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A B S T R A C T

Drug-related mortality in the US grew dramatically in recent years, while mental health deteriorated among
disadvantaged Americans and reported levels of pain increased over the same period. Here we investigate
whether increased prevalence of drug misuse between the mid-1990s and early-2010s is associated with higher
levels of mental distress and pain. Our results demonstrate higher drug misuse over this period, particularly for
older and for socioeconomically disadvantaged Americans. After adjusting for sociodemographic characteristics,
we estimate that the prevalence of drug misuse increased by 19 percentage points among those aged 50–76 in
the bottom percentile of socioeconomic status (SES). Misuse increased much more at older than at younger ages
for all drug types except sedatives, which increased to a similar degree in both age groups. Compared with
measures of mental health, pain consistently accounted for a greater share of the period differential in drug
misuse among both age groups and across all drug types. Misuse of prescription painkillers exhibited the largest
difference in the contributions of pain versus mental health: among older individuals with the lowest SES, pain
explained three times as much of the period trend as mental health (60% vs. 19%). Pain was more closely linked
with the rise in misuse of prescription painkillers than other drugs. Mental health is a strong correlate of drug
misuse (particularly sedative use), but growing drug misuse since the mid-1990s was more strongly linked with
rising levels of reported pain than with deterioration in mental health. Pain could be a key factor underlying the
association between trends in mental health and drug use: higher levels of pain may contribute to both mental
distress and drug misuse. Given that pain, mental distress, and drug misuse are intertwined, successful inter-
vention may require addressing all three factors.

1. Introduction

Mortality related to drug use, alcohol use, and suicide—known
collectively as “deaths of despair” (Case, 2015; Khazan, 2015; Monnat,
2016)—has increased in the US since the late 1990s (Case & Deaton,
2015, 2017). Growth in drug-related mortality has been particularly
dramatic: the age-adjusted rate increased by a factor of 3.6 between
1999 and 2017 (Hedegaard et al., 2018). Attention has focused on the
opioid epidemic, but overdose rates involving psychostimulants with
abuse potential (mostly methamphetamine) have risen faster (16-fold
increase) since 1999 than rates for prescription opioids (nearly 4.3-fold
increase) and heroin (7-fold increase) (National Center for Health
Statistics, 2019). Overdose mortality from synthetic opioids (mostly
fentanyl) grew the fastest (30-fold increase since 1999), accounting for
28,466 deaths in 2017, which represented 41% of all overdose deaths.

One explanation for the drug epidemic focuses on supply-side fac-
tors, including aggressive marketing of opioids by the pharmaceutical
industry, changing norms toward prescribing opioids for chronic non-
cancer pain, the expansion of insurance coverage for prescription
opioids, and wider black market dissemination of heroin, fentanyl, and
methamphetamine (Hadland et al., 2018; Hadland et al., 2019; Mars
et al., 2015; Masters, 2018; Ruhm, 2018; U.S. Department of Justice,
Drug Enforcement Administration, 2018; Unick et al., 2014; Van Zee,
2009). There is little doubt that increased availability and access to
drugs have contributed to the problem. Nonetheless, some researchers
have argued that the drug epidemic and wider mortality crisis may also
stem from increased demand, resulting from a rising tide of despair,
especially among less-educated Americans (Case & Deaton, 2015, 2017;
Cherlin, 2014, 2016; Dasgupta et al., 2018; Jalal et al., 2018; Stein
et al., 2017).
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Previous work suggests that mental health has deteriorated since the
mid-1990s among Americans with low socioeconomic status (Goldman
et al., 2018). Co-morbidity between psychiatric disorders and substance
abuse is common (National Institute on Drug Abuse, 2018a). According
to the 2016 National Survey on Drug Use and Health, 43% of US adults
aged 18 and older with a substance use disorder also had co-occurring
mental illness (Substance Abuse and Mental Health Services
Administration, 2017; see also Figure 68). Individuals with a serious
mental illness were also much more likely to report a substance use
disorder (25%) than those without serious mental illness (7%)
(Substance Abuse and Mental Health Services Administration, 2017; see
also Figure 69). While the cross-sectional association between mental
health and substance abuse is well-established, here we test an under-
lying premise of the despair hypothesis: is growing drug misuse over
recent decades related to deterioration in mental health among the US
population?

The term “despair” has proliferated in media reports and academic
literature since the Case and Deaton (2015) publication, but there is no
agreed-upon definition. In our view, despair implies emotional distress,
but a broader interpretation might include physical pain. For example,
as evidence of “growing distress”, Case and Deaton (2015, p. 15078)
cite not only rising levels of psychological distress but also concurrent
increases in reported levels of pain along with declines in self-reported
health and physical function. Whether you view pain as an indicator of
“despair” or not, physical pain and psychological processes are inter-
twined. The biopsychosocial model of chronic pain posits that the ex-
perience of pain reflects a complex interaction of physiological, psy-
chological, and social factors (Duenas et al., 2016; Gatchel et al., 2007).
Similarly, Garland et al. (2013) describes the feedback loop between
chronic pain and emotions.

Drawing on the conceptual framework proposed by Garland et al.
(2013), Fig. 1 shows the bidirectional relationship between pain and
mental health, the effects of those two variables on the risk of drug
misuse, and the feedback effects of drug misuse on pain and mental
health. Garland et al. (2013) suggest that recurrent pain initiates a
downward spiral in which the individual's attention becomes fixated on
the pain, thus exacerbating the perception of pain and fueling negative
affect. This maladaptive cognitive response to chronic pain is also re-
ferred to as “pain catastrophizing” (Institute of Medicine, 2011).
Opioids may relieve not only physical pain but also associated mental
distress, thereby reinforcing the drug habit even when it no longer
provides pain relief because of increased tolerance (Garland et al.,

2013). Some individuals with anxiety or depressive disorders may use
drugs to relieve their psychiatric symptoms, which not only amplifies
their risk of addiction, but can exacerbate the mental disorder over the
long term (National Institute on Drug Abuse, 2018b); thus, Fig. 1 shows
a feedback loop from drug use and misuse to mental health. Prolonged
opioid use also causes changes in the brain that increase sensitivity to
pain and desensitize the dopamine system to naturally-rewarding ex-
periences (Ballantyne and Mao, 2003; Volkow et al., 2011). All addic-
tive drugs increase dopamine levels initially, which acts as positive
reinforcement that encourages repeated use (Ross and Peselow, 2012).
Drugs over-activate the basal ganglia, which are key to the brain's
“reward circuit”; with repeated use, this circuit becomes less sensitive
making it difficult to gain pleasure from anything other than the drug
(National Institute on Drug Abuse, 2018b).

In this paper, we use data from the Midlife Development in the US
study (MIDUS) to investigate whether growing drug misuse is related to
deterioration in mental health and increased levels of reported pain. We
hypothesize that:

H1. The difference in drug misuse between the mid-1990s and early-
2010s is associated with deterioration in mental health during the same
period.

H2. The period difference in drug misuse (i.e., between the mid-1990s
and early-2010s) is associated with higher levels of reported pain.

Whereas pain is likely to be a primary avenue through which a
person initiates use of a prescription opioid, the pathway leading to use
of other drugs is likely to be much more heterogeneous. Marijuana can
be used to relieve pain, but is also used to treat a variety of other
medical conditions (e.g., nausea/vomiting, multiple sclerosis, mental
health disorders) as well as for recreational purposes. Similarly, people
may use other drugs for reasons other than pain (e.g., sedatives or
prescription anti-depressants for anxiety/depression; heroin, metham-
phetamine, and cocaine for recreational purposes). Nonetheless, pain
may contribute indirectly to heroin use because individuals who be-
come addicted to prescription opioids may later switch to heroin be-
cause it is cheaper and easier to obtain. Although prescription opioid
use is a risk factor for heroin use, the progression from prescription
opioids to heroin appears to be rare: less than four percent of those
abusing prescription opioids started using heroin within five years
(Muhuri et al., 2013). Thus, we pose the following additional hypoth-
esis:

H3. Increases over time in pain are more strongly associated with the
rise in misuse of prescription painkillers than other drugs.

One advantage of using MIDUS for this study is that the nationally-
representative sample covers prime adult ages (25–74), including the
middle-aged Americans who have been the focus of attention with re-
spect to the US drug epidemic and related mortality crisis. Second,
MIDUS includes repeated cross-sectional waves from 1995-96 (Period
1) and 2011–14 (Period 2) that allow us to identify period effects by
comparing Americans of the same age range separated by nearly two
decades. Finally, MIDUS offers a rich set of mental health measures,
encompassing both psychological distress and well-being.

2. Materials and Methods

2.1. Data

We use data from the two cross-sectional waves of MIDUS, each of
which targeted a national probability sample of non-institutionalized,
English-speaking adults aged 25–74 in the coterminous United States.
In 1995–96, respondents were selected by random digit dialing with
oversampling of older people and men ([dataset] Brim et al., 2016);
3487 respondents completed the phone interview (70% response rate,
fielded January 1995, through January 1996) and 3034 also completed
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Fig. 1. Conceptual framework for the relationships among pain, mental health,
and drug misuse. We expect a bidirectional relationship between pain and
mental health: pain negatively affects mental health, while psychological dis-
tress amplifies pain perception. In turn, pain and mental health are presumed to
directly affect the risk of drug misuse. Yet, drug misuse can also have feedback
effects on pain (by increasing pain sensitivity) and mental health (by desensi-
tizing the dopamine system). Although not shown in this conceptual model,
sociodemographic characteristics may act as potential confounders. Thus, our
models control for sex, age, period, race/ethnicity, marital status, and SES, all
of which may have direct effects of pain levels, mental health, and drug misuse.
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mail-in self-administered questionnaires (SAQ). In 2011–14, a new re-
fresher cohort was sampled from the national population using a sam-
pling frame that included both landlines and cell phones ([dataset] Ryff
et al., 2016); 3577 individuals participated in the phone interview (59%
response rate, fielded November 2011, through May 2014) and 2598
also completed the SAQ. Our analyses are restricted to respondents who
completed the SAQ (pooled analysis sample: N = 5632).

2.2. Measures

2.2.1. Drug misuse
The SAQ asks the respondent if, during the past 12 months, s/he

used various types of drugs and medications (i.e., sedatives, tranquili-
zers, amphetamines, prescription painkillers, inhalants, marijuana/
hashish, cocaine/crack/free base, hallucinogens, heroin, prescription
anti-depressants) “on your own”—that is, “without a doctor's pre-
scription, in larger amounts that prescribed, or for a long period than
prescribed.” The most commonly used term for such drug usage is
“misuse”, which we use throughout the remainder of the paper, but
“nonmedical drug use” is sometimes used a synonym in the literature.
The question about painkillers notes, “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).” Because few respondents reported use of sedatives
(< 4%) or tranquilizers (< 3%) and because the terms are often used as
synonyms, we combine them into one group; hereafter, we refer to this
category as “sedatives.” We refer to the category that includes mar-
ijuana and hashish as “cannabis,” the plant from which they are de-
rived. Because very few respondents reported each of the remaining
drug types (i.e., prescription anti-depressants, cocaine/crack/free base,
amphetamines, heroin, hallucinogens, and inhalants), we combined
them into a residual “other drugs” category.

2.2.2. Mental health
We include two measures of psychological distress (i.e., the

Composite International Diagnostic Interview Short Form (CIDI-SF)
major depression scale and the negative affect index) and two measures
each of hedonic (i.e., the positive affect index, life satisfaction) and
eudaimonic well-being (i.e., psychological well-being and social well-
being indexes). See Supplementary Material for more details.

2.2.3. Pain
We include two measures related to pain. Respondents were asked

how often they experienced lower backaches and aches/stiffness in
joints during the past 30 days with responses coded on a six-point scale
from “not at all” to “almost every day”.

2.2.4. Sociodemographic control variables
Our sociodemographic controls comprise age, sex, period, race/

ethnicity (non-Latinx white vs. all others), whether the respondent is
married/partnered, and a composite measure of relative socioeconomic
status (SES). We first create an SES index based on education, occu-
pation, income, and assets, which we then convert to a percentile rank
representing the individual's position within the distribution at that
wave. For ease of interpretation, we rescale the SES variable to range
from 0 (1st percentile) to 1 (99th percentile), such that a one-unit
change denotes the difference between the bottom and top percentile of
the SES continuum. See Supplementary Material for details.

2.3. Analytical strategy

We addressed missing data using standard practices of multiple
imputation (Rubin, 1996; Schafer, 1999). Among the pooled sample,
variables with the most missing data were two components of the SES
index: household income (18%) and assets (13%). The only other
analysis variable for which more than 5% of the pooled sample was

missing was social well-being (6.5%). We used multiple imputation to
impute missing data on at least one analysis variable for 37% of the
pooled sample. All of the variables used in this analysis as well as
several auxiliary variables (e.g., measures of physical health, smoking
status, alcohol abuse, employment status, measures of perceived eco-
nomic distress) were included in the set of predictor variables for
multiple imputation.

All analyses use post-stratification weights to ensure that the
weighted samples show very similar distributions (in terms of age, sex,
race, education and marital status) as the corresponding Current
Population Survey. Trends in drug use (Substance Abuse and Mental
Health Services Administration, 2017) and in overdose mortality
(National Center for Health Statistics, 2019) differ by drug class, so we
began by examining misuse by drug type (i.e., cannabis, prescription
painkillers, sedatives, and all other drugs combined).

Prior work demonstrated that the increase in drug abuse between
1995–96 and 2011–14 was greater at older (50–76) than at younger
(25–49) ages and was inversely associated with SES (Glei and
Weinstein, 2019). Thus, we show plots of drug misuse at the two survey
waves by relative SES and age group (< 50 vs. 50+) to demonstrate
how age and SES interact with respect to the trends in drug misuse. For
these plots, we performed local mean smoothing—also known as the
Nadaraya-Watson estimator (Nadaraya, 1964; Watson, 1964)—using
the lpolyci command in Stata 14.2 (StataCorp, 2015).

Next, we used logistic regression models to model the probability of
reporting misuse of any drug and of each drug type. Model 1 included
the sociodemographic controls. Based on the graphs demonstrating that
changes in drug misuse varies by age and SES, we tested interactions
between period and: 1) a dichotomous variable indicating that the re-
spondent was aged 50 or older; and 2) the continuous measure of re-
lative SES. The interaction between period and age group was sig-
nificant for most outcomes—although it was only marginally significant
for prescription painkillers and not significant for sedatives. The in-
teraction between period and relative SES was significant for any drug
use and cannabis, marginally significant for prescription painkillers and
sedatives, and not significant for other drugs. We retained both of these
interactions in all models for completeness. We also tested a two-way
interaction between age group and relative SES as well as the three-way
interaction between period, age group, and relative SES. Neither the
three-way interaction nor the age by SES interaction was significant;
therefore, we excluded those interactions from the final models. Thus,
Model 1 provides an estimate of the period effect (i.e., the difference in
drug misuse between the mid-1990s and early-2010s) and how it varies
by age group and relative SES.

In Models 2a, we adjust for mental health to determine the extent to
which the period effect results from changes in those covariates at the
population-level. If higher drug misuse resulted from deterioration in
mental health (as predicted by H1), then we would expect the period
effect to be substantially reduced after adjusting for mental health. Si-
milarly, if increased drug misuse resulted from higher levels of pain (as
predicted by H2), we would expect the period effect to be notably at-
tenuated after adjusting for reported pain in Model 2b. Finally, in
Model 3, we included measures of mental health and pain simulta-
neously.

In linear models, one can compare the period coefficient across
models to determine the extent to which changes over time in specified
covariates explain the period effect. In contrast, coefficients from nested
nonlinear models are not comparable because of rescaling (i.e., the
magnitude of the estimated coefficient depends on the error variance of
the model, which depends on the selection of other covariates included
in the model) (Karlson et al., 2012; Kohler et al., 2011). The Karlson-
Holm-Breen (KHB) method (Karlson et al., 2012) solves this problem by
separating out the portion of the change in the coefficient that results
from rescaling. To quantify the extent to which mental health and pain
account for the period differential in drug misuse (i.e., indirect/med-
iating effect), we used the KHB method. We focus on those in the
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bottom percentile of SES to highlight this group, which prior literature
has shown to be the most vulnerable (Case & Deaton, 2015, 2017).

To address H3, we compare the results from models by type of drug
misuse to determine whether changes in pain level played a more im-
portant role in explaining the increase in misuse of prescription pain-
killers than other drugs. We expect pain to explain a much larger pro-
portion of the period effect for prescription painkillers than it does for
cannabis, sedatives, or other drugs.

The prevalence of drug misuse was generally low, and thus, the odds
ratio was roughly similar to the relative risk ratio. However, misuse of
any drug reached as high as 20% among the younger age group in the
later wave. When we re-estimated the models using modified Poisson
regression (Petersen and Deddens, 2008; Zou, 2004), the results re-
mained similar.

3. Results

The descriptive statistics presented in Table 1 demonstrate that the
period differential in misuse of any drug was much larger among the
older group (aged 50–76: 7.1% in 1995–96 vs. 17.2% in 2011–14) than
the younger group (aged 20–49: 19.3% vs. 20.3%, respectively). Can-
nabis and sedatives were the only drug types for which the trend was in
the same direction in both age groups, although the period differential
for cannabis was much larger among older (0.1% in 1995–96 vs. 6.6%

in 2011–14) than younger respondents (10.2% vs. 10.3%, respectively).
For prescription painkillers and the residual category of all other drug
types, misuse declined at younger ages, but increased at older ages.

The period trend in drug misuse was much larger among those with
low SES than their more advantaged counterparts (Fig. 2). Among
younger respondents, the difference was limited to those in the bottom
quintile of SES, among whom the percentage reporting drug misuse was
24% in 1995–96 versus 38% by 2011–14. Among older respondents,
the period difference was largest in the bottom quintile of SES (8% in
1995–96 vs. 22% in 2011–14), but prevalence of misuse was higher in
2011–14 than in 1995–96 up to the 80th percentile of SES.

Similarly, levels of psychological distress (Fig. S1) and hedonic well-
being (Fig. S2) deteriorated among those with low SES, whereas there
was little difference or even improvement for those at the top of the SES
spectrum. There was little change over time in levels of eudaimonic
well-being (Fig. S3).

Overall reported levels of pain were notably higher in 2011–14
(Table 1). The percentage of respondents reporting any lower backache
increased from 60% in 1995–96 to 72% in 2011–14, while the share
reporting back pain “almost every day” nearly doubled (9% vs. 16%,
respectively). The period difference in joint pain was even greater: the
percentage reporting any aches/stiffness in their joints climbed from
61% in 1995–96 to 81% in 2011–14, while joint pain almost every day
rose from 13% to 23%, respectively. Yet again, the period difference

Table 1
Descriptive statistics for analysis variables by age group and survey wave (1995–96 versus 2011–14), weighted.

All Ages 20-76 Aged 20-49 Aged 50-76

1995–96 (N = 3034) 2011–14 (N = 2598) 1995–96 (N = 1767) 2011–14 (N = 1104) 1995–96 (N = 1267) 2011–14 (N = 1494)

Drug misuse
Any drug(s), % 14.9 18.8 19.3 20.3 7.1 17.2
Cannabis, % 6.8 8.5 10.2 10.3 0.1 6.6
Prescription painkillersa, % 6.7 6.8 8.1 7.4 4.1 6.3
Sedatives, % 5.2 8.6 6.1 9.9 3.6 7.3
Other drugsb, % 3.6 4.2 5.0 4.7 0.1 3.7
Control variables
Male, % 47.7 48.0 48.6 49.2 46.0 46.7
Age (20–76), mean (SD) 45.5 (13.5) 49.0 (13.6) 36.9 (6.9) 37.5 (6.9) 60.8 (7.4) 60.6 (7.3)
Non-Latinx white, % 81.7 80.7 80.1 77.7 84.5 83.7
Married or living with a partner, % 72.2 69.1 72.7 68.0 71.2 70.1
Relative SES (0–1), mean (SD) 0.5 (0.3) 0.5 (0.3) 0.5 (0.3) 0.5 (0.3) 0.5 (0.3) 0.5 (0.3)
Mental health
CIDI-SF major depression, mean (SD)c 0.0 (1.0) 0.0 (1.0) 0.1 (1.1) 0.1 (1.1) −0.1 (0.8) −0.1 (1.0)
Negative affect index, mean (SD)c 0.0 (0.9) 0.0 (1.1) 0.0 (1.0) 0.1 (1.1) −0.1 (0.9) −0.1 (1.0)
Positive affect index, mean (SD)c 0.0 (1.0) 0.0 (1.0) 0.0 (1.0) −0.1 (1.1) 0.2 (0.9) 0.0 (1.0)
Life satisfaction, mean (SD)c 0.0 (1.0) 0.0 (1.0) −0.1 (0.9) −0.1 (1.0) 0.2 (1.0) 0.0 (1.0)
Psychological well-being index, mean

(SD)c
0.0 (1.0) −0.1 (1.0) 0.0 (1.0) −0.1 (1.0) 0.1 (1.0) 0.0 (1.0)

Social well-being index, mean (SD)c 0.0 (1.0) 0.0 (1.0) 0.0 (1.0) 0.0 (1.0) 0.0 (1.0) 0.0 (1.0)
Pain
Lower backache, mean (SD)c −0.1 (0.9) 0.2 (1.0) −0.1 (0.9) 0.1 (1.0) −0.2 (1.0) 0.2 (1.1)

Not at all, % 39.7 28.3 35.7 27.0 46.9 29.5
Once a month, % 22.8 20.2 27.0 22.4 15.3 18.0
Several times a month, % 14.9 16.3 14.8 15.8 15.0 16.8
Once a week, % 5.8 7.3 6.6 9.1 4.3 5.5
Several times a week, % 7.8 12.0 8.1 12.5 7.3 11.6
Almost every day, % 9.0 15.9 7.8 13.2 11.2 18.7

Joint aches/stiffness, mean (SD)c −0.2 (1.0) 0.2 (1.0) −0.4 (0.9) 0.0 (1.0) 0.1 (1.0) 0.5 (0.9)
Not at all, % 39.3 18.6 45.0 25.8 29.1 11.2
Once a month, % 13.8 15.0 15.2 18.5 11.3 11.5
Several times a month, % 17.2 17.7 16.3 17.0 18.9 18.4
Once a week, % 5.5 7.8 5.6 7.8 5.3 7.8
Several times a week, % 11.2 17.9 9.9 17.0 13.5 18.8
Almost every day, % 13.0 23.1 8.0 14.1 22.0 32.3

a The question notes, “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).”

b For each of the following drug types, there are fewer than 10 users in some cells by survey wave and age group, therefore we have combined these drug types into
one “other drugs” category: prescription anti-depressants, cocaine/crack/free base, amphetamines and other stimulants, heroin, hallucinogens, inhalants.

c Standardized based on the weighted, pooled distribution.
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was larger at lower levels of SES (Fig. 3).
Table S1 presents results from the regression models for any drug

misuse. Model 1 confirmed that the period difference varied by age and
SES even after controlling for other sociodemographic characteristics.
Among older respondents (aged 50–76), the period effect for drug
misuse was much greater for those in the bottom percentile of SES
(OR = 3.6, p < 0.001) than for those in the top percentile of SES
(OR = 3.61*0.34 = 1.2, p~0.36). In contrast, among younger re-
spondents (aged 20–49), the period effect for those in the bottom per-
centile of SES was smaller (OR = 1.8, p < 0.01) than it was for the
older group, while drug misuse was lower in the later period for younger
respondents in the top percentile of SES (OR = 1.81*0.34 = 0.6,
p < 0.01). Fig. 4 shows these differences in terms of the predicted
prevalence of drug misuse. Net of demographic controls, the biggest
increase in drug misuse occurred among older adults with the lowest
SES (from 10% in 1995–96 to 29% in 2011–14). The biggest decrease
was in younger adults with the highest SES (from 16% in 1995–96 to
10% in 2011–14).

Models of misuse by drug type (Tables S2 and S3, Model 1) revealed
that the age difference in the period trend was driven primarily by
cannabis. Both age groups exhibited a similar period increase in misuse
of sedatives (Table S3), as demonstrated graphically in Fig. 5. In con-
trast, misuse of cannabis increased much more among older than
younger individuals (Table S2). Misuse of prescription painkillers also
appears to have increased faster at older ages, but the difference by age

Fig. 2. Smoothed bivariate plots of drug misuse at 1995–96 and 2011-14
MIDUS waves by relative SES among respondents: a) aged 20–49; and b) aged
50–76. Note: SES is based on education, occupation, income, and assets; values
represent the respondents' percentile rank within the distribution at the speci-
fied survey wave.

Figure 3. Smoothed bivariate plots of pain measures by relative SES at
1995–96 and 2011-14 MIDUS waves: a) backache and b) joint ache. Note: SES is
based on education, occupation, income, and assets; values represent the re-
spondents' percentile rank within the distribution at the specified survey wave.
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Figure 4. Estimated prevalence of drug misuse by survey wave, age group, and
SES (bottom, median, and top percentile). Note: SES is based on education, oc-
cupation, income, and assets and converted to a percentile rank denoting an in-
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group was only marginally significant. The period increase in misuse of
other drugs was also significantly greater among older than younger
individuals (Table S3).

To test H1, we adjusted for mental health in Model 2a. Negative
affect exhibited the strongest association with drug misuse (Table S1),
but major depression and positive affect were also significant. The other
measures of well-being were not significant. Overall, mental health was
strongly associated with drug misuse—as indicated by a substantial
improvement in variance explained (higher pseudo R2), model fit
(lower BIC), and predictive ability (higher AUC) between Model 1 and
Model 2a. The key question of interest, however, was whether the in-
crease over time in drug misuse was linked with changes in mental
health. We estimated that mental health accounted for 25% of the
period differential in drug misuse among younger respondents in the
bottom percentile of SES and 13% among their older counterparts,
providing only partial support for H1 (Table 2). For those at the 50th
percentile of SES (among whom the period effect was much smaller; see
Fig. 5), mental health explained an even smaller share of the period
effect (8% for those aged 50–76; Table S4). Negative and positive affect
accounted for most of the reduction in the period effects. Results were
similar for misuse of prescription painkillers, sedatives, and other drugs
(Tables S1 and S2, Model 2a). In the case of cannabis use, however,

mental health accounted a much smaller share of the period effect
(among older respondents) and the biggest contributor was life sa-
tisfaction followed by major depression (Tables 2 and S4).

Model 2b tests H2 by substituting measures of pain in place of the
mental health measures. Both pain measures were significantly asso-
ciated with misuse of any drug (Table S1). More importantly, adjust-
ment for pain levels explained a larger share of the period trend than
adjustment for mental health (Tables 2 and S4). Thus, we find more
support for H2 than for H1. Lower backaches and joint pain were both
important contributors. Results were similar by drug type, although as
predicted by H3, pain explained more of the period differential in
misuse of prescription painkillers (60%) than it did for cannabis (14%),
sedatives (38%), or other drugs (36%) among older respondents in the
bottom percentile of SES (Table 2). Although sedative use was more
strongly associated with mental health measures than with pain—as
indicated by a bigger improvement in variance explained and pre-
dictive ability between Model 1 and 2a than between Model 1 and
2b—changes over time in pain levels accounted for a larger share of the
period increase in sedative use than deterioration in mental health
(Tables 2 and S4).

Model 3 included both mental health and pain. Adjusted for the
other covariates, negative affect, major depression, lower backache,
and joint pain remained significantly associated with drug misuse
(Table S1). Again, we are less interested in the cross-sectional asso-
ciations between mental health, pain, and drug abuse than in the
question of whether there is a link between period trends in mental
health, pain, and drug use. Compared with pain alone, we found that
the combination of pain and mental health accounted for only a slightly
larger share of the period differences in misuse among those with the
lowest SES across all drug types (Table 2). Among the individual
measures of mental health and pain, the biggest contributors to the
period differential in misuse of prescription painkillers for older re-
spondents with low SES were joint pain (27%) and lower backache
(22%), while negative affect (7%), major depression (3%), and positive
affect (3%) played smaller roles. Negative affect, however, explained a
larger share of growing misuse of sedatives in both age groups.

4. Discussion

Contrary to H1, we found that deterioration in mental health ac-
counted for only a small part of the growth in drug misuse between the
mid-1990s and early 2010s. Measures of hedonic well-being (i.e., life
satisfaction and positive affect) explained little of the period differential
in drug misuse even though an earlier study demonstrated that they
were among the mental health measures that exhibited the greatest
deterioration over this period among disadvantaged Americans
(Goldman et al., 2018). Unsurprisingly, mental distress was strongly
correlated with drug misuse, but growing psychological distress, parti-
cularly negative affect, accounted for only a small share of the rise in
drug misuse. Furthermore, the direction of causation is unclear. Is drug
misuse a response to psychological distress or is mental distress a
consequence of drug use?

Our evidence is more consistent with the idea that rising drug
misuse over the past couple decades relates to higher prevalence of pain
(H2). The 2016 National Survey on Drug Use and Health showed that
62% of those who reported misusing prescription painkillers cited the
main reason for misuse was to “relieve physical pain” (Substance Abuse
and Mental Health Services Administration, 2017, Figure 33); some of
the other reasons for misuse related to psychological health, but they
were less frequently cited as the main reason: “relax or relieve tension”
(11%), “help with feelings or emotions” (4%), and “help with sleep”
(3%). We found that misuse of prescription painkillers exhibited the
largest differential between the contributions of pain versus mental
health: among older individuals with the lowest SES, pain explained
three times as much of the period trend as mental health (60% vs. 19%).
Furthermore, as predicted by H3, pain was more closely linked with the
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rise in misuse of prescription painkillers than other drugs.
We found dramatic increases since the mid-1990s in the reported

prevalence of joint and back pain, which suggest that demand-side
explanations may be at least partially responsible for the increase in
drug misuse. Other recent nationally representative studies have iden-
tified secular increases in the prevalence of painful conditions, in-
cluding both mild/moderate and severe (Zimmer and Zajacova, 2018),
which may have increased demand for pain management. However,
increased availability of drugs and more aggressive marketing of
opioids to providers and to patients through direct-to-consumer ad-
vertising likely also contributed to addiction. Recent work showed that
county-level opioid marketing by pharmaceutical companies was as-
sociated with county-level opioid prescribing rates and mortality from
prescription opioid overdose (Hadland et al., 2018, 2019). It is also
possible that the demand and supply side factors acted synergistically to
increase drug abuse. Consistent with this possibility, Van Zee (2009)
documents the use of prescriber profiling data by Purdue Pharmaceu-
tical to target OxyContin to physicians who were the highest prescribers
of opioids and those with the highest volume of chronic-pain patients,
which coincided with areas of rural Appalachia that became early
epicenters of the opioid epidemic.

The finding that increased pain may contribute to growing drug
misuse raises questions about the underlying causes of pain trends. A
report by the Institute of Medicine (2011) attributes the rise of chronic
pain to five factors: population aging, growing obesity, increased sur-
vivorship after catastrophic injury or serious illness, more outpatient
surgeries which may result in inadequate management of acute post-
surgical pain, and greater patient expectations for pain relief. However,
increases in pain have been observed across all adult age groups
(Institute of Medicine, 2011) suggesting that population aging cannot
fully account for trends.

A link between growing obesity and upward trends in pain seems
plausible. Data from the NHANES indicate that obesity rates more than
doubled between 1976-1980 and 2015–2016; nearly 40% of U.S. adults
are currently obese (Hales, Fryar, Carroll, Freedman. D.S., & Ogden,

2018; Ogden and Carroll, 2010). Obesity increases risk of developing a
variety of painful conditions (e.g., osteoarthritis, lower back pain) by
two mechanisms: 1) biomechanical effects on the joints and spine; and
2) inflammation (Koonce and Bravman, 2013; Shiri et al., 2010; Urban
and Little, 2018). The extent to which obesity has contributed to the
trends in pain and opioid use represent an important direction for fu-
ture research.

4.1. Limitations

A key limitation of this paper is the inability to infer causal direc-
tion. Pain, emotional distress, and drug abuse are likely to be inter-
twined in a complicated, multi-directional relationship (Garland et al.,
2013). It is difficult to establish a causal relationship between mental
health and substance abuse because the relationship is bi-directional
and because mental illness and substance use disorders share many of
the same risk factors, such as genetic vulnerability and exposure to
stressors (National Institute on Drug Abuse, 2018a). Our data do not
allow us to determine whether increases in pain precipitated drug
misuse or whether drug misuse may have heightened reports of pain
(e.g., respondents attempting to rationalize their use of painkillers or
increased sensitivity to pain as a result of prolonged use of opioids).
Disentangling the causal effects may be difficult, if not impossible.

Other limitations of this study include limited pain measures, pos-
sible under-reporting of drug misuse, and the availability of only two
cross-sectional survey waves. MIDUS does not include a global measure
of pain, nor do the questions identify the duration and severity of pain
or the extent to which pain limits normal activities. While MIDUS does
not capture all types of pain, prior literature suggests that lower back
and joint pain are likely to be the most prevalent types of pain at the
population level (Johannes et al., 2010). Nonetheless, given the cru-
deness of our pain measures, we suspect that our analysis may under-
state the extent to which drug misuse is linked with pain. Self-reported
drug misuse almost certainly under-estimates true prevalence. Re-
porting accuracy may also vary across sub-groups, which could bias our

Table 2
Among those in the bottom percentile of SES, percent of the period effect for drug misuse explaineda by mental health and pain measures, by age group and drug type.

Age Group: Aged 20–49b Aged 50-76

Drug Type: Any Drug Sedatives Any Drug Cannabis Prescription
Painkillers

Sedatives Other Drugs

Drug misuse
Among those in the bottom 1% of SES, percent of period effect explained by:
Mental health measures (Model 2a) 25.0 21.9 13.2 7.2 18.7 20.9 18.9

CIDI-SF major depression 2.8 1.6 2.4 2.0 4.3 2.7 3.0
Negative affect 14.0 15.3 6.0 1.2 9.6 12.6 9.6
Positive affect 6.1 5.4 3.0 1.7 4.7 5.2 −0.7
Life satisfaction 4.6 2.1 2.7 3.2 1.6 2.3 7.3
Psychological well-being −2.5 −2.4 −1.0 −1.4 5.8 −1.7 0.3
Social well-being 3.9 −0.1 0.0 0.5 6.1 −0.2 −0.5

Pain measures (Model 2b) 45.5 35.2 24.9 14.1 59.8 37.5 35.8
Lower backache 22.2 13.5 11.8 8.6 26.5 13.8 10.4
Joint aches/stiffness 23.3 21.7 13.2 5.5 33.3 23.7 25.4

Both mental health and pain (Model 3) 50.7 38.8 26.8 15.6 62.5 37.9 40.4
CIDI-SF major depression 2.5 1.4 3.9 1.8 3.4 2.4 2.5
Negative affect 11.8 14.3 4.8 0.6 6.6 11.6 8.5
Positive affect 5.1 4.9 3.0 1.3 3.0 4.6 −1.5
Life satisfaction 4.6 2.1 1.5 3.1 −0.1 2.2 7.4
Psychological well-being −2.5 −2.4 0.4 −1.4 0.1 −1.7 0.2
Social well-being 0.0 −0.2 0.2 0.5 −0.1 −0.2 −0.5
Lower backache 14.9 5.6 9.6 6.2 22.2 5.4 4.8
Joint aches/stiffness 14.3 13.1 3.4 3.5 27.4 13.6 19.0

a The percent explained by mental health and by pain measures is calculated using the Karlson-Holm-Breen (KHB) method (Karlson et al., 2012) with the Stata
user-written program “khb” (Kohler et al., 2011).

b We do not compute the percent explained in cases where the period effect was not significant (i.e., misuse of cannabis, prescription painkillers and other drugs
among those aged 20–49).
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results. Finally, with only two cross-sectional waves, we can only
evaluate period differences between the mid-1990s and early-2010s in
drug misuse, mental health, and pain. If we had more frequent cross-
sectional survey waves throughout this period, we could better de-
lineate the period trend in drug misuse and its association with corre-
sponding trends in mental health and pain levels.

4.2. Implications

The problem of drug misuse cannot be solved by addressing mental
health, pain, or drug availability in isolation. Although pain appears to
play a bigger role than mental health in explaining the rise in drug
misuse, the reciprocal relationship between pain and emotional distress
suggests that successful intervention may require dealing with both
factors. Attempts to cut off the drug supply may be futile if no attempt is
made to treat those already addicted and address the pain and psy-
chological distress that may contribute to and/or be amplified by drug
misuse. As Dasgupta et al. note (2018, p. 182): “simplistic measures to
cut access to opioids offer illusory solutions to this multidimensional
societal challenge.” Evans et al. (2018) found that the introduction of
an abuse-deterrent formulation of OxyContin in 2010 simply increased
mortality from heroin by a commensurate amount.

Drug users are already switching from prescription opioids to her-
oin—which is cheaper and easier to obtain—and synthetic opioids—-
which are much more potent and especially difficult to regulate.
Overdose rates involving prescription opioids nearly quadrupled be-
tween 1999 and 2010, but since then, rates have risen faster for syn-
thetic opioids (9-fold increase), heroin (5-fold), and psychostimulants
(5-fold) while overdose rates from prescription opioids without other
synthetic narcotics declined by 20% (National Center for Health
Statistics, 2019). In 2017, 60% of all opioid overdose resulted from
synthetic opioids (other than methadone) and another 16% from heroin
(without synthetic narcotics) (National Center for Health Statistics,
2019).

5. Conclusion

Drug misuse was higher in the early 2010s than in the mid-1990s,
particularly for older and for socioeconomically disadvantaged in-
dividuals. After adjusting for sociodemographic characteristics, we es-
timate that prevalence of drug misuse increased by 19 percentage
points among older persons aged 50–76 in the bottom 1% of SES. With
the exception of sedatives—for which misuse increased to a similar
degree in both ages groups—misuse of other drugs increased much
more at older than at younger ages.

Pain measures consistently accounted for more of the period dif-
ferential in drug misuse than mental health in both age groups and
across all drug types. Some might interpret these results as casting
doubt on the despair hypothesis, unless one considers physical pain a
manifestation of despair. In any case, we find that deteriorating mental
health explains only a small part of growing drug misuse. Instead, rising
drug misuse—particularly among disadvantaged, older
Americans—appears to be more strongly linked with increased levels of
reported pain. Pain could be a key factor underlying the association
between deteriorating mental health and growing drug use: higher le-
vels of pain may contribute to both mental distress and drug misuse.
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