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Background: Several studies worldwide have pointed to depression and anxiety symptoms

as being related to adolescent smoking. The aim of this study was to investigate, the potential

link of cigarette smoking with depression, anxiety, and suicidal ideation and the influence of

gender on these relationships in Brazilian adolescents.

Methods: Associations of smoking with Children Depressive Inventory version 2 (CDI2)

scores, Hamilton Anxiety Scale (HAM-A) scores, and poor school performance (i.e., grade

retention) were examined in 988 Brazilian students (age range, 11–17 years) enrolled in 82

public and private schools. Logistic regression modeling was employed and the resultant

odds ratios (ORs) are reported with 95% CIs.

Results: Of 988 participants, 240 (24.3%) were smokers. Mean (±standard error) HAM-A scores

were higher for smokers (21.1 ± 9.7) than nonsmokers (15.4 ± 8.6; p < 0.0001). Relative to

nonsmokers, smokers had higher total CDI2 scores (p = 0.033), and higher scores for the CDI2

domains of Emotional Problems (p = 0.023), Negative Self-esteem (p < 0.001), and Functional

Problems (p = 0.046). Suicidal ideation was common among smokers with depressive symptoms

(54.2%). Smoking was associated with being held back three grades (p < 0.001). Female smokers

were more likely to report suicidal ideation than male smokers (p = 0.020). Logistic regression

modeling revealed significant associations of suicidal ideation with being female (OR, 1.81; 95%

CI, 1.38–2.37), being a female smoker (OR, 2.05; 95%CI, 1.51–2.80), and having a HAM-A score

> 16 (OR, 2.18; 95% CI, 1.66–2.86).

Conclusion: Smoking was found to be associated with anxiety symptoms, depressive

symptoms, and poor school performance in Brazilian adolescents; and female smokers

reported more suicidal ideation than male smokers.
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Introduction
Adolescence is a vulnerable period of life, not only because of the series of

adjustments involved in the transition from childhood to adulthood, but also

because it is a time when mental health problems are prone to emerge, perhaps

due to an immature limbic system and prefrontal cortex.1,2 Indeed, the age of onset

of most severe psychiatric disorders is during adolescence.1 Developmentally, the

adolescent brain and body undergo rapid changes, including the establishment of

new neuronal connections based on a cascade of new experiences and dramatic

hormonal changes that may produce a period of vulnerability to psychiatric

disorders.3 Moreover, adolescents may cope with new stresses by developing
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harmful habits and risky behaviors, including tobacco

cigarette smoking (referred to as simply smoking from

here forward).4,5 There is a strong association between

smoking and psychiatric disorders, though the nature of

this association is not well understood.

Low self-esteem in adolescence has been identified as a

predictive factor of smoking in adulthood.6 Notwithstanding,

additional factors maymotivate adolescents to smoke such as

curiosity, peer (group or close friend) imitation, having

smoking parents,6,7 and poor academic performance.8 In a

longitudinal study, Hill and colleagues found that several

familial factors may influence the onset of daily smoking in

adolescents, including poverty, parental smoking, and a lack

of rules and monitoring.9

Tobacco consumption has been associated with a num-

ber of psychopathological conditions in recent decades,

including depression, anxiety, and attention-deficit/hyper-

activity disorder.10–12 Half of the studies analyzed in

Fluharty et al.’s recent systematic review reported that

baseline depression or anxiety was associated with starting

to smoke, increased smoking, or the transition from daily

smoking to dependence.9 Tobacco use has a particularly

strong association with depression symptomatology, and it

has been suggested that greater tobacco and other drug use

among youth with anxiety and depression may be attrib-

uted to mood elevating effects.12–14 Smoking in adolescent

boys in particular has been associated with anxiousness or

depression related to feelings of isolation and dissatisfac-

tion with life.11,12

Most studies examining these issues have been con-

ducted in developed countries. To date, no study has inves-

tigated smoking, psychopathology, and the role of gender in

suicidal ideation in Brazilian adolescents.6,7,13–15 However,

a recent systematic review of substance use and suicidal

ideation in low- and middle-income countries demonstrated

a consistent positive association between suicidal behavior

and pathological tobacco use.16 Studies examining smoking

in Brazilian adolescents have been limited to documenting

adolescent smoking prevalence and nicotine dependence,

with limited analyses of psychosocial factor relationships

with smoking.13,17–19 In 2007, Pinto et al20 found that 11%

of a surveyed population of 1,520 teens described them-

selves as frequent smokers and further found that smoking

was associated with social contacts with smokers, curiosity,

and poor/mediocre academic performance. In a 2012 sys-

tematic review of tobacco and alcohol use among Brazilian

adolescents, Barbosa Filho et al19 found a mean prevalence

of current tobacco use among adolescents of 9.3% (range,

2.4–22.0%), which the authors described as alarming.

Subsequently, in a 2013 study of 574 10- to 19-year-olds,

Arrais-Ribeiro et al21 reported a smoking prevalence of

3.3% and found that smoking was associated with delays

in schooling, alcohol use, and frequent alcohol use. In a

study of 2,014 teens published in 2014, Bonilha et al7 found

a smoking prevalence of 12.1% and found that smoking was

associated with having friends who smoke, use of alcohol,

use of illicit drugs, and being held back a grade in school. In

a cross-sectional epidemiological study, also published in

2014, Menezes et al22 found that being ≥15 years old and

having friends who smoke were associated with greater

likelihood of being a smoker.

Studies with adults investigating the link between psy-

chopathology and smoking in Brazil may provide hints

regarding possible analogous links in adolescents.23,24

Lopes and colleagues23 identified a 59% prevalence of

nicotine dependence in a cohort of 262 psychiatric out-

patients with anxiety or depressive disorder, but this pre-

valence rate did not differ significantly from the control

group or the general population.23 However, in the cross-

sectional study of 182 adults in the process of quitting

smoking, Pawlina and colleagues24 observed an associa-

tion between nicotine dependence and greater severity of

depression.

Although the public health burdens of tobacco-related

disease and mental disorders appear to be linked,25 the

cause-versus-effect relationship is difficult to clarify

given the complex molecular effects of nicotine on the

brain. Some studies26,27 have suggested that depressive

and anxiety symptoms were associated with smoking

initiation. Conversely, other recent studies have indicated

that smoking may contribute to the development of these

conditions.14,28 Furthermore, several studies have shown a

link between smoking and suicide risk.29,30 Notably, in a

logistic regression modeling study, Hallfors and colleagues

found that being a smoker was a strong independent pre-

dictor of suicidal ideation.6 Because a female gender bias

for internalizing behavioral symptoms (e.g. depression,

anxiety/intense worry, somatic symptoms) is well docu-

mented in adolescents,31 we investigated whether this bias

would be reflected in our findings and if so, if there would

be any relationship to tobacco use.

The primary aims of the present study were two-fold.

First, we examined potential links between smoking and

psychopathological factors, including depressiveness,

anxiety, and suicidal ideation, in Brazilian adolescents.

Second, we examined whether such links may be affected
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by gender because the influence of gender on psychologi-

cal problems, and risk of self-harm in particular, may have

important clinical implications regarding case analysis and

intervention efforts in girls versus in boys. We tested the

hypothesis that female smokers may be at an elevated risk

for depressiveness, anxiety, suicidal ideation.

Materials And Methods
Study Design And Sample
This cross-sectional study was carried out with 988 stu-

dents (age, 11–17 years, both sexes) enrolled in 82 schools

in the city of Guarapuava, Paraná, Brazil. In the Brazilian

education system, schooling (before college) encompasses

ensino fundamental (grade years 1 to 9, age range 6~14

years) and ensino médio (grade years 10 to 12, age range

15~18). Hence, the former is similar to elementary plus

middle/junior high school in the USA, and the latter is

similar to high school in the USA. Students are mandated

to attend school (public or private) from age 6 to age 17.

Thus, we recruited students from Ensino fundamental and

ensino médio schools. School principals and families of

enrolled students were invited to participate voluntarily

(without pay) following a presentation of the project

aims and procedures. Of 1,015 families who volunteered

to participate in this study, 988 completed the data collec-

tion process between July of 2014 and December of 2015;

the remaining 27 were excluded for incomplete participa-

tion. A study population flowchart is shown in Figure 1.

A power analysis was conducted in which a sample

size calculation for ratio was determined based on the

central limit theorem, with simple random sampling. The

power analysis indicated that we should include 989 ado-

lescents with a 95% confidence level and a 3% margin of

Figure 1 Study population flowchart.
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error. Thus, initially, 1,015 students (from a source popu-

lation of 33,846 students) were enrolled from 82 second-

ary schools in the city of Guarapuava.

All aspects of this research were approved by the

Research Ethics Committee on Human Research at

Faculdades Pequeno Príncipe (protocol no. 561.735).

Written consent was obtained from the participants and

their parents before the study began.

Data Collection
The assessment instruments were administered by a field

investigator (FS) on school campuses between July 1st,

2014 and December 30th, 2015.

Sociodemographics

Each participant completed an overall profile questionnaire

and his or her parent completed a sociodemographic ques-

tionnaire. Both included items about the student partici-

pant’s grade in school (Brazilian classification), school

shift, academic delays, the presence of smokers at home,

the presence of diseases, and drug/alcohol addictions (type

and duration). Socioeconomic level (A–E), parent educa-

tion, and occupation were classified according to the 2012

Associação Brasileira de Empresas de Pesquisa rubric. The

adolescent profile questionnaire took about 10 min to

complete, and the parent sociodemographic questionnaire

took about 10 min to complete. Participants were categor-

ized as smokers if they smoked at least 6 cigarettes/day in

the past 12 months. Otherwise, there were classified as

non-smokers.

Fargerström Self-Report Test Of Nicotine

Dependence (FTND)

The FTND is a self-report questionnaire used for assessing

the intensity of physical addiction to nicotine. It consists of

six nicotine dependence questions with a total score range

of 0–10, wherein higher scores reflect greater

dependence.32 The results were interpreted as follows:

very low dependence (1–2 points, level 1/2), low to mod-

erate dependence (3–4 points, level 3), moderate/high

dependence (5–7 points, level 4), and very high depen-

dence (≥8 points, level 5). This instrument was adapted to

Brazilian Portuguese by Carmo and Pueyo (2002) with a

Cronbach’s alpha of 0.64.33 The FTND took about 3 min

to complete.

Children’s Depression Inventory Version 2 (CDI2)

The CDI2 self-report module, is a questionnaire that asks

respondents to reflect on their depressive symptoms in the

preceding 2 weeks.34 It encompasses two major domains,

each of which is composed of two subscales as well as a

critical item outside of these domains that asks explicitly

about suicidal ideation. The first major domain, namely

emotional problems, is composed of the negative mood

and negative self-esteem subscales. The second major

domain, namely functional issues, is composed of the inef-

fectiveness and personal problems subscales. The Brazilian

version of the original version of this instrument, the CDI

was translated, adapted and validated, and has adequate

psychometric properties (Cronbach’s alpha = 0.81).35 The

definitive difference between the original and the second

versions of this instrument is that the CDI2 allows raw

scores be converted into T scores in analytical software,

such that the mean raw score becomes a T score of 50 with a

standard deviation of 10. T scores were graded as follows:

<40, below average; 40–59, average; 60–64, above average;

65–69, high; and ≥70, very high. The CDI2 took about 10

min to complete.

Notably, we administered the aforementioned critical

item of the CDI2 (item 8), which asks about suicidal

ideation explicitly and is not part of the aforementioned

domains. For this query, the participant was prompted to

choose one of the following three responses: a) I do not

think about killing myself; b) I think about killing myself,

but would not do it; or c) I want to kill myself. The point

value associated with responses a, b, and c were 0, 1, and

2, respectively. Participants who had scores of 1 or 2 on

item 8 were classified as having suicidal ideation. Those

who had a score of 0 were classified as not having suicidal

ideation. The item 8 responses were analyzed with respect

to both smoking habits and gender.

Hamilton Anxiety Rating Scale (HAM-A)

The HAM-A assesses the degree of emotional (anxious

mood, tension, fears) and somatic (muscle, sensory and

gastrointestinal) symptoms related to anxiety.36 It has a

score range of 0–56, with scores <12 being considered

normal (without troublesome anxiety). HAM-A scores

were classified as follows: 9–15, temporary (nonpatholo-

gical) anxiety; 16–25, moderate anxiety; and >25, severe

anxiety.36 The Brazilian Portuguese version of the HAM-

A used in this study was translated and adapted by Freire

and colleagues, and was shown to have a Cronbach’s

alpha in the range of 0.66–0.78, with 90% sensitivity

and 91% specificity.37 The HAM-A took about 5 min to

complete.
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Statistical Analysis
The data were analyzed in R software38 version 3.4.3.

Descriptive analyses for central tendency and dispersion

of all analyzed variables were calculated. Data were com-

pared between smokers and non-smokers with Fisher and

Wilcoxon post hoc tests. Logistic regression models were

elaborated from a set of categories to best characterize

suicidal ideation. We used step-wise reduction, the applied

Akaike information criterion (AIC), the Bayesian informa-

tion criterion (BIC), and Chi-square tests to evaluate the

models.39

For modeling, we assumed a binomial distribution (B)

of Yi

Yi~B ni;πið Þ
where Yi is the number of subjects within a group with the

target attribute, ni is total the number of subjects in group

i, and πi is the probability of a group member having the

attribute, as estimated by the regression model. We calcu-

lated the logit of πi as follows:

logit πið Þ ¼ Xi�β

where Xi’ is the vector of the independent variables and

β is a vector of the regression coefficients.

For all comparative analyses, a significance level of

5% was utilized. Mean values are reported with standard

deviations (SDs). Odds ratios (ORs) for logistic regression

modeling are reported with 95% confidence inter-

vals (CIs).

Results
Characteristics Of The Cohort
Table 1 summarizes the overall characteristics of the

cohort composed of 988 participants (438 females and

550 males). The mean age of the study participants was

13.5 ± 1.96 years. The grade and public versus private

school attendance distributions of the participants (for all,

females, and males). A large majority of the participants

attended public school (377 in municipal elementary

schools and 501 in state schools).

The distributions of tobacco addiction levels (for all,

females, and males) are reported in Table 1. The mean age

of the smokers (15.0 ± 1.6 years) was higher than that of

the non-smokers (13.0 ± 1.8 years; p < 0.0001). The

portions of boys (136/550, 24.7%) and girls (107/438,

24.4%) that were smokers were similar (p > 0.05).

Notably, students from public schools were more likely

to be smokers (including 173/501, 34.5% attending state

public schools; 49/377, 13.0% attending municipal public

schools) than students attending private schools, and stu-

dents who had experienced 3 years of retention were more

likely to be smokers than students who had held back 2

years or less (Table 2). The rates for students that were

held back 1 year (74/318; 23.3%) or 2 years (38/151,

25.2%) were intermediate between the two extremes of a

0-year and 3-year lag, but closer to that of kids who had

never been held back (p > 0.05).

We observed a general trend toward greater smoking in

higher-grade adolescents, with about a tenth of fifth gra-

ders in the cohort being smokers and more than a third of

eighth and ninth graders being smokers. The most com-

mon age band for tobacco experimentation was 14–15

years, at which time experimentation with smoking was

twice as likely as that at 12–13 years of age, three times as

likely as that at ≥16 year’s age, and six times as likely as

that at 11 years old. Overall, most of the adolescents were

living in nonsmoking households (Table 2); among those

with smoking parents, most had both parents smoking and

having only a smoking father was more common than only

a smoking mother. Adolescents with at least one smoking

parent were more likely to be smokers themselves than

adolescents with only non-smoking parents (Table 2).

Relationship Between Anxiety Symptoms,

Smoking, And Gender
Smokers had a higher mean HAM-A score (21.1 ± 9.73)

than non-smokers (15.4 ± 8.6; p < 0.001). Correspondingly,

students who exhibited indicators of anxiety (HAM-A test

score >16) were at a heightened possibility of being a

smoker.

Depression Symptoms, Smoking Status,

And Gender
As summarized in Table 3, overall, relative to non-smo-

kers, smokers had higher total CDI2 scores (p =0.033), as

well as higher scores on the Negative Self-esteem,

Emotional Problems, and Functional Problems domains

of the CD12. Therefore, CDI results showed that females

were significantly more likely than males to have depres-

sive symptoms.

Suicidal Ideation, Smoking Status, And

Gender
A logistic regression model that was elaborated from a set

of categories, the BIC, and the AIC indicated that the
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Table 1 Study Participant Characteristics

Variable Total, N Of 988 (%) Females, N Of 438 (%) Males, N Of 550 (%)

Type of school Private 110 (11.1) 80 (18.3) 30 (5.5)

Public 878 (88.9) 358 (81.7) 520 (94.5)

School grade (years) ≤4th 66 (6.7) 23 (5.3) 43 (7.8)

5th 312 (31.6) 141 (32.2) 171 (31.1)

6th 51 (5.2) 14 (3.2) 37 (6.7)

7th 107 (10.8) 51 (11.6) 56 (10.2)

8th 214 (21.7) 107 (24.4) 107 (19.5)

9th 238 (24.1) 102 (23.3) 136 (24.7)

Grade retention (in years) 0 406 (41.1) 211 (48.2) 195 (35.5)

1 318 (32.2) 137 (31.3) 181 (32.9)

2 151 (15.3) 50 (11.4) 101 (18.4)

3 113 (11.4) 40 (9.1) 73 (13.3)

Socioeconomic level A 10 (1) 2 (0.5) 8 (1.5)

B 472 (47.8) 195 (44.5) 277 (50.4)

C 304 (30.8) 144 (32.9) 160 (29.1)

D 149 (15.1) 71 (16.2) 78 (14.2)

E 53 (5.4) 26 (5.9) 27 (4.9)

Students employed No 919 (93) 428 (97.7) 491 (89.3)

Yes 69 (7) 10 (2.3) 59 (10.7)

Using medication No 928 (93.9) 405 (92.5) 523 (95.1)

Yes 60 (6.1) 33 (7.5) 27 (4.9)

Diseases None 750 (75.9) 315 (71.9) 435 (79.1)

Breathing problems 221 (22.4) 114 (26) 107 (19.5)

Others 17 (1.7) 9 (2.1) 8 (1.5)

Smoker No 748 (75.7) 331 (75.6) 417 (75.8)

Yes 240 (24.3) 107 (24.4) 133 (24.2)

Nicotine addiction (FTND) Level 1-2 165 (69) 82 (77.4) 83 (62.4)

Level 3 57 (23.8) 19 (16.9) 38 (28.6)

Level 4 6 (2.5) 1 (1) 6 (4.5)

Level 5 11 (4.6) 5 (4.7) 6 (4.5)

Serious smoking (FTND) No 924 (93.5) 405 (92.5) 519 (94.4)

Yes 64 (6.5) 33 (7.5) 31 (5.6)

Parent information

Father’s schooling <Fundamental 107 (10.8) 44 (10) 63 (11.5)

Fundamental 528 (53.4) 213 (48.6) 315 (57.3)

Medium 160 (16.2) 86 (19.6) 74 (13.5)

Superior 193 (19.5) 95 (21.7) 98 (17.8)

Mother’s schooling <Fundamental 57 (5.8) 32 (7.3) 25 (4.5)

Fundamental 567 (57.4) 222 (50.7) 345 (62.7)

Medium 165 (16.7) 85 (19.4) 80 (14.5)

Superior 199 (20.1) 99 (22.6) 100 (18.2)

Smoking parents No 653 (66.1) 298 (68) 355 (64.5)

Yes 335 (33.9) 140 (32) 195 (35.5)

Other addictions No 878 (88.9) 390 (89) 488 (88.7)

Yes 110 (11.1) 48 (11) 62 (11.3)
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occurrence of suicidal ideation was about twice as likely

(OR, 2.05; 95% CI, 1.51–2.80) among participants who

were smokers than among those who were non-smokers.

Furthermore, female smokers had a substantially greater

chance (OR, 1.81; 95% CI, 1.38–2.37) of suicidal ideation

than male smokers.

Discussion
The present results show a significant association of smok-

ing with depressive symptoms and anxiety symptoms, with

an effect of gender as well as an interaction of smoking

with suicidal ideation on depressive symptoms in Brazilian

youth. We also found evidence of a strong link between

smoking and poor school performance (i.e., 3 years of

grade retention), consistent with studies in other

countries.12,20,40,41

Our findings of public school students being more apt

to smoke than private school students and there being a

peak of experimenting with smoking at 14–15 years old

are somewhat consistent with those of Silva et al,42 who

showed a positive relationship between later, relative to

earlier, adolescence and percentage of students who had

experimented with smoking as well as a reduced risk of

smoking among private school students. The present

results are consistent with recent studies conducted in

Thailand,43 Peru,44 and Canada45 in showing that cigarette

smoking was associated with depression and suicidal idea-

tion and/or suicide attempts,43–45 as well as with studies

showing that self-reported dissatisfaction with general life

and depression correlated with smoking.10 Similar to our

findings, previous reports also correlated suicidal behavior

with tobacco consumption among adolescents.46,47 The

present results indicating that females had more depressive

symptoms and that female smokers were more likely to

experience suicidal ideation than males are consistent with

the findings of several studies reporting that female

Table 2 Comparison Of Variables Between Smokers And Non-Smokers

Variable Total, N Of 988 (%) Smokers, N Of 240 (%) Non-Smokers, N Of 748 (%) P

Sex (female) 438 (44.3) 107 (44.6) 331 (44.3) 0.941

Type of school (public) 878 (88.9) 222 (92.5) 656 (87.7) 0.045

School grade (≥8th) 452 (45.7) 164 (68.3) 288 (38.5) <0.001*

Grade retention (≥3 years) 113 (11.4) 47 (19.6) 66 (8.8) <0.001*

Father’s schooling (<fundamental) 107 (10.8) 41 (17.1) 66 (8.8) <0.001*

Mother’s schooling (<fundamental) 57 (5.8) 25 (10.4) 32 (4.3) 0.001

Socioeconomic level (A+B) 482 (48.8) 128 (53.3) 354 (47.3) 0.119

Employed 69 (7.0) 49 (20.4) 20 (2.7) <0.001*

Using Medication 60 (6.1) 14 (5.8) 46 (6.1) >0.999

Smoking parent(s) 335 (33.9) 138 (57.5) 197 (26.3) <0.001*

Other addictions 110 (11.1) 71 (29.6) 39 (5.2) <0.001*

Note: Data are n (%), *Results are significative at p<0.05.

Table 3 Comparison Of Anxiety Symptoms And Depressive Symptoms Between Smokers And Non-Smokers

Assessment N (%) p

Total N = 988 Smokers N = 240 Non-Smokers N = 748

CDI2

TOTAL SCORE 389 (39.4) 109 (45.4) 280 (37.4) 0.033*

EMOTIONAL PROBLEMS 398 (40.3) 112 (46.7) 286 (38.2) 0.023*

Negative Mood/Physical Symptoms 345 (34.9) 95 (39.6) 250 (33.4) 0.087

Negative Self-esteem 352 (35.6) 108 (45.0) 244 (32.6) <0.001*

FUNCTIONAL PROBLEMS 362 (36.6) 101 (42.1) 261 (34.9) 0.046*

Ineffectiveness 306 (31.0) 76 (31.7) 230 (30.7) 0.810

Interpersonal Problems 335 (33.9) 90 (37.5) 245 (32.8) 0.183

HAM-A TOTAL SCORE 156 (31.8) 335 (68.2) <0.001*

Note: Data are n (%); *Results are significative at p<0.05.

Abbreviations: HAM-A, Hamilton Anxiety Rating scale; CDI2, Children Depression Inventory.
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adolescents, especially female adolescent smokers, tend to

exhibit more depressive symptoms than their male

counterparts.44,48,49

Low-level anxiety symptoms (HAM-A score, 9–15)

were very common in our total cohort, among both smo-

kers and non-smokers. However, moderate anxiety symp-

toms (HAM-A score)18,25,45 were more prevalent among

smokers than non-smokers. Our finding of higher HAM-A

scores in smokers than in nonsmokers fits with prior work

showing that high emotionality and the presence of stres-

sors were strong determinants of smoking behavior.46

Notably, stressful life events have been reported to be

more strongly related to the initiation of smoking in

women than in men.47

Our study also demonstrated that females were prone

to a negative mood, consistent with previous work sug-

gesting that negative mood variance may confer an ele-

vated risk of progression to smoking in females.36,49

Interestingly, although depression symptoms may be

more common in adolescent females than males, depres-

sion together with irritable mood has been found to be

more common in males.50 Overall, our results suggest that

a global negative mood may be a gender-biased risk factor

for smoking in female adolescents.

It has been suggested that elevated use of tobacco and

other drugs in adolescents with anxiety and depression

symptoms may be related to the substances’ mood elevat-

ing and anxiolytic effects.10 If true, depressed smokers

may smoke to alleviate negative feelings. Indeed, adoles-

cents have related smoking onset with feelings of anxiety,

depression, or stress.51,52 Although, we cannot make con-

clusions about the causality or directionality of smoking

and emotional state interactions in our study, our findings

are not inconsistent with the notion that adolescents may

smoke to cope with emotional issues that could be related

to the subsequent development of mental disorders.

Further exploration of the possibility that smoking risk

and depression risk may share genetic psychosocial risk

factors is warranted.51

Beyond short-term increasing effects on dopamine and

serotonin levels in the brain,53 nicotine’s actions may

include dysregulation of the hypothalamic-pituitary-adre-

nal system, which could lead to hypersecretion of cortisol,

a physiological mediator of stress responses.53 The mole-

cular biological actions of the many constituents of cigar-

ettes are not known. Additionally, potential epigenetic

interactions with smoking should be explored.

Researchers have suggested previously that there may

be a synergistic mechanism by which smoking effects on

serotonergic network regulation may influence suicidal

behavior in individuals with aggressive behavior.54,55

Here, we found a disturbingly high percentage of adoles-

cent smokers who experienced suicidal ideation. Suicide

among adolescents is a potentially preventable public

health issue. Therefore, it is important to identify probable

correlates to inform the initiation of interventions. In

Brazil, cigarettes are inexpensive and readily available to

adolescents. Perhaps, Brazil should invest more in cam-

paigns that improve awareness of this public health issue.

This study had several limitations. First, we analyzed

questionnaire responses without clinical diagnoses, evalua-

tion of other drugs used (e.g. cannabis), or assessment of

participants’ view of the social desirability of smoking.

Second, as noted above, the present analyses do not allow

us to determine the directionality of the relationship of

smoking with anxiety or depression symptoms. Third, we

did not investigate the percentage of adolescent smokers

who actually attempted suicide. Nonetheless, the preva-

lence of suicidal ideation observed is concerning given

that suicidal ideation has been linked to suicide attempts.56

Conclusion
The present study provides evidence of an association of

cigarette smoking with depression and anxiety symptoms,

poor school performance, and suicidal ideation in adoles-

cents, with females exhibiting more depressive symptoms

and suicidal ideation than males. These results may con-

tribute to the development of anti-smoking strategies for

Brazilian youth.
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