pain reliever users. Par-
ticipants also were asked whether they had
used amphetamines, stimulants, uppers or
speed; barbiturates, sedative, downers,
sleeping pills; tranquilizers, Valium, or

Librium the same way more than 5 times in
their life. Each drug classification was asked
separately. Participants were also separately
asked if they had used marijuana, hashish,
heroin, cocaine, psychedelics or PCP
(phencyclidine), or any other illegal drug
more than 5 times in their life. Those who did
not use opioid pain relievers nonmedically
but reported “yes” to either illegal drug use or
nonmedical use of other drugs were cate-
gorized as nonmedical users of other drugs.
Those who answered not using any of these
drugsmore than 5 times nonmedically in their
life were categorized as nonusers. During the
interview, users were asked the age of onset of
nonmedical drug use.

We further categorized the exposure into
a 5-level categorical variable: Nonmedical use
of opioid pain relievers with age of onset
younger than aged 15 years or aged 15 years or
older; nonmedical use of other drugs with age
of onset younger than aged 15 years or aged
15 years or older; and no nonmedical use of
any drugs. Furthermore, participants were
asked whether they “ever used any one of
these drugs or any other illicit drug every day
for 2 weeks or more.” We categorized the
exposure into another 5-level categorical
variable by frequency of use: nonmedical use
of opioid pain relievers with or without
history of daily use, nonmedical use of other
drugs with orwithout history of daily use, and
no nonmedical use of any drugs. Out of the
10 406 participants, 421 (4%) were excluded
because they refused to answer the questions
about drug use.

Covariates
Demographic and socioeconomic in-

formation such as age at interview (18–24
years, 25–34 years, 35–44 years, 45–64 years,
or ‡ 65 years), race/ethnicity (Black [non-
Hispanic] or non-Black [i.e., American In-
dian, Alaska Native, Asian, Pacific Islander,
Hispanic, or non-Hispanic White]), gender
(male or female), education (< high school,
high school graduate or equivalent, some
college, or college graduate), marital status
(married, widowed, divorced or separated, or
never married), and site (Baltimore, St. Louis,
or Durham) were obtained during the in-
terview. Individual’s occupational status was
assessed by the Nam-Powers occupational
status index (categorized for quartiles), which
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was calculated on the basis of lifetime edu-
cation, household income, and occupation.17

We obtained information on Diagnostic and
Statistical Manual of Mental Disorders, Third
Edition18 alcohol abuse or dependence (yes or
no) and cigarette smoking (smoker or non-
smoker) with the Diagnostic Interview
Schedule.

Statistical Analysis
We determined descriptive statistics such

as person-years and mortality rate (per 1000
person-years) by categories of drug use. We
calculated the direct age-SMRusing the 2000
US standard population. We conducted
Kaplan–Meier estimates of the survival
function and log-rank tests to examine dif-
ferences in survival between individuals with
different drug use patterns. Because the as-
sumption of proportional hazards was vio-
lated, we used the weighted Cox regression
model,19 which is not constrained by the
assumption of proportional hazards. It can
also account for the decreasing number
of individuals affected by the hazards
(i.e., nonmedical drug use) with increasing
follow-up time and can offer a more intuitive
population-based interpretation of hazard
ratios (HRs) than can other methods for
nonproportional hazards.19

We assessed the association between
nonmedical use of opioid pain relievers (using
3 categorizations) and all-cause mortality.We
used both a minimally adjusted model con-
trolling for age at interview, race, gender, and
site and a fully adjusted model that additionally
controlled for education, marital status, occu-
pation status, alcohol abuse or dependence, and
cigarette smoking. We also conducted post-
estimation exploratory analyses stratifying by
gender, alcohol abuse or dependence, and
cigarette smoking to assess whether the esti-
mated effects of nonmedical use of opioid pain
relievers or age of use onset differed between
these groups. We conducted all statistical ana-
lyses using SAS version 9.3 (SAS Institute Inc,
Cary, NC) andR, version 3.1.2 (R Foundation
for Statistical Computing, Vienna, Austria).

RESULTS
Table 1 shows the characteristics of study

participants by drug use category.Of the 9985
participants from the 3 ECA sites, 138 (1.4%)

had a history of nonmedical use of opioid pain
relievers, 61.0% were women, and 36.2%
were Black. Most of the individuals had no
nonmedical use of any drugs (83.3%),whereas
1.4% and 15.3% were nonmedical users of
opioid pain relievers or other drugs, re-
spectively. Among the 1532 nonmedical users
of drugs other than opioid pain relievers,
the 3 most prevalent drugs were marijuana
(n = 1452; 94.8%), amphetamine-type stim-
ulants (n = 362; 23.6%), and cocaine (n= 202;
13.2%), reflecting the secular trends in the
early 1980s. Most of the nonmedical opioid
pain reliever users (97.0%) and other drug
users (96.6%) were aged between 18 and
44 years. The prevalence of alcohol abuse or
dependence (56.9% vs 23.1%) and cigarette
smoking (87.0% vs 75.7%) were higher
among nonmedical users than among non-
users. A younger age of onset (< 15 years,
28.9% vs 10.0%) and higher prevalence of
history of daily or near-daily use (73.2% vs
26.8%) were reported by opioid pain reliever
users than by the other substance category.

Table 2 shows the age-SMRs (per 1000
person-years) during the 27-year follow-up
period by an individual’s drug use (crude
mortality rates available in Table A, available
as a supplement to the online version of this
article at http://www.ajph.org). There were
significant differences in the age-SMRs be-
tween the 3 groups. Themortality rate among
individuals with nonmedical use of opioid
pain relievers was more than 3.5 and 2.5 times
higher than was the mortality rate among
those without nonmedical use of any drugs
(73.5 vs 20.4 per 1000 person-years) and with
nonmedical use of other drugs (73.5 vs 29.3 per
1000 person-years), respectively. When com-
paring nonmedical users of opioid pain relievers
and nonmedical users of other drugs, the
age-SMRs during the follow-up periods among
those with opioid pain reliever use were
consistently higher, with the exception of
high school graduates and those with some
college education, persons who were widowed
or never married, persons with low occupational
status, persons with daily or near-daily use,
persons from the sites in St. Louis and Durham,
and those with early age of onset.

Figure 1 and Figures A and B (available in
a supplement to the online version of this
article at http://www.ajph.org) show the
Kaplan–Meier survival curves for 3 different
categorizations of nonmedical drug use strata

(P < .001 for each comparison). Individuals
without nonmedical use of any drugs had the
best survival (mean age at death: 83.97 years;
95% confidence interval [CI] = 83.58, 84.36),
whereas nonmedical users of opioid pain
relievers (mean age at death: 71.65 years; 95%
CI= 67.48, 75.81), those with a history
of daily or near-daily opioid pain reliever
use (mean age at death: 54.67 years; 95%
CI= 53.42, 55.92), and those with an early
onset age of opioid pain relievers use (mean
age at death: 47.85 years; 95% CI= 45.89,
49.80) had worse survival.

Table 3 presents the results from the an-
alyses on 3 different categorizations of
nonmedical drug use (HRs of all variables
included in the models available in Table B,
available as a supplemental to the online
version of this article at http://www.ajph.org).
In the minimally adjusted model, we observed
significant associations between nonmedical
drug use and mortality: nonmedical users of
opioid pain relievers or other drugs had 83%
(HR=1.83; 95% CI=1.17, 2.87) and 44%
(HR=1.44; 95%CI=1.17, 1.76), respectively,
increased risk of death than did those without
any use. Consistent results were observed for
both nonmedical users of opioid pain relievers
(HR=1.60; 95% CI=1.01, 2.53) and drugs
other than opioid pain relievers (HR=1.31;
95% CI=1.07, 1.62) in the fully adjusted
model. When considering both nonmedical
drug use and age of onset, nonmedical users of
opioid pain relievers with age of onset younger
than 15 years had the highest increased risk of
death (HR=3.85; 95% CI=1.83, 8.09).
We observed consistent results in the
fully adjusted model (HR=3.25; 95%
CI=1.55, 6.82).

In addition, compared with nonmedical
users of opioid pain relievers with onset at
aged 15 years or older, those with age of
onset before aged 15 years had an HR of 2.53
(95% CI= 1.02, 6.24). Furthermore, the
analysis of both nonmedical drug use and
frequency of use showed that those with
a history of daily or near-daily use and
nonmedical use of opioid pain relievers or
other drugs had a 103% (HR=2.03; 95%
CI= 1.18, 3.51) and 70% (HR=1.70;
95% CI= 1.28, 2.24), respectively, increased
risk of death than did those without any
nonmedical drug use. We observed higher
hazards (HR=1.92; 95% CI= 0.75, 4.90)
among the nonmedical users of opioid pain
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TABLE1—Demographic and Socioeconomic Status byDrugUse From3Epidemiologic CatchmentAreaProgramSites: Baltimore,MD, St. Louis,
MO, and Durham, NC, 1981–1983 Through 2007

Variable
Total (n = 9985),

No. (%)
Nonmedical Use of Opioid Pain
Relievers (n = 138), No. (%)

Nonmedical Use of Other
Drugsa (n = 1532), No. (%)

No Nonmedical Use of Any
Drugs (n = 8315), No. (%)

Age of onset of drug use, y

< 15 191 (11.5) 39 (28.9) 152 (10.0) . . .

15–19 932 (56.3) 70 (51.9) 862 (56.7) . . .

‡ 20 533 (32.2) 26 (19.3) 507 (33.3) . . .

History of daily or near-daily useb

Yes 575 (34.4) 101 (73.2) 474 (30.9) . . .

No 1095 (65.6) 37 (26.8) 1058 (69.1) . . .

Age at interview, y

18–24 1335 (13.4) 38 (27.5) 536 (35.0) 761 (9.2)

25–34 2288 (22.9) 83 (60.1) 772 (50.4) 1433 (17.2)

35–44 1320 (13.2) 13 (9.4) 172 (11.2) 1135 (13.7)

45–64 2563 (25.7) 2 (1.5) 48 (3.1) 2513 (30.2)

‡ 65 2479 (24.8) 2 (1.5) 4 (0.3) 2473 (29.7)

Race/ethnicity

Non-Black 6370 (63.8) 109 (79.0) 883 (57.6) 5378 (64.7)

Black 3615 (36.2) 29 (21.0) 649 (42.4) 2937 (35.3)

Gender

Male 3898 (39.0) 93 (67.4) 798 (52.1) 3007 (36.2)

Female 6087 (61.0) 45 (32.6) 734 (47.9) 5308 (63.8)

Education

< high school 4259 (42.8) 35 (25.6) 326 (21.3) 3898 (47.0)

High school graduate 3063 (30.8) 36 (26.3) 562 (36.8) 2465 (29.7)

Some college 1247 (12.5) 40 (29.2) 318 (20.8) 889 (10.7)

College graduate 1391 (14.0) 26 (19.0) 323 (21.1) 1042 (12.6)

Marital Status

Married 4686 (46.9) 51 (37.0) 550 (35.9) 4085 (49.1)

Widowed 1680 (16.8) 1 (0.7) 17 (1.1) 1662 (20.0)

Divorced or separated 1612 (16.2) 29 (21.0) 303 (19.8) 1280 (15.4)

Never married 2004 (20.1) 57 (41.3) 661 (43.2) 1286 (15.6)

Nam-Powers occupational status index, %

0.0–25.0 2561 (27.5) 27 (20.2) 314 (21.5) 2220 (28.8)

25.1–50.0 3566 (38.3) 48 (35.8) 595 (40.7) 2923 (37.9)

50.1–75.0 1888 (20.3) 34 (25.4) 321 (21.9) 1533 (19.9)

75.1–100.0 1287 (13.8) 25 (18.7) 233 (15.9) 1029 (13.4)

Alcohol abuse or dependence

Yes 1176 (11.8) 78 (56.9) 354 (23.1) 744 (9.0)

No 8790 (88.2) 59 (43.1) 1178 (76.9) 7553 (91.0)

Cigarette smoking

Yes 5920 (59.3) 120 (87.0) 1160 (75.7) 4640 (55.8)

No 4059 (40.7) 18 (13.0) 372 (24.3) 3669 (44.2)

Site

Baltimore, MD 3220 (32.3) 48 (34.8) 561 (36.9) 2611 (31.4)

St. Louis, MO 2948 (29.6) 56 (40.6) 582 (38.0) 2319 (27.9)

Durham, NC 3803 (38.1) 34 (24.6) 389 (25.4) 3382 (40.7)

aOther drugs include amphetamine-type stimulants, barbiturates and other sedative-hypnotics, benzodiazepines (e.g., Valium), and other anxiolytic tranquilizer
compounds, marijuana, hashish, heroin, cocaine, psychedelics and PCP (phencyclidine), and other illicit drugs.
bWe determined that participants had a history of daily or near-daily use if they reported “ever used any one of these drugs or any other illicit drug every day for 2
weeks or more.”
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relievers with a history of daily or near-daily
use than among those without a history of
daily or near-daily use.

With further postestimation exploratory
analyses stratified by gender, we found higher
HRs among males than females (Table C,

available in a supplement to the online version
of this article at http://www.ajph.org). Males
with nonmedical use of opioid pain relievers

TABLE 2—Person-Years and Age-Standardized Mortality Rate by Drug Use and Covariates From 3 Epidemiologic Catchment Area Program
Sites: Baltimore, MD, St. Louis, MO, and Durham, NC, 1981–1983 Through 2007

Nonmedical Use of Opioid Pain Relievers Nonmedical Use of Other Drugs No Nonmedical Use of Any Drugs

Variable Person-Years Mortality Ratea Person-Years Mortality Ratea Person-Years Mortality Ratea

Total 3 346 73.5 38 210 29.3 166 734 20.4

Age of onset of drug use, y

< 15 934 2.7 3 805 6.5 . . . . . .

15–19 1 717 34.7 21 811 12.2 . . . . . .

‡ 20 616 72.1 12 330 30.1 . . . . . .

History of daily or near-daily useb

Yes 2 435 35.4 11 728 41.4 . . . . . .

No 911 40.2 26 482 19.5 . . . . . .

Race/ethnicity

Non-Black 2 669 72.5 22 196 29.5 106 209 20.7

Black 677 38.5 16 014 11.7 60 525 19.4

Gender

Male 2 215 57.9 19 649 28.9 57 218 25.0

Female 1 131 171.2 18 561 38.1 109 516 18.0

Education

< high school 774 73.6 7 994 41.2 68 236 22.8

High school graduate 918 3.9 14 093 49.2 54 743 19.0

Some college 991 2.1 8 001 11.6 19 650 19.6

College graduate 636 34.0 8 041 19.7 23 760 16.7

Marital status

Married 1 249 40.7 13 826 24.2 85 399 19.3

Widowed 9 33.2 325 60.7 24 788 21.7

Divorced or separated 678 35.9 7 451 9.6 26 938 21.4

Never married 1 410 1.5 16 581 10.5 29 582 22.9

Nam-Powers occupational status index, %

0.0–25.0 651 2.0 7 869 42.7 41 985 20.9

25.1–50.0 1 159 205.3 14 756 12.2 59 360 21.5

50.1–75.0 825 37.8 8 038 38.2 31 393 20.7

75.1–100.0 616 21.6 5 762 20.3 22 140 18.5

Alcohol abuse or dependence

Yes 1 858 57.6 8 448 48.1 13 701 27.9

No 1 461 172.0 29 762 19.7 152 712 19.6

Cigarette smoking

Yes 2 907 57.1 28 858 30.5 91 752 23.4

No 439 170.7 9 352 6.9 74 890 16.5

Site

Baltimore, MD 1 124 73.2 14 069 24.2 51 717 26.1

St. Louis, MO 1 417 2.6 14 648 38.2 48 031 20.9

Durham, NC 805 2.0 9 493 22.8 66 986 16.7

aAge-standardized mortality rate (per 1000 person-years).
bWe determined that participants had a history of daily or near-daily use if they reported “ever used any one of these drugs or any other illicit drug every day for 2
weeks or more.”
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had a 79% (HR=1.79; 95% CI= 1.06, 3.01)
increased risk of death than did males without
any nonmedical drug use, whereas no sig-
nificant association was observed for females
(HR=1.20; 95% CI= 0.42, 3.48). We ob-
served similar results for males with non-
medical use of opioid pain relievers and
either age of onset younger than 15 years
(HR=3.94; 95% CI= 1.74, 8.94) or history
of daily or near-daily use (HR=2.30; 95%
CI= 1.25, 4.24). We did not find any sta-
tistically significant differences in other
stratified analyses by alcohol dependence or
abuse or cigarette smoking (not shown).

DISCUSSION
To our knowledge, this is the first

population-based study to examine the all-
causemortality of individuals with a history of
nonmedical use of opioid pain relievers. We
found significant associations between a his-
tory of nonmedical use of opioid pain re-
lievers and increased mortality. In addition,
the postestimation exploratory data analysis
suggested excess risk of death for males with
a history of nonmedical use of opioid pain
relievers, with no significant excess risk for
female users.

Similar to the pooled mortality rate (8.6
per 1000 person-years) reported by Hulse
et al.,4 the crude mortality rate among non-
medical opioid pain reliever users in our
study was 6.6 per 1000 person-years. It is not
surprising that this mortality rate is lower
than the rate of 20.9 per 1000 person-years
reported byDegenhardt et al. becausemost of
their participants were opiate-dependent,
treatment-seeking users.5 Previous studies
suggested a 1.29 times higher crude mortality
rate for males than females,5 which is con-
sistent with the observed gender differences
we observed. We found that early onset
(younger than 15 years) nonmedical users of
opioid pain relievers had a higher risk of death
than did late onset users (aged 15 years or
older), although the sample size might not be
adequate to detect statistically significant as-
sociations for those without a history of daily
or near-daily use. Nonetheless, our results
suggest excess risk among early onset users,
and future studies are warranted to confirm
the findings.

We found lower HRs than SMRs re-
ported in previous studies. We observed an
HR of 1.60 among nonmedical opioid pain
relievers users when comparing them with
those who did not use any drugs

nonmedically in the fully adjusted model,
whereas most previous studies reported
SMRs greater than 10.6,8,20–25 In addition,
lower SMRswere reported amongmen than
women,5 which is contrary to the higher
HRs we observed among men in our study.
The inconsistencymay be owing to a limited
number of confounders adjusted in
previous studies as well as the fact that the
magnitude of SMRs and HRs is only
comparable when the baseline hazard of
the Cox model is assumed to be constant
over time.26 More importantly, our esti-
mates are likely to be very conservative
because the use of opioid pain relievers was
only assessed in the early 1980s.

Our results are also consistent with the
21st-century epidemic of “extramedical”
use (i.e., “to get high” or use outside what
a clinician prescribes) and its toxic conse-
quences.10,11 These include the dramatic
increases in overdose death rates, with
a clear picture that the epidemiology and
consequences of nonmedical use of opioid
pain relievers might not be at all the same as
those of heroin use.10 Nonetheless, it was
useful to look at the consequences of
nonmedical use of opioid pain relievers
before the newer compounds were mar-
keted (i.e., with onset of nonmedical use of
opioid pain relievers in the 1980s). To be
sure, some of the nonmedical users of the
older opioid pain relievers might have be-
come nonmedical users of the newer
opioid pain relievers, but if so one might
expect to find dramatically increased
mortality rates in the post-1990s era of the
newer opioid pain relievers when they
were approved by the US Food and Drug
Administration for marketing.

Strengths and Limitations
Our study had several strengths. First, the

data from the ECA program with a 27-year
follow-up provided a unique opportunity to
study the mortality associated with non-
medical use of opioid pain relievers in
a population-based sample. Different from
the previous study,9 we used the weighted
Cox regression model to address the re-
strictions of proportional hazards assumption
because of the smaller number of nonmedical
opioid pain relievers users, which generates
the averageHRs that have a population-based

0

0.0

0.2

0.4

0.6

0.8

1.0

Es
tim

at
ed

 S
ur

vi
va

l P
ro

ba
bl

ity

20 40 60 80 100

Age, Years

Nonmedical use of opioid pain relievers

Nonmedical use of other drugs

No nonmedical use of any drugs

FIGURE1—Survival byNonmedical DrugUse From3Epidemiologic CatchmentArea Program
Sites: Baltimore, MD, St. Louis, MO, and Durham, NC, 1981–1983 Through 2007

AJPH RESEARCH

514 Research Peer Reviewed Cottler et al. AJPH March 2016, Vol 106, No. 3



interpretation.19 Furthermore, we adjusted
many potential confounders, ensuring more
reliable risk estimates than previous studies
had.

We could not completely address the
issue of the medical use of opioid pain re-
lievers in the 21st century for 2 reasons: (1)
the data related to nonmedical use of opioid
pain relievers, and not use of these medicines
exactly as prescribed by a clinician, and (2)
we assessed opioid pain relievers that were
on the market in the early 1980s before
the introduction of opioid agonist formu-
lations such as long-acting oxycodone
products. In addition, although participants
represented the population in 3 US sites, the
generalizability may be limited because
only household-residing adults were
recruited and the ECA program focused on
urban areas only. Furthermore, it is likely
that the nonmedical use status was under-
estimated because our exposure assessment
was derived from information collected in
the early 1980s, which may bias the findings
to the null.

Conclusions
In a population-based sample of com-

munity respondents in 3 US sites, the non-
medical use of opioid pain relievers was
associated with increased mortality and with
a higher risk of death for early onset users,
daily or near-daily users, and males. This
estimate is conservative because of opioid pain
relievers’ explosion in the past 2 decades.
Longitudinal research in the future must be
continued to understand the effects of opioid
pain relievers on excess mortality.
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