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Abstract
Purpose  Little is known about the work environmental risk factors for opioid use disorder (OUD) in working populations. 
The purpose of this study is to examine whether adverse physical and psychosocial working conditions are associated with 
OUD in a working population of the United States (US).
Methods  Among the participants of the National Survey of Midlife Development in the United States (MIDUS) II Study 
(2004–2006), 2134 workers (1059 men and 1075 women; mean age, 51 years) were chosen for this study. OUD was meas-
ured with self-administered questions in line with the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition 
(DSD-5). Physical demands (physical efforts, heavy lifting, and crouching/stooping/kneeling) and psychosocial work stressors 
(skill discretion, decision authority, job control, psychological job demands, supervisor and coworker support at work, job 
insecurity, and work hours) were measured with a standard questionnaire.
Results  The prevalence of OUD was 3.8%. In multivariate analyses, low skill discretion, high psychological job demands, 
job strain (a combination of low control and high demands), and high physical job demands were significantly associated 
with OUD. The multivariate prevalence ratios for OUD by job strain and frequent heavy lifting were 1.98 (1.27–3.10) and 
2.23 (1.22–4.10), respectively. Job strain was more strongly associated with OUD in men, while high physical job demands 
were more strongly associated with OUD in women.
Conclusion  This study implies that adverse physical and psychosocial working conditions may be important risk factors for 
OUD in US working populations. Future longitudinal and mechanistic studies are urgently warranted.
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Introduction

There were 47,600 opioid overdose deaths in 2017 in the 
United States (US), which is equivalent to 130 deaths per 
day (Hedegaard et al. 2018). During the recent 2 decades, 
the rate of opioid overdose deaths has quadrupled in the 
US: 2.9 per 100,000 standard population in 1999 to 14.9 in 
2017. In particular, the rate of increase in opioid overdose 
deaths has been greatest among the working-age population 
(Hedegaard et al. 2018). In addition, the economic costs due 
to opioid overdose, abuse, and dependence were estimated to 

be 78.5 billion dollars (Florence et al. 2016). In addition, the 
workplace costs due to lost and reduced productivity were 
greater than the healthcare care costs (Birnbaum et al. 2006; 
Florence et al. 2016; Goplerud et al. 2017).

To establish effective strategies for the primary preven-
tion of opioid overdose deaths in working populations, it 
is essential to identify important work environmental risk 
factors for opioid overdose, abuse, and dependence. Several 
researchers (Miller 2009; Moore and Dietze 2005; Rhodes 
2002) have emphasized the importance of understanding the 
risk environment, “the space – whether social or physical - 
in which a variety of factors interact to increase the chances 
of drug-related harm.” (Rhodes 2009, p. 88). However, our 
current understanding of the work environmental risk fac-
tors is very limited (Harduar Morano et al. 2018). Although 
low occupation-specific median income and high job inse-
curity were correlated with opioid overdose deaths in bivari-
ate analyses in a recent study (MDPH 2018), it remains to 

 *	 BongKyoo Choi 
	 b.choi@uci.edu

1	 Department of Medicine and Program in Public Health, 
University of California Irvine, 100 Theory, Suite 100, 
Irvine, CA 92617, USA

2	 Center for Work and Health Research, Irvine, CA, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/s00420-019-01514-4&domain=pdf


578	 International Archives of Occupational and Environmental Health (2020) 93:577–588

1 3

be further tested using multivariate analyses. In addition, 
no epidemiological studies have examined the associations 
between adverse working conditions and opioid use disor-
der (OUD), a problematic pattern of opioid use that leads 
to serious impairment or distress (APA 2013) which is a 
strong predictor for opioid overdose death (Degenhardt et al. 
2011; Hser et al. 2017). One case–control study (Muntaner 
et al. 1995) investigated physical and psychosocial working 
conditions in relation to drug abuse/dependence using data 
from households in five US metropolitan areas in the 1980s. 
In the study, high physical job demands and low skill discre-
tion were positively associated with drug abuse/dependence. 
However, unexpectedly, high decision authority appeared to 
be positively associated with drug abuse/dependence. More-
over, the previous study did not address specifically OUD.

The supply for opioids in the US has substantially 
increased since the mid-1990s mainly due to more liberal 
use of prescription opioids for chronic pain (FDA 2018; 
Franklin et al. 2015; Sullivan and Howe 2013), coupled with 
aggressive promotion and marketing of opioid products by 
pharmaceutical companies (Griffin and Miller 2011; Had-
land et al. 2017; Van Zee 2009). Given the circumstances, 
some adverse physical and psychosocial working conditions 
may increase the risk of OUD in US working populations. 
Here are three possible etiological mechanisms from adverse 
working conditions to OUD, although they are neither 
exhaustive nor mutually exclusive:

•	 First, high physical (biomechanical) job demands may 
increase the risk of OUD via work-related injuries. For 
example, frequent heavy lifting is a well-established risk 
factor for occupational injuries (Barcenilla et al. 2012; 
Harris-Adamson et al. 2015; NIOSH 1997). Occupa-
tional injuries and pain were treated more often with 
opioids as analgesics and for longer periods, compared 
to non-occupational injuries (Asfaw et al. 2018). Chronic 
opioid therapy for non-cancer pain was associated with 
incident OUD (Edlund et al. 2014; Fishbain et al. 2008).

•	 Second, psychosocial work stressors [e.g., job strain, a 
combination of low job control and high psychological 
job demands (Karasek 1979)] may increase the risk of 
OUD via common mental disorders (depression and anx-
iety disorders). Psychosocial work stressors raise chances 
of common mental disorders in working populations 
(Madsen et al. 2017; Stansfeld and Candy 2006; Theorell 
et al. 2015). Depression and anxiety disorders increase 
the risk of higher dose and longer term opioid treatment, 
and OUD (Halbert et al. 2016; Martins et al. 2012; Seal 
et al. 2012; Wasan et al. 2005). There is also a recipro-
cal relationship between depression and pain (Kroenke 
et al. 2011). Workers under stressful working conditions 
may self-medicate their negative emotions (emotional 
pain) with opioids (Cheng et al. 2013; Khantzian 1997; 

Merlo et al. 2013a, b; Rigg and Ibañez 2010), which if 
frequently repeated, may lead to OUD.

•	 Third, workers may use opioids to get high (Davey et al. 
2007; Merlo et al. 2013a; Rigg and Ibañez 2010). For 
example, about 20–30% of opioid overdose fatality cases 
used prescription painkillers for “fun, good feeling, get-
ting high” (Cheng et al. 2013). In addition, workers may 
use opioids to meet their high physical and emotional job 
demands (Davey et al. 2007; Walter et al. 2018). Work-
ing under the influence of opioids can increase the risk 
for work-related injuries (Gomes et al. 2013; Kowalski-
McGraw et al. 2017; Li et al. 2013). More than half of 
the people who reported that they misused pain reliev-
ers obtained the drugs from a friend or relative in 2017 
(SAMHSA 2018).

The purpose of this cross-sectional study is to examine 
the associations between adverse working conditions (physi-
cal job demands, job control, psychological job demands, 
social support at work, job insecurity, and work hours) and 
OUD in a working population from the National Survey of 
Midlife Development in the United States (MIDUS) II Study 
during 2004–2006.

Methods

The MIDUS II study

For this cross-sectional study, the MIDUS II study data were 
chosen over the MIDUS I study data in consideration of 
the fact that the current opioid epidemic in US general and 
working populations started in the late 1990s. The MIDUS 
II study was conducted in 2004–2006 as a follow-up survey 
of the MIDUS I study (1994–1995) that had been origi-
nally designed to investigate the roles of behavioral, psy-
chological, and social factors in understanding age-related 
differences in physical and mental health (Ryff et al. 2007). 
Initially, 6329 persons (men, 48% and women, 52%) com-
pleted interview and self-administered questionnaires of the 
MIDUS I study. All of the participants were non-institution-
alized, English-speaking adults, aged 25 to 74 in the US. 
They were drawn from four subsamples: (1) a main national 
random-digit-dial (RDD) sample (N = 3034); (2) oversam-
ples from five metropolitan areas (N = 658); (3) siblings 
of individuals from the RDD sample (N = 869); and (4) a 
national RDD sample of twin pairs (N = 1764). The response 
rates of the four subsamples ranged from 60 to 70%. The 
socio-demographic characteristics of the main RDD subsam-
ple were comparable to those of a US population representa-
tive sample, the October 1995 Current Population Survey. 
However, the main RDD subsample relatively underrep-
resented those who were African-Americans, young (e.g., 
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aged 25–34), or had less formal education (i.e., ≤ 12 years 
of formal education) (Ryff et al. 2007).

In total, 4032 persons completed interview and self-
administered questionnaires of the MIDUS II study: (1) 
the main RDD sample (N = 1805); (2) the city oversamples 
(N = 386); (3) the sibling sample (N = 637); and (4) the twin 
RDD sample (N = 1204). The longitudinal retention rates 
among the four subsamples ranged from 59 to 73% (on aver-
age, 64%). There were no significant (p < 0.01) differences in 
age and gender between the follow-up participants and non-
participants. However, during the follow-up, less-educated 
persons and non-whites were more likely to have dropped 
out of the study (Choi et al. 2010a).

Study subjects (N = 2134)

For the current study, among those (N = 4032) who par-
ticipated in the MIDUS II study, study subjects were first 
restricted to those who reported to work as a full-timer or 
part-timer in 2003 and also work for pay at the time of the 
MIDUS II study during 2004–2006 (N = 2237). Then the 
workers who did not have valid information on the exposure 
or outcome variables (N = 103) were excluded. Thus, finally 
2134 workers were chosen for analyses in this study.

Opioid use disorder (OUD)

Substance use was assessed with the following question: “By 
“on your own” we mean either without a doctor’s prescrip-
tion, in larger amounts than prescribed, or for a longer period 
than prescribed. With this definition in mind, did you ever 
use any of the following substances on your own during the 
past 12 months?” There was a response option (Yes/No) for 
narcotic painkillers: “Analgesics or other prescription pain-
killers on your own (NOTE: this does not include normal use 
of aspirin, Tylenol without codeine, etc., but does include 
use of Tylenol with codeine and other prescribed painkillers 
like Demerol, Darvon, and Percodan).” In addition, there 
was a separate response option for heroin. Among those who 
reported the use of narcotic painkillers or heroin on their 
own, OUD cases were defined with those who additionally 
agreed to two or more of the following seven questions about 
substances use behaviors or experiences, which is in line 
with the definition of OUD according to the Diagnostic and 
Statistical Manual of Mental Disorders, Fifth Edition (APA 
2013): (1) used much larger amounts or for a longer period 
than intended, (2) under the effects or suffering aftereffects 
while at work or school, or while taking care of children, (3) 
under the effects or feeling aftereffects in a situation which 
increased your chances of getting hurt, (4) any emotional or 
psychological problems from using substances, (5) a strong 
irresistible desire or urge to use substances, (6) spent a great 
deal of time using substances or getting over aftereffects, and 

(7) used more than usual to get the same effect or the same 
amount had less effect on you than before.

Physical and psychosocial working conditions

Physical job demands were assessed and analyzed with each 
of the following three questions (“How often does your job 
require…”): (1) a lot of physical effort, (2) lifting loads 
weighing 50 lbs or greater, and (3) crouching, stooping, or 
kneeling. For analyses, the five responses to the questions 
were simplified into three groups: all of the time/most, some, 
and little/never.

Several psychosocial working conditions (job control, 
psychological job demands, supervisor, and coworker sup-
port at work, job insecurity, and working hours) were meas-
ured with a self-administered questionnaire. The questions 
for job control (five questions: two skill discretion items 
about variety of work and learning opportunities on the job 
and three decision authority items about on-the-job decision-
making opportunities), psychological job demands (three 
questions; time pressure and workload), and immediate 
supervisor (two questions) and coworker support (two ques-
tions) were similar to the ones of the Job Content Question-
naire (JCQ) (Karasek et al. 1985). More detailed information 
about the items is available elsewhere (Choi et al. 2010a, b). 
The items had a five-point Likert type of response set: all 
of the time to never and the responses were summed up for 
scaling–scoring. The scores of the aforementioned scales 
were dichotomized at their medians for analyses. There was 
one additional response option for the immediate supervi-
sor and coworker support items: does not apply. Thus, those 
who responded with the option were categorized into no 
immediate supervisor and no coworker groups, respectively 
(Choi 2018).

Job strain, a combination of low job control and high 
psychological job demands based on the Demand-Control 
Model (Karasek 1979), was operationalized using the medi-
ans of job control and psychological job demands. Job inse-
curity was measured with one question (“If you wanted to 
stay in your present job, what are the chances that you could 
keep it for the next two years?”). Those with the response 
options (fair or poor vs. good, very good, or excellent) were 
considered to be the high job insecurity group. Work hours 
per week at a main job and other paid jobs were added up 
for analysis.

Covariates

Several potential confounders were considered in analysis: 
data sources, socio-demographic characteristics (age, sex, 
marital status, race, annual household income, and educa-
tion), and cancer (“Have you ever had cancer?”). In addition, 
a history of non-work period due to alcohol or substance 
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abuse problems during the whole working life (“Alcohol 
or substance abuse problems kept you from working”) was 
considered in analyses. Two self-reported health conditions 
were included in analysis as potential confounders: expe-
rience of or treatment for sciatica, lumbago, or recurring 
backache (hereafter called backache), and experience or 
treatment for anxiety, depression, or some other emotional 
disorder (hereafter called common mental disorders) in the 
past 12 months. However, the two health conditions could 
be considered potential mediators under the assumption that 
adverse working conditions affect OUD via work-related 
injuries/musculoskeletal disorders or common mental dis-
orders and some of the backaches and common mental disor-
ders are work related. Thus, their impacts on the results were 
examined separately from other confounders (see below).

Statistical analyses

Descriptive statistics of OUD by data source, sociodemo-
graphic variables, and health conditions were conducted. 
The bivariate association between each working condition 
and OUD was examined by χ² test. When a working condi-
tion was at least marginally (p < 0.20) associated with OUD 
in the bivariate analysis, it was further investigated through 
a series of multivariate Cox’s proportional hazards models 
(Lee and Chia 1993) after controlling for sociodemographic 
variables (Model 1); additionally controlling for the other 
working conditions (Model 2); additionally controlling for 
backache (Model 3); and additionally controlled for common 
mental disorders (Model 4). The prevalence ratios (PRs) and 
their 95% confidence intervals (CIs) for OUD by working 
conditions were presented. Statistical significance testing 
was based on a two-sided test. The above analyses were 
replicated in men and women to examine potential gender 
differences in the results (Muntaner et al. 1995). As a sen-
sitivity analysis, the above analyses were replicated in the 
workers without a history of non-work period due to alcohol 
or substance abuse problems.

Results

Prevalence of OUD by sociodemographic 
characteristics and health conditions

Among the 2131 workers, 91 workers (4.3%) reported that 
they used narcotic prescription painkillers on their own 
in the past 12 months. Eighty of the 91 workers met the 
definition of OUD. Although 2 of the 91 workers reported 
that they also used heroin on their own, they did not meet 
the definition of OUD. Thus, among the 2131 workers, the 
prevalence of OUD was 3.8% (80 workers; 44 men and 36 
women). The distributions of OUD did not significantly 

change by data source, sex, marital status, education, and 
cancer experience (Table 1). However, OUD was more prev-
alent in younger workers and African-Americans. It was also 
more prevalent in workers with medium annual household 
incomes ($ 60,000–$ 99,999) than in workers with low or 
high annual household incomes. OUD was significantly 
and positively associated with experiences or treatment for 
backache or common mental disorders in the past 12 months 
(Table 1). Ten workers reported a history of non-work period 
due to alcohol or substance abuse problems during their 
working lives. Among the ten workers, one worker had OUD 
at the time of the MIDUS II study.

Bivariate associations of adverse working 
conditions with OUD

Low skill discretion, high psychological job demands, job 
strain, high physical efforts, frequent heavy lifting, and fre-
quent crouching/stooping/kneeling were all significantly 
associated with OUD in bivariate analyses (Table 2). The 
prevalence of OUD was 6.4% in the job strain group and 
9.0% in the frequent heavy lifting group. OUD was more 
prevalent in the low job control group than in the high job 
control group, although the difference was only marginally 
significant (p < 0.20). OUD did not significantly vary by 
decision authority, supervisor support, coworker support, 
job insecurity, and work hours.

Multivariate associations of adverse working 
conditions with OUD

The multivariate results were very similar to those in the 
bivariate analyses. After controlling for sociodemographic 
variables (age, race, and annual household income) (Model 
1), low skill discretion, high psychological job demands, 
job strain, high physical efforts, frequent heavy lifting, and 
frequent crouching/stooping/kneeling were all significantly 
associated with OUD (Table 3). There was minor attenuation 
in the associations by backache (Model 3). In the final mul-
tivariate model (Model 4) after controlling for other work-
ing conditions, backache, and common mental disorders, 
low skill discretion, high psychological job demands, job 
strain, and frequent heavy lifting were significantly associ-
ated with OUD. Their PRs for OUD were 1.70 (1.09–2.66), 
1.86 (1.12–3.09), 1.98 (1.26–3.10), and 2.23 (1.22–4.10), 
respectively (Table 3).

Multivariate associations of adverse working 
conditions with OUD in men and women

The prevalence of OUD in the job strain group was higher in 
men (8.1%) than in women (4.9%). By contrast, the preva-
lence of OUD in the frequent heavy lifting group was higher 
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in women (11.5%) than in men (8.9%) (for details, see a note 
of Table 2). However, none of the gender differences were 
statistically significant (p > 0.10). The multivariate associa-
tions of job strain and its components (low skill discretion, 
low job control, and high psychological job demands) with 
OUD were stronger in men than in women, while the asso-
ciations between high physical job demands with OUD were 
stronger in women than in men (Tables 4 and 5; Fig. 1). The 
PRs for OUD by job strain were 2.74 (1.50–5.00, p = 0.001) 
in men and 1.58 (0.81–3.09, p = 0.180) in women in the mul-
tivariate model (Model 2) after controlling for age, race, 
household income, and other working conditions. The PRs 
for OUD by frequent heavy lifting were 1.96 (0.86–4.47, 

p = 0.084) in men and 3.21 (1.26–8.14, p = 0.008) in women 
in Model 2. The associations of job strain and frequent heavy 
lifting with OUD were not affected by backache and com-
mon mental disorders in men (Models 3 and 4, Table 4). 
However, the associations were attenuated to some extent 
particularly by backache in women (Model 3, Table 5).

Sensitivity analysis

A sensitivity analysis was conducted after excluding 
ten workers who reported a history of non-work period 
due to alcohol or substance abuse problem during their 

Table 1   Distributions of study variables and the prevalence of opioid use disorder (OUD) in 2,131 workers

* p < 0.20, **p < 0.05, and ***p < 0.01 at χ² test
a Two persons refused to answer

Study variables Category Subcategory N (%) OUD:
N (%)

Data source Subsamples Main RDD 902 (42.3) 37 (4.1)
City 210 (9.9) 7 (3.3)
Sibling 347 (16.3) 10 (2.9)
Twin RDD 672 (31.5) 26 (3.9)

Sociodemographic Age  < 39 254 (11.9) 14 (5.5)*
40–49 731 (34.3) 31 (4.2)*
50–59 748 (35.1) 26 (3.5)*
 ≥ 60 398 (18.7) 9 (2.3)*

Sex Men 1,057 (49.6) 44 (4.2)
Women 1,074 (50.4) 36 (3.4)

Race Non-Hispanic white 1,973 (92.6) 70 (3.5)*
African-Americans 68 (3.2) 6 (8.8)*
Pacific Islanders/Asians/others 90 (4.2) 4 (4.4)*

Marital status Married 1571 (73.7) 61 (3.9)
Separated 37 (1.7) 3 (8.1)
Divorced 283 (13.3) 12 (4.2)
Widowed 56 (2.6) 1 (1.8)
Never married 184 (8.6) 3 (1.6)

Education High school or less 558 (26.2) 27 (4.8)
Some college 607 (28.5) 20 (3.3)
University or more 964 (45.3) 33 (3.4)

Household income ($)  < 60,000 682 (32.0) 20 (2.9)**
60,000–99,999 709 (33.3) 37 (5.2)**
 ≥ 100,000 740 (34.7) 23 (3.1)**

Health conditions Cancer ever No 1926 (90.4) 70 (3.6)
Yes 205 (9.6) 10 (4.9)

Sciatica, lumbago, or recurring backache in the past 12 months No 1835(86.1) 60 (3.3)***
Yes 296 (13.9) 20 (6.8)***

Anxiety or depression in the past 12 months No 1791 (84.0) 59 (3.3)**
Yes 340 (16.0) 21 (6.2)**

Alcohol or substance abuse problem kept you from working No 2121 (99.5) 79 (3.7)
Yes 10 (0.5) 1 (10.0)
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working lives. The results of the sensitivity analysis were 
very similar.

Discussion

To my knowledge, this is the first epidemiological study 
that examined and demonstrated a significant association 
between adverse working conditions and opioid use disorder 
(OUD) in a working population. The prevalence of OUD 
was 3.8% in the whole study participants, while it was the 
highest (11.5%) in female workers who reported frequent 
heavy lifting on their jobs. Job strain and its components 
(low skill discretion and high psychological job demands) 
and high physical job demands (particularly, frequent 

heavy lifting) significantly increased the risk for OUD after 
controlling for sociodemographic variables, health condi-
tions, and other working conditions. This study implies that 
adverse psychosocial and physical (biomechanical) working 
conditions may be important risk factors for OUD in US 
working populations.

The findings of the current study on OUD are similar 
to those of the previous case–control study on drug abuse/
dependence (Muntaner et al. 1995) in that in both studies, 
high physical job demands and low skill discretion were 
identified as significant risk factors, while low social support 
at work and job insecurity were not significant risk factors. 
However, in contrast with the previous study, high psycho-
logical job demands and job strain significantly increased the 
risk for OUD in the current study. In addition, while decision 

Table 2   Distributions of 
adverse working conditions 
and the prevalence of opioid 
use disorder (OUD) in 2131 
workers

* p < 0.20, **p < 0.05, and ***p < 0.01 at χ² test. a2.8% (22/787) in men and 2.7% (20/746) in women. b8.1% 
(22/270) in men and 4.9% (16/328) in women. c3.9% (28/722) in men and 2.9% (27/922) in women. d3.3% 
(8/245) in men and 3.0% (3/100) in women. e8.9% (8/90) in men and 11.5% (6/52) in women

Category Subcategory N (%) OUD:
N (%)

Skill discretion Low 834 (39.1) 43 (5.2)***
High 1297 (60.9) 37 (2.8)***

Decision authority Low 984 (46.2) 40 (4.1)
High 1147 (53.8) 40 (3.5)

Job control Low 1057 (49.6) 47 (4.4)*
High 1074 (50.4) 33 (3.1)*

Psychological job demands Low 908 (42.6) 21 (2.3)***
High 1223 (57.4) 59 (4.8)***

Job strain No 1533 (71.9) 42 (2.7)***a

Yes 598 (28.1) 38 (6.4)***b

Supervisor support Low 891 (41.8) 36 (4.0)
High 915 (42.9) 33 (3.6)
No immediate supervisors 325 (15.3) 11 (3.4)

Coworker support Low 1012 (47.5) 43 (4.2)
High 922 (43.3) 33 (3.6)
No immediate coworkers 197 (9.2) 4 (2.0)

Job insecurity Low 2018 (94.8) 75 (3.7)
High 110 (5.2) 5 (4.5)

Work hours per week  ≤ 40 1207 (56.6) 43 (3.6)
41–48 323 (15.2) 13 (4.0)
49–56 368 (17.3) 18 (4.9)
 ≥ 57 233 (10.9) 6 (2.6)

Physical efforts Never/little 1217 (57.1) 34 (2.8)**
Some 495 (23.2) 24 (4.8)**
Most/all of the time 419 (19.6) 22 (5.3)**

Lifting loads weighing
50 lbs or greater

Never/little 1644 (77.1) 55 (3.3)***c

Some 345 (16.2) 11 (3.2)***d

Most/all of the time 142 (6.7) 14 (9.9)***e

Crouching/stooping/kneeling Never/little 958 (45.0) 28 (2.9)**
Some 663 (31.1) 23 (3.5)**
Most/all of the time 510 (23.9) 29 (5.7)**
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authority was positively associated with drug abuse/depend-
ence in the previous study, there was a negative, albeit non-
significant, association between decision authority and OUD 
in the current study. It is not clear what made the differences 
in the results between the two studies for decision author-
ity, psychological job demands, and job strain, particularly 
given their different study time periods and main health-
related outcomes. Nonetheless, for future studies, it would 
be worthwhile to note the following two methodological 
weaknesses in the previous study. First, the information on 
working conditions in the previous study was not reported 
by the study participants, but imputed via job titles from 
other data source (i.e., the Quality of Employment Surveys 
in the 1970s). Second, more than 30% of the study partici-
pants in the previous study were not working for pay at the 
time of the assessment of drug abuse/dependence. Thus, the 
likelihood of exposure misclassification was greater in the 
previous study than in the current study.

This study suggests that the associations between some 
adverse working conditions and OUD may differ by gender. 
High physical job demands were more strongly associated 
with OUD in women than in men. Muntaner et al. (1995) 
also reported that compared to male workers, female work-
ers were at a higher risk of drug abuse/dependence by the 

combination of high physical job demands and high decision 
authority. In addition, the association between high physi-
cal job demands and OUD in women in the current study 
was attenuated to some extent particularly by backache. All 
these imply that high physical job demands may play a more 
important role in the etiology of OUD in female workers via 
work-related injuries/musculoskeletal disorders and entail-
ing chronic opioid therapy. Women may be at a greater risk 
of back injury from heavy lifting tasks than men (Barim 
et al. 2019; Marras et al. 2003). In addition, incidence of 
long-term opioid analgesic use for non-cancer pain treatment 
was greater in women than in men in a study using data from 
two large health plans (Campbell et al. 2010). Furthermore, 
some investigators have reported a significant gender dif-
ference in reasons for using drugs, including opioids (e.g., 
therapeutic uses (relieving pain) in women vs. social/recrea-
tional uses in men) (Airagnes et al. 2018; Carrasco-Garrido 
et al. 2008; Johnston and O’Malley 1986; McHugh et al. 
2013). On the other hand, in the current study, job strain 
was more strongly associated with OUD in men and the 
association was not affected by backache or common mental 
disorders. These may indicate that there are other important 
etiological pathways from job strain to OUD in men, for 
instance, although remains to be tested in the future, use of 

Table 3   The prevalence ratios (PRs) and their 95% confidence intervals for opioid use disorder (OUD) by psychosocial and physical (biome-
chanical) working conditions in the 2131 workers after controlling for potential confounders

Model 1: after controlling for age, race, and household income
Model 2: after controlling for age, race, household income, and other working conditions (e.g., psychological job demands and lifting 50 lbs or 
more for skill discretion; skill discretion and psychological job demands for lifting 50 lbs or more)
Model 3: after controlling for age, race, household income, other working conditions, and backache
Model 4: after controlling for age, race, household income, other working conditions, backache, and common mental disorders
a P = 0.082. bP = 0.058

Category Subcategory Model 1 Model 2 Model 3 Model 4

Skill discretion High 1.00 1.00 1.00 1.00
Low 1.77 (1.13–2.76) 1.82 (1.17–2.84) 1.74 (1.11–2.72) 1.70 (1.09–2.66)

Job control High 1.00 1.00 1.00 1.00
Low 1.42 (0.91–2.23) 1.42 (0.91–2.23) 1.35 (0.86–2.12) 1.33 (0.85–2.10)

Psychological job demands Low 1.00 1.00 1.00 1.00
High 1.95 (1.18–3.22) 1.88 (1.13–3.12) 1.89 (1.14–3.14) 1.86 (1.12–3.09)

Job strain No 1.00 1.00 1.00 1.00
Yes 2.19 (1.41–3.41) 2.09 (1.34–3.27) 2.02 (1.29–3.15) 1.98 (1.26–3.10)

Physical efforts Never/little 1.00 1.00 1.00 1.00
Some 1.75 (1.03–2.98) 1.74 (1.02–2.97) 1.74 (1.02–2.97) 1.77 (1.04–3.02)
Most/all of the time 1.82 (1.05–3.17) 1.67 (0.95–2.91) 1.62 (0.92–2.84) 1.64 (0.94–2.88)a

Lifting loads weighing 50 lbs or greater Never/little 1.00 1.00 1.00 1.00
Some 0.88 (0.46–1.70) 0.86 (0.45–1.66) 0.85 (0.44–1.64) 0.89 (0.46–1.71)
Most/all of the time 2.53 (1.39–4.63) 2.29 (1.25–4.20) 2.22 (1.21–4.09) 2.23 (1.22–4.10)

Crouching/stooping/kneeling Never/little 1.00 1.00 1.00 1.00
Some 1.18 (0.68–2.05) 1.15 (0.66–2.01) 1.14 (0.65–1.99) 1.17 (0.67–2.04)
Most/all of the time 1.81 (1.06–3.09) 1.73 (1.01–2.95) 1.68 (0.98–2.86) 1.68 (0.98–2.86)b
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opioids to self-medicate negative emotions (Khantzian 1997; 
Merlo et al. 2013a, b; Rigg and Ibañez 2010), to deal with 
high workload (Davey et al. 2007; Walter et al. 2018), or to 
get high (Davey et al. 2007; Merlo et al. 2013a; Rigg and 
Ibañez 2010). More future studies are needed on the gender 
differences in the associations between adverse working con-
ditions and OUD and their etiological mechanisms.

The national prevention efforts for OUD in US general 
and working populations have been heavily focused on the 
secondary (e.g., national guideline for prescription opioids 
for chronic pain) and tertiary (e.g., buprenorphine or metha-
done in combination with behavioral therapies) preventions 
(Dowell et al. 2016). Although as a result of the national 
efforts, opioid prescribing in the US has declined since 2011, 
the level of opioid prescribing in 2015 was still three times 
higher, compared to the level in 1999 (Guy et al. 2017). Opi-
oid overdose deaths in US general and working populations 
also remain on a high level. This study implies that address-
ing adverse working conditions as the sources of workers’ 
demands for opioids—biomechanical hazards (frequent 
heavy lifting, and frequent awkward postures) and psycho-
social work hazards (lack of variety and learning opportu-
nities on the job, high time pressure and workload)—may 
significantly contribute to the prevention of OUD and opioid 
overdose deaths in US working populations. For example, 

despite the maximum weight to be lifted with two hands (51 
lbs) recommended by the National Institute for Occupational 
Safety and Health (NIOSH 1994), about 7% of the workers 
in the current study reported that they were required to lift 
loads weighing 50 or greater most or all of their work time. 
Vacuum lift assisting device, automatic baggage moving 
system, and mechanical lift aids have been recommended 
to reduce work-related injuries from frequent heavy lifting 
(NIOSH 2015). On the other hand, the prevalence of job 
strain in US working population has significantly increased 
since 2002 (Myers et al. 2019). Several workplace interven-
tion studies targeting monotonous tasks and low job control 
(Bond and Bunce 2001; Orpen 1979) and high workload 
(Evans et al. 1999) have demonstrated that changing psycho-
social working conditions is beneficial for workers’ mental 
health and job satisfaction.

There are three main limitations to the current study. 
First, the current study is a cross-sectional study. Thus, it 
cannot tell the temporal relationship between adverse work-
ing conditions and OUD. There is a possibility of reverse 
causality because some workers particularly in safety sensi-
tive occupations (e.g., transportation workers and health care 
professionals) (Merlo et al. 2013a, b; GAO 2008) can lose 
their job due to OUD and later land a job with physically 
and psychosocially worse working conditions. However, 

Table 4   The prevalence ratios (PRs) and their 95% confidence intervals for opioid use disorder (OUD) by psychosocial and physical (biome-
chanical) working conditions in men (44 OUD cases out of 1059 workers) after controlling for potential confounders

Model 1: after controlling for age, race, and household income
Model 2: after controlling for age, race, household income, and other working conditions (e.g., psychological job demands and lifting 50 lbs or 
more for skill discretion; skill discretion and psychological job demands for lifting 50 lbs or more)
Model 3: after controlling for age, race, household income, other working conditions, and backache
Model 4: after controlling for age, race, household income, other working conditions, backache, and common mental disorders

Category Subcategory Model 1 Model 2 Model 3 Model 4

Skill discretion High 1.00 1.00 1.00 1.00
Low 1.83 (1.00–3.35) 1.86 (1.01–3.40) 1.85 (1.01–3.39) 1.88 (1.02–3.46)

Job control High 1.00 1.00 1.00 1.00
Low 1.82 (0.98–3.37) 1.88 (1.01–3.48) 1.86 (1.00–3.46) 1.88 (1.01–3.49)

Psychological job demands Low 1.00 1.00 1.00 1.00
High 2.47 (1.21–5.03) 2.36 (1.16–4.84) 2.36 (1.16–4.84) 2.36 (1.15–4.84)

Job strain No 1.00 1.00 1.00 1.00
Yes 2.79 (1.53–5.08) 2.74 (1.50–5.00) 2.73 (1.49–4.98) 2.74 (1.50–5.00)

Physical efforts Never/little 1.00 1.00 1.00 1.00
Some 1.75 (0.87–3.50) 1.74 (0.86–3.51) 1.75 (0.87–3.53) 1.74 (0.87–3.51)
Most/all of the time 1.40 (0.64–3.09) 1.26 (0.57–2.79) 1.25 (0.57–2.78) 1.25 (0.56–2.78)

Lifting loads weighing 50 lbs or greater Never/little 1.00 1.00 1.00 1.00
Some 0.85 (0.38–1.89) 0.84 (0.38–1.89) 0.84 (0.38–1.89) 0.83 (0.37–1.87)
Most/all of the time 2.08 (0.91–4.75) 1.96 (0.86–4.47) 1.96 (0.86–4.48) 1.99 (0.87–4.56)

Crouching/stooping/kneeling Never/little 1.00 1.00 1.00 1.00
Some 1.10 (0.53–2.29) 1.06 (0.51–2.21) 1.07 (0.51–2.22) 1.06 (0.51–2.21)
Most/all of the time 1.39 (0.66–2.91) 1.33 (0.64–2.79) 1.34 (0.64–2.80) 1.34 (0.64–2.80)
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the main findings of the current study did not change in 
the sensitivity analysis after excluding those who reported 
a history of non-work period due to alcohol or substance 

abuse problem. Thus, the reverse causality is unlikely in the 
current study. Future longitudinal studies are warranted to 
confirm the findings of the current study. Second, the find-
ings of the current study need to be cautiously interpreted 
due to the underrepresentation of younger workers, racial 
minority workers, and workers with less formal education 
in the MIDUS study. For example, in the current study, the 
prevalence of OUD appeared to be higher in African-Amer-
icans (albeit only 68 participants) than in whites, which was 
inconsistent with a previous study using a nationally repre-
sentative sample of US workforce during 2002–2003 (Frone 
2006). But, the prevalence of OUD (3.8%) in the current 
study was generally similar to the prevalence of psychothera-
peutic drug impairment (2.2%) including analgesics in the 
previous study (Frone 2006). In addition, as consistent with 
the previous study, education was inversely, although non-
significant, associated with OUD in the current study. Third, 
this study is very limited in exploring the mechanisms by 
which adverse working conditions affect OUD, although it 
was not the main purpose of the current study. Information 
on the work-relatedness of backaches and common men-
tal disorders, and the reasons for opioid use was not avail-
able in the MIDUS II data. Future mixed-method research 
is needed to examine the complex relationships between 
adverse working conditions, work-related injuries and pain, 

Table 5   The prevalence ratios (PRs) and their 95% confidence intervals for opioid use disorder (OUD) by psychosocial and physical (biome-
chanical) working conditions in women (36 OUD cases out of 1075 workers) after controlling for potential confounders

Model 1: after controlling for age, race, and household income
Model 2: after controlling for age, race, household income, and other working conditions (e.g., psychological job demands and lifting 50 lbs or 
more for skill discretion; skill discretion and psychological job demands for lifting 50 lbs or more)
Model 3: after controlling for age, race, household income, other working conditions, and backache
Model 4: after controlling for age, race, household income, other working conditions, backache, and common mental disorders

Category Subcategory Model 1 Model 2 Model 3 Model 4

Skill discretion High 1.00 1.00 1.00 1.00
Low 1.71 (0.89–3.32) 1.78 (0.91–3.45) 1.60 (0.82–3.14) 1.54 (0.79–3.00)

Job control High 1.00 1.00 1.00 1.00
Low 1.07 (0.55–2.07) 1.05 (0.54–2.05) 0.89 (0.45–1.76) 0.91 (0.46–1.80)

Psychological job demands Low 1.00 1.00 1.00 1.00
High 1.52 (0.74–3.10) 1.45 (0.70–3.01) 1.47 (0.70–3.06) 1.39 (0.67–2.91)

Job strain No 1.00 1.00 1.00 1.00
Yes 1.72 (0.89–3.32) 1.58 (0.81–3.09) 1.41 (0.71–2.82) 1.37 (0.69–2.72)

Physical efforts Never/little 1.00 1.00 1.00 1.00
Some 1.71 (0.75–3.95) 1.75 (0.76–4.06) 1.69 (0.73–3.92) 1.69 (0.73–3.93)
Most/all of the time 2.43 (1.10–5.35) 2.32 (1.05–5.15) 2.17 (0.97–4.86) 2.28 (1.01–5.13)

Lifting loads weighing 50 lbs or greater Never/little 1.00 1.00 1.00 1.00
Some 0.87 (0.26–2.88) 0.87 (0.26–2.91) 0.84 (0.25–2.79) 0.89 (0.27–2.98)
Most/all of the time 3.44 (1.38–8.54) 3.21 (1.26–8.14) 2.78 (1.07–7.19) 2.83 (1.11–7.23)

Crouching/stooping/kneeling Never/little 1.00 1.00 1.00 1.00
Some 1.34 (0.57–3.16) 1.35 (0.57–3.19) 1.25 (0.53–2.96) 1.33 (0.56–3.16)
Most/all of the time 2.55 (1.16–5.63) 2.53 (1.14–5.62) 2.20 (0.99–4.92) 2.17 (0.97–4.84)

Fig. 1   The prevalence ratios for opioid use disorder by job strain 
(left) and frequent heavy lifting (right) in male (N = 1059) and female 
(N = 1075) workers after controlling for sociodemographic variables 
(age, race, and household income) and other working conditions
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mental disorders, the reasons for opioid use, and OUD. All 
of the above limitations should be weighed against the fact 
that this is the first epidemiological study of supporting a 
significant association between adverse working conditions 
and OUD in working populations.

Funding  This study was not supported by any funding agencies in the 
public, commercial, or not-for-profit sectors.

Compliance with ethical standards 

Conflict of interest  I declare that I have no conflicts of interest.

Ethical approval  The studies have been approved by the appropriate 
institutional and/or national research ethics committee and have been 
performed in accordance with the ethical standards as laid down in the 
1964 Declaration of Helsinki and its later amendments or comparable 
ethical standards.

Informed consent  This study was based on de-identified data from 
the MIDUS II study in which informed written consent was obtained 
from all participants.

References

American Psychiatric Association (2013) Diagnostic and statistical 
manual of mental disorders, 5th edn. American Psychiatric Asso-
ciation, Arlington, VA

Airagnes G, Lemogne C, Goldberg M et al (2018) Job exposure to 
the public in relation with alcohol, tobacco and cannabis use: 
Findings from the CONSTANCES cohort study. PLoS ONE 
13(5):e0196330. https​://doi.org/10.1371/journ​al.pone.01963​30

Asfaw A, Quay B, Bushnell T et al (2018) The impact of occupational 
injuries on the incidence and costs of opioids. In: Presented at 
the 2nd International Symposium on Total Worker Health, May 
10, 2018, Bethesda

Barcenilla A, March LM, Chen JS et al (2012) Carpal tunnel syndrome 
and its relationship to occupation: a meta-analysis. Rheumatol-
ogy (Oxford) 51:250–261. https​://doi.org/10.1093/rheum​atolo​
gy/ker10​8

Barim MS, Sesek RF, Capanoglu MF et al (2019) Improving the risk 
assessment capability of the revised NIOSH lifting equation by 
incorporating personal characteristics. Appl Ergon 74:67–73. 
https​://doi.org/10.1016/j.aperg​o.2018.08.007

Birnbaum HG, White AG, Reynolds JL et al (2006) Estimated costs 
of prescription opioid analgesic abuse in the United States in 
2001: a societal perspective. Clin J Pain 22:667–676. https​://doi.
org/10.1097/01.ajp.00002​10915​.80417​.cf

Bond FW, Bunce D (2001) Job control mediates change in a work 
reorganization intervention for stress reduction. J Occup Health 
Psychol 6(4):290–302. https​://doi.org/10.1037/1076-8998.6.4.290

Campbell CI, Weisner C, Leresche L et al (2010) Age and gender 
trends in long-term opioid analgesic use for noncancer pain. 
Am J Public Health 100:2541–2547. https​://doi.org/10.2105/
AJPH.2009.18064​6

Carrasco-Garrido P, Jiménez-García R, Barrera VH et al (2008) Predic-
tive factors of self-medicated drug use among the Spanish adult 
population. Pharmacoepidemiol Drug Saf 17(2):193–199. https​://
doi.org/10.1002/pds.1455

Cheng M, Sauer B, Johnson E et al (2013) Comparison of opioid-
related deaths by work-related injury. Am J Ind Med 56:308–316. 
https​://doi.org/10.1002/ajim.22138​

Choi B (2018) Job strain, long work hours, and suicidal ideation in 
US workers: a longitudinal study. Int Arch Occup Environ Health 
91(7):865–875. https​://doi.org/10.1007/s0042​0-018-1330-7

Choi B, Schnall PL, Yang H et al (2010a) Sedentary work, low physical 
job demand, and obesity in US workers. Am J Ind Med 53:1088–
1101. https​://doi.org/10.1002/ajim.20886​

Choi B, Schnall PL, Yang H et al (2010b) Psychosocial working condi-
tions and active leisure-time physical activity in middle-aged us 
workers. Int J Occup Med Environ Health 23:239–253. https​://doi.
org/10.2478/v1000​1-010-0029-0

Davey J, Richards N, Freeman J (2007) Fatigue and beyond: patterns of 
and motivations for illicit drug use among long-haul truck drivers. 
Traffic Inj Prev 8:253–259. https​://doi.org/10.1080/15389​58060​
11860​34

Degenhardt L, Bucello C, Mathers B et al (2011) Mortality among reg-
ular or dependent users of heroin and other opioids: a systematic 
review and meta-analysis of cohort studies. Addiction 106:32–51. 
https​://doi.org/10.1111/j.1360-0443.2010.03140​.x

Dowell D, Tamara M, Haegerich TM et al (2016) CDC guideline for 
prescribing opioids for chronic pain—United States, 2016. JAMA 
315:1624–1645. https​://doi.org/10.1001/jama.2016.1464

Edlund MJ, Martin BC, Russo JE et al (2014) The role of opioid pre-
scription in incident opioid abuse and dependence among indi-
viduals with chronic noncancer pain: the role of opioid prescrip-
tion. Clin J Pain 30:557–564. https​://doi.org/10.1097/AJP.00000​
00000​00002​1

Evans GW, Johansson G, Rydstedt L (1999) Hassles on the job: a 
study of a job intervention with urban bus drivers. J Organ Behav 
20:199–208. https​://doi.org/10.1002/(SICI)1099-1379(19990​
3)20:2%3c199​:AID-JOB93​9%3e3.0.CO;2-I

Fishbain DA, Cole B, Lewis J et al (2008) What percentage of chronic 
nonmalignant pain patients exposed to chronic opioid analgesic 
therapy develop abuse/addiction and/or aberrant drug-related 
behaviors? A structured evidence-based review. Pain Med 9:444–
459. https​://doi.org/10.1111/j.1526-4637.2007.00370​.x

Food and Drug Administration (2018) FDA analysis of long-term 
trends in prescription opioid analgesic products: quality, sales, 
and price trends. https​://www.fda.gov/media​/11169​5/downl​oad. 
Accessed 13 May 2019

Florence CS, Zhou C, Luo F et al (2016) The economic burden of pre-
scription opioid overdose, abuse, and dependence in the United 
States, 2013. Med Care 54:901–906. https​://doi.org/10.1097/
MLR.00000​00000​00062​5

Franklin G, Sabel J, Jones CM et al (2015) A comprehensive approach 
to address the prescription opioid epidemic in Washington State: 
milestones and lessons learned. Am J Public Health 105:463–469. 
https​://doi.org/10.2105/AJPH.2014.30236​7

Frone MR (2006) Prevalence and distribution of illicit drug use in the 
workforce and in the workplace: findings and implications from 
a U.S. national survey. J Appl Psychol 91:856–869. https​://doi.
org/10.1037/0021-9010.91.4.856

Gomes T, Redelmeier DA, Juurlink DN et al (2013) Opioid dose and 
risk of road trauma in Canada: a population-based study. JAMA 
Intern Med 173:196–201. https​://doi.org/10.1001/2013.jamai​ntern​
med.733

Goplerud E, Hodge S, Benham T (2017) A substance use cost calcu-
lator for US employers with an emphasis on prescription pain 
medication misuse. J Occup Environ Med 59:1063–1071. https​://
doi.org/10.1097/JOM.00000​00000​00115​7

Government Accountability Office (2008) Examples of job hopping 
by commercial drivers after failing drug tests. GAO-08–829R: 
Published: Jun 30, 2008. Publicly Released: Jul 30, 2008. https​
://www.gao.gov/asset​s/100/95567​.pdf. Accessed 13 May 2019.

https://doi.org/10.1371/journal.pone.0196330
https://doi.org/10.1093/rheumatology/ker108
https://doi.org/10.1093/rheumatology/ker108
https://doi.org/10.1016/j.apergo.2018.08.007
https://doi.org/10.1097/01.ajp.0000210915.80417.cf
https://doi.org/10.1097/01.ajp.0000210915.80417.cf
https://doi.org/10.1037/1076-8998.6.4.290
https://doi.org/10.2105/AJPH.2009.180646
https://doi.org/10.2105/AJPH.2009.180646
https://doi.org/10.1002/pds.1455
https://doi.org/10.1002/pds.1455
https://doi.org/10.1002/ajim.22138
https://doi.org/10.1007/s00420-018-1330-7
https://doi.org/10.1002/ajim.20886
https://doi.org/10.2478/v10001-010-0029-0
https://doi.org/10.2478/v10001-010-0029-0
https://doi.org/10.1080/15389580601186034
https://doi.org/10.1080/15389580601186034
https://doi.org/10.1111/j.1360-0443.2010.03140.x
https://doi.org/10.1001/jama.2016.1464
https://doi.org/10.1097/AJP.0000000000000021
https://doi.org/10.1097/AJP.0000000000000021
https://doi.org/10.1002/(SICI)1099-1379(199903)20:2%3c199:AID-JOB939%3e3.0.CO;2-I
https://doi.org/10.1002/(SICI)1099-1379(199903)20:2%3c199:AID-JOB939%3e3.0.CO;2-I
https://doi.org/10.1111/j.1526-4637.2007.00370.x
https://www.fda.gov/media/111695/download
https://doi.org/10.1097/MLR.0000000000000625
https://doi.org/10.1097/MLR.0000000000000625
https://doi.org/10.2105/AJPH.2014.302367
https://doi.org/10.1037/0021-9010.91.4.856
https://doi.org/10.1037/0021-9010.91.4.856
https://doi.org/10.1001/2013.jamainternmed.733
https://doi.org/10.1001/2013.jamainternmed.733
https://doi.org/10.1097/JOM.0000000000001157
https://doi.org/10.1097/JOM.0000000000001157
https://www.gao.gov/assets/100/95567.pdf
https://www.gao.gov/assets/100/95567.pdf


587International Archives of Occupational and Environmental Health (2020) 93:577–588	

1 3

Griffin OH III, Miller BL (2011) OxyContin and a regulation defi-
ciency of the pharmaceutical industry: rethinking state-corpo-
rate crime. Criti Criminol 19:213–226. https​://doi.org/10.1007/
s1061​2-010-9113-9

Guy GP Jr, Zhang K, Bohm MK et al (2017) Vital signs: changes 
in opioid prescribing in the United States, 2006–2015. Morb 
Mortal Wkly Rep. 66:697–704. https​://doi.org/10.15585​/mmwr.
mm662​6a4

Hadland SE, Krieger MS, Marshall BDL (2017) Industry payments to 
physicians for opioid products, 2013–2015. Am J Public Health 
107:1493–1495. https​://doi.org/10.2105/AJPH.2017.30398​2

Halbert BT, Davis RB, Wee CC (2016) Disproportionate longer-
term opioid use among US adults with mood disorders. Pain 
157:2452–2457. https​://doi.org/10.1097/j.pain.00000​00000​
00065​0

Harduar Morano L, Steege AL, Luckhaupt SE (2018) Occupational pat-
terns in unintentional and undetermined drug-involved and opioid-
involved overdose deaths - United States, 2007–2012. MMWR 
Morb Mortal Wkly Rep 67(33):925–930. https​://doi.org/10.15585​
/mmwr.mm673​3a3

Harris-Adamson C, Eisen EA, Kapellusch J et al (2015) Biomechanical 
risk factors for carpal tunnel syndrome: a pooled study of 2474 
workers. Occup Environ Med 72:33–41. https​://doi.org/10.1136/
oemed​-2016-10363​4

Hedegaard H, Miniño AM, Warner M (2018) Drug overdose deaths in 
the United States, 1999–2017. NCHS Data Brief 329:1–8. https​
://www.cdc.gov/nchs/data/datab​riefs​/db329​-h.pdf

Hser YI, Mooney LJ, Saxon AJ et al (2017) High mortality among 
patients with opioid use disorder in a large healthcare system. 
J Addict Med 11:315–319. https​://doi.org/10.1097/ADM.00000​
00000​00031​2

Johnston LD, O’Malley PM (1986) Why do the nation’s students use 
drugs and alcohol? Self-reported reasons from nine national sur-
veys. J Drug Issus 16(1):29–66. https​://doi.org/10.1177/00220​
42686​01600​103

Karasek RA (1979) Job demands, job decision latitude, and mental 
strain: implications for job redesign. Adm Sci Q 24: 285–308. 
https​://www.jstor​.org/stabl​e/23924​98

Karasek RA, Gordon G, Pietrokovsky C et al (1985) Job content ques-
tionnaire and user’s guide. University of Southern Cali-fornia/
University of Massachusetts, Los Angeles

Khantzian EJ (1997) The self-medication hypothesis of substance use 
disorders: a reconsideration and recent applications. Harv Rev 
Psychiatry 4:231–244. https​://doi.org/10.3109/10673​22970​90305​
50

Kowalski-McGraw M, Green-McKenzie J, Pandalai SP et al (2017) 
Characterizing the interrelationships of prescription opioid and 
benzodiazepine drugs with worker health and workplace hazards. 
J Occup Environ Med 59:1114–1126. https​://doi.org/10.1097/
JOM.00000​00000​00115​4

Kroenke K, Wu J, Bair MJ et al (2011) Reciprocal relationship between 
pain and depression: a 12-month longitudinal analysis in pri-
mary care. J Pain 12:964–973. https​://doi.org/10.1016/j.jpain​
.2011.03.003

Lee J, Chia KS (1993) Estimation of prevalence rate ratios for cross 
sectional data: an example in occupational epidemiology. Br J Ind 
Med 50:861–862. https​://doi.org/10.1136/oem.50.9.861

Li L, Setoguchi S, Cabral H et al (2013) Opioid use for noncancer pain 
and risk of fracture in adults: a nested case-control study using the 
general practice research database. Am J Epidemiol 178:559–569. 
https​://doi.org/10.1093/aje/kwt01​3

Madsen IEH, Nyberg ST, Magnusson Hanson LL et al (2017) Job 
strain as a risk factor for clinical depression: systematic review 
and meta-analysis with additional individual participant data. 
Psychol Med 47(8):1342–1356. https​://doi.org/10.1017/S0033​
29171​60035​5X

Marras WS, Davis KG, Jorgensen M (2003) Gender influences on 
spine loads during complex lifting. Spine J 3:93–99. https​://doi.
org/10.1016/S1529​-9430(02)00570​-3

Martins SS, Fenton MC, Keyes KM et al (2012) Mood and anxiety dis-
orders and their association with non-medical prescription opioid 
use and prescription opioid-use disorder: longitudinal evidence 
from the National Epidemiologic Study on Alcohol and Related 
Conditions. Psychol Med 42:1261–1272. https​://doi.org/10.1017/
S0033​29171​10021​45

Massachusetts Department of Public Health (2018) Opioid-related 
overdose deaths in Massachusetts by industry and occupation, 
2011‒2015. Boston, MA. https​://www.mass.gov/files​/docum​
ents/2018/08/15/opioi​d-indus​try-occup​ation​.pdf. Accessed 13 
May 2019.

McHugh RK, Devito EE, Dodd D et al (2013) Gender differences in 
a clinical trial for prescription opioid dependence. J Subst Abuse 
Treat. 45(1):38–43

Merlo LJ, Singhakant S, Cummings SM et al (2013a) Reasons for 
misuse of prescription medication among physicians undergoing 
monitoring by a physician health program. J Addict Med 7:349–
353. https​://doi.org/10.1097/ADM.0b013​e3182​9da07​4

Merlo LJ, Trejo-Lopez J, Conwell T et al (2013b) Patterns of sub-
stance use initiation among healthcare professionals in 
recovery. Am J Addict 22:605–612. https​://doi.org/10.111
1/j.1521-0391.2013.12017​.x

Miller PG (2009) Safe using messages may not be enough to promote 
behaviour change amongst injecting drug users who are ambiva-
lent or indifferent towards death. Harm Reduct J 6:18. https​://doi.
org/10.1186/1477-7517-6-18

Moore D, Dietze P (2005) Enabling environments and the reduction 
of drug-related harm: re-framing Australian policy and practice. 
Drug Alcohol Rev 24:275–284. https​://doi.org/10.1080/09595​
23050​01702​58

Muntaner C, Anthony JC, Crum RM et al (1995) Psychosocial dimen-
sions of work and the risk of drug dependence among adults. Am 
J Epidemiol 142:183–190. https​://doi.org/10.1093/oxfor​djour​nals.
aje.a1176​17

Myers S, Govindarajulu U, Joseph M et al (2019) Changes in work 
characteristics over 12 years: findings from the 2002–2014 US 
National NIOSH Quality of Work Life Surveys. Am J Ind Med 
62:511–522. https​://doi.org/10.1002/ajim.22971​

National Institute for Occupational and Safety Health (1997) Muscu-
loskeletal disorders and workplace factors: a critical review of 
epidemiologic evidence for work-site musculoskeletal disorders 
of the neck, upper extremity, and low back. https​://www.cdc.gov/
niosh​/docs/97-141/pdfs/97-141.pdf?id=10.26616​/NIOSH​PUB97​
141. Accessed 13 May 2019.

National Institute for Occupational and Safety Health (2015) Reduc-
ing musculoskeletal disorders among airport baggage screeners 
and handlers. In: Cincinnati OH (ed) DHHS (NIOSH) Publica-
tion No. 2015–201. https​://www.cdc.gov/niosh​/docs/wp-solut​
ions/2015-201/pdfs/2015-201.pdf?id=10.26616​/NIOSH​PUB20​
15201​. Accessed 13 May 2019.

Orpen C (1979) The effects of job enrichment on employee satisfaction, 
motivation, involvement, and performance: a field experiment. 
Hum Relat 32:189–217. https​://doi.org/10.1177/00187​26779​
03200​301

Rhodes T (2002) The ‘risk environment’: a framework for understand-
ing and reducing drug-related harm. Int J Drug Policy 13:85–94. 
https​://doi.org/10.1016/S0955​-3959(02)00007​-5

Rigg KK, Ibañez GE (2010) Motivations for non-medical prescrip-
tion drug use: a mixed methods analysis. J Subst Abuse Treat 
39:236–247. https​://doi.org/10.1016/j.jsat.2010.06.004

Ryff C, Almeida DM, Ayanian JS et al (2007) Midlife Development in 
the United States (MIDUS II), 2004–2006. Ann Arbor (MI). https​
://doi.org/10.3886/ICPSR​04652​

https://doi.org/10.1007/s10612-010-9113-9
https://doi.org/10.1007/s10612-010-9113-9
https://doi.org/10.15585/mmwr.mm6626a4
https://doi.org/10.15585/mmwr.mm6626a4
https://doi.org/10.2105/AJPH.2017.303982
https://doi.org/10.1097/j.pain.0000000000000650
https://doi.org/10.1097/j.pain.0000000000000650
https://doi.org/10.15585/mmwr.mm6733a3
https://doi.org/10.15585/mmwr.mm6733a3
https://doi.org/10.1136/oemed-2016-103634
https://doi.org/10.1136/oemed-2016-103634
https://www.cdc.gov/nchs/data/databriefs/db329-h.pdf
https://www.cdc.gov/nchs/data/databriefs/db329-h.pdf
https://doi.org/10.1097/ADM.0000000000000312
https://doi.org/10.1097/ADM.0000000000000312
https://doi.org/10.1177/002204268601600103
https://doi.org/10.1177/002204268601600103
https://www.jstor.org/stable/2392498
https://doi.org/10.3109/10673229709030550
https://doi.org/10.3109/10673229709030550
https://doi.org/10.1097/JOM.0000000000001154
https://doi.org/10.1097/JOM.0000000000001154
https://doi.org/10.1016/j.jpain.2011.03.003
https://doi.org/10.1016/j.jpain.2011.03.003
https://doi.org/10.1136/oem.50.9.861
https://doi.org/10.1093/aje/kwt013
https://doi.org/10.1017/S003329171600355X
https://doi.org/10.1017/S003329171600355X
https://doi.org/10.1016/S1529-9430(02)00570-3
https://doi.org/10.1016/S1529-9430(02)00570-3
https://doi.org/10.1017/S0033291711002145
https://doi.org/10.1017/S0033291711002145
https://www.mass.gov/files/documents/2018/08/15/opioid-industry-occupation.pdf
https://www.mass.gov/files/documents/2018/08/15/opioid-industry-occupation.pdf
https://doi.org/10.1097/ADM.0b013e31829da074
https://doi.org/10.1111/j.1521-0391.2013.12017.x
https://doi.org/10.1111/j.1521-0391.2013.12017.x
https://doi.org/10.1186/1477-7517-6-18
https://doi.org/10.1186/1477-7517-6-18
https://doi.org/10.1080/09595230500170258
https://doi.org/10.1080/09595230500170258
https://doi.org/10.1093/oxfordjournals.aje.a117617
https://doi.org/10.1093/oxfordjournals.aje.a117617
https://doi.org/10.1002/ajim.22971
https://www.cdc.gov/niosh/docs/97-141/pdfs/97-141.pdf?id=10.26616/NIOSHPUB97141
https://www.cdc.gov/niosh/docs/97-141/pdfs/97-141.pdf?id=10.26616/NIOSHPUB97141
https://www.cdc.gov/niosh/docs/97-141/pdfs/97-141.pdf?id=10.26616/NIOSHPUB97141
https://www.cdc.gov/niosh/docs/wp-solutions/2015-201/pdfs/2015-201.pdf?id=10.26616/NIOSHPUB2015201
https://www.cdc.gov/niosh/docs/wp-solutions/2015-201/pdfs/2015-201.pdf?id=10.26616/NIOSHPUB2015201
https://www.cdc.gov/niosh/docs/wp-solutions/2015-201/pdfs/2015-201.pdf?id=10.26616/NIOSHPUB2015201
https://doi.org/10.1177/001872677903200301
https://doi.org/10.1177/001872677903200301
https://doi.org/10.1016/S0955-3959(02)00007-5
https://doi.org/10.1016/j.jsat.2010.06.004
https://doi.org/10.3886/ICPSR04652
https://doi.org/10.3886/ICPSR04652


588	 International Archives of Occupational and Environmental Health (2020) 93:577–588

1 3

Seal KH, Shi Y, Cohen G et al (2012) Association of mental health 
disorders with prescription opioids and high-risk opioid use in 
US veterans of Iraq and Afghanistan. JAMA 307:940–947. https​
://doi.org/10.1001/jama.2012.234

Stansfeld S, Candy B (2006) Psychosocial work environment and men-
tal health–a meta-analytic review. Scand J Work Environ Health 
32:443–462. https​://doi.org/10.5271/sjweh​.1050

Substance Abuse and Mental Health Services Administration (2018) 
Key substance use and mental health indicators in the United 
States: results from the 2017 National Survey on Drug Use and 
Health (HHS Publication No. SMA 18–5068, NSDUH Series 
H-53). Rockville, MD. https​://www.samhs​a.gov/data/sites​/defau​
lt/files​/cbhsq​-repor​ts/NSDUH​FFR20​17/NSDUH​FFR20​17.pdf. 
Accessed 13 May 2019.

Sullivan MD, Howe CQ (2013) Opioid therapy for chronic pain in the 
United States: promises and perils. Pain 154(Suppl 1):94–100. 
https​://doi.org/10.1016/j.pain.2013.09.009

Theorell T, Hammarström A, Aronsson G et al (2015) A system-
atic review including meta-analysis of work environment and 
depressive symptoms. BMC Public Health 15:738. https​://doi.
org/10.1186/s1288​9-015-1954-4

Van Zee A (2009) The promotion and marketing of oxycontin: com-
mercial triumph, public health tragedy. Am J Public Health 
99:221–227. https​://doi.org/10.2105/AJPH.2007.13171​4

Walter AW, Morocho C, King L et al (2018) Preventing opioid use 
disorders among fishing industry workers. Int J Environ Res Pub-
lic Health. 15(4):E648. https​://doi.org/10.3390/ijerp​h1504​0648

Wasan AD, Davar G, Jamison R (2005) The association between 
negative affect and opioid analgesia in patients with discogenic 
low back pain. Pain 117:450–461. https​://doi.org/10.1016/j.
pain.2005.08.006

Waters TR, Putz-Anderson V, Garg A (1994) Applications manual 
for the revised NIOSH lifting equation. NIOSH Publication No. 
94–110. https​://www.cdc.gov/niosh​/docs/94-110/pdfs/94-110.
pdf?id=10.26616​/NIOSH​PUB94​110. Accessed 13 May 2019.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1001/jama.2012.234
https://doi.org/10.1001/jama.2012.234
https://doi.org/10.5271/sjweh.1050
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHFFR2017/NSDUHFFR2017.pdf
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHFFR2017/NSDUHFFR2017.pdf
https://doi.org/10.1016/j.pain.2013.09.009
https://doi.org/10.1186/s12889-015-1954-4
https://doi.org/10.1186/s12889-015-1954-4
https://doi.org/10.2105/AJPH.2007.131714
https://doi.org/10.3390/ijerph15040648
https://doi.org/10.1016/j.pain.2005.08.006
https://doi.org/10.1016/j.pain.2005.08.006
https://www.cdc.gov/niosh/docs/94-110/pdfs/94-110.pdf?id=10.26616/NIOSHPUB94110
https://www.cdc.gov/niosh/docs/94-110/pdfs/94-110.pdf?id=10.26616/NIOSHPUB94110

	Opioid use disorder, job strain, and high physical job demands in US workers
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	The MIDUS II study
	Study subjects (N = 2134)
	Opioid use disorder (OUD)
	Physical and psychosocial working conditions
	Covariates
	Statistical analyses

	Results
	Prevalence of OUD by sociodemographic characteristics and health conditions
	Bivariate associations of adverse working conditions with OUD
	Multivariate associations of adverse working conditions with OUD
	Multivariate associations of adverse working conditions with OUD in men and women
	Sensitivity analysis

	Discussion
	References




