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Abstract
Aims—Although depression and smoking are highly correlated, the relationship of Major
Depressive Disorder (MDD) to smoking cessation and relapse remains unclear. This study
compared changes in smoking for current and former smokers with and without Current and
Lifetime MDD over a three year period.

Design—Analysis of two waves of longitudinal data from the National Institute on Alcohol
Abuse and Alcoholism’s National Epidemiologic Survey on Alcohol and Related Conditions
(Wave 1, 2001–2002; Wave 2, 2004–2005).

Setting—Data were collected through face-to-face interviews from non-institutionalized United
States civilians, 18 years and older, in 50 states and the District of Columbia.

Participants—11,973 adults (46% female) classified as Current or Former Daily Smokers at
Wave 1 and completed Wave 2.

Measurements—Classification as Current or Former Smokers at Wave 1 and Wave 2.

Findings—Smoking status remained stable for most participants. Wave 1 Current Daily Smokers
with Current MDD (OR=1.38, 95% CI=1.03, 1.85) and Lifetime MDD (OR=1.48, 95% CI=1.18,
1.85) were more likely than those without the respective diagnosis to report continued smoking at
Wave 2. Wave 1 Former Daily Smokers with Current MDD (OR=0.44, 95% CI=0.26, 0.76) were
less likely to report continued abstinence at Wave 2. None of the gender by MDD diagnosis
interactions were significant. Patterns of results remained similar when analyses were limited to
smokers with nicotine dependence.

Conclusions—Current and Lifetime Major Depressive Disorder are associated with a lower
likelihood of quitting smoking and Current Major Depressive Disorder is associated with greater
likelihood of smoking relapse.

Corresponding Author: Andrea H. Weinberger, Ph.D., Assistant Professor of Psychiatry, Yale University School of Medicine, 34 Park
Street, SAC, Room S-211, New Haven, CT 06519 USA, Tel: (203) 974-7598, Fax: (203) 974-7366, andrea.weinberger@yale.edu.

Declaration of Interest: None

NIH Public Access
Author Manuscript
Addiction. Author manuscript; available in PMC 2013 October 01.

Published in final edited form as:
Addiction. 2012 October ; 107(10): 1847–1856. doi:10.1111/j.1360-0443.2012.03889.x.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



INTRODUCTION
Major Depressive Disorder (MDD) is one of the most common psychiatric illnesses in the
U.S. (1) and there is a significant association between smoking and MDD. Lifetime and
Current MDD are associated with higher smoking rates while smoking is associated with a
greater prevalence of a lifetime MDD, greater symptoms of depression, and more frequent
episodes of depression (2–5). The high prevalence of MDD and high rates of smoking
among adults with MDD translate into millions of adults affected by the enormous negative
personal and societal consequences of smoking (6, 7).

Nicotinic acetylcholine receptors (nAChRs) are the primary neuronal targets of nicotine.
Through nAChRs, nicotine impacts multiple neurotransmitters (e.g., serotonin,
norepinephrine) which modulate response to stress and depression (8–10) and both nicotine
and nicotinic agents reduce depressive symptoms (11), supporting the high rates of
comorbidity. Chronic nicotine exposure results in nAChR desensitization and upregulation
of nicotine binding sites (8, 10, 12). Desensitization of nAChRs results in decreased
depression symptoms and an increased desire to smoke when desensitized nAChRs become
unoccupied (9, 10, 12) which may make it more difficult for adults with MDD to quit
smoking.

However, research has been equivocal regarding the impact of MDD on smoking cessation
success. While some clinical studies and cross-sectional epidemiological data suggest that
smokers with depression have more difficulty quitting smoking (4, 13–15); other studies
find conflicting results (e.g., 16, 17; see 3 for a review). Most studies analyze post-hoc data
from clinical trials (e.g., 18, 19) or longitudinal data from gender-specific subgroups of
smokers (e.g., 14, 20, 21), smokers from a specific geographical region (e.g., 22), or
smokers with co-morbid disorders (e.g., 23) which limit generalizability to a general adult
population. Further, most studies only include smokers with Lifetime MDD (e.g., 17, 24–26)
limiting generalizability to adults with Current MDD. The use of longitudinal
epidemiological data would clarify the mixed findings on the role of MDD in changes in
smoking behavior and identify smokers who need more intensive smoking treatments and/or
smoking treatments that also specifically address depression.

Thirteen percent of adults meet criteria for current nicotine dependence (27) diagnosed by
reports of daily smoking, evidence of tolerance (i.e., lack of aversive effects of nicotine such
as nausea), and the presence of withdrawal symptoms upon smoking cessation (e.g.,
dysphoria, irritability, cravings) (28). Adults with Current and Lifetime MDD report higher
rates of nicotine dependence than other adults (27, 29); therefore, it is important to consider
nicotine dependence in the relationship of MDD and changes in smoking behavior.

Women report higher rates of Current and Lifetime MDD (27); exhibit a stronger
relationship between Current and Lifetime MDD and smoking (30) and between Lifetime
MDD and duration of withdrawal (31); and are more likely to report concerns about post-
cessation negative affect (32). Both Current and Lifetime MDD appear to exert a greater
negative impact on the ability of women to quit smoking (33–37, although see also 17, 38),
highlighting the need to consider gender in the relationship between MDD and smoking
behavior.

Aims of the current study
The primary aim of this study was to use longitudinal data from a large, nationally
representative sample of the adult U.S. population to examine the main and gender-specific
effects of current and lifetime MDD on changes in smoking behavior over a three year
period. It was hypothesized that diagnoses of Current and Lifetime MDD would be related
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to greater continued smoking for Current Smokers and greater smoking relapse for Former
Smokers. It was expected that these relationships would remain significant for smokers who
met criteria for nicotine dependence. Finally, it was hypothesized that the relationship
between MDD and smoking would be stronger for women than men.

METHODS
Participants and Procedures

Data were taken from two waves of the National Institute on Alcohol Abuse and
Alcoholism’s National Epidemiologic Survey on Alcohol and Related Conditions
(NESARC; Wave 1, 2001–2002; Wave 2, 2004–2005). During Wave 1, face-to-face
interviews were conducted with 43,093 non-institutionalized United States civilians in 50
states and the District of Columbia. Participants were ages 18 and older with an
oversampling of African-Americans, Hispanics, and young adults (ages 18–24).
Approximately eighty-six percent of the Wave 1 sample (n=34,653 out of 39,959 eligible
participants) completed face-to-face Wave 2 interviews with a mean interval between
interviews of 36.6 months. See Grant and colleagues (39, 40) for more details about the
sampling, purpose, and weight procedures for the NESARC.

Analytic sample
We limited our analysis to two, non-overlapping subsamples of the NESARC population,
Wave 1 Current Daily Smokers and Wave 1 Former Daily Smokers. Smoking behavior was
assessed at each wave using the Alcohol Use Disorders and Associated Disabilities
Interview Schedule-DSM-IV (AUDADIS-IV; 41), a structured interview administered by
trained lay interviewers which shows good reliability in the assessment of smoking behavior
(ICCs=0.60–0.92; 42). Definitions of current and former smoking behavior were consistent
with the categories used by the U.S. Department of Health and Human Service’s Centers for
Disease Control and Prevention (43) and other investigations using NESARC data (29, 30).

Wave 1 Current Daily Smokers were defined as individuals who indicated that they (1) had
smoked 100 or more cigarettes in their lifetime; (2) had smoked cigarettes in the 12 months
preceding the Wave 1 assessment; and, (3) currently smoked cigarettes every day. We
identified 8,213 individuals who met these criteria for Wave 1 Current Daily Smoking. From
this subsample, we excluded 1,668 individuals who did not complete the Wave 2 assessment
or did not provide valid data for smoking status at Wave 2. The final sample of Wave 1
Current Daily Smokers included 6,545 individuals.

Wave 1 Former Daily Smokers were defined as individuals who indicated that they (1) had
smoked 100 or more cigarettes in their lifetime; (2) had smoked cigarettes before the 12
months preceding the Wave 1 assessment (but not during those 12 months); and, (3) usually
smoked cigarettes every day, in the period when they had last smoked. We identified 6,622
individuals who met these criteria for Wave 1 Former Daily Smoking. From this subsample,
we excluded 1,194 individuals who did not complete the Wave 2 assessment or did not
provide valid data for smoking status at Wave 2. The final sample of Wave 1 Former Daily
Smokers included 5,428 individuals.

For the purposes of additional analyses, we created two more subsamples: Wave 1 Current
Daily Smokers with a past-year diagnosis of Nicotine Dependence (n=3,556) and Wave 1
Former Daily Smokers with a past diagnosis of Nicotine Dependence (n=1,118). Nicotine
Dependence was assessed through the AUDADIS-IV.

Current Smokers were less likely to complete the Wave 2 assessment than Former Smokers
(80.2% versus 83.2%, p<0.001). Participants with lifetime nicotine dependence were less
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likely to complete the Wave 2 assessment than participants without lifetime nicotine
dependence (83.1% versus 80.9%, p<0.01).

Measures
Changes in Smoking (Dependent Variables)—Among Wave 1 Current Daily
Smokers, the binary dependent variable of interest was “Persistence of smoking.”
Persistence of smoking was defined according to smoking status at Wave 2, and denoted
whether Wave 1 Current Smokers were stable current smokers at Wave 2 (coded as “1”) or
quitters at Wave 2 (coded as “0”). Individuals were categorized as Stable Current Smokers if
they indicated that they smoked cigarettes in the 12 months preceding the Wave 2 interview.
Individuals who had not smoked cigarettes in the 12 months preceding the Wave 2 interview
were characterized as Quitters.

Among Wave 1 Former Smokers, the binary dependent variable of interest was “Persistence
of non-smoking.” Persistence of non-smoking was defined according to smoking status at
Wave 2, and denoted whether Wave 1 Former Smokers remained former smokers at Wave 2
(coded as “1”) or had relapsed to smoking at Wave 2 (coded as “0”). Individuals were
categorized as Stable Former Smokers if they indicated that they had not smoked 100 or
more cigarettes in the period since the Wave 1 interview. Individuals who indicated that they
had smoked cigarettes in the 12 months preceding the Wave 2 interview were characterized
as Relapsers.

Major Depressive Disorder (Dependent Variables)—Psychiatric disorders including
MDD were assessed using the AUDADIS-IV (41) which assesses symptoms based on
DSM-IV diagnostic criteria (28) and has demonstrated adequate reliability for the
assessment of Axis I disorders (κs=0.40–0.63;42).

The independent variables of interest were diagnoses of Lifetime MDD and Current MDD
(both assessed at Wave 1). A diagnosis of MDD was given to participants who reported ≥5
of the following symptoms for at least a 2-week period that was also marked by significant
distress and/or impairment: depressed mood, loss of interest or pleasure in activities,
changes in weight or appetite, changes in sleep, psychomotor agitation or sedation, loss of
energy, feelings of worthlessness or guilt, diminished concentration, and suicidality (28). A
diagnosis of Current MDD was given if participants met criteria for MDD within the twelve
months prior to the Wave 1 assessment and a diagnosis of Lifetime MDD was given if
participants met criteria for MDD in their lifetime but not during the previous 12 months.

Additional disorders that were assessed by the AUDADIS-IV included dysthymia (28),
minor depression (44), anxiety disorders (i.e., participants who met criteria for any of the
following: panic disorder, agoraphobia, specific phobia, social phobia, and generalized
anxiety disorder), alcohol abuse/dependence, drug abuse/dependence, and manic disorder.
Similar to MDD, disorders were assessed at Wave 1 and classified as “current” if the most
recent episode began during the 12 months prior to the Wave 1 interview, and “lifetime” if
the disorder was experienced during the participants’ lifetime but not within the 12 months
prior to the Wave 1 interview.

Demographics—The following information was assessed at Wave 1: gender, age (18–29,
30–44, 45 and older), race/ethnicity (Non-Hispanic White, Non-Hispanic Black, Non-
Hispanic Other, Hispanic), education (Less than High School, High School Graduate,
Attended/Completed College), and marital status (Married, Not Married). These
categorizations were based on the work of Grant and colleagues (27).
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Statistical Analyses
Data were analyzed using SUDAAN (45), a software package that adjusts for characteristics
of complex survey sampling designs. NESARC-calculated weights were used to account for
nonresponse; attrition; oversampling of African-Americans, Hispanics, and young adults,
and to be representative of the US civilian population based on the 2000 decennial census.
Statistical tests were two-tailed and differences were considered significant when p<0.05.
Statistical significance was determined with the Wald Chi-square test.

Analyses proceeded in several steps. First, we descriptively examined the demographic
characteristics of the sample using the PROC CROSSTAB procedure for categorical
variables. We then examined whether Wave 1 Current Smokers and Wave 1 Former
Smokers differed on these characteristics. We also examined the bivariate distribution of
MDD (Current and Lifetime) and the dependent variables of interest (persistence of smoking
among Wave 1 Current Daily Smokers with and without a past-year diagnosis of nicotine
dependence, and persistence of non-smoking among Wave 1 Former Daily Smokers with
and without a lifetime diagnosis of nicotine dependence), stratified by gender. For these
descriptive statistics, we presented the unweighted N and weighted prevalence estimates.

In the modeling stage of our analysis, we built a series of binary logistic regression models
using PROC RLOGIST. These models were constructed separately for Wave 1 Current
Smokers, Wave 1 Current Daily Smokers with a past-year diagnosis of nicotine dependence,
Wave 1 Former Daily Smokers, and Wave 1 Former Daily Smokers with a lifetime
diagnosis of nicotine dependence. The dependent variables of interest were persistence of
smoking for Wave 1 Current Daily Smokers and persistence of non-smoking for Wave 1
Former Daily Smokers. We ran one set of models with Current MDD as the main
independent variable, and another set of models with Lifetime MDD as the main
independent variable.

The first analysis included only the independent variable of interest (i.e. Lifetime or Current
MDD assessed at Wave 1). For these analyses, we calculated the main effect of MDD and
present this as an unadjusted odds ratio (OR) and its associated 95% Confidence Interval
(95% CI). The second analysis examined the gender-specific effects of MDD diagnosis on
changes in smoking and included MDD, gender, and the MDD by gender interaction term.
For these analyses, we calculated the unique effects of MDD among women and among men
(the gender-specific ORs and their associated 95% CIs), as well as the interaction ORs. The
interaction OR is the ratio of the gender-specific effects; in other words, it is effect of MDD
among women divided by the effect of MDD among men (Interaction OR= ORwomen/
ORmen). An interaction is considered to be statistically significant when the 95% CI of the
interaction OR does not include 1.0 (the corresponding p-value is less than 0.05). The
pattern of results for all analyses remained the same after controlling for co-morbid
psychiatric and substance use disorders.

RESULTS
Wave 1 Demographics

The sample was primarily male, 45 years or older, non-Hispanic White, married, and had at
least a high school education. Wave 1 Current Daily Smokers were more likely to be female,
younger, an ethnic minority, unmarried, and to not have attended or completed college
compared to Wave 1 Former Daily Smokers (see Table 1). Fifty-five percent of Wave 1
Current Daily Smokers met criteria for current nicotine dependence while twenty-one
percent of Wave 1 Former Daily Smokers met criteria for lifetime nicotine dependence.
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Prevalence of Current and Lifetime MDD at Wave 1
The prevalence of Current and Lifetime MDD was at least two times higher for women
compared to men. Among Wave 1 Current Daily Smokers, the prevalence of Current MDD
was 16.0% for women and 7.9% for men (p<0.0001); the prevalence of Lifetime MDD was
28.0% for women and 14.4% for men (p<0.0001). Among Wave 1 Former Daily Smokers,
the prevalence of Current MDD was 8.6% for women and 3.6% for men (p<0.0001); the
prevalence of Lifetime MDD was 22.2% for women and 9.0% for men (p<0.0001).

Changes in Smoking for Wave 1 Current and Former Smokers
Smoking status remained stable for the majority of Wave 1 Current and Former Daily
Smokers over the three year period. Eighty-five percent of Wave 1 Current Daily Smokers
remained Current Smokers while 15% reported that they had quit smoking at Wave 2.
Ninety-five percent of Wave 1 Former Daily Smokers reported that they remained Former
Smokers while five percent reported that they were Current Smokers at Wave 2.

The Main and Gender-Specific Effects of MDD on Smoking Cessation. (Table 2)
The Main Effect of MDD on Smoking Cessation—Individuals with Current MDD
and Lifetime MDD, respectively, were 38% and 48% more likely than individuals without
these disorders to continue to smoke at Wave 2 (Table 2). The association between Lifetime
MDD and continued smoking remained significant for participants with current nicotine
dependence.

The Gender-Specific Effects of MDD on Smoking Cessation—In the full sample,
the association of Current MDD and continued smoking was significant for women, but not
men. However, the interactions of gender and Current MDD diagnosis were not significant
in either the full sample or for participants with nicotine dependence suggesting that the
overall effect of Current MDD on continued smoking was essentially the same for men and
women.

The association between Lifetime MDD and persistent smoking was significant for women,
but not men, in the full sample and for participants who met criteria for lifetime nicotine
dependence. However, the interactions of gender and Current MDD diagnosis were not
significant in either analysis.

The Main and Gender-Specific Effects of MDD on Smoking Relapse (Table 3)
The Main Effect of MDD on Smoking Relapse—Individuals with Current MDD and
Lifetime MDD were 56% and 35% less likely than individuals without the respective
diagnoses to have remained abstinent from smoking at Wave 2 (Table 3). The association
between Current MDD and continued smoking remained significant for participants with
current nicotine dependence. The association between Lifetime MDD and continued
smoking was not significant for participants with lifetime nicotine dependence.

The Gender-Specific Effects of MDD on Smoking Relapse—While the association
of Current MDD and smoking relapse was significant for women but not men in the full
sample, the interactions of gender and Current MDD diagnosis were not significant in either
analysis suggesting that the overall effect of Current MDD on smoking relapse was
essentially the same for men and women. The interactions of gender and Lifetime MDD
diagnosis were not significant.
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DISCUSSION
Our study was the first to use longitudinal data from a large epidemiological survey of adults
in the U.S. to examine the gender-specific relationship of Current and Lifetime MDD to
changes in smoking for Current and Former Smokers. Smoking status remained stable for
most participants over the 3-year period. Smokers with Current or Lifetime MDD were more
likely to continue smoking (i.e., were less likely to quit smoking) than smokers without the
respective diagnosis. Former smokers with Current MDD were more likely to report
smoking relapse than those without Current MDD. The pattern of results remained the same
when analyses were limited to smokers with nicotine dependence although the association of
Current MDD and continued smoking and Lifetime MDD and relapse were no longer
statistically significant in the restricted analyses. Contrary to expectation, the relationship
between MDD and changes in smoking did not differ by gender.

Most previous studies of the relationship of depression to smoking behavior examined
outcomes for specific smoking cessation treatments or used cross-sectional data to examine
changes in smoking retrospectively. In both cases, the findings were mixed (see (10) for a
review). Further, most past research excluded participants with Current MDD, resulting in
little information about the relationship between Current MDD and smoking quit behavior.
Our data advances this past work to show that MDD is negatively related to changes in
smoking in a general adult population. Our data further show that this relationship applies to
smokers with current MDD as well as those with past MDD and that the detrimental impact
of MDD on smoking behavior is similar for men and women.

The mechanisms behind the association of MDD to greater continued smoking and smoking
relapse are not clear. Smokers with depression report greater tobacco withdrawal (46, 47),
smoking expectancies (48, 49), smoking cue reactivity (50, 51), and smoking reward (52).
Neurobiological findings related to the nAChR system also suggest that smokers with
depression would experience greater cravings to smoke when attempting to quit (9, 10, 12).
In order to successfully quit smoking, adults with MDD, current or past, may need smoking
interventions that target withdrawal and cravings as well as depressive symptoms. Adults
with Current MDD may also need longer treatment durations and monitoring after smoking
cessation to catch and intervene early in relapse situations.

Women in this sample reported higher rates of Current and Lifetime MDD than men similar
to other research findings (27, 53, 54). The relationship of MDD to changes in smoking was
similar for men and women consistent with a meta-analysis of smoking cessation clinical
trials (17). However, MDD would still be expected to have an overall greater impact on the
smoking behavior of women due to the larger numbers of women suffering from MDD.
Women are more susceptible to some smoking-related illnesses (55, 56), face gender-
specific consequences of smoking (57), and appear to have more trouble quitting smoking
than men (37, 58, 59). Future research should continue to identify variables differentially
associated with changes in smoking for women to improve cessation interventions for
female smokers.

Several limitations to this study should be noted. The NESARC study surveyed non-
institutionalized adults in the United States and may not generalize to adults in other
countries, adults with severe MDD requiring residential living, or smokers younger than 18.
While one strength of the NESARC study is the careful and psychometrically sound
assessment of smoking behavior and Axis I disorders, the dataset is limited with regard to
other variables. For example, there are no data provided on the pattern of smoking between
the two waves of data collection (e.g., number of quit attempts, smoking cessation
treatments utilized, experience of withdrawal symptoms during specific quit attempts).
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Future research should examine how MDD relates to cessation success with specific
behavioral and pharmacological interventions. Future research should also examine the
impact of MDD course and treatment (e.g., chronicity of MDD, timing since MDD onset,
and antidepressant use), other depressive disorders (e.g., dysthymia, minor depression), and
co-morbid psychiatric and substance use disorders on changes in smoking in population and
clinical samples.

Current and Lifetime MDD are associated with a lower likelihood of quitting smoking and
Current MDD is associated with greater likelihood of smoking relapse. While women
showed higher rates of depression, the impact of depression on changes in smoking was
similar for men and women. Consideration of both depression and gender is critical for
improving our knowledge of why some groups of smokers are less likely to achieve
smoking cessation. Further, considering depression and gender when working with smokers
in clinical settings will help to provide appropriate levels of care in assisting these smokers
to quit and remain abstinent, thereby decreasing the enormous negative individual and
societal consequences of smoking.
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