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Abstract

Aims—The nature of the relationship between adolescent smoking and depression is unclear and
the mechanisms that account for the comorbidity have received little investigation. The present
study sought to clarify the temporal precedence for smoking and depression and to determine
whether these variables are linked indirectly through peer smoking.

Participants—The sample was composed of 1,093 adolescents participating in a longitudinal
study of the behavioral predictors of smoking adoption.

Design & Measurements—In this prospective cohort study, smoking, depression, peer
smoking and other covariates were measured annually from mid adolescence (9th grade; age 14) to
late adolescence (12th grade, age 18).

Findings—Parallel Processes Latent Growth Curve Models supported a bi-directional
relationship between adolescent smoking and depression, where higher depression symptoms in
mid adolescence (age 14) predicted adolescent smoking progression from mid to late adolescence
(ages 14-18 years old). A significant indirect effect indicated that higher depression symptoms
across time predicted an increase in the number of smoking peers, which in turn predicted
smoking progression from mid adolescence to late adolescence. In addition, smoking progression
predicted a deceleration of depression symptoms from mid to late adolescence. A significant
indirect effect indicated that greater smoking at baseline predicted a deceleration in the number of
smoking peers across time, which predicted a deceleration in depression symptoms from mid
adolescence to late adolescence.

Conclusions—The current study provides the first evidence of bi-directional self-medication
processes in the relationship between adolescent smoking and depression and highlights peer
smoking as one explanation for the comorbidity.

Keywords

adolescence; depression; smoking; longitudinal

INTRODUCTION

Depression and smoking show high rates of co-morbidity, with both typically beginning in
adolescence and serving as leading causes of psychosocial, economic, and medical
morbidity and premature mortality (1-5). However, the temporal relationship between
adolescent smoking and depression is unclear. Research has shown that major depression
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and depression symptoms (subthreshold depression) predict smoking initiation, progression
to regular smoking, and increases in average daily smoking rates (6-12). Conversely, other
studies indicate that smoking predicts the development of depression (13-16), depression
and smoking reciprocally influence each other (17-19), and smoking and depression do not
influence each other in a bidirectional manner (7,10,16). It is plausible that the relationship
between smoking and depression may not be causal, but rather due to a common set of
genetic or environmental factors that contribute to both depression and smoking. The
available support for common genetic influences is growing, but remains limited (20-22)
and research indicates that controlling for potential confounds is insufficient to explain the
association between depression and smoking (7,23-26).

Methodological variability may help to account for some of the disparate findings (e.g.,
different definitions of smoking or stage of smoking, lack of repeated assessments of
smoking and depression, lack of control for potential confounding variables, unidirectional
assessments, and the removal of respondents who have already smoked any cigarettes or
have a higher level of depression at baseline) (19,27-29). In addition, the relationship
between depression and smoking may not best represented as a direct effect, but rather an
indirect or mediated effect through another variable (29).

Although the notion that depressed adolescents may more readily acquire a smoking habit in
an effort to self-medicate mood (attenuate negative affect and/or increase positive affect)
compared to adolescents with no or low depressive symptomatology, the self-medication
hypothesis has received little prospective evaluation (30,31). The expectation that smoking
manages negative affect has been shown to discriminate smokers from nonsmokers, to
predict belonging to a regular smoking trajectory among adolescents, and to predict smoking
progression (32,33). A recent lab-based study found that smoking a cigarette reduced
negative affect among adolescent smokers who held strong beliefs that smoking alleviates
negative affect (34). Although these studies did not evaluate depression, this research
suggests that depression may promote adolescent smoking acquisition and that smoking
uptake may reduce adolescent depression. However, these conclusions, in part, seem
inconsistent with epidemiologic research showing that adolescent smoking contributes to the
development of depression.

The relationship between depression and smoking might be better explained through more
complex models that consider direct effects as well as indirect or mediated effects (29). The
mechanisms that account for the comorbidity between depression and smoking have
received very little investigation and research has yielded no answers (35). Peer smoking
may be an important mechanism to consider. Peer smoking has been linked to adolescent
smoking progression (36,37), and has been shown to accentuate the effects of depression on
adolescent smoking uptake (9). Cross-sectional data suggest that depression may make an
adolescent more vulnerable to peer smoking influences, which in turn promotes smoking
uptake (38). This may be due to affectively vulnerable adolescents' choice of peers who
smoke, or a greater need to gain peer approval, a compromised ability to refuse cigarette
offers, or the perception that cigarette smoking provides benefits to one's peers (38-41).
Likewise, adolescents who smoke may select peers with similar smoking behaviors, which
are often accompanied by other nonconventional behaviors (42-44). Peer substance use is
linked to the development of adolescent depression, possibly because of the quality of the
peer relationship or via engagement in similar nonconventional behaviors (45,46). We are
not aware of any research to date that has evaluated mechanisms that may account for
smoking contributing to the development of adolescent depression. As such, peer smoking is
a plausible candidate to consider.
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We propose to evaluate the temporal precedence for adolescent smoking and depression and
whether these variables are linked indirectly through peer smoking within a prospective
cohort design. In contrast to previous research, depression, smoking, and peer smoking were
repeatedly measured across time and modeled longitudinally. We anticipated that depression
and smoking will be characterized by a bi-directional relationship and that peer smoking will
help account for this relationship from mid adolescence to late adolescence.

METHODS

Participants and procedures

Participants were high school students (53% female and 65% White) taking part in a
longitudinal study of the social, psychological, and genetic determinants of adolescent
smoking adoption. Participants were enrolled in one of five public high schools in northern
Virginia. This cohort was drawn from the 2,393 students identified through class rosters at
the beginning of 9th grade. Students were ineligible to participate in this study if they had a
special classroom placement (e.g., severe learning disability). Based on the selection criteria,
a total of 2,120 (89%) students were eligible to participate, and of these, 1,533 (72%)
parents provided a response regarding their teen's participation. Of the 1,533 parents who
provided a response 1,151 (75%) consented to their teen's participation. Analysis of
differences between students whose parents did and did not consent revealed that the
likelihood of consent was greater for white parents with more than a high school education
than for white parents with a high school education or less (89% vs.77%) (47).

The majority of adolescents with parental consent provided their assent (99%, N=1136). The
adolescent cohort was formed in the 9th grade and was surveyed each spring until the end of
12th grade. Thus, four annual spring data waves were used in these analyses. Data were
collected on-site during compulsory classes. The surveys took approximately 30 minutes to
complete. Less than 10% of adolescents were lost to follow-up across the 4 years.
Participants in the present study were adolescents (N=1093) with complete data on the 9th

grade covariates. University Institutional Review Board approval of the study protocol was
obtained.

Measures

Depression symptoms: Depression symptoms were assessed at each wave with the Center
for Epidemiological Studies Depression (CES-D) inventory. The CES-D is a valid and
reliable 20-item self-report measure designed to assess depression symptoms in the general
population including adolescents (48-51). Whereas a CES-D score of 16 is indicative of a
clinically significant level of depression symptoms in adults, cutoffs for adolescents are
higher (i.e., > 22) (52). The 20-items were linearly summated and then log (base e)
transformed to correct for univariate non-normality, and to form a single log depression
symptoms score at each wave.

Smoking: Smoking was assessed at each wave with 13 standard epidemiological questions,
such as “Have you tried or experimented with cigarette smoking, even a few puffs?” and
“When was the last time you smoked a cigarette?” (53). In the present study, our dependent
variable was the number of cigarettes smoked in the past 30 days. This item was log (base e)
transformed for each wave for an observed continuous measure of past 30 day smoking at
each wave to correct for univariate non-normality.

Peer smoking: Peer smoking was measured at each wave by summating responses to three
items asking whether the adolescents' best friend smokes and how many of his or her other
four best male and four best female friends smoke (range 0 to 9 friends smoking) (36,37).
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Peer smoking was log (base e) transformed each wave to correct for univariate non-
normality.

Covariates: Demographic variables included gender (1= “male,” 2= “female”) and race (0=
“white,” 1= “non-white”). Household smoking was assessed with a binary variable
(0=nobody living in the household smokes, 1=at least household member smokes).
Marijuana use was assessed with one item asking “During the past 30 days, how many times
have you used marijuana? Alcohol use was assessed with one item asking, “During the past
30 days, on how many days did you have at least one drink (not just a sip) of alcohol?”
Response choices ranged from 0 to all 30 days for alcohol use and 0 to 40 or more times for
marijuana use (53). Individual physical activity was assessed with three items tapping
intensity, duration, and frequency of physical activity per week. Scores on physical activity
ranged from 0 to 7 days of physical activity per week. These three physical activity items
were summed and averaged to represent the average days of individual physical activity per
week. Team sport participation was assessed with a single item that requested the number of
sports teams on which the adolescent played during the past 12-months (1=0 teams to 4= 3
or more teams). All covariates were measured in the 9th grade. We controlled for these
covariates in the model as potential confounding variables given their associations with
smoking, peer smoking, and depression symptoms (7,37,54-66).

Analytical Approach: Univariate statistics were generated to describe the study population
in terms of demographics, smoking practices, and depression symptoms. Univariate
estimates were generated with SAS 9.2 software, and can be found in Table 1.

Latent Growth Curve Modeling (LGCM)

LGCM was conducted to assess the direct effects depression symptoms on adolescent
smoking and the indirect effects through peer smoking. All LGCM were conducted using
Mplus version 5.2 software (67). LGCM is a multivariate structural equation modeling
method that models repeated measures of an observed variable (e.g., smoking, depression
symptoms) on factors (latent/unobserved variables) representing random effects (ηis). The
random effects are free to vary by individual, thus capturing individual variability. Latent
Growth Curve Models have an intercept factor representing baseline level, and a slope
(trend) factor representing growth (e.g., linear, quadratic), or rate of change across time. The
shape of the estimated growth curve is determined by defined factor loadings (λs), which are
the path coefficients from the trend factor to the observed indicator variable. For instance, if
a linear growth curve is believed to be the best representation of the average growth curve,
factor loadings from the trend factor to the observed measures would be λ0 (trend factor to
initial observed measure) =0, λ1(trend factor to 2nd observed measure) =1, λ2(trend factor to
3rd observed measure) =2, and λ3(trend factor to 4th observed measure) =3; there is a one
unit increase in the dependent process (e.g., smoking) for a one unit (e.g., one year) increase
in time. The factor loadings from the intercept factor to the observed measures are fixed at
1.0 as intercept does not change with time. Thus, LGCM models individual growth curves
over time, with individual (i) specific baseline level and rate of change, and permits
estimation of average growth with time.

In the present analysis, we conducted associated processes LGCM. Associated processes
LGCM is an extension of single process LGCM that allows testing paths among the random
effects (i.e., levels [η0] and trends [η1,2…]) of two or more LGCMs (68). For instance, we
tested paths from depression symptoms trend to smoking trend, which allowed us to assess
whether on average the rate of change in depression symptoms over time increased (positive
effect) or decreased (negative effect) the rate of change in smoking over time. Three
associated processes were modeled in the present study, one each for the repeated observed
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measures of depression symptoms (our exogenous process), adolescent smoking (our
endogenous process), and peers smoking (mediating mechanism). We were interested in
whether depression symptoms (baseline level or trend) affected smoking progression (trend)
directly and indirectly through changes in peer smoking across time (trend). We were also
interested in the reverse directional path which would evaluate whether smoking (baseline
level or trend) affected changes in depression symptoms (trend) directly across time and
indirectly across time through changes in peer smoking (trend). In both the primary and
alternate LGCMs we also assessed direct and indirect effects at baseline (level to level
paths).

Evaluating model fit

Model fit was evaluated with model chi-square (X2), Comparative Fit Index (CFI), Root
Mean Square Error of Approximation (RMSEA), and Standardized Root Mean Residual
(SRMR). Suggested fit criteria are non-significant X2, CFI > .95, RMSEA < .05-.08 (69-71).
An RMSEA value zero represents exact model fit (69). We used maximum likelihood robust
parameter estimation to correct for multivariate non-normality.

Missing data

To account for missing data, multivariate modeling used all available data. Mplus allows
modeling with missing data using maximum likelihood estimation of the mean, variance,
and covariance parameters, when requested, employing the Expectation Maximization (EM)
algorithm, assuming data are missing at random (72). We only accounted for missing data
on the repeated measure of smoking, depression symptoms, and peer smoking. Cases with
missing data on the covariates were not included in the analysis. Final analyses were based
on 1093 adolescents.

RESULTS

Descriptive Statistics

Depression symptoms fluctuated with the non-log transformed mean at 13.90 (SD=9.16) at
9th grade, increasing to 14.54 (SD=10.30) in 10th grade, and dropping to 13.00 (SD=8.85) at
12th grade. These average scores suggest a moderate level of depression symptoms in this
sample. The average number of peers smoking increased slowly from 1.79 (SD=2.41) at 9th

grade to 2.16 (SD=2.50) at 12th grade. At 9th grade, ~ 10% of the sample smoked at least
one cigarette in the past 30 days (non-log transformed mean = 5.59 cigarettes a month, SD =
44.73). This increased to 20% of the sample smoking at least one cigarette in the past 30
days (non-log transformed mean = 20.07 cigarettes a month, SD = 81.03).

Model fit—The three process LGCM (Figure 1) fit the data reasonably well, χ2(93, 1093)
=204.70, p < .0001, MLR scaling correction factor=1.125, CFI=.98, RMSEA=.03 (90%
CI= .03,.04), probability RMSEA ≤ .05 = 1, SRMR=.02. For smoking, peer smoking, and
depression symptoms, we allowed the last factor loading from the trend factor to the 12th

grade observed measure to be freely estimated, improving model fit to the observed data.
The estimated factor loadings (λ4) for smoking (ηS), depression symptoms (ηDS), and peer
smoking (ηPS) were λ4ηS=2.15, λ4 ηDS=1.70, and λ4 ηPS=1.76, respectively.

Direct Effects of Depression on Smoking—The non-standardized regression
coefficients (β), standard errors (SE), Z-statistics (β/SE), and associated p-values for all
model effects are presented in Table 1. Standardized regression coefficients for significant
model pathways are presented in Figures 1 and 2.
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Smoking: Peer smoking level had a significant positive effect on smoking level (β=.90,
Z=9.79, p<.0001), suggesting that the greater the number of peers smoking at baseline, the
greater the baseline level of smoking. Depression symptoms level had a significant positive
effect on smoking trend (β=.16, Z=2.44, p=.02), which indicated that the higher the
depression symptoms at baseline, the greater the acceleration in smoking uptake over time.
In addition, peer smoking level had a significant positive effect on smoking trend (β=.22,
Z=3.80, p<.0001), indicating that a greater number of smoking peers at baseline predicted
smoking progression. Peer smoking trend also had a significant positive effect on smoking
trend (β=1.45, Z=6.52, p<.0001), indicating that the acceleration in the number of peers
smoking over time was paralleled by an acceleration in smoking over time. There were no
other significant between factor effects on smoking trend.

Peer Smoking: Baseline depression symptoms had a significant positive effect on baseline
peer smoking (β=.37, Z=5.99, p<.0001) indicating that the greater the baseline level of
depression symptoms, the greater the number of peers who smoked at baseline. Baseline
smoking had a significant negative effect on peer smoking trend (β= -.05, Z= -2.13, p=.03)
indicating that the greater the smoking at baseline, the slower the acceleration in the number
of peers smoking over time. However, depression symptoms trend had a significant positive
effect on peer smoking trend (β=.52, Z=3.85, p<.0001), indicating that acceleration in
depression symptoms over time was associated with acceleration in the number of peers
smoking over time. There were no other significant between factor effects on peer smoking
trend.

Depression Symptoms: To control for the effects of baseline smoking and peer smoking,
the multivariate model also estimated the effects of baseline levels of repeated measures of
these two variables on depression symptoms trend. Peer smoking baseline level had a
significant negative effect on depression symptoms trend (β= -.09, Z= -2.61, p=.01),
indicating that the greater the peer smoking at baseline, the slower the acceleration in
depression symptoms over time. There were no other significant effects on depression
symptoms trend.

Indirect Effects of Depression on Smoking—We evaluated whether there were
significant indirect effects of depression symptoms on smoking progression through peer
smoking. As such, we tested indirect effects from depression symptoms level to smoking
level through peer smoking level, depression symptoms level on smoking trend through peer
smoking level or trend, and for depression symptoms trend to smoking trend through peer
smoking trend, for significance with Delta method standard errors (67). The total effect,
total and specific indirect effects, and direct effects are presented in Table 2, along with the
95% confidence intervals for the significant indirect effects. To assess the strength of a
mediated effect on a continuum from absense of mediation to complete mediation, we
estimated the ratio of the specific indirect effect to total effect, the effect proportion
mediated (Bindirect / Btotal) (73). Further, the 95% confidence interval (CI), if it does not
include zero, provides a measure of the strength of the indirect effect, suggesting minimum
and maximum effects (73).

Depression symptoms level to smoking level: The total effect of depression symptoms
level to smoking level, including the direct and indirect effects through peer smoking, was
significant (Btotal = .26, Z = 3.13, p=.002, 95% CI = .10, .42). The specific indirect effect of
baseline depression symptoms on baseline smoking through baseline peer smoking was
significant (Bindirect = .33, Z = 5.09, p<.0001, 95% CI = .21, .46). As the direct effect of
depression symptoms level on smoking level (Bdirect= -.07 Z = -.95, p=.34, 95% CI = -.22, .
08) was negative, the effect proportion mediated exceeded 1.00 (i.e., Bindirect = .33/ Btotal = .
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26 = 1.27). However, because the direct effect (Bdirect) was not significant, we capped the
proportion mediated effect at a value of 1.00 (73). Thus, we can conclude that increases in
baseline depression symptoms predict an increase in the number of smoking peers at
baseline, which in turn, predicts baseline smoking level (complete mediation).

Depression symptoms level to smoking trend: The total effect of depression symptoms
level to smoking trend, including the direct and indirect effects through peer smoking, was
significant (Btotal = .13, Z = 2.48, p=.01, 95% CI = .03, .23). The specific indirect effect of
baseline depression symptoms on smoking trend through baseline peer smoking was
significant (Bindirect = .08, Z = 3.35, p=.001, 95% CI = .03, .13). The direct effect of
depression symptoms level on smoking trend (Bdirect = .16 Z = 2.44, p=.02, 95% CI = .03, .
28) was also significant. The effect proportion mediated (i.e., Bindirect = .08/ Btotal = .13)
was .61, suggesting only partial mediation. Thus, higher baseline depression symptoms
predict a greater number of smoking peers at baseline, which in part, predicts smoking
progression.

Depression symptoms trend to smoking trend: The total effect of depression symptoms
trend to smoking trend was not significant (Btotal = .29, Z = 1.29, p=.20, 95% CI = -.15, .72).
However, depression symptoms trend had a significant indirect effect on smoking trend
through peer smoking trend (Bindirect = .75, Z = 3.11, p=.002, 95% CI = .28, 1.23). As the
direct effect of depression symptoms trend on smoking trend (Bdirect = -.47 Z = 1.76, p=.08,
95% CI = -.98, .05) was negative, the effect proportion mediated exceeded 1.00 (i.e.,
Bindirect = .75/ Btotal = .29 = 2.59). However, because the direct effect (Bdirect) was not
significant, we capped the proportion mediated effect at a value of 1.00 (73). Thus, we can
conclude that increases in depression symptoms over time predicts an increase in the number
of smoking peers, which in turn, predicts smoking progression (complete mediation).

Direct Effects of Smoking on Depression: The Alternative Model—We also
assessed an alternative directional path whereby smoking affects the development of
depression symptoms directly as well as indirectly through peer smoking and physical
activity. Standardized regression coefficients for significant model pathways are presented
in Figure 2.

Depression symptoms: Peer smoking level had a significant positive effect on depression
symptoms level (β=.31, z=4.30, p<.0001), indicating that the greater the number of peers
smoking at baseline, the higher the depression symptoms at baseline. Peer smoking trend
also had a significant positive effect on rate of change in depression symptoms from 9th to
12th grade. (β = .60, z= 3.21, p=.001). These results indicated that acceleration in the
number of peers smoking over time was associated with an acceleration in depression
symptoms over time. Smoking trend though had a significant negative effect on depression
symptoms trend (β = -.15, Z= -2.14, p=.03) indicating that acceleration in smoking over time
was associated with a deceleration (or slowing of acceleration) in depression symptoms over
time.

Peer smoking: Baseline smoking (level) had a significant positive effect on peer smoking
level (β = .50, Z= 10.18, p<.0001), indicating that greater baseline smoking predicted a
higher number of smoking peers at baseline. However, baseline smoking had a significant
negative effect on peer smoking trend (β = -.11, Z= -4.18, p<.0001). These results considered
together indicate that adolescents who have higher levels of smoking at age 14 also have
more peers who smoke at this age and may reach a ceiling in the number of smoking peers
than those who do not smoke regularly at mid adolescence. Smoking trend had a significant
positive effect on peer smoking trend (β =.30, Z=9.53, p<.0001), indicating that acceleration
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in smoking predicted increases in the number of smoking peers across time. Finally,
depression symptoms baseline level (β = -.09, Z= -3.02, p=.003) had a significant negative
effect on peer smoking trend suggesting that the higher the baseline level of depression
symptoms the slower the acceleration in the number of peers smoking over time.

Smoking: To control for the effects of baseline depression and peer smoking, the
multivariate model also estimated the effects of baseline levels of these two variables on
smoking trend. However, there were no significant effects on smoking trend.

Indirect Effects of Smoking on Depression—To evaluate whether smoking affects
the development of depression symptoms indirectly through peer smoking we tested several
indirect pathways for significance, reversing the pathways tested in the first model (See
Figure 2). First, we tested the effect of baseline smoking (level) on baseline depression
symptoms (level) through baseline peer smoking level. This indirect effect was significant
(Bindirect = .15, z = 4.08, p<.0001, 95% CI = .08, .23). The total effect was also significant
(Btotal = .09, z = 3.08, p=.002, 95% CI = .03, .14). The effect proportion mediated exceeded
1 (Bindirect /Btotal = 1.67). However, as the direct effect was negative and non-significant
(see Table 2), the effect proportion mediated was capped at 1.00, and we can conclude that
the effect of baseline smoking on baseline depression symptoms was completely mediated
through baseline peer smoking.

In addition to the indirect effect of baseline smoking to depression symptoms level, the
indirect effect of baseline smoking level to depression symptoms trend through peer
smoking trend was also significant (Bindirect = -.06, z = -2.76, p=.01, 95% CI = -.11, -.02),
and there was a significant indirect effect from smoking trend to depression symptoms trend
(Bindirect = .18, z = 2.97, p=.003, 95% CI = .06, .30). The total effect of baseline smoking on
depression symptoms trend was not significant (Btotal = -.04, z = -1.73, p=.08, 95% CI = -.
08, .01). The effect proportion mediated for this indirect effect was (Bindirect = -.06/ Btotal =
-.04) = 1.50, which exceeds 1.0. This resulted from a positive direct effect from baseline
smoking to depression symptoms trend (Bdirect = .07, z = 1.71, p=.09, 95% CI = -.01, .15).
However, because the direct effect (Bdirect was not significant, we capped the proportion
mediated effect at a value of 1.00 (73). Thus, we can conclude that the effect of baseline
smoking on rate of change in depression symptoms over time, is due to in the number of
peers who smoke, indicating complete mediation.

The indirect effect of smoking trend on depression symptoms trend was more complicated.
The total effect was not significant (Btotal = .04, z = 1.17, p=.24, 95% CI = -.02, .10). The
effect proportion mediated, though, exceeded 1.00 [i.e., (Bindirect = .18/ Btotal = .04) = 4.5].
This is because the direct effect of smoking trend on depression symptoms trend was
negative (Bdirect = -.15, z = -2.14, p=.03, 95% CI = -.28, -.01). However, unlike the case of
the indirect effect of baseline smoking level on depression symptoms trend in which the
direct effect was not significant, this direct effect was significant, indicating effect
suppression (73). In the presence of effect suppression, the calculated proportion of
mediation is not meaningful and the direct effect cannot be ignored. This suggests that
holding peer smoking rate of change (trend) constant, the direct effect of smoking trend on
depression symptoms trend is significant and negative.

For exploratory purposes, we evaluated the moderating role of gender in the direct and
indirect relationship between depression and smoking. There were no signficant gender
differences in either two-group LGCM.
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DISCUSSION

The present study found evidence for a bi-directional relationship between adolescent
depression and smoking. Peer smoking helped account for the comorbidity. Depression
symptoms measured at mid adolescence (age 14) predicted smoking progression across mid
to late adolescence (ages 14-18 years old). Peer smoking mediated these developmental
influences such that higher depression symptoms predicted an increase in the number of
smoking peers, which in turn predicted smoking progression. The assessment of the
alternative directional path indicated that smoking progression predicted a deceleration of
depression symptoms from mid to late adolescence. A significant indirect effect indicated
that greater smoking at baseline predicted a deceleration in the number of smoking peers
across time, which predicted a deceleration in depression symptoms from mid adolescence
to late adolescence.

The presence of a bi-directional relationship is partially consistent with previous research
(17-19). In contrast to those studies that found smoking to be a risk factor for depression and
depression to be a risk factor for smoking, the bi-directional influences observed in the
present study support a self-medication hypothesis for both directional paths. That is,
depression contributed to smoking uptake and smoking progression contributed to a
dampening or leveling off of depression symptoms. A recent cross-sectional study of
smoking associated mood variation found that adolescent smokers reported higher positive
affect and lower negative affect after smoking, but these mood modulation effects
diminished with high levels of smoking experience (74). Variability in negative mood or
unstable affect regulation appears to be a risk factor for smoking escalation among
adolescents and smoking serves to stabilize or decrease the variability in negative mood
states (75). This study extends this research by showing prospectively that depression
contributes to smoking uptake and that smoking modulates depression symptoms. These
reciprocal relationships may reinforce and maintain smoking behavior into adulthood.

These findings also highlight the notion that there may be overlap in the neural substrates
modified by smoking and anti-depressant medication (76). For example, nicotinic
acetylcholine receptors are thought to be involved in modulating the release of several
neurotransmitters implicated in mood, such as serotonin, norepinephrine, dopamine, GABA
and glutamate (76,77). Nicotine receptor inhibition appears to mitigate mood instability and
may reduce depression (78). It is possible that long term (or even shorter term) smoking may
be followed by adaptations or tolerance to nicotine, which may promote negative affective
states such as depression (77,79). The mood modulating or affective regulating functions of
nicotine may decline with a greater smoking history (74,75). As the epidemiological studies
of the depression-smoking relationship extend into young adulthood, capturing longer
smoking histories and higher smoking rates, findings that smoking predicts depression are
consistent with this explanation (14,24).

Our bi-directional findings may have differed, in part, from previous research (7,10,17-19)
because we used repeated measures of depression and smoking to account for baseline levels
and changes across time. This may have allowed us to better capture how these two
variables impact each other from mid adolescence to late adolescence (80). We also
controlled for some confounding variables (17-19,81) and considered a more complex
relationship between smoking and depression, which included an evaluation of indirect
effects.

The findings of this study also indicate that depression contributes to smoking acquisition
indirectly by increasing adolescent vulnerability to peers who smoke. The impact of peer
smoking on adolescent smoking acquisition is well documented (43). Adolescents with
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higher levels of depression may be more sensitive to peer behavior, more likely to select
nonconventional peers, or both (45,46,82). A greater number of smoking peers provides
better access to cigarettes, promotes a normative perception of smoking, and may be a
source of peer approval (38,83). These issues may be especially salient for youth with higher
levels of depression symptoms.

Of note, the alternative indirect path showed that smoking at mid adolescence (age 14)
predicted a leveling off in the number of smoking peers across time, which in turn,
contributed to a deceleration of depression symptoms. This finding is contrary to what we
would have expected, although cross-sectional research has shown that adolescent smokers
tend to have higher depression symptoms, if they attend a school with a lower smoking
prevalence (83). This may reflect the importance of peer group belonging and perceptions of
normative behavior on depression. Alternatively, this finding may simply reflect a positive
relationship between greater adolescent smoking and a greater number of peers who smoke
at baseline, such that fewer smoking peers are acquired across time. The leveling off in the
number of peer smokers is then positively linked to the leveling off in depression symptoms.
The positive trend to trend relationship between smoking progression, greater number of
peers smoking, and an increase in depression symptoms across time was suppressed by a
significant and negative direct effect between smoking progression and deceleration in
depression symptoms (73). This may simply exemplify the complexity of the relationship
between adolescent smoking and depression, reflect that the peer smoking variable
measured the quantity of peers who smoke across time but did not account for the quality
and types of peer relationships that may impact mood, and/or highlights the importance of
other common and unique mechanisms.

Research indicates that almost 25% of adolescents are regular smokers (37,53), about 25%
of adolescents have had at least one major depressive episode by 18 years of age (2), and
20-30% of adolescents experience depressive symptoms (64,81,84,85). The high rates of
comorbidity between depression and smoking emphasize the importance of targeting
smoking prevention efforts to this high-risk group. Interventions that have components on
depression prevention and management could have an important impact on smoking uptake
as well as subsequent depression. Social influence-based models of smoking prevention or
intervention address peer influences to smoke (e.g., cigarette offer refusal skills). However,
it may also be important to address these issues from the standpoint of adolescent
depression. For example, programs that address coping and negative mood management
skills, limited social networks, need for peer approval, and accessing nonsmoking peer
groups may be especially beneficial for adolescents with elevated depression symptoms.
Preliminary findings indicate that social learning-based approaches to smoking prevention
tend to be especially helpful for depressed adolescent boys (86).

The strengths of the present study include the collection of data from a large group of
adolescents, repeated measurements of smoking, depression and peer smoking across mid to
late adolescence, an analytic plan that is consistent with the longitudinal nature of the data
and the concept of comorbidity, inclusion of potential confounding variables, and a good
retention rate. One limitation is that self-reports of depression symptoms were not confirmed
by formal clinical interview. Thus, we cannot determine whether these adolescents had a
history of major depression or if they met criteria for a current diagnosis. Similarly, our
baseline measure of depression (depression level factor) does not encompass depression
history. However, our measure of smoking at baseline (smoking level factor) does consider
smoking history. Future prospective research should include a baseline variable that
encompasses lifetime and present depression. Also, we did not measure co-morbid and
potentially confounding psychiatric symptoms, such as anxiety (17,85,87). Although it may
be considered a limitation that our model did not include nicotine dependence, our study
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shows important relationships between depression symptoms and regular smoking, which
may or may not reflect nicotine dependent smoking. Many of these adolescent smokers may
continue to smoke into adulthood, potentially solidifying a link between smoking, nicotine
dependence, and depression. Indeed, data suggests a bi-directional relationship between
smoking, nicotine dependence and major depression in young adults ages 18-31 years old
(23,24).

In addition, although our sample was 34% minority, we did not have enough adolescents in
any one racial group to evaluate racial differences in the link between depression and
smoking. Finally, a common limitation of protocols requiring active consent is the rate of
nonresponse (88-90). Although 75% of those parents who responded provided consent and
the differences between those who provided consent and those who declined were relatively
small and few (47), caution is warranted in generalizing the results of this study. However,
our sample was nationally and locally representative on basic demographic characteristics
(91-93), and the smoking rates are fairly comparable to those found in national surveys for
the geographical area of our sample (91,94-96), and the region and the population of high
school students in the county from which the sample was drawn.

In conclusion, the present study provides the first evidence of bi-directional self-medication
processes in the relationship between adolescent smoking and depression and suggests that
peer smoking behavior may help account for the comorbidity. Further research on
mechanisms may provide novel behavioral and pharmacological intervention targets for
adolescent smoking and/or depression. Based on these findings, targeting depression could
have an important impact on smoking uptake as well as subsequent depression. The public
health implications of further research could have a significant bearing on the psychosocial,
economic, and medical morbidity and premature mortality that are associated with these
conditions.
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Figure 1.

The Direct and Indirect Effects of Depression on Adolescent Smoking Progression
Note: The model only depicts significant paths among latent variables and presents
standardized values.
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Figure 2.

The Direct and Indirect Effects of Adolescent Smoking on the Development of Depression.
Note: The model only depicts significant paths among latent variables and presents
standardized values.
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