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Abstract

Objective—It is widely known that cigarette use and depressive symptoms co-occur during 

adolescence and young adulthood and that there are gender differences in smoking initiation, 

progression, and co-occurrence with other drug use. Given that females have an earlier onset of 

depressive symptoms while males have an earlier onset of cigarette use, this study explored the 

possible bidirectional development of cigarette use and depressive symptoms by gender across the 

transition from adolescence to young adulthood. Gender differences in the stability and crossed 

effects of depressive symptoms and cigarette smoking during the transition to young adulthood, 

controlling for other known risk factors, were examined using a nationally representative 

longitudinal sample.

Methods—A bivariate auto-regressive multi-group structural equation model examined the 

longitudinal stability and crossed relationships between a latent construct of depressive symptoms 

and cigarette smoking over four waves of data. Data for this study came from four waves of 

participants (N=6,501) from the National Longitudinal Survey of Adolescent Health. At each of 

four waves, participants completed a battery of measures including questions on depressive 

symptoms and an ordinal measure of number of cigarettes smoked per day.

Results—The best fitting bivariate autoregressive models were gender-specific, included both 

crossed and parallel associations between depressive symptoms and cigarette use during the 

transition to adulthood, and controlled for wave-specific parental smoking, alcohol use, and 

number of friends who smoke. For females, greater depressive symptoms at each wave, except the 

first one, were associated with greater subsequent cigarette use. There were bidirectional 

associations between depressive symptoms and cigarette use only for females during young 

adulthood, but not for males.

Conclusions—The development of depressive symptoms and cigarette use from adolescence 

and into young adulthood follows similar patterns for males and females. Controlling for the 

correlation and stability between initial levels of depressive symptoms and cigarette use from 

adolescence into young adulthood, there remains a crossed association between cigarette use and 

depressive symptoms specific for females during young adulthood. The findings suggest that 

prevention interventions focused on mental health should include warnings that cigarette use may 

exacerbate depressive symptoms.
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Adolescent cigarette use continues to be a risk factor for the progression to heavier cigarette 

use (Rose, Dierker, & Donny, 2010), the onset of nicotine dependence (Breslau, Fenn, & 

Peterson, 1993), and other health-related problems (Dierker, Selya, Piasecki, Rose, & 

Mermelstein, 2013; Kandel, Davies, Karus, & Yamaguchi, 1986). Consistently, studies 

report a co-occurrence between cigarette use and depressive symptoms (Dierker, Avenevoli, 

Merikangas, Flaherty, & Stolar, 2001) and cigarette use during adolescence may be a risk 

factor for the onset of depressive symptoms (Benjet, Wagner, Borges, & Medina-Mora, 

2004). Early work in this area found higher rates of depression among individuals who were 

regular smokers (Glassman et al., 1990). Longitudinal studies have suggested that frequent 

cigarette use during adolescence increases the odds of developing major depression during 

young adulthood (Brook, Cohen, & Brook, 1998), and that among individuals not 

experiencing major depression or drug dependence during adolescence, frequent use of 

cigarettes was associated with the onset of major depression during early adulthood (Brown, 

Lewinsohn, Seeley, & Wagner, 1996).

In recent years increased focus has been placed on understanding depressive symptoms, 

rather than clinical diagnoses of depression, as risk factors for cigarette use. This focus is 

supported by findings that indicate that depressive symptoms are important in the pathway 

to developing major depressive disorder (Pine, Cohen, Gurley, Brook, & Ma, 1998). Indeed, 

smokers with subthreshold levels of depression are more likely than smokers without any 

depressive symptoms to continue smoking (Weinberger & McKee, 2012). However, some 

work has reported a decrease in cigarette use among adolescents with high levels of 

depressive symptoms (Fischer, Najman, Williams, & Clavarino, 2012). A possible reason 

for the inconsistent finding may be that few studies have examined the bidirectional 

associations between depressive symptoms and cigarette use.

Gender Differences

It is well established that male adolescents begin smoking earlier (Okoli, Greaves, & 

Fagyas, 2013) and experience a higher prevalence of experimental smoking than females 

(Harrell, Bangdiwala, Deng, Webb, & Bradley, 1998; Ng, Freeman, Fleming, & et al., 

2014). During early adolescence, however, more rapid increases in cigarette use are found 

among females than males (Gabrhelik et al., 2012; Sweeting, Jackson, & Haw, 2011).

Higher rates of depressive symptoms among females have been widely known to first appear 

in adolescence (Zahn-Waxler, Shirtcliff, & Marceau, 2008; Cohen et al., 1993). Females use 

emotional coping to deal with stressors (Nolen-Hoeksema, 2012) and although males’ 

cigarette use onset is earlier, it has been suggested that females turn to cigarettes to suppress 

the experience of emotions (Fucito, Juliano, & Toll, 2010). Thus, the longitudinal 

association between depressive symptoms and cigarette use may differ by gender.
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Other Substance Use

Nationally representative estimates suggest that about 10% to 15% of adolescents and 35% 

to 45% of young adults report concurrent use of alcohol and cigarettes in the past year 

(Anthony & Echeagaray-Wagner, 2000). Adolescents who use cigarettes report daily use of 

other drugs such as marijuana and alcohol compared to adolescents who do not smoke 

(Duhig, Cavallo, McKee, George, & Krishnan-Sarin, 2005). The concurrent use of 

marijuana and alcohol predict higher levels of nicotine addiction (Bonilha et al., 2013). 

Further, young adults who are light smokers are more likely to smoke while having a drink 

and to smoke a greater number of cigarettes while drinking than young adults who are 

heavier smokers (Jackson, Colby, & Sher, 2010; Jackson, Sher, & Schulenberg, 2005).

Additionally, individuals who use cigarettes and alcohol are at increased risk for depression 

(Epstein, Induni, & Wilson, 2009). Increases in depressive symptoms are associated with 

monthly use of cigarettes and alcohol among young female adolescents, but only monthly 

alcohol use among young male adolescents is associated with symptoms of depression 

(Kubik, Lytle, Birnbaum, Murray, & Perry, 2003). Cigarette use continues to be a risk factor 

for the depressive symptoms, even when controlling for the use of other substances (Brown, 

Lewinsohn, Seeley, & Wagner, 1996), suggesting that cigarette use may contribute a 

specific risk factor to the onset of depressive symptoms. In relation to depression, 

individuals who use only cigarettes experience higher depressive symptoms than those who 

use cigarettes concurrently with other substances (Bonn-Miller, Zvolensky, & Johnson, 

2010). Thus, the association between cigarette use and depressive symptoms is often 

exacerbated by the use of other substances.

In addition, several characteristics of the adolescent familial and social environments are 

known to make contributions to adolescent cigarette use and depression. These are discussed 

next.

Parental smoking

Considerable work has suggested that parental use of cigarettes influences adolescents’ early 

initiation of cigarette use (Chassin, Presson, Pitts, & Sherman, 2000; Flay et al., 1994) and 

decreased cessation among established smokers (Chassin, Presson, Rose, & Sherman, 1996). 

Recent studies have found that a strong predictor of adolescent cigarette use is whether 

parents are active regular smokers and whether both parents smoke (Gilman et al., 2009).

Friends who smoke

Adolescents’ peers and friends are significant sources of influence on adolescent cigarette 

use (Kobus, 2003) and having more friends who smoke increase the odds that adolescents 

will engage in moderate to heavy cigarette use (Goodman & Capitman, 2000). Further, 

adolescents who spend time in and around social networks with higher smoking prevalence 

are more likely to use cigarettes (Ennett et al., 2006).
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Income

The way in which income is associated with adolescent cigarette use is less clear. Some 

studies suggest that low levels of family income increase the risk of adolescent cigarette use 

(Hanson & Chen, 2007; Stanton, Oei, & Silva, 1994). Other studies report a positive 

relationship between income, in particular having access to discretionary income (Hong, 

Rice, & Johnson, 2011), and cigarette use (Ben Lakhdar, Cauchie, Vaillant, & Wolff, 2012). 

Further, the effect of income on adolescent cigarette use may not be limited to the 

adolescents’ family and personal income, but aspects of the broader community's income 

may also play a role in the regular smoking among this age group (Mistry et al., 2011).

Some previous studies have examined how these two constructs influence each other (e.g., 

depressive symptoms) by controlling for concurrent or previous levels of the other construct 

(e.g., cigarette use) (Fischer et al., 2012; Low et al., 2012; Mickens et al., 2011). The exact 

unfolding of the co-occurrence between depressive symptoms and cigarette use during the 

transition from adolescence to adulthood may involve bidirectional effects (Bares & 

Andrade, 2012; Leung, Gartner, Hall, Lucke, & Dobson, 2012). Accounting for the 

development of each construct longitudinally and simultaneously in one model may provide 

insights into how each problem behavior influences the other and doing so is possible by 

building recursive structural equation models (Kline, 2011). Given previous findings on 

gender differences in the development of depressive symptoms (Zahn-Waxler et al., 2008) 

and cigarette use (Okoli et al., 2013), this study's main hypothesis was that depressive 

symptoms would lead to greater levels of cigarette use for females but to a lesser degree for 

males. Thus, it was expected that depressive symptoms for males would have a weaker 

influence on cigarette use than for females across time. The present study examined how 

males and females differ in the association between depressive symptoms and number of 

cigarettes consumed per day from adolescence to young adulthood after controlling for 

known correlates, risk factors, and for the stability of each construct over time.

METHODS

Sample and Participants

The data for this study came from participants in the National Longitudinal Survey of 

Adolescent Health (Add Health), a nationally representative, probability-based sample of 

adolescents in the United States who, during the 1994-95 school year, were enrolled in 

grades 7-12 (http://www.cpc.unc.edu/projects/addhealth). The design of the study and the 

details regarding data collection are available in previous publications (Harris et al., 2003; 

Resnick et al., 1997). Following the baseline assessment that occurred in the 1994-95 school 

year, participants were followed three additional times. The second assessment occurred one 

year after the first (1995-1996), while the third assessment was undertaken 5 years after the 

second assessment (2000-2001). The fourth, and most recent, assessment occurred six years 

after the third assessment (2006-2007). After a full and complete discussion about the study, 

Add Health participants provided written informed consent prior to participating in any 

study activities. The University of North Carolina School of Public Health Institutional 

Review Board approved and, monitored the study.
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Data from the four assessments, which spanned 12 years between adolescence and young 

adulthood, were used for this study. The analytic sample included participants who smoked 

at any of the four assessments in the Add Health survey.

Assessments and Measures

Cigarettes per day—Each participant reported on the number of cigarettes smoked per 

day in the previous 30 days at each wave of data collection. In the first, second and fourth 

assessments in the Add Health survey, participants were asked to report on the number of 

cigarettes that they smoked per day in the previous month. In the third wave of the 

assessments, however, participants were instead presented with an ordinal set of response 

options to indicate the cigarettes they smoked per day in the previous month. To create a 

more parallel measure of cigarettes per day across all of the waves, the original cigarettes 

per day variable measured at the first, second, and fourth waves was recoded for this study. 

The resulting variable at each wave was an ordinal variable where 0 indicated “No cigarettes 

per day”, 1 “Between 1 and 10 cigarettes per day”, 2 “Between 11 and 20 cigarettes per day, 

and 3 “More than 21 cigarettes per day”. Participants who had not smoked in the previous 

30 days or who reported never smoking were included as smoking 0 cigarettes in the 

analyses. Table 1 presents the percent of participants by wave who fell into the four 

categorical response options of cigarette use.

Depressive symptoms—Depressive symptoms were assessed in the Add Health survey 

using the short version of the Center for Epidemiological Studies-Depression scale (Radloff, 

1977, 1991). Participants were asked to indicate how often in the previous week they 

experienced different emotional states on a 4-point scale ranging from 0=Never or rarely to 

3=Most of the time for each of the 9 items. Some of the items include “I felt everything I did 

was an effort” and “I was bothered by things that usually do not bother me”. The full set of 

items have been published elsewhere (Andresen, Malmgren, Carter, & Patrick, 1994). Due 

to the positive wording of four of the CES-D items, (“I felt happy”, “I enjoyed life”, “I felt 

hopeful about the future”, and “I felt as good as other people”), they were reversed coded. 

The reliabilities for the depression items at each wave were 0.79 (Wave 1), 0.80 (Wave 2), 

0.81 (Wave 3), and 0.81 (Wave 4). For descriptive purposes, Table 1 presents the means and 

standard deviations of each wave of the CES-D Short Form, calculated from all of the items 

at each wave.

The covariates used in the analyses included adolescent self-reports of age at the time of the 

baseline survey (Wave 1), number of friends who smoke measured at Waves 1 and 2, 

parental smoking (available only at Wave 1), and income (available only at Wave 3). Due to 

the design of the Add Health survey, not all of the covariates were available in all four of the 

waves. Table 1 lists descriptive statistics for the study variables by wave.

Parental smoking—In two separate questions, participants reported whether their mother 

or father had ever smoked. A binary variable was created to indicate whether their mother or 

father did not smoke (coded as 0) or whether both parents smoked (coded as 1).
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Number of friends who smoke—Participants indicated how many of their best friends 

smoke at least 1 cigarette a day. This was an ordinal variable that ranged from 0 (“None”) to 

3 (“Three of my best friends”.)

Income—During the Wave 3 assessment, participants were asked to report on the total 

annual income they received from wages. This variable was entered as a continuous 

variable.

Analysis Plan

The first step of the analyses began by subjecting the items of the depressive symptom scale 

at each wave to a confirmatory factor analysis. Second, upon confirming the structure of the 

depressive symptoms scale, a latent construct of depressive items measuring symptoms was 

constructed at each wave for the entire sample and separately by gender (Model 1). A 

measurement model with loadings that were equated by gender (Model 2) was run and 

compared to Model 1. Several bivariate auto regressive models were then tested beginning 

with a simple parallel model in which the latent construct of depressive symptoms was 

allowed to influence subsequent measures of the same construct and the ordered categorical 

indicator of cigarettes used per day was allowed to influence cigarette use at subsequent 

waves (Model 3). A second model (Model 4) was run equating the loadings of the stability 

paths in each gender and compared to Model 3. In a step-wise fashion, paths were then 

added between depressive symptoms to cigarette use and from cigarette use to depressive 

symptoms (Model 5). Then, the crossed paths were equated by gender (Model 6) and 

compared to a model were the paths were freely estimated (Model 5) to determine the 

presence of gender differences in the loadings. Lastly, covariates were added to the gender-

specific models with stability and crossed paths (Model 7). Model fit indices (Root Mean 

Square Error of Approximation, RMSEA; Comparative Fit Index, CFI; and Tucker Lewis 

Index, TLI) were examined for each model and are presented in Table 3 (Kline, 2011). The 

chi-square difference test for nested models was used to compare model fit and presented in 

Table 3. The analyses were conducted in Mplus, Version 7 (Muthén & Muthén, 1998-2012).

RESULTS

The analytic sample (N=6,501) included participants who had data on all of the four waves. 

The average age of the sample at the first assessment was 16.01 (SD=1.77) and over 50% of 

the sample was female across all four assessments, see Table 1. Over a third of the sample 

had begun the study with one or both parents who had ever smoked. Further, over half of the 

sample at the outset of the study had no friends who smoked while 12% had three or more 

friends who used tobacco, see Table 1.

At the first assessment, the average depressive symptom score was 9.07 (SD=2.76) and 

about 75% of the participants were non-smokers, see Table 1. Less than 1% of the 

participants at the first assessment reported smoking over 20 cigarettes per day. At the 

second assessment, fewer participants were non-smokers and 25% of them reported smoking 

less than 10 cigarettes per day. At each of the four assessments, confirmatory factor analyses 

revealed adequate fit of the 9 items of the Center for Epidemiologic Scale-Depression (see 

Table 2).
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Model Testing

The results of the models tested are presented in Table 3. Models 1 and 2 tested the 

measurement invariance and non-invariance for the depressive symptoms latent construct. 

The results revealed that restricting the loadings of the latent construct of depressive 

symptoms across time to be equal by gender deteriorated the fit of the model, χ2(28, N = 

6,501) = 110.40, p<.0001 (see Table 3); and subsequent models allowed the loadings to be 

estimated freely in each gender. Models 3 and 4 tested whether the stability paths between 

depressive symptoms at each wave (i.e., dep1 → dep2) and cigarette use at each wave (i.e. 

cig1 → cig2) could be equated across gender. The results indicated that equating males and 

females to have the same stability paths for these construct worsened the fit of the model, 

χ2(6, N = 6,501) = 16.84, p<.01. Subsequent models did not restrict the stability paths to be 

the same in each gender group. Next, in Models 5 and 6 the cross paths (i.e., dep1→ cig2) 

were added to the emerging gender-specific model and tested by equating the cross paths, 

one at a time, by gender. The cross paths that did not deteriorate the fit of the model were 

between Wave 2 depressive symptoms to Wave 3 cigarette use and the Wave 2 cigarette use 

to Wave 3 depressive symptoms, χ2(2, N = 6,501) = 1.40, p=0.4960. The restrictions of 

equating all other paths resulted in worse model fit.

The gender-specific model had separate loadings for the measurement part of the depressive 

symptom latent construct by gender, separate stability paths by gender, and only two 

equated cross paths. Lastly, the covariates were added to the final model and the fit for this 

model is presented in Model 7. Figure 1 illustrates the raw and standardized coefficients (in 

brackets below the raw coefficients) for males and Figure 2 shows the final model for 

females.

Co-Occurrence between Cigarettes and Depressive Symptoms

At the initial assessment during adolescence, there was no correlation between the latent 

construct of depressive symptoms and cigarettes smoked per day for females (r=0.011, ns) 

but there was a small correlation for males (r=0.018, p=0.009). In Figure 2, the correlation 

for females is included as a dashed line to indicate that it was estimated in the model but 

found to be not significant.

Within trait stability for males—Examining the standardized path coefficients revealed 

that there were moderate to strong levels of stability in the development of depressive 

symptoms across the four waves of data. The association in depressive symptoms was strong 

in the first two waves and moderate between the last two for males (β1 =0.723, β =0.558, 

and β =0.593). The relationship between daily cigarette use revealed moderate and stable 

increases across time for males (β=0.458, β=0.505, β=0.614).

Cross trait effects for males—The results of the crossed effects in the final model, 

illustrated in Figure 1 for males, indicated that for males cigarette use at the first wave 

increases depressive symptoms at the next wave (β=0.054). Depressive symptoms at the 

1Standardized coefficients are presented in the text. Unstandardized as well as standardized coefficients are available in Figures 1 and 
2.
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second wave subsequently increased cigarette use at the third wave (β=0.037). Lastly, 

greater levels of cigarette use at the third wave were found to be associated with increases in 

depressive symptoms in the fourth wave (β=0.070). No other crossed effects were significant 

for males.

Within trait stability for females—For females, there were moderate levels of 

association across time for depressive symptoms (β=0.687, β=0.615, β=0.587) and cigarette 

use (β=0.491, β=0.559, β=0.612).

Cross trait effects for females—The cross paths suggest the presence of a bidirectional 

relationship for females. Similar to what was observed for males, increases in cigarette use 

at the first assessment were associated with increases in depressive symptoms at the second 

wave (β=0.091). Contrary to what was hypothesized, however, greater levels of depressive 

symptoms at the first wave were not associated with increases in cigarette use (β=0.008). 

Increases in depressive symptoms at the second assessment were associated with greater 

cigarette use at the third assessment (β=0.050). Bidirectional associations were found 

between cigarette use between the third and fourth waves (β=0.091) as well as between 

depressive symptoms at the third wave and cigarette use at the fourth wave (β=0.134) for 

females.

DISCUSSION

The aim of the present study was to examine the stability and crossed-effects between 

cigarettes smoked per day and depressive symptoms among a nationally representative 

sample of adolescents as they transitioned into young adulthood. Participants in this study 

reported smoking more cigarettes per day across time. This finding is consistent with 

previous work suggesting that the transition to young adulthood is the most vulnerable time 

for cigarette use (Tucker, Ellickson, Orlando, Martino, & Klein, 2005). There were 

moderate levels of stability in cigarettes smoked per day and depressive symptoms across 

the transition from adolescence to young adulthood for both sexes. This finding suggests 

that previous levels of cigarettes smoked per day predict greater cigarette use in the future 

for both males and females. Similarly, an additional finding of this study is that previous 

levels of depressive symptoms are significantly associated with future depressive symptoms 

for both males and females, although the degree of association or the factor loadings of the 

latent construct are not the same in both genders.

Finally, after taking into account the stability in these behaviors and after controlling for the 

influence of covariates, there were significant, gender-specific associations of influence 

from depressive symptoms to increases in cigarette use. For both males and females, greater 

levels of cigarette use during adolescence are associated with increases in depressive 

symptoms a year later. The magnitude of the association was greater for females and the 

bidirectional relationship was evident only for females in young adulthood. Controlling for 

the influence of initial levels of depressive symptoms and cigarette use, and their crossed 

influence, both males and females exhibited young adult levels of cigarette use that 

increased the likelihood of depressive symptoms years later.
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Together these findings suggest that adolescence and young adulthood are vulnerable time 

periods for the feedback loop between cigarette use and depressive symptoms. Consistent 

with previous literature, the finding that depressive symptoms are associated with future 

cigarette use is consistent with previous literature reporting that individuals smoke for affect 

relief and mood enhancement (Mickens et al., 2011). Together with previous research (Bares 

& Andrade, 2012), this finding has implications for the content of preventive interventions 

for adolescents experiencing either cigarette use or depressive symptoms and for the 

bidirectional way in which cigarette use and depressive symptoms are associated in young 

adult females (Leung et al., 2012). Due to the correlation between these two behaviors and 

to the finding that increases in one behavior are likely to be associated with the other years 

down the road, preventive interventions need to be sensitive to providing modules 

addressing alternative ways to ameliorate mood as well as warn that cigarette use may 

exacerbate future symptoms.

Further, this study is one of the first to explore the gender-specific distal influence of 

adolescent depressive symptoms on cigarette use during young adulthood among a 

nationally representative sample. The finding that young adult females have poorer mental 

health as a consequence of smoking and that smoking subsequently reduces mental health 

has been recently reported among an Australian sample (Leung et al., 2012). The majority of 

studies reporting associations between symptoms of adolescent psychopathology and 

substance use typically find stronger relationships with externalizing rather than 

internalizing problems (Fischer et al., 2012). The present study suggests that individuals 

with internalizing problems, including depressive symptoms, are at risk of using substances 

as well, even after controlling for the development of these problems over time and after 

taking into account a variety of important covariates.

Limitations

Due to the design of the dataset, there are large gaps between the early adulthood 

assessments which may underestimate the associations and cross-lag relationships examined 

in this study. Future studies examining assessments closer together in time may be better 

able to capture stronger crossed associations between these common behaviors. Despite 

these limitations the findings reported here provide further evidence using a nationally 

representative sample of adolescents that depressive symptoms and cigarette use influence 

each other bi-directionally and reveal a gender-specific pattern in which female depressive 

symptoms are associated with greater levels of subsequent smoking.
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Figure 1. 
Longitudinal relationship between cigarettes smoked per day and a latent construct of 

depression for males showing significant relationship between the study variables.
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Figure 2. 
Longitudinal relationship between cigarettes smoked per day and a latent construct of 

depression for females showing significant relationship between the study variables.
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Table 1

Demographic Characteristics of Study Participants (N = 6,501)

Wave 1 (n=6,501) Wave 2 (n=4,737) Wave 3 (n=4,799) Wave 4 (n=5,026)

M (SD) M (SD) M (SD) M (SD)

Age 16.03 (1.77) 16.63 (1.59) 22.23 (1.87) 29.01 (1.78)

Income -- -- $7,827.80 (12,784) --

CES-D (short form) 9.07 (2.76) 4.21 (4.42) 4.88 (3.94) 5.59 (4.11)

n (%) n (%) n (%) n (%)

Female 3,314 (52.0%) 2,486 (53%) 2,605 (54.3%) 2,729 (54.30%)

Parental Smoking 2,235 (35.1%) -- -- --

Peer Smoking -- -- --

    No friends 3,517 (55.2%) 2,387 (50.4%) -- --

    One friend 1,292 (20.3%) 1,037 (21.9%) -- --

    Two friends 772 (12.1%) 607 (12.8%) -- --

    Three or more friends 788 (12.4%) 702 (14.8%) -- --

Cigarettes smoked (per day)

    Non-smoker 4,798 (75 .3%) 3,254 (68.7%) 3,292 (68.6%) 3,206 (63.8%)

    Less than 10 1,229 (19.3%) 1,179 (24.9%) 791 (16.5%) 1,150 (22.9%)

    Between 11 and 20 282 (4.4%) 251 (5.3%) 537 (11.2%) 562 (11.2%)

    21 or more 59 (0.9%) 56 (1.2%) 177 (3.7%) 105 (2.1%)

Note. CES-D = Center for Epidemiologic Studies Depression Scale. Not all variables were assessed at all waves of data collection.
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