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Abstract

Background

The association between smoking and suicide is still controversial, particular for early life

cigarette smoking exposure. Few studies have investigated this association in adolescents

using population-based cohorts, and the relationship with second hand smoking (SHS)

exposure has not been addressed.

Methods and Findings

In this study, we followed a large population-based sample of younger people to investigate

the association between smoking, SHS exposure and suicide mortality. Between October

1995 and June 1996, 162,682 junior high school students ages 11 to 16 years old living in a

geographic catchment area in Taiwan were enrolled and then followed till December 2007

(1,948,432 person-years) through linkage to the National Death Certification System. Par-

ticipants who were currently smoking at baseline had a greater than six-fold higher suicide

mortality than those who did not smoke (29.5 vs. 4.8 per 100,000 person-years, p<0.001)

as well as higher natural mortality (33.7 vs. 10.3 per 100,000 person-years, p<0.001). After
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controlling for gender, age, parental education, asthma, allergic rhinitis, and alcohol con-

sumption, the adjusted hazard ratios for suicide were 3.69 (95% CI 1.85-7.39) in current

smokers, and 1.47 (95% CI 0.94-2.30) and 2.83 (95% CI 1.54-5.20) respectively in adoles-

cents exposed to SHS of 1-20 cigarettes and >20 cigarettes/per day. The estimated depres-

sion-adjusted odds ratio did not change substantially. The population attributable fractions

for suicide associated with smoking and heavy SHS exposure (>20 cigarettes/per day)

were 9.6% and 10.6%, respectively.

Conclusions

This study showed evidence of excess suicide mortality among young adults exposed to

active or passive early life cigarette smoking.

Introduction
Adolescent smoking is a pressing public health issue especially in areas of rapid economic
growth, and more than 80% of adult smokers have their first experience of smoking before the
age of 18 [1]. A disproportionately high percentage of the world’s smokers are in East Asian
countries, and 82% of the approximately 1.1 billion smokers worldwide reside in developing
countries [2]. The global mortality attributable to smoking is estimated at over 6 million annu-
ally, with nearly two-thirds of these deaths occurring in developing countries [3].

As well as all-cause mortality, some prospective studies have also shown a significant associ-
ation between smoking and suicide in adults [4]. Explanations for this association include pre-
existing conditions in smokers increasing their risk for suicide (i.e. confounding), debilitating
conditions secondary to smoking that might lead to suicide (i.e. causal pathway factors), and
effects of smoking to decrease serotonin and monoamine oxidase levels [5]. However, previous
studies have been limited. Many have not controlled for characteristics common to both smok-
ers and persons who commit suicide [6], and few have used nationally representative samples
or prospective designs [6–9]. A previous study carried out in Taiwan failed to find an associa-
tion between smoking and suicide [10], but few studies have investigated this in adolescents
[4], although adolescence is a key period of importance for smoking initiation [1], and one
cohort study found a higher risk of suicide in adolescents who were smoking [11]. Potential
consequences of second hand smoking (SHS) also deserve attention. Adverse physical health
conditions such as persistent respiratory symptoms [12] in adolescents result from SHS and
have been found to be associated with psychological distress and risk of future mental disorder
in adulthood [13]. Among non-smoking children and adolescents aged 8 to 15 years with SHS
exposure, serum cotinine levels were found to be positively associated with major depressive
disorder, generalized anxiety disorder, attention-deficit/hyperactivity disorder and conduct
disorder [14]. Since all above mental disorders are linked to suicide, the relationship between
SHS and suicide warrants further attention. However, no research to date has investigated sui-
cide as an outcome for SHS.

The prospective analysis described here investigated the smoking-suicide connection in a
young population taking into account a range of potential confounders. Secondhand smoke
was also investigated as an exposure.
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Methods

Analysed samples
Between October 1995 and June 1996, all 170,457 junior high school students aged 11 to 16
years old (grades 7 to 9) in all 123 public and private junior high schools in the Kaohsiung and
Pingtung areas in southern Taiwan were invited to participate a heath investigation [15]. The
original purpose of the survey was to investigate the association between indoor and outdoor
air pollution and health effects in adolescents. Of this sample, 165,173 adolescents completed
questionnaires with a 96.9% response rate, 2,407 of whom were excluded who had an invalid
national identity number and 84 of whom lacked age or sex data. Therefore, we designed a
12-years population-based cohort study and 162,682 participants were included in this analy-
sis. This study was approved by the Institutional Review Board of the Committee on Human
Subjects of Kaohsiung Medical University. All participants received a complete description of
the original study and a written informed consent was provided from their parents or guard-
ians on behalf of the children enrolled in our study.

Measurements
Each student and his/her parents completed a structured questionnaire (including video
instruction) concerning asthma symptom severity, allergic rhinitis, the habits of alcohol con-
sumption and cigarette smoking. Items in the parental questionnaire included demographic
characteristics (sex, age, parental highest education level), family smoking status (how many
family members living with the student were regular smokers), the total amount of cigarettes
per day used by the family, the student’s exercise habits (none, seldom, usual), and a history in
the student of allergic rhinitis. SHS was defined on the basis of at least one family member liv-
ing with the student who was a regular smoker, with the total daily cigarette consumption by
family members calculated. We grouped SHS status into three groups of no, 1–20 cigarettes
and>20 cigarettes exposure. Information on students’ cigarette smoking and alcohol con-
sumption was obtained from the students themselves and the asthma status and symptom pro-
file of each student were obtained through a video guided questionnaire [16].

Suicide and other cause mortality
The cohort was followed by record linkage to the Taiwan National Death Certification System
from January 1, 1995, to December 31, 2007, as previously described [17]. Using unique and
compulsory national identity numbers, linkage was made between the cohort and Death Certi-
fication System data which records causes of death. By December 31, 2007, 902 participants
had died, with suicide listed as the cause of death for 106. The average and total duration of fol-
low-up in this study was 11.98 years and 1,948,432.63 person-years (the flow chart as Fig 1).

Statistical analysis
Mortality rates were calculated for specific causes in the smoking and nonsmoking groups,
with lifetable survival analysis and Gehan’s generalized Wilcoxon tests used to assess differ-
ences in incidence. Cox proportional hazards models were used to investigate associations with
smoking and SHS exposures, adjusting for gender, age, parental highest education, asthma,
allergic rhinitis and alcohol consumption. Crude and adjusted hazard ratios and 95% confi-
dence intervals were calculated with covariates chosen on the basis of significant or borderline
association with suicide (p<0.15) in the unadjusted models. Population attributable fractions
were calculated [18] using adjusted hazard ratios from final regression models.
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Sensitivity analyses
First, previous studies [19,20] have demonstrated a strong association between major depres-
sion in adolescence and suicide. In order to quantify the potential confounding effect of depres-
sion, Greenland’s method for sensitivity analysis was used to estimate the unmeasured
confounding effect of depression. We performed a sensitivity analysis to control for this
unmeasured potential confounding factor, using a well-established methodology [21] taking
into account the known correlations between smoking and depression and between depression
and suicide (details provided in S1 Text). Because previous studies had used odds ratios to mea-
sure the association between smoking and suicide, we also used the odds ratio as an index in
these sensitivity analyses to approximate the hazard ratio.

Second, it was considered that some suicide deaths might have been misclassified as unde-
termined unnatural deaths [22]. Thus, we further combined undetermined unnatural death
and suicide death as the outcome and estimated the risk of smoking and second hand smoking
respectively to validate the associations.

Fig 1. STROBE style flow chart of the cohort in southern Taiwan included in analysis.

doi:10.1371/journal.pone.0130044.g001
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Third, for obtaining unbiased proportional hazards regression coefficients, a prior study [23]
had recommended modeling the events with age as the time-scale instead of time since baseline.
Thus, we carried out additional analyses using age rather than time in the Cox models.

Results

Sample characteristics
A total of 162,682 students were recruited (response rate: 95%), 49.8% of whom were male.
The mean (SD) age was 13.8 (0.9) years, smoking behavior was reported by 2.4%, and exposure
to SHS of 1–20 cigarettes and>20 cigarettes were 48.5% and 6.9%, respectively (Table 1).

Unadjusted associations between smoking / SHS exposure and
mortality
Incidences of both natural and unnatural mortality were significantly higher in smokers com-
pared to non-smokers (Table 2). Specifically, participants who were currently smoking at base-
line had a greater than six-fold higher incidence rate of suicide mortality than those who did
not smoke. Incidences of overall unnatural mortality, as well as suicide mortality specifically,
were positively also associated with SHS exposure. Post hoc pairwise comparison found that
the>20 cigarettes and 1–20 cigarettes SHS groups had higher incidences of suicide mortality
than non-SHS group (12.7 and 5.8 versus 3.7 per 100,000 person-years, p<0.001, respectively)
(Table 3).

Table 1. Baseline sample characteristics (N = 162,682).

Characteristic N* (%)

Age

11–12 years 38712(23.8)

13–14 years 110061(67.6)

15–16 years 13909(8.5)

The amount of cigarette smoking by the family

None 72009 (44.6)

1–20 cigarettes 78421(48.5)

>20 cigarettes 11179(6.9)

Cigarette smoking

Absence 158115(97.1)

Presence 3983(2.4)

Alcohol drinking

Absence 159158(97.8)

Presence 2799(1.7)

Asthma, lifetime

Absence 132635(81.5)

Presence 30131(18.5)

Allergic rhinitis

Absence 101580(62.4)

Presence 60953(37.4)

*Missing data excluded.

doi:10.1371/journal.pone.0130044.t001
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Adjusted associations with suicide mortality
The proportional hazards assumption over the entire follow-up period was confirmed for all
estimated variables used in the Cox regression. The crude hazard ratio for suicide mortality in
the smoking compared to non-smoking group was 6.1. After controlling for other covariates,
the adjusted hazard ratio was 3.69 (Table 4). Family SHS also remained a significant predictor
of suicide mortality in fully adjusted models with hazard ratios of 1.5 and 2.8 for 1–20 ciga-
rettes and>20 cigarettes/per day, respectively. Despite males having a higher risk for suicide
mortality than females in the analysis, there was no multiplicative interaction between family
SHS and gender (p = 0.608) or between smoking and gender (p = 0.136) in associations with
suicide. The suicide population attributable fraction for current smoking was 9.6%, and that
for>20 cigarettes per day SHS was 10.6%.

Sensitivity analyses
In sensitivity analyses, following further external adjustment for depression as an unmeasured
confounder, the odds ratio between smoking and suicide was 4.80 (see S1 Text), comparable in
strength to that derived from the main analyses.

Combining suicide and undetermined unnatural death as the outcome, the adjusted hazard
ratio for suicide mortality in the smoking compared to non-smoking group was 3.81, which
was equivalent to the effect size from the main analysis (3.69), as was that for family SHS (S1

Table 2. Cause-specific mortality by smoking status (N = 162,098).

Characteristics Smoking (+) (N = 3,983)
(PYs = 47533.57) a

Smoking (-)(N = 158,115)
(PYs = 1,900,899.06) a

p

Cause of deaths N. of deaths Incidenceb N. of deaths Incidenceb

Total mortality 82 172.5 820 43.1 <0.001

Unnatural death 66 138.8 624 32.8 <0.001

Accident 50 105.2 506 26.6 <0.001

Suicide 14 29.5 92 4.8 <0.001

Homicide 1 2.1 10 0.5 0.154

Undetermined for unnatural deaths 1 2.1 16 0.8 0.360

Natural death 16 33.7 196 10.3 <0.001

Cancer 1 2.1 74 3.9 0.536

Endocrine or Metabolic 1 2.1 8 0.4 0.093

Neurological 1 2.1 5 0.3 0.024

Cardiovascular 5 10.5 20 1.1 <0.001

Respiratory 1 2.1 7 0.4 0.066

Gastrointestinal 1 2.1 6 0.3 0.043

Genitourinary 0 0.0 6 0.3 0.699

Skin 0 0.0 8 0.4 0.656

Bone 0 0.0 6 0.3 0.699

Others 2 4.2 18 0.9 0.029

Undetermined for natural deaths 4 8.4 38 2.0 0.002

a. PYs: person-years
b. incidence: number per 100,000 person-years.

The difference of incidence in specific causes of deaths between smoker and non-smoker group were

calculated using Wilcox (Gehan) Statistic by survival life table analysis.

doi:10.1371/journal.pone.0130044.t002
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Table). Finally, substitution of age for time since baseline in the regression models did not sub-
stantially alter findings (S2 Table).

Discussion
In a large prospective cohort study, assembled using data linkage, we investigated the associa-
tion of active and passive smoking exposure with suicide specifically in the context of other-
cause mortality more widely. To our knowledge, ours is the first study to extend previous find-
ings potentially linking smoking and suicide to an investigation in adolescents specifically.
Additionally, we believe ours to be the first investigation of the association between SHS expo-
sure and suicide. Both smoking and SHS exposure were found to be independently associated
with increased risk of suicide, findings for the latter indicating a dose-response relationship.

Previous studies of smoking and suicide have reported inconsistent findings. Some epidemi-
ological studies have found an independent association [6,9,24], whereas others studies have
found that this did not persist when confounders were taken into consideration [25,26].

Table 3. Incidence rates of causes of death among the subjects stratified by the status of second hand smoking (SHS) (N = 161,609).

No SHS exposure Mild SHS exposure Heavy SHS
exposure

Mild vs
No

Heavy vs
Mild

Heavy vs
No

Characteristics No (N = 72,009)
(PYs = 866,081.34)

>0, < = 20 cigarettes
(N = 78,421)

(PYs = 942,235.54)

> 20 cigarettes
(N = 11,179)

(PYs = 134,227.33)

Overall p
a

Cause of deaths N. of
deaths

Incidence N. of
deaths

Incidence N. of
deaths

Incidence

Total mortality 324 37.4 480 50.9 91 67.8 <0.001*** <0.001*** 0.011* <0.001***

Unnatural death 240 27.7 367 38.9 77 57.4 <0.001*** <0.001*** 0.002** <0.001***

Accident 196 22.6 299 31.7 57 42.5 <0.001*** <0.001*** 0.039* <0.001***

Suicide 32 3.7 55 5.8 17 12.7 <0.001*** 0.036* 0.004** <0.001***

Homicide 4 0.5 6 0.6 1 0.7 0.850 0.617 0.883 0.666

Undetermined for
unnatural deaths

8 0.9 7 0.7 2 1.5 0.674 0.674 0.376 0.541

Natural death 84 9.7 113 12.0 14 10.4 0.355 0.153 0.642 0.797

Cancer 35 4.0 36 3.8 3 2.2 0.608 0.815 0.365 0.318

Endocrine or Metabolic 5 0.6 4 0.4 0 0.0 0.639 0.644 0.451 0.379

Neurological 2 0.2 3 0.3 1 0.7 0.608 0.723 0.450 0.312

Cardiovascular 8 0.9 13 1.4 3 2.2 0.381 0.367 0.449 0.178

Respiratory 1 0.1 6 0.6 1 0.7 0.186 0.075 0.884 0.130

Gastrointestinal 4 0.5 3 0.3 0 0.0 0.678 0.624 0.514 0.431

Genitourinary 4 0.5 2 0.2 0 0.0 0.508 0.358 0.594 0.431

Skin 3 0.3 4 0.4 1 0.7 0.796 0.787 0.612 0.497

Bone 0 0.0 6 0.6 0 0.0 0.041* 0.019* 0.355 -

Others 8 0.9 12 1.3 1 0.7 0.716 0.476 0.604 0.843

Undetermined for
natural deaths

14 1.6 24 2.5 4 3.0 0.358 0.209 0.714 0.267

a. testing by means of life tables analysis

*: p<0.05,

**: p<0.01,

***:p<0.001

doi:10.1371/journal.pone.0130044.t003
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However, it remains unclear whether some of the adjustments made are for confounding or
causal pathway factors: for example, smoking predicting or giving rise to mental disorders,
which in turn affect risk of suicide [5]. A recent meta-analysis synthesized available data from
fifteen prospective cohort studies involving 2395 deaths among 1,369,807 participants, and
reported pooled risk ratios for suicide of 1.28 for former smokers, and 1.81 for current smokers
compared with never smokers [4].

A range of possible explanations for the association between smoking and suicide have been
proposed. To begin with, smoking may be a non-causal marker of other risk factors for suicide
such as lower income, lower education, unmarried status, unemployment, or lack of religious
affiliation. It may also be a marker for mental disorders such as anxiety, depression, psychoses,
and substance use disorders, or indicate other adverse mental health states such as low self-
esteem, a propensity to risk-taking behaviour, impulsivity, aggression, antisocial personality,
fatalism, or emotional instability. People with pre-existing or “latent” psychiatric or psycholog-
ical problems may use nicotine to “self-medicate” to abate these problems [5,27]. However,
there may also be direct links between smoking and suicide. Specifically, chronic nicotine expo-
sure reduces serotonin and its metabolites in animals [28], and smokers have been found to
have lower cerebrospinal fluid levels of serotonin metabolites [29], and lower levels of platelet
monoamine oxidase [30]. Smoking also clearly causes a range of physical illnesses including
chronic respiratory disease, cardiovascular disease and cancer, and worse physical health is rec-
ognized to be a leading cause of suicide [17,31,32]; however, this causal pathway might be
expected to be less salient in adolescents than older age groups. Although mental disorders are
a well-known risk factor for suicide, such conditions are often unrecognized, even in medical
settings. Therefore, regardless of whether it is a ‘risk factor’ or ‘risk marker’, smoking may be a
useful clinical indicator of a risk for subsequent suicide [9].

Table 4. Cox proportional hazards regression analyses of factors associated with suicide mortality.

Characteristic Associations with suicide mortality—hazard ratios (95% CI) displayed for simultaneously entered covariates

Unadjusted Adjusted model 1a Adjusted model 2 b Adjusted model 3 c Adjusted model 4 d

Male/female 1.89 (1.27, 2.81) 1.88 (1.25, 2.82) 1.71 (1.13, 2.58) 1.64 (1.08, 2.47) 1.64 (1.09, 2.48)

Age, y 1.20 (0.97, 1.49) 1.15 (0.92, 1.44) 1.10 (0.88, 1.38) 1.13 (0.90, 1.41) 1.13 (0.90, 1.41)

The highest education of parents

1 (primary school/illerate) Reference Reference Reference Reference Reference

2 (high school) 0.97 (0.60, 1.55) 1.00 (0.62, 1.60) 1.03 (0.64, 1.66) 1.00 (0.62, 1.61) 1.00 (0.62, 1.60)

3 (college or higher) 0.85 (0.45, 1.61) 0.98 (0.50, 1.89) 1.04 (0.54, 2.03) 0.95 (0.49, 1.86) 0.95 (0.49, 1.86)

SHS (cigarettes)

0 Reference Reference Reference Reference Reference

>0, < = 20 1.58 (1.02, 2.44) 1.55 (1.00, 2.41) 1.47 (0.94, 2.30) 1.47 (0.94, 2.30) 1.47 (0.94, 2.30)

>20 3.43 (1.91, 6.18) 3.36 (1.85, 6.10) 2.90 (1.58, 5.33) 2.82 (1.54, 5.18) 2.83 (1.54, 5.20)

Current smoking (yes/no) 6.11 (3.48, 10.72) . . . 3.53 (1.87, 6.66) 3.33 (1.76, 6.28) 3.69 (1.85, 7.39)

Asthma, lifetime (yes/no) 2.36 (1.58, 3.52) . . . . . . 2.19 (1.45, 3.33) 2.20 (1.45, 3.34)

Allergic rhinitis (yes/no) 1.55 (1.06, 2.26) . . . . . . 1.30 (0.87, 1.94) 1.30 (0.87, 1.94)

Alcoholic drinking (yes/no) 2.25 (0.83, 6.11) . . . . . . . . . 0.70 (0.23, 2.11)

Note. HR = hazard ratio; CI = confidence interval; AHR = adjusted hazard ratio
aAdjusted for gender, age, SHS exposure and the highest education of parents,
bAdjusted for gender, age, the highest education of parents, SHS exposure and cigarette smoking,
cAdjusted for gender, age, the highest education of parents, SHS exposure, cigarette smoking, the lifetime asthma, and allergic rhinitis,
dAdjusted for gender, age, the highest education of parents, SHS exposure, cigarette smoking, the lifetime asthma, allergic rhinitis, and alcoholic drinking

doi:10.1371/journal.pone.0130044.t004
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Some large prospective studies have controlled for alcohol consumption, and continued to
find an association between smoking and suicide [24,33]; but another did not [34]. The present
study found that the association of interest persisted after adjustment for alcohol use, although
measurement of this was restricted to consumption or not. It should also be borne in mind that
our cohort may have been too young for alcohol to have exerted an independent effect, since
most alcohol-related suicide is related to excessive consumption over much longer periods
[35]. One recent study has found an association between asthma and higher suicide risk [17],
although in our study the associations of smoking and SHS with suicide were independent of
asthma.

We found an association between SHS exposure and suicide in adolescents which, to our
knowledge, has not been previously investigated. Clearly the findings require replication,
although the association is plausible. In non-smoking adolescents, duration of exposure to SHS
in the home was found to have a positive dose-response relationship with psychological distress
as measured by the 12-item General Health Questionnaire [36]. Adolescent current smokers
who are exposed to SHS at home have also been found to be more likely to report respiratory
symptoms compared to those unexposed [12]. SHS is causally linked to an increased incidence
and severity of childhood and adult asthma, lower respiratory tract infections, respiratory
symptoms, otitis media, cancer and cardiovascular disease [37], and associations with suicide
may in part reflect some of these health consequences.

Strengths and limitations
Key strengths of the study were the large, representative sample and comprehensive follow-up.
Limitations primarily reflect the use of historical data collected for purposes other than the
objectives of this analysis. The information from questionnaire included measures of demo-
graphic characteristics, whether alcohol was consumed or not, smoking status and SHS expo-
sure, although these relied on self-reporting and may be subject to measurement error. More
importantly, information was lacking on certain risk factors for suicide such as mental disor-
ders, personality traits, illicit drug use and family history of mental disorders. Although, a sen-
sitivity analysis did not suggest that depression was likely to be a major confounding factor, the
influence of mental health on the associations of interest could not be comprehensively evalu-
ated. Besides mental disorders, other factors such as parental divorce, low emotional control,
medication for nervous problems, contact with police and childcare services, drug use, and
education may confound associations between smoking and suicide [25]. Because of the rela-
tively large change in the hazard ratio (from 6.11 to 3.69) following adjustment, residual con-
founding is an important consideration and interpretation of the association between smoking
exposure (direct or secondhand) and suicide should be cautious. The results also showed a
strong association between smoking/second hand smoking and accidental deaths, which might
also reflect common underlying social and behavioural/psychological causes. One previous
study in Taiwan also reported an association between smoking and accident death, although
was only able to adjust for education and alcohol use [10]. Furthermore, adolescents exposed
to SHS might have been more likely to have parents with mental disorders. However, the SHS
effect was not affected substantially by adjustment for other factors (HR changing from 3.43 to
2.83); whether the hypothesized SHS effect is more stable than that of smoking warrants fur-
ther research. Finally, quantification of physical health was limited to specific disorders,
although in this age group its influence would not be expected to be prominent.

Despite the relatively low smoking prevalence (2.4%) in our cohort, the prospect of longer-
term exposure and consequent adverse outcomes are important issues for adolescent smoking.
Furthermore, more than half of the adolescent population had been involuntarily exposed to
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SHS in this 1995 initiative cohort study. Protecting younger populations from early life ciga-
rette smoking exposure is an important issue and needs a public health approach. Initial con-
tact advice and reference materials provided by the pediatrician, followed by frequent, regular
contacts and home visits was found to be an ideal approach [38], as well as involvement of
school teachers or mentors, and smoke-free legislation [39], which has been implemented
since 2009 in Taiwan. In addition, clinical staff should be reminded of the need for awareness
of, and prevention measures to improve, mental health and suicide risk in young people with
smoking and SHS exposure. This study found evidence of excess suicide among adolescents
with active and passive early life cigarette smoke exposure which adds yet another adverse out-
come to an already at-risk group. The associations between smoking, SHS and suicide were
independent of each other and were not fully explained by gender, age, asthma, allergic rhinitis,
alcohol use, or depression. However, further exploration of underlying causal relationships is
needed. For example, the effect of SHS on the level of serotonin, other medical disorders or
mental disorders and consequent suicide risks warrants more studies to investigate.
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