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Abstract

Background—In the United States, prescription opioid misuse (POM) has increased
dramatically over the past two decades. However, there are still questions regarding whether rural/
urban differences in adult POM exist, and more important, which factors might be driving these
differences.

Methods—Using data from the 2011 and 2012 National Survey on Drug Use and Health, we
conducted unadjusted and adjusted binary logistic regression analyses to determine the association
between metropolitan status and POM.

Results—We found that urban adults were more likely to engage in POM compared to rural
adults because of their higher use of other substances, including alcohol, marijuana, and other
illicit and prescription drugs, and because of their greater use of these substances as children.

Conclusions—This study fills an important gap in the literature by not only identifying urban/
rural differences in POM, but by also pointing out factors that mediate those differences. Because
patterns and predictors of POM can be unique to geographic region, this research is critical to
informing tailored interventions and drug policy decisions. Specifically, these data suggest that
interventions should be aimed at urban illicit drug users and adults in manual labor occupations.

Keywords

prescription opioid misuse; prevention; rural and urban drug use; poly-drug use; interventions;
drug policy

corresponding author rigg@usf.edu.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rigg and Monnat Page 2

INTRODUCTION

Over the last two decades, prescription opioid misuse (POM) has increased dramatically to
become a serious behavioral health concern in the United States (Substance Abuse Mental
Health Services Administration [SAMHSA], 2012). The morbidity, mortality, and economic
burden caused by POM are substantial. A recent report estimated that in 2007, POM cost the
U.S. over $55 billion in healthcare, lost workplace productivity, and criminal justice costs
(Birnbaum et al., 2011). Additionally, the rate of treatment admissions for POM has
quadrupled from 1999-2009 (SAMHSA, 2010), and prescription opioids are now implicated
in more deaths annually than cocaine and heroin combined (Centers for Disease Control and
Promotion [CDC], 2011).

POM is particularly problematic in some rural areas (Wunsch et al., 2009). Places like rural
Maine and areas of Appalachia, including eastern Kentucky, southern Ohio, and western
Virginia all have longstanding struggles with POM (Inciardi & Goode, 2007). In fact, the
origins of the POM epidemic can be traced back to rural America, where media reports of
OxyContin® abuse first began to surface (Hays, 2004). Recent data from rural communities
across the country show that POM is still active in these regions (Havens et al., 2011).

POM is also endemic to many large metropolitan centers. For example, New York City and
South Florida have had well-documented problems with POM, such as high rates of
overdose deaths, excessive opioid diversion, and surges in treatment admissions (Florida
Office of Attorney General, 2012; NYC Mayor's Task Force on Prescription Painkiller
Abuse, 2013). These and other urban locations have been at the center of the POM epidemic
for many years now (Lankenau et al., 2012). Over the past decade, prescription opioids have
become a prominent fixture in the urban black market for drugs (Rigg, Kurtz, & Surratt,
2012) because they are used in conjunction with other street and club drugs, and are a
common substitute for heroin (Rigg & Ibafiez, 2010; Davis & Johnson, 2008; Kurtz et al.,
2006).

A number of studies have examined rural/urban differences in POM, with conflicting
findings. On one hand, researchers using various restricted samples have found that rural
adults have greater odds of POM than their urban peers. For example, in a sample of felony
probationers, Havens et al. (2007) found that rural probationers were almost five times more
likely than their urban counterparts to have misused prescription opioids. In a recent study of
prescription drug users in Kentucky, Young et al. (2012) found that rural Kentuckians were
more likely than urban Kentuckians to begin using oxycodone and hydrocodone at earlier
ages and have significantly greater odds of lifetime and recent use of various prescription
opioids. Similarly, in a sample of methadone maintenance patients, Rosenblum et al. (2007)
found that the odds of POM increased as urbanicity decreased. On the other hand, using
nationally representative data, Wang et al. (2013) found similar prevalence of POM in urban
and rural counties, and using U.S. poison center surveillance data, Spiller et al. (2009)
similarly found that population density was not associated with POM.

In addition to lack of agreement about whether there are indeed rural/urban differences in
adult POM, these studies often present only fully adjusted models with no attempt to
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identify the characteristics that might explain the rural/urban POM differences that exist.
Understanding the demographic and psychosocial characteristics of individuals that might
influence rural/urban differences in POM is important for tailoring interventions to the
unique needs and differences of residents in these areas. There are a number of important
compositional differences in human capital (embodied knowledge and skills that impact
one's ability to work; Becker, 1962) and resource characteristics, perceptions of risk or prior
experience with sanctions, health care experiences, and prior and recent substance use that
may explain why residents in one type of area are more or less likely to engage in POM than
residents in another type of area.

On the one hand, compared to urban residents, rural residents have been found to have lower
human capital characteristics (e.g., income, educational attainment; Byun et al., 2012;
Roscigno & Crowle, 2001), a higher proportion of manual labor occupations (McGranahan,
2003), less access to illicit street drugs (James et al., 2002), worse self-rated health (Monnat
& Pickett, 2011), less psychological distress (Dhingra et al., 2009), greater frequency of
emergency department (ED) use (Haggerty et al., 2014; Haggerty et al., 2007), and higher
arrest rates for crimes like domestic violence and drunk driving (Logan, Walker, &
Leukefeld; Olson, Weisheit, & Ellsworth). Each of these factors have been found to be
associated with POM in various adult populations (Rigg & DeCamp, 2014; Dowling, Stor &
Chilcoat, 2006; Becker et al., 2008; Harrell & Broman, 2009; Cicero et al., 2008). On the
other hand, rural residents are more likely to attend religious services than their urban
counterparts (Chalfant & Heller, 1991; Ellison & Sherkat, 1995) and are less likely to
engage in illicit drug use (Gfroerer et al., 2008), both of which might reduce the likelihood
that rural residents will engage in POM.

Given the ambiguity surrounding whether there are indeed rural/urban differences in adult
POM, and given our lack of understanding about the characteristics of individuals that might
influence these differences, this study builds on previous research in this area by using a
nationally representative data set of US adults to identify rural vs. urban differences in POM
and to identify the characteristics that mediate those differences.

METHODS

Data sources and respondents

We use data from the National Survey of Drug Use and Health (NSDUH), which is an
annual survey of the U.S. population aged 12 and older that has been collected for over 30
years. The main focus of the NSDUH is prevalence and correlates of substance use in the
U.S. The NSDUH uses a multi-stage area probability sample of all 50 states and the District
of Columbia. The survey is administered using computer assisted in-person and audio self-
interviewing (U.S. Department of Health and Human Services [DHHS], 2012). We
aggregated data from the 2011 and 2012 survey years to enable a large enough sample for
robust analysis of respondents aged 18 and older. Our analyses are restricted to non-
Hispanic Whites, non-Hispanic Blacks, and Hispanics. Due to the importance of controlling
for race/ethnicity in this analysis and the small NSDUH sample sizes for Asians, Native
Americans, Native Hawaiians and Pacific Islanders, and multi-race groups living in rural
counties, we excluded those groups from our analysis. In 2011 and 2012, the weighted
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screening response rates were 87.0% and 86.1%, respectively, and the weighted interview
response rates were 74.4% and 73.0%, respectively (DHHS, 2011; DHHS, 2012).

Variables selected for analysis

Our outcome of interest was POM in the past year. Respondents were asked: “How long has
it been since you last used any prescription pain reliever that was not prescribed for you or
that you took only for the experience or feeling it caused?” We dichotomized respondents
into those who reported POM in the past year vs. those who did not (including those who
never engaged in POM). The survey asked respondents about several specific opioids,
including codeine, hydrocodone, oxycodone, Demerol, Dilaudid, methadone, and morphine,
among others.

Our main independent variable of interest was metropolitan status. The NSDUH categorizes
respondents’ counties of residence into large metropolitan, small metropolitan, and
nonmetropolitan. Nonmetropolitan counties are those that fall outside of a metropolitan
statistical area (MSA) as defined by the Office of Management and Budget (OMB). We
collapsed respondents living in large metropolitan and small metropolitan counties into one
metropolitan category (Wang et al., 2013). Throughout the paper, we use the term “urban”
in lieu of metropolitan and the term “rural” in lieu of nonmetropolitan. These terms have
been used interchangeably in prior studies on drug use in rural and urban areas (Havens et
al. 2011). As a sensitivity check, we also ran models using the all three metropolitan status
categories instead of the dichotomous operationalization. The results from those models
were the same, and there were no significant differences in POM between respondents in
small metropolitan versus large metropolitan counties.

We examined a number of covariates as potential mediators in the association between
metropolitan status and POM. These are characteristics that have been found to vary
between urban and rural residents and are also likely to be associated with POM. First,
human capital characteristics included family income, receipt of any public assistance in the
past year, educational attainment, employment status, having health insurance, and working
in a manual labor occupation (farming, fishing and forestry, installation, maintenance and
repair work, and construction trades and extraction work). Perceived risk and sanctions
variables included respondent's perception that heroin is easy to obtain, perception that
heroin use is risky, whether the respondent had ever been arrested for breaking the law, and
number of religious services attended in the past year. Clinical characteristics included self-
rated health, visiting an ED for medical treatment in the past year, and a psychological
distress variable measured by a series of questions that comprise the K6 scale — a validated
scale that measures respondents symptoms of distress: feeling nervous, hopeless, restless or
fidgety, sad or depressed, everything is an effort, and no good or worthless. Respondents
rated the severity of each symptom on a scale of 0 to 4 during the past year when they felt
the worst. For each respondent, the NSDUH provides a summed K6 score, and this score
was used to create a variable for past-year psychological distress, where a score greater than
13 indicates the presence of serious psychological distress (Kessler et al., 2003; Wang et al.,
2013). Substance use variables included past year use of nicotine, alcohol, marijuana, other
illicit drugs (cocaine, crack, heroin, methamphetamine, and hallucinogens), and non-medical
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use of non-opioid prescription drugs (tranquilizers, sedatives, and stimulants). We also
included age of first alcohol use, age of first cigarette use, and a composite variable for age
of first illicit drug use (marijuana, cocaine, crack, heroin, hallucinogens, and
methamphetamine).

Finally, we controlled for a number of demographic characteristics based upon results from
previous studies that indicate higher odds of POM among certain demographic groups
(Becker et al., 2008; Cicero, Inciardi & Mufioz, 2005). Control variables included race/
ethnicity, age, gender, marital status, and presence of children in the household. To
standardize the family income variable, we also control for total number of people living in
the household.

Statistical analysis

RESULTS

We first used difference of means and difference of proportion t-tests to compare
characteristics between respondents who indicated past-year POM vs. those who indicated
no past-year POM as well as between urban and rural respondents. We then conducted
unadjusted and adjusted binary logistic regression analysis to determine the association
between metropolitan status and POM as well as to determine whether human capital and
resource characteristics, perceptions of risk and sanctions, clinical characteristics, or
substance abuse characteristics explain the rural/urban differences that exist. Each group of
variables is introduced in a sequential manner (Keith, 2006). To determine whether the
changes in the magnitude of the coefficients are a function of true mediation vs. the addition
of covariates, we use the KHB method in Stata — a method that allows researchers to
statistically assess the influence of confounding relative to the influence of rescaling
(Karlson, Holm & Breen, 2012). To assess for risk of multicollinearity, we examined
correlations between all covariates and found no strong associations (i.e., greater than 0.6)
that would suggest a problem with multicollinearity in our regression models. All analyses
were performed using StataMP version 13. We used study-calculated weights and robust
standard errors via the ‘cluster’ option in Stata to adjust for the complex sampling design
and non-response bias.

Our sample was composed of 47,440 respondents, with 5.7% of respondents reporting POM
in the past year. Characteristics of respondents are presented in Table 1 for the sample as a
whole, as well as by POM and by county type. There were a number of significant
differences between respondents who reported POM vs. those who did not. Probability of
POM was significantly higher among urban respondents, Whites, younger respondents,
individuals who were never married, those with children living in the household, low
income and low education respondents, those receiving public assistance, respondents who
were either employed or unemployed, those working in manual labor occupations,
respondents who perceive that heroin is easy to obtain, those who have been arrested, those
who attended no religious services in the past year, individuals with serious psychological
distress, individuals with at least one ED visit in the past year, respondents who used
nicotine, alcohol, marijuana, other illicit drugs, or other prescription drugs (non-opioids)
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non-medically in the past year, and those who first used alcohol, cigarettes, and illicit drugs
under the age of 18. Probability of POM was significantly lower among females, married
respondents, respondents with health insurance, retired individuals or those keeping house,
individuals who perceive heroin use as risky, and individuals who attended religious
services more than 24 times in the past year.

There are also a number of important differences between respondents living in urban vs.
rural areas. Those living in rural areas are more likely to be White, older, married, have
lower incomes and lower educational attainment, receive public assistance, be disabled,
keeping house, or retired, and work in a manual labor occupation. Those in rural areas are
also more likely than those in urban areas to have: been arrested, attended church more than
24 times in the past year, rate their health as fair or poor, visited the ED for medical care at
least once in the past year, used nicotine in the past year, and started smoking under the age
of 18. Those in rural areas are less likely than those in urban areas to: have children living in
the household, be employed, have health insurance, perceive that heroin is easy to obtain,
have used alcohol, marijuana, other illicit drugs, and non-opioid prescriptions within the past
year, and have started using alcohol or illicit drugs as a child.

Regression results

In an unadjusted binary logistic regression model, we found that rural respondents had about
18% lower odds of POM compared with urban respondents (OR 0.82, 95% CI1 0.72-0.95,
p<.008). Results of adjusted binary logistic regression models predicting POM are presented
in Table 2. Model 1 shows that, adjusting for demographic characteristics, respondents
residing in rural areas have about 15% lower odds of POM compared with urban
respondents (OR 0.85, ClI 0.73-0.92, p<.019). The addition of human capital and resource
characteristics in Model 3 increased the magnitude of the urban/rural difference to 25% (OR
0.75, C1 0.64-0.86, p<.001); not accounting for human capital and contextual characteristics
in Model 1 masked the true magnitude of the association between metropolitan status and
POM. Supplemental analysis (not shown but available upon request) indicated that the
addition of the educational attainment variable led to the decrease in the odds ratio for
‘rural’. This is because rural respondents have significantly lower educational attainment
than urban respondents, and low educational attainment is associated with increased POM.
Our results suggest that rural residents have lower POM than would be expected based on
their educational attainment alone, and if rural residents had the same higher level of
education as urban residents, their odds of POM would be 25% lower than their urban peers.

The addition of perceived risk and sanction variables in Model 3 and clinical characteristics
in Model 4 did little to change the magnitude of the rural/urban difference in POM. Net of
these controls, rural residents remained significantly less likely to report POM (OR 0.77, CI
0.66-0.89, p<.001). However, the introduction of substance use variables in Model 5
resulted in a decrease in and elimination of significance for the rural/urban difference.
Results of our KHB test for statistical mediation (not shown due to space constraints, but
available upon request) found a significant difference in the coefficient for ‘rural’ between
Model 4 and Model 5. In addition, the KHB test indicated that, net of the rescaling that
occurs due to the introduction of new variables, illicit drug use before the age of 18
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accounted for 15.4% of the change in the coefficient for ‘rural’ and use of alcohol,
marijuana, other illicit drugs, and other prescriptions (non-opioids) in the last year
collectively accounted for 36.6% of the change in the coefficient for ‘rural.’

DISCUSSION

The current study is important for a number of reasons. Whereas prior work in this area
tends to rely on restricted samples, we used a nationally representative data set of US adults
which allows for broader generalization. Additionally, our study fills an important gap in the
literature by not only identifying urban/rural differences in POM, but by also pointing out
factors that mediate those differences. Because the drivers of POM are often area specific,
this research is critical to informing tailored prevention and policy decisions.

Results showed that the profile of U.S. adult prescription opioid misusers is largely
consistent with those found in other studies, particularly with regards to demographics and
psychosocial characteristics (Sigmon, 2006; Cicero, Inciardi & Mufioz, 2005). Interestingly,
however, we found that residents living in urban areas were more likely to engage in POM
than those in rural regions. This differs with the results of other studies that found rural
adults more at risk for POM (Havens et al., 2007; Rosenblum et al., 2008; Young et al.,
2012), but those studies were restricted to small samples of very specific populations
(probationers, methadone maintenance patients, and residents of Kentucky). Our results are
more in line with those of Wang et al. (2013), who using nationally representative data, also
found POM prevalence to be slightly higher among urban residents than rural residents. It is
worth noting that our estimate of POM is slightly higher than those found in the Wang et al.
study. This may be partly explained by our sample being limited to White, Black, and
Hispanic respondents. Respondents who were excluded due to small nonmetropolitan
samples, particularly Asians, have very low rates of POM (Wu et al., 2013; Watkins & Ford,
2011). Accordingly, interpretation of our results should be considered in light of the racial/
ethnic context of our sample. In addition, Wang et al. used data from the 2008 and 2009
versions of the NSDUH while our analysis uses more recent data from 2011 and 2012.

We also observed that religiosity was protective against POM. Few studies examine this
association among adults. Prior work has shown that religiosity can protect against
numerous types of drug abuse (Palamar, Kiang & Halkitis, 2014; Herman-Stahl et al., 2007);
our study is among the first, however, to show that religiosity can specifically protect
against adult POM. Additionally, results showed that adults in manual labor occupations
were more likely to misuse opioids than adults who were not in these professions. This
finding suggests that individuals in manual labor occupations are at increased risk for POM
and should be monitored more closely for chronic pain and opioid use/misuse. Employers
and labor unions in these professions would do well to develop POM prevention programs
for their workers that aim to educate on the dangers of POM and also provide them with
evidence-based alternatives to using opioids for pain management (e.g., cognitive behavioral
therapy, massage treatment).

Our finding of lower odds of POM among rural adults is different from adolescent- focused
studies that have found rural teenagers to be at greater risk for POM than their urban
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counterparts (McCauley et al., 2010; Dew, Elison & Dozier, 2007). A recent population-
based study (Havens, Young & Havens, 2011), for example, found that adolescents living in
rural areas were significantly more likely to report lifetime POM than adolescents residing
in urban areas. These previous studies suggest that rural adolescents are more likely to
engage in POM probably because drugs such as heroin are less available to adolescents in
rural regions (Draus & Carlson, 2006).

Our results suggest though that urban adults have a higher likelihood of POM compared to
rural adults because of their higher use of other substances, including alcohol, marijuana,
and other illicit and prescription drugs and because of their greater use of these substances as
children. This finding suggests that, in urban areas, prescription opioids are more often used
in conjunction with other drugs than they are in rural areas, and that this type of poly-drug
use is contributing to elevated levels of urban POM. Additionally, our findings suggest that
a reduction in illicit drug use among adolescents will lower rates of POM in urban areas.
Policymakers and practitioners who are interested in reducing urban POM should take note
of the close connection between POM and illicit drug use in these communities and
therefore aim interventions at illicit drug users, particularly those under age 18 (Rigg &
Murphy, 2013).

Our results should be interpreted in light of some methodological considerations. First, the
NSDUH is a household sample of the non-institutionalized population of the US and
therefore may not necessarily represent persons not permanently attached to one particular
household. For example, it is unlikely for persons who experience excessive housing
instability or are serious long-term substance users to appear in the NSDUH. Second, this
study utilized cross-sectional data which prohibited us from being able to establish temporal
order and ascribe causality. Third, the data used are based on self-reports of substance use
and may be subject to under-reporting due to recall and/or social desirability bias. These
effects are believed to have been mitigated, however, through the use of a trained
interviewer. Last, we acknowledge as a limitation our inability to distinguish residents in
large nonmetropolitan counties that are adjacent to metro counties from those living in small
remote rural counties. Further, counties are heterogeneous geographic units where many
outlying residents of an urban county (e.g., exurban or urban fringe) may experience a life
that is more rural in character than residents living in the center city of an urban county.
Unfortunately, the NSDUH do not allow for a more fine grained geographic analysis. These
more nuanced definitions of rural vs. urban may lead to different findings.

Despite these limitations, this research begins to provide answers to the question of whether
rural/urban differences in adult POM exist, and more important, which factors might be
driving these differences. This study was among the first to demonstrate a significantly
higher prevalence of POM among urban adults using a nationally representative sample.
Moreover, we were able to specifically show that these differences are mediated, in large
part, by the fact that urban adults tended to initiate illicit drug use prior to age 18 and were
more likely to have used other drugs in the past year. Future research should attempt to
determine if rural/urban differences are more pronounced among certain subgroups of users
(e.g., racial/ethnic minorities) or different classes of controlled medications (e.g.,
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benzodiazepines). Additional data on the unique POM onset patterns in these areas would
also help facilitate the development of more region specific drug policies and interventions.
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