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Abstract

Background and Aims: In the United States, availability of prescription opioids has decreased
in recent years. Whether there have been corresponding changes in the likelihood of persons with
prescription opioid use disorder (POUD) to engage in illegal behaviors related to drug use remains
unknown. We examined changes in prevalence of illegal behaviors between persons with and
without POUD over time, and how transactions for obtaining opioids have changed among persons
with POUD over time.

Design: Temporal trend analysis of repeated cross-sectional data.

Setting: United States household dwelling population from all 50 states and District of
Columbia.

Participants: Adult subsamples from the 2002—-2014 National Survey of Drug Use and Health
(m=5,393 persons with POUD; 7=486,768 persons without POUD).

Measurements: Outcome variables were selected illegal behaviors and sources of opioids used
non-medically. POUD was defined using Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, criteria. Time was treated as a continuous variable. The variable of interest for
each illegal behavior analysis was the interaction between POUD diagnosis and time. Covariates
included age, sex, and race/ethnicity.

Findings: Over the 13-year period examined, the adjusted interaction odds ratio (AIOR)
describing the change in association between POUD and selling illicit drugs increased by a factor
of 2.41 (95% CI: 1.56-3.71, p<.001). Similar trends were noted for stealing (AIOR 2.12, 95% CI:
1.31-3.44, p=.002) and for lifetime history of arrest (AIOR 1.53, 95% CI: 1.06-2.19, p=.021).
Persons with POUD became less likely to receive opioids for free from friends and family (AOR
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0.42, 95% CI: 0.25-0.71, p=.001) and more likely to buy them from friends and family (AOR
3.29, 95% CI: 1.76-6.13, p<.001) from 2005-2014.

Conclusions: In the United States, against a backdrop of a decreasing prescription opioid
supply, rates of some crimes potentially related to drug use increased among persons with
prescription opioid use disorder (POUD) compared with those without POUD from 2002-2014.

Keywords

opioid use disorder; prescription opioid use disorder; illegal behavior; crime; non-medical opioid
source

Introduction

It is generally accepted that the United States’ relative oversupply of prescription opioids
during the past 20 years has played a significant causal role in the current U.S. opioid
epidemic (1, 2). The number of opioid prescriptions in the United States quadrupled from
1999 to 2008, paralleling the rise in opioid-related deaths during this period (3). As
awareness of the potential danger of prescription opioids grew, multiple interventions were
implemented to combat opioid overprescribing and misuse. For example, prior to 2002, 17
states had prescription drug monitoring programs (PMDPs); since 2002, an additional 32
states implemented PMDPs (4). In addition, an increasing number of states issued opioid
prescribing guidelines (e.g., (5)) and placed restrictions on pain management clinics (6).
Finally, an abuse-deterrent formulation of Oxycontin was introduced in 2010 (7).

National data trends indicate these interventions have had their intended consequences. After
documented increases in the number of U.S. opioid prescriptions from 1999-2010 (3, 8), the
number of prescriptions stabilized beginning in 2010 and from 2012-2017 steadily declined
(8-12). In addition, the average per capita opioid dose increased from 2006-2010, then
declined from 2010-2015 (12). Finally, the prevalence of persons who use prescription
opioids for non-medical reasons has decreased in recent years (13, 14).

A changing prescription opioid market, however, carries potential for unintended
consequences as well, especially for those with prescription opioid use disorder (POUD).
Indeed, a temporal association between a decreased supply of prescription opioids and
increased prevalence of heroin use among persons with POUD has been reported (14, 15),
and persons with POUD have noted that heroin became cheaper and more available than
prescription opioids following the introduction of the abuse-deterrent formulation of
Oxycontin (15, 16).

Another potential unintended consequence of a tightening prescription opioid market is an
increase in rates of other illegal behaviors and justice system involvement in persons with
POUD. Specifically, one could hypothesize that as the prescription opioid supply has
become more restricted, persons with POUD have become more likely to engage in
acquisitive crime and illegal transactions to maintain their addiction. While previous studies
have demonstrated associations between illegal behaviors and justice system involvement in
persons with an opioid use disorder (OUD) (17-19), these studies have included persons
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with heroin use disorder (HUD). As heroin use itself is illegal, conclusions that can be
drawn about the relationship between POUD and the justice system are limited.
Interestingly, one recent cross-sectional study found that more than 50% of persons with
POUD without co-morbid heroin use reported a lifetime history of justice system
involvement and 20% reported being arrested within the past year (20). Whether this overlap
has been affected by the decreasing supply of prescription opioids, however, is not known
and has public health and policy implications as prisons contemplate their approach to
treating inmates with OUD and policy makers consider increasing the severity of legal
punishment for persons who commit drug-related crimes (21-24).

Another possible consequence of a changing opioid market is that the sources from where
persons with POUD obtain opioids used for non-medical reasons may have changed. Earlier
cross-sectional studies have shown that the majority of persons who misuse prescription
opioids obtain them for free from friends or family or receive them from a physician
prescription (25-27). While persons with POUD are also most likely to obtain opioids from
these two sources (27), they are also disproportionately likely to obtain prescription opioids
via illicit means compared to non-medical users without POUD (13). Whether the relative
importance of sources of opioids for non-medical reasons has changed over time for persons
with POUD has not been previously reported.

Using nationally representative data, we aimed to 1) assess changes in the strength of
associations between POUD and illegal behaviors over time, and 2) examine changes in
prevalence of sources of prescription opioids used for non-medical reasons among persons
with POUD over time.

Methods

Data Source

Data were obtained from the 2002—2014 National Survey on Drug Use and Health
(NSDUH). NSDUH is directed by the Substance Abuse and Mental Health Services
Administration and contracted through RTI, International. The survey is conducted annually
and measures substance use patterns in the U.S. civilian, noninstitutionalized, domiciled
population aged 12 and older. NSDUH utilizes a 50-state design with an independent
multistage area probability sample for each state and the District of Columbia. Informed
consent is obtained prior to participation. RTI fieldworkers interview participants; questions
about potentially sensitive behaviors, including drug use and illegal activities, are
administered via audio-computer-assisted self-interview to maximize confidentiality.
Detailed information about survey methodology is available elsewhere (28). Data collection
procedures were approved by the Institutional Review Board at RTI. Public use NSDUH
files for the time period of interest were obtained from the Interuniversity Consortium for
Social and Political Research (29).

We selected 2002 as the start of the observation period as prior surveys had significant
methodological differences. We selected 2014 as the end of the observation period as opioid
use questions were redesigned in the 2015 NSUDH precluding comparisons after 2014. The
selection from 2002—-2014 thus allowed us to capture the broadest time period possible that
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would include the years during which the prescription opioid supply was changing for which
comparable year-to-year data were available. Participants aged 18 and older were included
in analyses. Survey response rates from 2002 to 2014 ranged from 58.3% to 71.3%.

Past-year Prescription Opioid Use Disorder—PQOUD was defined by NSDUH using
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria for
prescription opioid abuse or dependence. Of the 5,393 persons with POUD, 494 persons
(9.30%, 95% CI 8.03-10.57) also met criteria for HUD. Because comorbid HUD can be
viewed as a marker of disease severity in POUD (30-32), these persons were included in the
main analyses, although heroin use was adjusted for in supplementary analyses.

Persons without POUD comprised the comparison general population “No POUD” group.
Of the 487,438 persons without POUD, 670 (0.08%, 95% CI 0.08-0.10) met criteria for
HUD. As the goal of analyses was to compare persons with POUD to a general population
without any OUD, these 670 persons were excluded from main analyses, but were included
in descriptive analyses measuring POUD prevalence over time.

Time and Time-by-Prescription Opioid Use Disorder Interactions—Time was
examined as a continuous variable. Changes in the strength of association between POUD
and each dependent variable was measured by the interactions between time and POUD
status.

Illegal Behavior and Arrest Outcome Variables—Past-year history of the following
were examined as dichotomous (yes/no) variables: selling illicit drugs, stealing or trying to
steal item(s) worth more than $50, and attacking someone with the intent to cause harm.
Lifetime history of arrest and past-year history of arrest were examined as dichotomous
variables.

Past-year heroin use was examined as a dichotomous variable. A dichotomous variable for
past-year non-heroin illicit drug use was created as a composite of the following NSDUH
variables: past-year use of hallucinogens, inhalants, or cocaine; or past-year non-medical use
of sedatives, tranquilizers or stimulants. Given the relatively high prevalence of recreational
cannabis use as well as recent changes in cannabis legalization in multiple states, cannabis
use was not included in the variable.

Other past-year substance use disorder variables—To examine whether any
changes associations between illegal behaviors and POUD were specific to opioids or not,
post-hoc analyses examined changes in associations between illegal behaviors and two other
substance use disorders: alcohol use disorder and cocaine use disorder. Past-year alcohol use
disorder and past-year cocaine use disorder were defined using DSM-1V criteria for alcohol
abuse or dependence and cocaine abuse or dependence, respectively.

Source of Non-Medical Prescription Opioids Outcome Variables—AIll NSDUH
participants who reported past-year prescription opioid use for non-medical reasons were
asked about their most recent source of prescription opioids used for non-medical reasons.
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Responses to this question included: one doctor, more than one doctor, writing a fake
prescription, stealing a prescription opioid from a physician’s office or clinic or hospital or
pharmacy, obtaining from friends and family for free, buying from friend or family, taking
from friend or family without asking, buying from a drug dealer or other stranger, obtaining
from the internet, and some other way. Responses were recoded into six categories:
prescription from one or more physician(s), stolen (from physician’s office or friends/
family), obtained for free from friends or family, bought from friends or family, bought from
a drug dealer or stranger, or other (combined writing fake prescription, internet, other).
Questions about prescription opioid sources were not asked prior to 2005, thus the time
period for these analyses was from 2005 to 2014.

Covariates—Covariates included sex, age, and race/ethnicity. Age was treated as a
categorical variable with the following four groups: 18-25, 26-34, 35-49, and 50 years or
older. Categories for race/ethnicity were defined by NSDUH as follows: White; Black;
Hispanic; Native American or Alaskan Native; Asian (combined categories of Asian and
Native Hawaiian/Other Pacific Islander); and multiracial.

Statistical Analyses

Analyses were conducted using SAS version 9.4 and STATA version 14 survey procedures
so that weights and survey design variables were utilized to account for the NSDUH’s
complex sample design.

Descriptive Analyses—Descriptive statistics were used to measure prevalence of POUD
over time; bivariate logistic regression to examine changes in POUD prevalence over time.

Descriptive statistics were used to measure prevalence of demographics and each of the
selected illegal behaviors over time within each group (POUD and No POUD). Descriptive
statistics were also used to measure prevalence of sources of prescription opioids within the
POUD group. To simplify data presentation, demographic and illegal behavior prevalence
data were averaged into three multi-year time periods: 2002-2005, 2006—-2009, and 2010-
2014. Source prevalence data were averaged into two multi-year time periods: 2005-2009
and 2010-2014.

Rao-Scott chi square tests were used to test for differences in demographic variables
between POUD and No POUD groups within each of the three multi-year time periods. To
assess the between-group difference in odds for each illegal behavior within each of the
three multi-year periods, we modeled each illegal behavior as a function of POUD status
while adjusting for covariates. The resultant between-group AORs reflected the change in
odds for each illegal behavior attributable to POUD within a particular time period.

To measure the changes in prevalence of each illegal behavior over time within each group,
we modeled each illegal behavior as a function of time (treated as a continuous variable)
while adjusting for covariates, with resultant within-group adjusted odds ratios (AORS)
reflecting the overall change in odds during the 13-year time period for each group.
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Primary Analyses—For all primary analyses, time was treated as a continuous variable.
To assess changes in the strength of associations between POUD and illegal behaviors over
time while controlling for general population trends, each of the seven illegal behaviors was
modeled using multivariable logistic regression. Unadjusted analyses modeled each illegal
behavior as a function of POUD status, time, and an interaction term POUD status*time.
Adjusted analyses controlled for covariates. The trend difference between POUD and No
POUD groups for each illegal behavior was captured by the interaction term POUD
status*time, which measured the adjusted interaction OR (AIOR). Thus, the AIOR
represented the total proportional change over the 13-year time period in the odds ratio
describing the association between POUD and the illegal behavior.

Recognizing illicit substance use as a risk factor for justice system involvement (19), past-
year non-heroin illicit drug use was included as an additional covariate in supplementary
analyses. To account for the possibility of heroin use contributing to the relationship
between POUD and illegal behaviors, supplementary analyses also included models that
adjusted for both past-year heroin use and past-year non-heroin illicit drug use.

Finally, multivariable regression was used to examine changes in sources of prescription
opioids used for non-medical reasons over time within the POUD group, modeling source as
a function of time while adjusting for covariates. Models were adjusted for past-year non-
heroin illicit drug use and past-year heroin use in supplementary analyses.

Post-hoc Analyses—To examine if the observed changes in the associations between
POUD and illegal behaviors over time were specific to POUD or indicative of a broader
association between presence of any substance use disorder and illegal behaviors, in post-
hoc analyses we examined associations between two other selected substance use disorders
and illegal behaviors over time. Multivariable logistic regression was used to measure the
strength of the associations between alcohol use disorder and illegal behaviors over time,
and between cocaine use disorder and illegal behaviors over time. Unadjusted and adjusted
models were identical to those examining the strength of associations between POUD and
illegal behaviors over time, excepting substance use disorder. To determine if co-morbid
POUD was contributing to results, models were also adjusted for POUD status.

Demographics

The demographic composition of the POUD and the No POUD groups are described in
Table 1. Averaged prevalence data are presented in three time groups: 2002—-2005, 2006—
2009, and 2010-2014. Compared to the No POUD group, the POUD group was more likely
to be male, younger, and to identify as either white or Native American or Alaskan Native,
and less likely to identify as Black or Asian at every time point (see Table 1).

Prevalence of Prescription Opioid Use Disorders over Time

Prevalence estimates for POUD over time are shown in Figure 1. POUD prevalence in the
general population increased from 0.63% in 2002 to 0.71% in 2014, which resulted in an
overall odds increase of 44% over the 13 year period (OR= 1.44, 95% CI 1.24-1.68, p<.
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001). To examine the changes in co-morbid HUD and POUD over time, we subdivided
POUD into two groups: POUD without co-morbid HUD and POUD with co-morbid HUD.
Though not as common as POUD without co-morbid HUD, the prevalence of POUD with
co-morbid HUD increased significantly from 2002 to 2014 (OR=5.29, 95% CI 3.13-8.94,

£<.001).

lllegal Behaviors

Prevalence of illegal behaviors in the POUD and No POUD groups during time period of
interest are presented in Table 2. Averaged prevalence estimates are shown for 2002-2005,
2006-2009, and 2010-2014. The AORs for association between time and each illegal
behavior within each group are shown in Table 2.

Overall, each illegal behavior variable measured was more prevalent in the POUD group
than in the comparison group at each time point measured, and AORs were larger for the
2010-2014 time period than for the 2002—-2005 period for each illegal behavior (Table 3).
For example, within the 2002—-2005 time period, persons with POUD had 9.6 greater odds of
selling illicit drugs compared to the No POUD group; within the 2010-2014 time period, the
difference in odds increased to 18.6 (Table 3).

The unadjusted IORs and AIORs estimating net changes in associations between POUD and
each illegal behavior from 2002—-2014 are shown in Table 4. For full results of each model,
see Supplementary Table 1. Persons with POUD had an increased change in odds of selling
illicit drugs, stealing, having a lifetime history of arrest, engaging in non-heroin illicit drug
use, and engaging in heroin use relative to the general population. As an illustrative example
of the interaction effect, the modeled trend difference for selling illicit drugs is shown in
Figure 2. There was no significant trend difference between groups for attacking another
person with intent to harm or for past-year arrest.

Supplementary analyses that adjusted for past-year non-heroin illicit drug use did not change
AIORs substantially, although the trend difference for lifetime history of arrest was no
longer nominally significant (See Supplementary Table 2). When models were adjusted for
both past-year heroin use and past-year non-heroin illicit drug use, the difference in the
change in odds of selling illicit drugs remained significant (Supplementary Table 2).

Post-hoc analyses examining changes in associations between alcohol use disorder and
illegal behaviors over time showed that persons with alcohol use disorder became
significantly less likely to have a history of arrest compared to the general population from
2002-2014; there were no other significant trend differences (Supplementary Table 3).
Analyses for cocaine use disorder resulted AIORs that were generally smaller than those for
POUD, and after adjusting for POUD, did not meet the threshold for statistical significance
(Supplementary Table 3).

Source of Prescription Opioids

Prevalence data for sources of non-medical opioids within the POUD group are displayed in
Table 5. Data are shown in two aggregated time intervals of 2005-2009 and 2010-2014;
AORs measuring changes in source over time among persons with POUD are also shown in
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Table 5. Rank-order of sources of hon-medical opioids remained stable over time. The most
prevalent source was free from friends and family, followed by prescription from
physician(s). The prevalence of obtaining prescription opioids from friends or family for free
decreased significantly over time, and there was a significant increase in prevalence of
buying opioids from friends or family. There were no significant changes in prevalence of
obtaining prescription opioids from physician(s), stealing, or drug dealers over time. Results
were largely unchanged after adjusting for past-year non-heroin illicit drug use and past-year
heroin use (Supplementary Table 4).

Discussion

Based on estimates from a large, nationally representative sample, persons with POUD were
more likely than persons without POUD to engage in illegal behaviors at each time point
from 2002-2014. In addition, persons with POUD became increasingly likely to sell illicit
drugs, steal, have lifetime history of arrest, and to use heroin and other illicit drugs
compared to their non-POUD counterparts over this time period. Results were substantively
unchanged after adjusting for past-year non-heroin illicit drug use, suggesting that the
increase in prevalence of illegal behaviors was specific to opioids. Further supporting the
specificity to opioids was the lack of increased associations between other substance use
disorders and illegal behaviors during this time period. Most of the associations between
POUD and illegal behaviors appeared to be driven by heroin use; however, POUD was
associated with an increased prevalence of selling drugs over time even after adjusting for
past-year heroin use, suggesting observed increases in this illegal behavior was specific to
misuse of prescription opioids. Finally, persons with POUD became significantly less likely
to obtain prescription opioids for free from friends and family and significantly more to buy
them from friends and family over time.

To our knowledge, this study is the first to examine associations between POUD and illegal
behaviors over time while controlling for trends in the general population. The greater
prevalence of illegal behaviors among the POUD group compared to the general population
at every time point indicates the association between POUD and engagement in illegal
activities is longstanding. This is especially notable as prescription opioids are licit
substances, commonly received from physicians, and thus may not be thought of intuitively
as conferring an increased risk of engagement in illegal behaviors. Further, our findings
suggest that opioid supply-side interventions may have had the unintended consequence of
increased prevalence of illegal behaviors and justice system involvement among persons
with POUD. While methodological changes in the NSDUH precluded trend analyses of
associations between POUD and illegal behaviors for years after 2014, there have been
continued supply-side interventions in more recent years, including a continued decrease in
the number of opioid prescriptions (11), the release of the 2016 CDC Guideline for
Prescribing Opioids for Chronic Pain (33) and the 2017 Veteran’s Administration and
Department of Defense for Clinical Practice Guidelines opioid prescribing (34). Whether
these additional interventions are associated with further increases in illegal behaviors in
persons with POUD is an important area of future study.
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Our findings have several policy and public health implications. Notably, our results indicate
that the illegal behaviors in which persons with POUD have become increasingly likely to
engage are consistent with the motivation to maintain their use disorder. Our finding that
persons with POUD have become increasingly likely to sell illicit drugs, coupled with the
finding that they have become more likely to buy opioids from friends and family, are
relevant to recent policy debates regarding increased severity of legal punishment for illicit
drug selling (24). Our results suggest that for persons with POUD, illicit sales are becoming
increasingly likely to occur among friends and family, and that persons with POUD are
increasingly likely to sell illicit drugs. The latter result raises the larger issue of whether
some persons with POUD would be better served by effective addiction treatment instead of
increased legal punishments. Indeed, the United States spent 7.7 billion dollars on justice
system costs related to POUD in 2013; less than half of this amount was spent on POUD
treatment (35).

Our findings that heroin and other illicit drug use has increased in recent years among
persons with POUD are consistent with those of previous studies (14, 15), and provide
further evidence that persons with prescription opioid addiction have moved towards more
potent and potentially dangerous opioids and other illicit drugs to maintain their addiction.
Our finding that heroin use significantly increased over time among persons in general
population, specifically in persons without a prescription opioid or heroin use disorder may
reflect another unintended consequence of a decreasing prescription opioid supply
availability in the context of increased heroin supply.

Although we present data from the longest time period possible, methodological changes in
the NSDUH preclude examination beyond 2014, and thus how trends in illegal behaviors
and sources of non-medical opioids have changed in more recent years is not known. As
with any observational study, causal relationships cannot be inferred. However, our findings
provide important information on changes in behaviors on a population level over time.
Finally, as NSDUH excludes persons who are currently incarcerated, our prevalence data for
justice system involvement are likely underestimates.

Conclusions

Our findings indicate a potential unintended consequence of the tightening prescription
opioid market is an increased likelihood of persons with POUD to engage in illegal
behaviors that are potentially related to their drug use. Public health officials and policy
makers should consider these trends when deciding how best to allocate resources to combat
the opioid epidemic.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Prevalence of prescription opioid use disorder in the U.S. domiciled, non-institutionalized,

non-incarcerated population aged 18 or older over time. For example, in 2014, 0.71% of
adult population had prescription opioid use disorder; 0.63% of population had prescription
opioid use disorder without co-morbid heroin use disorder while 0.08% had prescription
opioid use disorder and heroin use disorder. Error bars represent 95% confidence intervals
for total prescription opioid use disorder prevalence.
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Figure 2.
Modeled prevalence of past-year history of selling illicit drugs from 2002-2014 by

prescription opioid use disorder status, predicted from logistic regression. Note that Y axis is
plotted on log-based 2 scale. Error bars represent 95% confidence intervals for predicted
prevalence. Abbreviations: POUD, prescription opioid use disorder.
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