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Introduction: Mental health and substance use problems are associated with smoking relapse among
former smokers. Yet, little is known about the prevalence of mental health and substance use among
former smokers in the U.S. In addition, it is unknown whether the prevalence of these conditions has
changed over time as former U.S. smokers have grown to outnumber current U.S. smokers. This
study, which was conducted in 2018 and 2019, examined the prevalence and trends over time in
depression (2005—2016), marijuana use (2002—2016), and alcohol use problems (2002—2016) among
former U.S. smokers.

Methods: The National Survey on Drug Use and Health is an annual, nationally representative,
cross-sectional study. Data from U.S. individuals who were aged >18 years in 2002—2016 were
included. Former smokers were defined as having smoked >100 lifetime cigarettes and no past-year
cigarettes.

Results: From 2005 to 2016, the prevalence of major depression increased from 4.88% to 6.04%
(AOR=1.01, 95% CI=1.00, 1.03, p=0.04). From 2002 to 2016, past-year marijuana use rose from
5.35% to 10.09% (AOR=1.08, 95% CI=1.07, 1.09, p<0.001) among former smokers. Past-month
binge alcohol use also increased from 17.22% to 22.33% (AOR=1.03, 95% CI=1.02, 1.04, p<0.001),
although the prevalence of past-year alcohol abuse or dependence did not change.

Conclusions: Depression and substance use, which are factors associated with increased risk for
cigarette use relapse, appear to be increasing over time among former U.S. smokers. Increased
awareness of these trends may be important for clinical and public health efforts to direct attention
to conditions potentially threatening sustained abstinence among former smokers.
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INTRODUCTION

ince 2002, the number of former cigarette smok-

ers has grown substantially and continuously in

the U.S. such that former smokers currently out-
number current cigarette smokers." The major health
consequences of current smoking and health benefits of
quitting smoking are undisputed and well documented.”
The risk that former smokers will return to smoking is
an ongoing concern because most smokers report multi-
ple attempts at quitting before achieving long-term suc-
cess,’ ~ and the risk for relapse remains even after
decades of abstinence.” Understanding the risk factors
for relapse to cigarette smoking, especially those that are
modifiable, is critical to developing both clinical and
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public health efforts to help people who have stopped
smoking cigarettes remain abstinent in the long run.

Prior studies have shown that the prevalence of mental
health problems (e.g., depression) and alcohol and sub-
stance use and abuse (e.g., marijuana use, alcohol misuse)
among current smokers are substantially higher than
among never-smokers,” '” and both of these factors
have been observed to increase the risk for smoking
relapse.”'*~'® Robust evidence'” suggests reduced depres-
sion in individuals from healthy or clinical populations
after smoking cessation. Evidence regarding cessation of
cigarette smoking and the use of alternative substances is
more mixed. Although alcohol use severity'® and binge
drinking'® decreased in the year after smoking cessation,
in a cross-sectional survey of Canadian medical marijuana
users, 12% reported substituting marijuana for tobacco
and nicotine.”

It is conceivable that the prevalence of depression and
substance use problems may shift over time among for-
mer smokers. If people who stop smoking cigarettes sub-
stitute other forms of substance use, the overall health
benefits of cigarette cessation may be decreased owing to
the negative consequences of use of these drugs as well
as consequent relapse to smoking cigarettes.

Former smokers comprise an increasing percentage of
the U.S. population relative to current smokers and face
a continuing risk for relapse to cigarette use. Depression
and substance use have been shown to increase risk for
relapse to smoking; however, little is known about the
prevalence of these variables among former smokers or
whether these variables are increasing or decreasing
among former smokers over time. The aims of this study
were to (1) investigate trends in major depression among
former smokers in the U.S. from 2005 to 2016, and (2)
examine trends in the use and misuse of alcohol and
marijuana among former smokers in the U.S. from 2002
to 2016.

METHODS
Study Population

Data were drawn from the public use data files from the National
Survey on Drug Use and Health (NSDUH) for 2002—2016.
NSDUH provides cross-sectional national data, collected annu-
ally, on the use of tobacco, other substances, and mental health
in the U.S. civilian, non-institutionalized population aged
>12 years, as described elsewhere.”' For this study, analyses
were conducted among former smokers, defined as respondents
who reported lifetime use of >100 cigarettes, but no cigarette use
in the 12 months before the survey. Analyses were further
restricted to include only adult respondents (aged >18 years)
because of the low prevalence (<1%) of former smokers among
people aged <18 years. This resulted in a total study population
of 67,035.

Measures

As described previously, respondents had to have smoked >100
cigarettes in their lifetime and abstained from smoking cigarettes
for >1 year before the survey interview to meet the definition of
former smoker. Former smokers were further classified as having
recently quit if they reported last smoking cigarettes >12 months
but <3 years ago, compared with those who reported last smoking
cigarettes >3 years ago. This time frame was based on the catego-
rization of responses in the NSDUH public use data files® and
relapse risks that remained >30%. Respondents were classified as
having ever smoked daily if they responded affirmatively to the
question: Has there ever been a period in your life when you
smoked cigarettes every day for at least 30 days?

Dichotomous indicators were created for past—12 month use
of marijuana and problem alcohol use (i.e., alcohol abuse or
dependence, binge alcohol drinking). Respondents were consid-
ered positive for past-year marijuana use if they reported having
last used marijuana within the past 12 months.

Alcohol dependence and abuse occurring within the past year
were assessed among NSDUH respondents based on the DSM-IV
criteria,”” because this was the diagnostic paradigm on which the
NSDUH survey questions were based. Respondents were defined
as having alcohol dependence if they reported a positive response
to >3 of the 7 dependence criteria. They were defined as having
alcohol abuse if they reported a positive response to >1 of the 4
abuse criteria and were determined not to be dependent on the
substance of interest. For this study, a dichotomous indicator for
alcohol abuse or dependence in the past year was created to
approximate the single diagnosis of alcohol use disorder (AUD)
under the DSM-5.*

For 2002—2014, past-month binge alcohol drinking was
defined in the NSDUH as positive for respondents who reported
drinking >5 drinks at the same time or within a couple of hours
of each other on >1 day in the past 30 days.”’25 In 2015, the
threshold for binge alcohol use for female respondents was low-
ered to consumption of >4 drinks within a couple of hours of
each other in the past 30 days.

Past-year major depressive episode (MDE) was assessed using
DSM-IV criteria? for 2005—2016; details on the modules and def-
initions for depression classifications are available.”® Briefly, the
modules were adapted from the depression section of the National
Comorbidity Survey Replication. Respondents were classified as
having had a lifetime MDE based on reporting >5 of 9 symptoms
for MDE ever occurring during the same 2-week period. In addi-
tion, at least 1 of the symptoms must have been a depressed mood
or loss of interest or pleasure in daily activities. Respondents with
a lifetime MDE were classified as having past-year MDE if, during
the past 12 months, they felt depressed or lost interest or pleasure
in daily activities for 2 weeks or longer while also having >3 other
symptoms of MDE. No exclusions were made for MDE caused by
medical illness, bereavement, or substance use disorders. Owing
to questionnaire changes in 2008, adjusted versions of past-year
MDE variables for adults were developed to allow comparisons
across 2005—2008 and later years. Details are available’” on the
method used for adjusting these variables, which was based on a
model including terms for the survey version, demographic
characteristics, and interactions.

Demographic covariates selected a priori to address potential
confounding of time trends by changes in population character-
istics and to explore heterogeneity in time trends included sex,
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age, level of education, marital status, household income, and
race/ethnicity (Table 1).28

Statistical Analysis

Analyses were conducted in 2018 and 2019. Demographic charac-
teristics of former smokers in 2016 versus 2002 were compared
using chi-squared tests. Among former smokers, the annual prev-
alence of depression and substance use described earlier was cal-
culated for each year. For MDE, only 2005—2016 were included
owing to the availability of data for these items.

To assess overall time trends in prevalence of depression and
substance use over the study period, separate logistic regression
models were fit for each outcome using a continuous term for cal-
endar year. Thus, an OR >1.0 estimated from the coefficient for
the linear year term indicated an increase in prevalence of the cor-
responding outcome over the study period. Time was modeled
using a linear term because the question of interest was whether
overall changes in examined outcomes had occurred over the
study period, not necessarily during any single year. Models were

adjusted for demographic covariates. Because of the skewed age
distribution of the former smoking population in the analytic
sample and age differences in relapse to smoking,””’ the annual
prevalence was also computed stratified by age category (18—49,
50—64, and >65 years). Age category and calendar year product
terms were added to logistic regression models to estimate stra-
tum-specific time trends, with the variation in time trends by age
category assessed using F-tests (2 degrees of freedom). Similar
stratified and regression analyses were conducted by sex to exam-
ine potential heterogeneity of trends in male versus female
respondents.

Increases in alcohol misuse prevalence could have occurred
because of a change in the definition of past-month binge drink-
ing for women beginning with the 2015 survey that would con-
sider more women positive for binge drinking (as described
previously). To confirm that observed trends were not artifacts of
this change in definition, the study (1) examined trends for binge
drinking from 2002 to 2016 stratified by sex, and (2) examined
trends for binge drinking from 2002 to 2014 for all former smokers
(men and women).

Table 1. Characteristics of Former Cigarette Smokers Aged >18 Years, NSDUH 2002—-2016

All years, 2002—-2016,
Characteristics % (SE) 2002, % (SE) 2016, % (SE) %2 p-value
Total sample, n 67,035 4,318 5,543
Sex 0.21
Male 54.8 (0.3) 55.4 (1.0) 53.6 (1.0)
Female 45.2 (0.3) 44.6 (1.0) 46.4 (1.0)
Age, years <0.001
18-25 2.2 (0.0) 2.6 (0.2) 2.1(0.2)
26—-34 7.8 (0.1) 7.8 (0.5) 8.7 (0.4)
35-49 22.5(0.2) 26.0 (1.0) 20.7 (0.7)
50—-64 33.6 (0.3) 33.4(1.0) 31.0 (0.8)
>65 33.9(0.3) 30.2(1.2) 37.5(0.9)
Marital status <0.001
Married 67.2 (0.3) 69.2 (0.9) 65.1(0.8)
Previously married 23.2 (0.3) 22.7 (0.8) 23.1(0.8)
Never married 9.6 (0.1) 8.1(0.5) 11.8 (0.6)
Education <0.001
Less than high school 13.1(0.2) 15.5 (0.9) 10.2 (0.6)
High school graduate 30.7 (0.3) 32.2(0.9) 25.3 (0.8)
Some college 26.6 (0.2) 23.7 (0.9) 33.2(1.1)
College graduate 29.6 (0.3) 28.6 (1.0) 31.2 (1.0)
Income <0.001
<$20,000 12.9 (0.2) 14.5 (0.8) 11.7 (0.6)
$20,000—$49,999 33.1(0.3) 38.2(1.0) 29.4 (0.9)
$50,000—$74,999 19.5(0.2) 19.4 (0.9) 18.0 (0.8)
>$75,000 34.5(0.3) 28.0(0.9) 40.9 (1.0)
Race/ethnicity 0.004
Non-Hispanic white 80.7 (0.3) 83.0(0.8) 79.2 (0.8)
Non-Hispanic black 7.0 (0.2) 6.8 (0.7) 7.2 (0.6)
Hispanic 8.3(0.2) 6.8 (0.5) 9.2 (0.6)
Non-Hispanic other 4.0 (0.1) 3.4 (0.3) 4.4 (0.3)

Note: Boldface indicates statistical significance (p<0.05).
NSDUH, National Survey on Drug Use and Health.
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All analyses were conducted using SUDAAN, version 11.0.1, to
incorporate survey weights and account for the NSDUH complex
sampling design. All results, other than raw counts, were adjusted
for sampling weights.

RESULTS

From 2002 to 2016, former smokers comprised approx-
imately one fifth of the U.S. adult population, with the
proportion decreasing from 20.5% in 2002 to 18.7% in
2016 (unadjusted test for trend, p<0.001). Meanwhile,
among U.S. adults who were ever-smokers, an increas-
ing percentage was classified as former smokers (44.4%
in 2002 to 49.7% in 2016; unadjusted test for trend,
p<0.001).

Demographic characteristics of former smokers over
this time period are shown in Table 1. From 2002 to
2016, former smokers were slightly more likely to be male
than female, were predominantly of non-Hispanic white
race and ethnicity, and were married. More than half of
former smokers had completed at least some college; one
third had annual incomes >$75,000, with only 13% earn-
ing <$20,000. Their ages were distributed such that
roughly one third were aged 18—49 years, another third
were aged 50—64 years, and the remaining third were
aged >65 years. Compared with former smokers in 2002,
those in 2016 were more likely to be aged >65 years,
never married, have at least some college education, have
incomes >$75,000/year, and not be non-Hispanic white.
With regard to smoking history, most former smokers in
2016 reported that they had smoked daily at some point
in their lifetime (85.2%) and that they quit smoking >3
years ago (88.9%).

Over the study period, the prevalence of past-year
MDE increased from 4.88% in 2005 to 6.04% in 2016
(AOR=1.01, 95% CI=1.00, 1.03, p=0.04), and past-year
marijuana use nearly doubled from 5.35% in 2002 to
10.09% in 2016 among former smokers (AOR=1.08,
95% CI=1.07, 1.09, p<0.001). Past-month binge alcohol
drinking increased from 17.22% in 2002 to 22.33% in
2016 (AOR=1.03, 95% CI=1.02, 1.04, p<0.001). This
increase was also evident when examining men only
from 2002 to 2016 (AOR for trend=1.02, 95% CI=1.01,
1.03, p<0.001) and when examining men and women
from 2002 to 2014 (AOR=1.03, 95% CI=1.02, 1.03,
p<0.001). By contrast, the prevalence of past-year alco-
hol abuse or dependence did not change from 2002 to
2016 (p=0.43) (Table 2).

Time trends in MDE, marijuana use, and alcohol use
problems were further examined by age category (Table 3)
and sex (Table 4). The trend in prevalence of past-year
MDE did not differ significantly by age category (p=0.25)
or sex (p=0.81). Past-year marijuana use significantly

increased over time (p<0.001) among all age categories
and among both men and women. Although age was
inversely related to the prevalence of marijuana use in
2016 (17.94% among those aged 18—49 years vs 3.70%
among those aged >65 years), the rate of increase was
significantly more rapid among former smokers aged >65
years (AOR=1.24, 95% CI=1.16, 1.33) compared with
those aged 18—49 years (AOR=1.04, 95% CI=1.03, 1.06).
Similarly, past-year marijuana use was more prevalent
among men (10.94%) than women (9.11%) in 2016, but
increased more rapidly among women than men from
2002 to 2016 (p=0.01).

The increasing trend in prevalence of past-month
binge alcohol drinking did not differ by age category
(p=0.27) or by sex (p=0.22) from 2002 to 2014, although
binge drinking was more prevalent in younger age
groups and among men. Past-year alcohol abuse and
dependence declined significantly from 2002 to 2016
among former smokers aged 18—49 years (AOR=0.98,
95% CI=0.97, 1.00, p=0.01), whereas past-year alcohol
abuse and dependence among former smokers aged >50
years (both 50—64 and >65 years age groups) did not
significantly change over time. Results by sex were
reported for 2002—2014 only because of the change in
the definition of binge drinking for women after 2014.
The test for trend among men yielded identical results
when 2015 and 2016 were included (data not shown).

DISCUSSION

The current investigation is the first U.S. study focus-
ing on the prevalence and time trends of depression,
marijuana use, and problematic alcohol use among
former smokers. Major depression increased from
2005 to 2016, and marijuana use and alcohol misuse
increased from 2002 to 2016 among former smokers
in the U.S.

What seems of potential interest here from a tobacco
control perspective is that recent data suggest that depres-
sion, marijuana use, and alcohol misuse among former
smokers are associated with significantly increased risk
for relapse to cigarette use.'*”" Although the relationship
among depression, substance use, and quitting smoking
among current smokers has been studied extensively in
clinical and community samples, little work has examined
these variables in relation to relapse to smoking among
former smokers. In longitudinal epidemiologic studies,
major depression has been associated with increased risk
for relapse to cigarette use up to 10 years later.”> Thus, an
increase in depression among former smokers may have
implications beyond those related to mental health (e.g.,
for risk for relapse to smoking). Similarly, the finding that
marijuana use increased significantly among former
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Table 2. Substance Use and Mental Health Among Former Cigarette Smokers Aged >18 Years Over Time, NSDUH 2002—-2016

Year Test for trend®
Characteristics 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 AOR(95%CIl) p-value
Marijuana use (past year)
% 535 459 457 448 496 484 430 576 627 716 699 724 939 9.01 10.09 1.08(1.07,1.09) <0.001
SE 057 030 035 047 038 042 046 050 042 049 055 072 051 051 o061
Binge alcohol drinking
(past month)
% 1722 19.39 1769 1765 18.08 18.04 19.02 21.37 20.64 20.99 20.42 21.15 20.69 2496 2233 1.03(1.02,1.04) <0.001
SE 0.75 088 098 080 086 067 099 079 090 089 09 098 074 080 0.69
Alcohol abuse/dependence
(past year)
% 461 466 497 456 445 490 4.08 487 537 428 493 494 523 498 442 1.00(0.99,1.01) 0.43
SE 041 041 041 042 041 041 041 047 056 041 035 051 035 037 033
MDE (past year)
% P = = 488 518 646 528 572 544 581 558 569 599 576 6.04 1.01(1.00,1.03) 0.04
SE - - - 040 045 046 049 052 046 052 049 042 035 040 041

Note: Boldface indicates statistical significance (p<0.05).

®Adjusted for sex, age, marital status, education, income, and race/ethnicity.
PData not available.

MDE, major depressive episode; NSDUH, National Survey on Drug Use and Health.
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Table 3. Substance Use and Mental Health Among Former Cigarette Smokers Aged >18 Years by Age Group, NSDUH

2002—-2016
2002 or 2005,° 2016, Test for trend, p-int year
Characteristics by age group, years % (SE) % (SE) AOR" (95% CI) p-value by age” (2 df)
Marijuana use (past year)
18-49 10.76 (0.81) 17.94 (0.88) 1.04 (1.03, 1.06) <0.001 <0.001
50—64 3.84 (1.18) 9.83(1.02) 1.10 (1.08, 1.13) <0.001
>65 0.50 (0.50) 3.70(0.77) 1.24 (1.16, 1.33) <0.001
Binge alcohol drinking (past month)
18—-49 25.40 (1.04) 35.87 (1.30) 1.03 (1.02, 1.04) <0.001 0.27
50—-64 15.27 (1.49) 23.15 (1.68) 1.04 (1.02, 1.05) <0.001
>65 9.51(1.31) 10.27 (10.92) 1.02 (1.00, 1.03) 0.03
Alcohol abuse/dependence (past year)
18—-49 8.25 (0.68) 7.89 (0.67) 0.98 (0.97, 1.00) 0.01 0.004
50—-64 3.47 (0.77) 3.72 (0.57) 1.02 (1.00, 1.04) 0.05
>65 1.47 (0.63) 2.09 (0.52) 1.03 (1.00, 1.07) 0.07
MDE (past year)
18-49 7.90 (0.84) 9.01(0.77) 1.01 (1.00, 1.03) 0.11 0.25
50—-64 5.50 (0.83) 6.86 (1.10) 1.00 (0.98, 1.03) 0.81
>65 1.13(0.42) 2.85 (0.56) 1.05 (1.00, 1.09) 0.04

Note: Boldface indicates statistical significance (p<0.05).
?Data for past-year marijuana use, past-month binge alcohol drinking, and past-year alcohol abuse/dependence are from 2002 and 2016. Data for

past-year MDE are from 2005 and 2016.

bAdjusted for sex, age, marital status, education, income, and race/ethnicity.
df, degrees of freedom; MDE, major depressive episode; NSDUH, National Survey on Drug Use and Health.

smokers from 2002 to 2016 is consistent with prior

reports of increases over time in marijuana use in the
: 13,33—35

general U.S. population, as well as among current

smokers."” The increase among former smokers could be

related to substitution of marijuana for cigarettes, percep-

. . . . . . 36
tion of decreasing risk associated with marijuana use,” or

changes in use because of increased legalization. The
underlying pathways cannot be identified with these data,
but unlike the use of cannabis among lifetime noncigar-
ette smokers, the use of cannabis among former cigarette
smokers could increase the additional risk of returning to
cigarette use.

Table 4. Substance Use and Mental Health Among Former Cigarette Smokers Aged >18 Years by Sex, NSDUH 2002—-2016

2002 or 2005, 2014 or 2016, Test for trend, p-int year by
Characteristics % (SE) % (SE) AOR"” (95% Cl) p-value sex” (1 df)
Marijuana use (past year)
Male 6.03 (0.76) 10.94 (0.67) 1.07 (1.05, 1.08) <0.001 0.01
Female 4.51 (0.53) 9.11(0.81) 1.09 (1.08, 1.11) <0.001
Alcohol abuse/dependence (past year)
Male 5.83 (0.65) 5.42 (0.46) 1.00 (0.99, 1.01) 0.78 0.54
Female 3.09 (0.48) 3.27 (0.45) 1.01 (0.99, 1.03) 0.34
Binge alcohol drinking (past month)
Male 23.02 (1.15) 26.23 (1.17) 1.02(1.01, 1.03) 0.001 0.22
Female 10.02 (0.92) 14.01 (1.07) 1.03 (1.02, 1.05) <0.001
MDE (past year)
Male 3.74 (0.47) 3.91(0.33) 1.01 (0.99, 1.04) 0.28 0.81
Female 6.23 (0.74) 8.49 (0.81) 1.02 (1.00, 1.04) 0.10

Note: Boldface indicates statistical significance (p<0.05).

®Time trends in binge alcohol drinking are shown for 2002—2014 because of the different definition used for females in 2015—2016. Time trends in
MDE are shown for 2005—2016. For other categories, time trends are shown for 2002—2016.

PAdjusted for sex, age, marital status, education, income, and race/ethnicity.

df, degrees of freedom; MDE, major depressive episode; NSDUH, National Survey on Drug Use and Health.
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An increase in the prevalence of one or more risk factors
for smoking relapse at a population level could threaten
progress made in reducing the prevalence of cigarette use.
Although risk for cigarette relapse declines substantially
with time since cessation, former smokers remain at risk
for relapse. For example, even at >30 years since cessation,
the risk for relapse remains at 10%.” Addressing risk factors
for smoking relapse that are increasing among former
smokers may aid them in long-term abstinence and avoid-
ance of relapse to smoking and the consequent harmful
consequences of active smoking. Therefore, former smok-
ers should be continually monitored for relapse to smoking
as well as for behaviors that are related to smoking relapse.
In addition, public health and clinical interventions can
target modifiable risk factors and reduce the likelihood of
relapse.

Some differences in trends by age group were evident.
Specifically, the greatest proportional increase over time
for past-year marijuana use occurred among those aged
>65 years. This outcome is still relatively rare among
the respective age groups: 3.7% of former smokers aged
>65 years in 2016 used marijuana in the past year com-
pared with 17.9% of former smokers aged 18—49 years.
Still, clinicians should be aware of these trends and the
potential for these exposures to risk factors among for-
mer smokers outside the expected age categories.

Limitations

Several limitations should be noted. First, alcohol abuse
and dependence were defined using DSM-IV criteria,
consistent with the diagnostic paradigm operational
during most of the study period and with the questions
used on the NSDUH survey. These were combined into
1 outcome for analyses, in accordance with the single
diagnosis of AUD under DSM-5.”" Nonetheless, evi-
dence suggests an increased prevalence of AUD using
DSM-5 versus DSM-IV criteria.”” Therefore, the preva-
lence of DSM-5 AUD may be higher among former
smokers than indicated by this study. Second, the cur-
rent study did not examine trends in the use or misuse
of drugs other than alcohol and marijuana among for-
mer smokers because of changes in the NSDUH ques-
tionnaire over the study period, particularly for the
misuse of prescription drugs.’”® However, because ciga-
rette smoking is associated with increased onset and
persistence of drug use disorders,””"’ this may be a
topic of concern for future study. Third, this study did
not have information about the relative timing of onset
of MDE or alcohol and substance misuse and was not
able to assess, for example, whether MDE was second-
ary to substance misuse. Finally, the NSDUH data are
obtained through self-report and therefore are subject
to recall or reporting error.

October 2019

CONCLUSIONS

Former smokers comprise an increasing proportion of
the U.S. population affected by lifetime cigarette use.
Depression and substance use, 2 factors associated with
increased risk for returning to cigarette use, appear to
be increasing over time among former smokers in the
U.S. Increased knowledge of variables linked to relapse
among former smokers may help identify areas where
clinical and public health efforts can be directed to
reduce threats to relapse among individual former
smokers, as well as potential barriers to sustained absti-
nence, and associated health and societal benefits at a
population level in the U.S.

ACKNOWLEDGMENTS

The research presented in this paper is that of the authors and
does not reflect the official policy of NIH. Funding is from
National Institute on Drug Abuse/NIH grant number DA20892
under Dr. Renee D. Goodwin. NIH had no role in the study
design, analysis, and interpretation of data; writing the report;
and the decision to submit for or publication of this study.

All authors made substantial contributions to the conception
or design of the study, as well as the analysis and interpretation
of the work. All authors contributed to drafting the manuscript
or revising it for important intellectual content. All authors read
and approved the final version of the submitted manuscript. All
authors agree that they are accountable for all aspects of the
work. RDG conceived of the study aims; KCP and MMW
designed the analytic plan; KCP drafted the original manuscript
and conducted the data analysis; and RDG and AHW provided
critical feedback in the study design and interpretation of
results and wrote sections of the manuscript.

No financial disclosures were reported by the authors of this
paper.

REFERENCES

1. CDC. Quitting smoking among adults—United States, 2001-2010.
MMWR Morb Mortal Wkly Rep. 2011;60(44):1513-1519. https://doi.
org/10.15585/mmwr.mm6552al.

2. HHS. The Health Consequences of Smoking: 50 Years of Progress. A
Report of the Surgeon General. Atlanta, GA: CDC, National Center for
Chronic Disease Prevention and Health Promotion, Office on Smoking
and  Health.  www.ncbi.nlm.nih.gov/books/NBK179276/pdf/Book-
shelf_ NBK179276.pdf. Published 2014. Accessed May 31, 2019.

3. Borland R, Partos TR, Yong HH, Cummings KM, Hyland A. How
much unsuccessful quitting activity is going on among adult smok-
ers? Data from the International Tobacco Control four country
cohort survey. Addiction. 2012;107(3):673-682. https://doi.org/
10.1111/j.1360-0443.2011.03685.x.

4. Caraballo RS, Kruger ], Asman K, et al. Relapse among cigarette
smokers: the CARDIA longitudinal study — 1985-2011. Addict Behav.
2014;39(1):101-106. https://doi.org/10.1016/j.addbeh.2013.08.030.

5. Garcia-Rodriguez O, Secades-Villa R, Florez-Salamanca L, et al. Prob-
ability and predictors of relapse to smoking: results of the National
Epidemiologic Survey on alcohol and Related Conditions (NESARC).
Drug Alcohol Depend. 2013;132(3):479-485. https://doi.org/10.1016/j.
drugalcdep.2013.03.008.


https://doi.org/10.15585/mmwr.mm6552a1
https://doi.org/10.15585/mmwr.mm6552a1
http://www.ncbi.nlm.nih.gov/books/NBK179276/pdf/Bookshelf_NBK179276.pdf
http://www.ncbi.nlm.nih.gov/books/NBK179276/pdf/Bookshelf_NBK179276.pdf
https://doi.org/10.1111/j.1360-0443.2011.03685.x
https://doi.org/10.1111/j.1360-0443.2011.03685.x
https://doi.org/10.1016/j.addbeh.2013.08.030
https://doi.org/10.1016/j.drugalcdep.2013.03.008
https://doi.org/10.1016/j.drugalcdep.2013.03.008

436

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Fergusson DM, Goodwin RD, Horwood LJ. Major depression and cig-
arette smoking: results of a 21-year longitudinal study. Psychol Med.
2003;33(8):1357-1367. https://doi.org/10.1017/s0033291703008596.

. Fluharty M, Taylor AE, Grabski M, Munafo MR. The association of ciga-

rette smoking with depression and anxiety: a systematic review. Nicotine
Tob Res. 2017;19(1):3-13. https://doi.org/10.1093/ntr/ntw140.

. Goodwin RD, Wall MM, Garey L, et al. Depression among cur-

rent, former, and never smokers from 2005 to 2013: the hidden
role of disparities in depression in the ongoing tobacco epidemic.
Drug Alcohol Depend. 2017;173:191-199. https://doi.org/10.1016/
j.drugalcdep.2016.11.038.

. Weinberger AH, Funk AP, Goodwin RD. A review of epidemiologic

research on smoking behavior among persons with alcohol and illicit
substance use disorders. Prev Med. 2016;92:148-159. https://doi.org/
10.1016/j.ypmed.2016.05.011.

Weinberger AH, Gbedemah M, Wall MM, et al. Depression among
non-daily smokers compared to daily smokers and never-smokers in
the United States: an emerging problem. Nicotine Tob Res. 2017;19
(9):1062-1072. https://doi.org/10.1093/ntr/ntx009.

Weinberger AH, Kashan RS, Shpigel DM, et al. Depression and ciga-
rette smoking behavior: a critical review of population-based studies.
Am ] Drug Alcohol Abus. 2017;43(4):416-431. https://doi.org/10.3109/
00952990.2016.1171327.

Weinberger AH, Gbedemah M, Goodwin RD. Cigarette smoking quit
rates among adults with and without alcohol use disorders and heavy
alcohol use, 2002—2015: a representative sample of the United States
population. Drug Alcohol Depend. 2017;180:204-207. https://doi.org/
10.1016/j.drugalcdep.2017.07.009.

Goodwin RD, Pacek LR, Copeland J, et al. Trends in daily canna-
bis use among cigarette smokers: United States, 2002-2014. Am |
Public Health. 2018;108(1):137-142. https://doi.org/10.2105/
ajph.2017.304050.

Weinberger AH, Platt J, Copeland ], Goodwin RD. Is cannabis use
associated with increased risk of cigarette smoking initiation, persis-
tence, and relapse? Longitudinal data from a representative sample of
U.S. adults. J Clin Psychiatry. 2018;79(2):17m11522. https://doi.org/
10.4088/jcp.17m11522.

Rodriguez-Cano R, Lopez-Duran A, Martinez-Vispo C, et al. Hazard-
ous alcohol drinking as predictor of smoking relapse (3-, 6-, and 12-
months follow-up) by gender. J Subst Abus Treat. 2016;71:79-84.
https://doi.org/10.1016/j.jsat.2016.09.005.

Van Zundert RM, Kuntsche E, Engels RC. In the heat of the moment:
alcohol consumption and smoking lapse and relapse among adoles-
cents who have quit smoking. Drug Alcohol Depend. 2012;126(1
—2):200-205. https://doi.org/10.1016/j.drugalcdep.2012.05.016.
Taylor G, McNeill A, Girling A, et al. Change in mental health after
smoking cessation: systematic review and meta-analysis. BM]J.
2014;348:g1151. https://doi.org/10.1136/bmj.g1151.

Paulus DJ, Gallagher MW, Raines AM, Schmidt NB, Zvolensky M].
Intraindividual change in anxiety sensitivity and alcohol use severity
12-months following smoking cessation treatment. Behav Res Ther.
2019;116:10-18. https://doi.org/10.1016/j.brat.2019.01.008.

Hammett PJ, Lando HA, Taylor BC, et al. The relationship between
smoking cessation and binge drinking, depression, and anxiety symptoms
among smokers with serious mental illness. Drug Alcohol Depend.
2019;194:128-135. https://doi.org/10.1016/j.drugalcdep.2018.08.043.
Lucas P, Walsh Z. Medical cannabis access, use, and substitution for
prescription opioids and other substances: a survey of authorized
medical cannabis patients. Int ] Drug Policy. 2017;42:30-35. https://
doi.org/10.1016/j.drugpo.2017.01.011.

Center for Behavioral Health Statistics and Quality. 2015 National
Survey on Drug Use and Health: methodological summary and def-
initions. Rockville, MD: Substance Abuse and Mental Health Serv-
ices Administration. www.samhsa.gov/data/sites/default/files/
NSDUH-MethodSummDefsHTML-2015/NSDUH-

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Cheslack-Postava et al /| Am ] Prev Med 2019;57(4):429—437

MethodSummDefsHTML-2015/NSDUH-MethodSummDefs-2015.
htm. Published 2016. Accessed September 15, 2017.

Bell CC. DSM-IV: Diagnostic and Statistical Manual of Mental
Disorders. JAMA. 1994;272(10):828-829. https://doi.org/10.1001/
jama.1994.03520100096046.

Hasin DS, O’Brien CP, Auriacombe M, et al. DSM-5 criteria for
substance use disorders: recommendations and rationale. Am |
Psychiatry. 2013;170(8):834-851. https://doi.org/10.1176/appi.
ajp.2013.12060782.

Wechsler H, Nelson TF. Binge drinking and the American college
student: what’s five drinks? Psychol Addict Behav. 2001;15
(4):287-291. https://doi.org/10.1037//0893-164x.15.4.287.

Naimi TS, Brewer RD, Mokdad A, et al. Binge drinking among US adults.
JAMA. 2003;289(1):70-75. https://doi.org/10.1001/jama.289.1.70.

Center for Behavioral Health Statistics and Quality. The NSDUH
report: substance use and mental health estimates from the 2013
National Survey on Drug Use and Health: overview of findings.
Rockville, MD: Substance Abuse and Mental Health Services
Administration. www.samhsa.gov/data/sites/default/files/
NSDUH-SR200-RecoveryMonth-2014/NSDUH-SR200-Recovery-
Month-2014.htm. Published 2014. Accessed September 15, 2017.
Aldworth JR, Morgan K, Centers for Disease Control and Prevention.
Developing model-based SED estimates in large-scale surveys: pilot
study results. Presented to the National Center for Health Statistics;
2012.

Drope J, Liber AC, Cahn Z, et al. Who’s still smoking? Disparities in
adult cigarette smoking prevalence in the United States. CA Cancer |
Clin. 2018;68(2):106-115. https://doi.org/10.3322/caac.21444.
Weinberger AH, Pilver CE, Mazure CM, McKee SA. Stability
of smoking status in the US population: a longitudinal investigation.
Addiction. 2014;109(9):1541-1553. https://doi.org/10.1111/add.12647.
El-Khoury Lesueur F, Bolze C, Melchior M. Factors associated with
successful vs. unsuccessful smoking cessation: data from a nationally
representative study. Addict Behav. 2018;80:110-115. https://doi.org/
10.1016/j.addbeh.2018.01.016.

Weinberger AH, Pilver CE, Hoff RA, Mazure CM, McKee SA.
Changes in smoking for adults with and without alcohol and drug
use disorders: longitudinal evaluation in the US population. Am |
Drug Alcohol Abuse. 2013;39(3):186-193. https://doi.org/10.3109/
00952990.2013.785557.

Zvolensky M]J, Bakhshaie ], Sheffer C, Perez A, Goodwin RD. Major
depressive disorder and smoking relapse among adults in the United
States: a 10-year, prospective investigation. Psychiatry Res. 2015;226
(1):73-77. https://doi.org/10.1016/j.psychres.2014.11.064.

Substance Abuse and Mental Health Services Administration
(SAMHSA). Results from the 2013 National Survey on Drug Use and
Health: summary of national findings, NSDUH. Series H-48, HHS
Publication No. (SMA) 14-4863. Rockville, MD: NSDUH. www.
samhsa.gov/data/sites/default/files/NSDUHresultsPDFWHTML2013/
Web/NSDUHresults2013.pdf. Published 2014. Accessed September ,
2017.

Hasin DS. U.S. epidemiology of cannabis use and associated prob-
lems. Neuropsychopharmacology. 2018;43(1):195-212. https://doi.
org/10.1038/npp.2017.198.

Azofeifa A, Mattson ME, Schauer G, et al. National estimates of mari-
juana use and related indicators - National Survey on Drug Use and
Health, United States, 2002-2014. MMWR Surveill Summ. 2016;65
(11):1-28. https://doi.org/10.15585/mmwr.ss6511al.

Wen H, Hockenberry JM, Druss BG. The effect of medical marijuana
laws on marijuana-related attitude and perception among US adoles-
cents and young adults. Prev Sci. 2019;20(2):215-223. https://doi.org/
10.1007/s11121-018-0903-8.

Bartoli F, Carra G, Crocamo C, Clerici M. From DSM-IV to DSM-5
alcohol use disorder: an overview of epidemiological data. Addict
Behav. 2015;41:46-50. https://doi.org/10.1016/j.addbeh.2014.09.029.

www.ajpmonline.org


https://doi.org/10.1017/s0033291703008596
https://doi.org/10.1093/ntr/ntw140
https://doi.org/10.1016/j.drugalcdep.2016.11.038
https://doi.org/10.1016/j.drugalcdep.2016.11.038
https://doi.org/10.1016/j.ypmed.2016.05.011
https://doi.org/10.1016/j.ypmed.2016.05.011
https://doi.org/10.1093/ntr/ntx009
https://doi.org/10.3109/00952990.2016.1171327
https://doi.org/10.3109/00952990.2016.1171327
https://doi.org/10.1016/j.drugalcdep.2017.07.009
https://doi.org/10.1016/j.drugalcdep.2017.07.009
https://doi.org/10.2105/ajph.2017.304050
https://doi.org/10.2105/ajph.2017.304050
https://doi.org/10.4088/jcp.17m11522
https://doi.org/10.4088/jcp.17m11522
https://doi.org/10.1016/j.jsat.2016.09.005
https://doi.org/10.1016/j.drugalcdep.2012.05.016
https://doi.org/10.1136/bmj.g1151
https://doi.org/10.1016/j.brat.2019.01.008
https://doi.org/10.1016/j.drugalcdep.2018.08.043
https://doi.org/10.1016/j.drugpo.2017.01.011
https://doi.org/10.1016/j.drugpo.2017.01.011
http://www.samhsa.gov/data/sites/default/files/NSDUH-MethodSummDefsHTML-2015/NSDUH-MethodSummDefsHTML-2015/NSDUH-MethodSummDefs-2015.htm
http://www.samhsa.gov/data/sites/default/files/NSDUH-MethodSummDefsHTML-2015/NSDUH-MethodSummDefsHTML-2015/NSDUH-MethodSummDefs-2015.htm
http://www.samhsa.gov/data/sites/default/files/NSDUH-MethodSummDefsHTML-2015/NSDUH-MethodSummDefsHTML-2015/NSDUH-MethodSummDefs-2015.htm
http://www.samhsa.gov/data/sites/default/files/NSDUH-MethodSummDefsHTML-2015/NSDUH-MethodSummDefsHTML-2015/NSDUH-MethodSummDefs-2015.htm
https://doi.org/10.1001/jama.1994.03520100096046
https://doi.org/10.1001/jama.1994.03520100096046
https://doi.org/10.1176/appi.ajp.2013.12060782
https://doi.org/10.1176/appi.ajp.2013.12060782
https://doi.org/10.1037//0893-164x.15.4.287
https://doi.org/10.1001/jama.289.1.70
http://www.samhsa.gov/data/sites/default/files/NSDUH-SR200-RecoveryMonth-2014/NSDUH-SR200-RecoveryMonth-2014.htm
http://www.samhsa.gov/data/sites/default/files/NSDUH-SR200-RecoveryMonth-2014/NSDUH-SR200-RecoveryMonth-2014.htm
http://www.samhsa.gov/data/sites/default/files/NSDUH-SR200-RecoveryMonth-2014/NSDUH-SR200-RecoveryMonth-2014.htm
http://refhub.elsevier.com/S0749-3797(19)30254-5/sbref0027
http://refhub.elsevier.com/S0749-3797(19)30254-5/sbref0027
http://refhub.elsevier.com/S0749-3797(19)30254-5/sbref0027
http://refhub.elsevier.com/S0749-3797(19)30254-5/sbref0027
https://doi.org/10.3322/caac.21444
https://doi.org/10.1111/add.12647
https://doi.org/10.1016/j.addbeh.2018.01.016
https://doi.org/10.1016/j.addbeh.2018.01.016
https://doi.org/10.3109/00952990.2013.785557
https://doi.org/10.3109/00952990.2013.785557
https://doi.org/10.1016/j.psychres.2014.11.064
http://www.samhsa.gov/data/sites/default/files/NSDUHresultsPDFWHTML2013/Web/NSDUHresults2013.pdf
http://www.samhsa.gov/data/sites/default/files/NSDUHresultsPDFWHTML2013/Web/NSDUHresults2013.pdf
http://www.samhsa.gov/data/sites/default/files/NSDUHresultsPDFWHTML2013/Web/NSDUHresults2013.pdf
https://doi.org/10.1038/npp.2017.198
https://doi.org/10.1038/npp.2017.198
https://doi.org/10.15585/mmwr.ss6511a1
https://doi.org/10.1007/s11121-018-0903-8
https://doi.org/10.1007/s11121-018-0903-8
https://doi.org/10.1016/j.addbeh.2014.09.029

Cheslack-Postava et al / Am ] Prev Med 2019;57(4):429—437 437

38. Center for Behavioral Health Statistics and Quality. 2015 National
Survey on Drug Use and Health: Public Use File Codebook. Rockville,
MD: Substance Abuse and Mental Health Services Administration.
http://samhda.s3-us-gov-west-1.amazonaws.com/s3fs-public/field-uploads-
protected/studies/NSDUH-2015/NSDUH-2015-datasets/NSDUH-2015-
DS0001/NSDUH-2015-DS0001-info/NSDUH-2015-DS0001-info-code-
book.pdf. Published March 23, 2018. Accessed September 15, 2017.

October 2019

39.

40.

Kandel DB, Kandel ER. A molecular basis for nicotine as a gateway
drug. N Engl ] Med. 2014;371(10):932-943. https://doi.org/10.1056/
nejmsal405092.

Goodwin RD, Pagura J, Spiwak R, Lemeshow AR, Sareen J. Predic-
tors of persistent nicotine dependence among adults in the United
States. Drug Alcohol Depend. 2011;118(2—3):127-133. https://doi.
org/10.1016/j.drugalcdep.2011.03.010.


http://samhda.s3-us-gov-west-1.amazonaws.com/s3fs-public/field-uploads-protected/studies/NSDUH-2015/NSDUH-2015-datasets/NSDUH-2015-DS0001/NSDUH-2015-DS0001-info/NSDUH-2015-DS0001-info-codebook.pdf
http://samhda.s3-us-gov-west-1.amazonaws.com/s3fs-public/field-uploads-protected/studies/NSDUH-2015/NSDUH-2015-datasets/NSDUH-2015-DS0001/NSDUH-2015-DS0001-info/NSDUH-2015-DS0001-info-codebook.pdf
http://samhda.s3-us-gov-west-1.amazonaws.com/s3fs-public/field-uploads-protected/studies/NSDUH-2015/NSDUH-2015-datasets/NSDUH-2015-DS0001/NSDUH-2015-DS0001-info/NSDUH-2015-DS0001-info-codebook.pdf
http://samhda.s3-us-gov-west-1.amazonaws.com/s3fs-public/field-uploads-protected/studies/NSDUH-2015/NSDUH-2015-datasets/NSDUH-2015-DS0001/NSDUH-2015-DS0001-info/NSDUH-2015-DS0001-info-codebook.pdf
https://doi.org/10.1056/nejmsa1405092
https://doi.org/10.1056/nejmsa1405092
https://doi.org/10.1016/j.drugalcdep.2011.03.010
https://doi.org/10.1016/j.drugalcdep.2011.03.010

	Increasing Depression and Substance Use Among Former Smokers in the United States, 2002-2016
	INTRODUCTION
	METHODS
	Study Population
	Measures
	Statistical Analysis

	RESULTS
	DISCUSSION
	Limitations

	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES


