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Objective: To investigate the relationship between
adolescent regular daily smoking and later suicides in
a prospective longitudinal birth cohort setting.

Method: Data from the Northern Finland 1966 Birth
Cohort Study (N = 10,934) were linked with national
death certificates from Statistics Finland. The infor-
mation on suicide attempts until the end of 2001 was
gathered from the Finnish Hospital Discharge Register
(FHDR). The information on adolescent regular daily
smoking was gathered via a questionnaire in 1980 and
1981, when the subjects were age 14 years.

Results: Of all cohort males who smoked regularly
at age 14 years, 2.6% committed suicide by age 34
years, while the corresponding proportion was 0.8%
among experimental smokers and 0.4% among non-
smokers (x> = 15.8, df = 2, p < .001). After adjusting for
sociodemographic factors in adolescence and psychiatric
morbidity, regular smokers were at a 4.05-fold hazard
(95% CI=1.18 to 13.93, p = .026) for committing sui-
cide at a younger age. Corresponding associations were
not found among females. The choice of suicide method
was not associated with smoking habits in adolescence.
Furthermore, the proportion of suicide attempts was sig-
nificantly higher among regular daily smokers, among
both boys (3.3% vs. 1.2%) and girls (4.2% vs. 1.2%),
compared with other adolescents.

Conclusion: At the epidemiologic level, adolescent
regular smoking was found to be associated with in-
creased risk for suicide among males before the age
of 34 years. Further studies are needed to investigate
the effects of smoking on neurobiology of depression,
self-damaging aggression, and impulsive behavior.
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Several earlier epidemiologic'? and clinical®** studies
have revealed the positive relationship between
smoking and suicidality. This relationship seems to be
dose related"” and independent of major depression and
alcohol or drug disorders.”> Also, when suicides were
studied by using a psychiatric autopsy method, Schneider
et al.® found that, among males, current nicotine con-
sumption independently predicted suicides (odds ratio
[OR] =2.6; 95% CI =1.3 to 5.2). Furthermore, Moriya
and Hashimoto’ found high postmortem levels of blood
nicotine among smokers who committed suicide com-
pared with smokers who did not commit suicide.

Interestingly, only few earlier studies have focused on
early-onset adolescent smoking and its putative associa-
tion with suicide attempts or committed suicides. In a sys-
tematic review of population-based studies, Evans et al.®
found 8 studies investigating the association between
adolescent smoking and suicidal phenomena, and the re-
sults strongly indicated a positive association. However,
Hemmingsson and Kriebel’ were able to study suicides
and smoking among more than 49,000 male military con-
scripts aged 18 to 20 years, and they were also able to
investigate the confounding effect of psychiatric diag-
noses in adolescence and alcohol use diagnoses during the
26-year follow-up period. In their study, the risk of sui-
cide among those smoking greater than 20 cigarettes per
day was strongly increased (OR =3.03,95% CI=1.72 to
5.34) during the first 13 years of follow-up. However, the
association in their study was almost entirely explained
by an increased prevalence of heavy alcohol consumption
and low mental well-being among smokers.’

To our knowledge, there are no studies so far in which
the association between adolescent regular smoking and
committed suicides later in life has been studied at the
epidemiologic level in birth cohort settings. In addition,
some of the earlier studies have investigated only male
populations."® Although it is well known that smoking is
associated with increased risk for suicide, it is not yet
known whether smoking in adolescence increases the risk
to commit suicide at a younger age or whether it also
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influences the choice of a more violent method of suicide.
We were able to use a prospectively collected general
population birth cohort database of 10,934 individuals to
study the association between early adolescent regular
smoking, suicide attempts, and committed suicides until
the age of 34 years.

METHOD

Subjects

The Northern Finland 1966 Birth Cohort Study is an
unselected, general population birth cohort ascertained
during midpregnancy. The cohort is based upon 12,068
pregnant women and their 12,058 live-born children.
Data were compiled from the 24th gestational week on-
ward.'® A questionnaire was mailed to cohort members
at the age of 14 years, and 93.5% returned it. At the age
of 16 years, 11,017 cohort members were alive and living
in Finland. Further, in the 31-year follow-up survey con-
ducted in 1997, a total of 83 individuals did not consent to
the use of their data and were excluded, leaving 10,934
cohort members for the present study. Permission to
gather data was obtained from the Ministry of Social and
Health Affairs. Our study protocol was approved by the
Ethics Committee of the Faculty of Medicine of the Uni-
versity of Oulu in 1996 and was supervised by the Ethics
Committee.

Adolescent Smoking

The information on smoking habits was gathered from
a questionnaire mailed to the children at the age of 14
years."' Smoking habits were assessed by asking “Do you
smoke?” The following categories were constructed from
the original 8 alternative responses: (1) never, (2) experi-
mental smoking (tried once/tried twice or more/smokes
occasionally/smokes about twice a week), and (3) regular
smoking (smoking 1-5 cigarettes/6—10 cigarettes/more
than 10 cigarettes a day).

Mortality Data and Suicide Attempts

Information about deaths and the causes of death of
cohort members before the end of the year 2001 was as-
certained from death certificates from Statistics Finland.
The causes of death were coded according to the ICD-9
before the year 1996 and according to the ICD-10 from
1996 onward. The subjects were classified into 2 groups
according to their survival status at the end of follow-up:
subjects who died from a suicide (ICD-10 codes: X60—
X84, Y87.0; ICD-9 codes: E950-E959) or live subjects.
The method of suicide was classified as violent (hanging,
shooting, drowning, wrist-cutting, deliberate traffic acci-
dent, or jumping from a high place) or nonviolent (poi-
soning or gas).'” The cohort members who had died be-
cause of reasons other than a suicide were excluded from
this study.
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The information on suicide attempts until the end of
2001 was gathered from the Finnish Hospital Discharge
Register (FHDR), which covers all mental and general
hospitals and health centers nationwide.

Confounding Variables

The following variables were extracted from the 14-
year postal questionnaire: (1) primary family type (2-
parent family with both biological parents vs. other family
types); (2) parental social class (I-II vs. III-IV vs. V);
social classes I-II included those with the highest social
standing/professional status, classes III and IV were
skilled and unskilled workers, respectively, and class V
comprised farmers; (3) school performance at the age of 14
years (not in normal grade [grade below age-appropriate
level or special school] vs. in normal grade [grade appro-
priate for age level or above]); (4) alcohol use (assessed
by asking, “Do you drink alcohol?”). The following cat-
egories were constructed from the original 5 alternative
answers: never, experimental use (tried once/tried twice or
more often), and regular pattern of alcohol use (alcohol use
at some time every month/every week); and (5) other sub-
stance use (assessed based on the question “Have you used
other substances [e.g., solvents or drugs?]”). The fol-
lowing 2 categories were constructed from the original 4
alternatives because of rarity of regular use: never and
occasional/regular use (tried once/tried twice or more
often/regular use).

The hospital-treated psychiatric diagnoses were ex-
tracted from the 31-year follow-up study as follows: no
hospitalizations versus psychoses versus nonpsychotic
disorders. All cohort members over age 16 years appearing
in the FHDR until the end of 1997 for any mental disorder
(i.e., ICD-8 codes 290-309, DSM-III-R diagnoses 290—
316, and ICD-10 codes FOO-F69, F99) were identified.
All case records were scrutinized, and diagnoses were
rechecked for DSM-III-R criteria. A more detailed descrip-
tion of the validation process of diagnoses is presented
elsewhere.>™

Statistical Methods

Statistical significance of group differences between
categorical variables was assessed with Pearson’s %* and
in continuous variables with the analysis of variance
(ANOVA). A Cox proportional hazards regression model
was used to test the effect of each characteristic on the
hazards for dying from a suicide after the subject’s 14th
birthday. All analyses were performed using SPSS 13.0
for Windows."® Statistical significance was set at o = .05,
and all tests were 2 tailed.

RESULTS

In Table 1, the survival status at the end of follow-up
and other background variables are presented by 14-year
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Figure 1. Proportion of Male Cohort Members Who Died
From Suicide After Their 14th Birthday According to
Smoking Status at 14 Years of Age
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Figure 2. Proportion of Female Cohort Members Who Died
From Suicide After Their 14th Birthday According to
Smoking Status at 14 Years of Age
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smoking status for males and females separately. Male
adolescents with regular daily smoking status at the age
of 14 years were more likely to commit suicide by the age
of 34 years (> = 15.8, df =2, p <.001). A corresponding
association was not found among females. There were 66
males and 70 females who had undergone hospital treat-
ment because of suicide attempts until the end of 2001.
The proportion of suicide attempts among boys who
smoked regularly was 3.3%, while it was 1.3% for ex-
perimental smokers and 0.8% for nonsmokers (x> = 11.8,
df =2, p=.003). The corresponding percentages among
girls were 4.2% for regular smokers, 1.4% for experi-
mental smokers, and 0.8% for nonsmokers (x2 =24.41,
df =2, p<.001).

The survival estimates according to their smoking
status at the age of 14 years are presented for male and
female cohort members in Figures 1 and 2, respectively.
In males, the mean + SD survival time after their 14th
birthday was statistically significantly lower among reg-
ular smokers (21.32 + 1.36 years) compared with exper-
imental smokers (21.45 = 0.77) or nonsmokers (21.46 =
0.62) (F=3.95, df =5,073; p=.019), while in female
subjects, no difference in survival time was observed.
After adjusting for sociodemographic factors in adoles-
cence and psychiatric morbidity, regular smokers were
at a 4.05-fold hazard (95% CI =1.18 to 13.93, p =.026)
for committing suicide at a younger age (Table 2). Non-
conventional family type (p =.003) and psychiatric hos-
pitalization (psychotic disorders, p < .001; nonpsychotic
disorders, p <.001) independently increased the risk of
suicide among males as well. Correspondingly, among
female cohort members, adolescent smoking status was
not associated with the risk to commit suicide at a younger
age (Table 2). However, hospital-treated psychiatric
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disorders (psychotic disorders, p <.001; nonpsychotic
disorders, p <.001) increased the risk of suicide among
females.

Of the 40 male suicide victims, 32 (80%) used a vio-
lent method. The use of violent suicide method was not
statistically significantly more common among those who
were regular smokers at the age of 14 years (7 of §;
87.5%) than among experimental smokers or nonsmok-
ers. Of the female suicide victims, 7 of 15 (46.7%) used a
violent method, but their smoking status did not associate
with the choice of suicide method.

DISCUSSION

In this prospective longitudinal study, we found that
regular smoking in early adolescence independently in-
creased the risk of hospital-treated suicide attempts in
both genders, while increasing the risk of committed sui-
cides only among male cohort members during a follow-
up period to the age of 34 years. A novel finding is that
male cohort members with regular daily smoking in ado-
lescence committed suicide at a younger age compared
with victims who were experimental smokers or non-
smokers. However, smoking status in adolescence did not
influence the choice of suicide method in either gender.
The gender ratio for suicides in this cohort was equal to
the rate found in the official statistics of Finland during
the period 1980 to 1995 for the whole country. In Finland,
3 of 4 suicides are committed by males.'

Smoking is known to be a risk factor for subsequent
onset of depression both in adolescent and adult popula-
tions.'”'® Although we were able to control for hospital-
treated psychiatric disorders in statistical analyses, it
is possible that some suicide victims in this study were
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Table 2. Proportional Hazards for Suicide After Their 14th Birthday Among Subjects From the Northern Finland 1966 Birth

Cohort
Men Women
Characteristic Hazard Ratio® 95% CI p Value Hazard Ratio® 95% CI p Value
Smoking at age 14 years
Nonsmokers Reference Reference
Experimental smokers 1.53 0.58 t0 4.03 .395 0.72 0.20 to 2.59 615
Regular daily smokers 4.05 1.18 to 13.93 .026 0.97 0.12 to 7.65 976
Family type at age 14 years
2-parent family Reference Reference
Other 2.89 1.44t0 5.74 .003 0.63 0.16 to 2.40 498
Father’s social class at age 14 years
I-1I (highest) Reference Reference
II-1V (lowest) 0.84 0.40to 1.78 .657 3.15 0.70 to 14.29 137
V (farmers) 1.48 0.51to0 4.32 472 1.31 0.12 to 14.52 .826
School performance at age 14 years
At average level Reference
Below average level 0.95 0.33t0 2.77 1926 b b P
Use of alcohol at age 14 years
Never Reference Reference
Experimental 1.19 0.54 t0 2.63 .659 2.04 0.54 to 7.72 296
Regular pattern of use 0.66 0.07 to 6.00 712 2.09 0.14 to 31.95 595
Use of substances at age 14 years
Never Reference Reference
Tried or used at least once b 2P 4.71 0.44 t0 49.95 .198
Hospital-treated psychiatric
disorders in adulthood
None Reference Reference
Psychotic disorders 13.66 5.18 to 36.05 <.001 19.49 4.18 t0 90.77 <.001
Nonpsychotic disorders 6.62 2.99 to 14.65 <.001 17.93 4.71 to 68.30 <.001

“The Cox proportional hazards regression model was used to test the effects of each characteristic on the hazards for dying from a suicide after the

subjects’ 14th birthday.
"Not estimable.

suffering from nondiagnosed depression or were treated in
outpatient settings. However, the smoking-depression link
does not explain our finding of a gender difference. In our
study, adolescent smoking increased the risk for commit-
ted suicides only among males. It is well known that de-
pression is more prevalent among females,"” and adoles-
cent smoking in this birth cohort was even more common
among females than among males. Therefore, the effect
of gender on the smoking-suicide association is important
and deserves further study.

At least 2 putative biological mechanisms behind our
findings are worth noting. First, Roggenbach et al.” sug-
gested that reduced 5-hydroxyindoleacetic acid (5-HIAA)
concentrations in cerebrospinal fluid (CSF) might be
related to increased depressive symptoms and changes in
impulsivity. When measuring CSF 5-HIAA levels in de-
pressed subjects, Malone et al.?' found that levels were
negatively correlated with the amount of cigarette smok-
ing but were not related to suicide attempter status. Fur-
thermore, the number of cigarettes smoked correlated
positively with aggression scores. Thus, according to
Malone et al.,”! nicotine may have both biological and
behavioral effects in the brain that increase the probability
of suicidal behavior in depressed patients.

Second, subjects with a background of frequent impul-
sive behaviors, alcoholism, and suicide attempts have been
found to have higher levels of free testosterone in CSF
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compared with healthy volunteers.”? Furthermore, higher
levels of serum testosterone and free testosterone were
found among male smokers compared with ex-smokers or
nonsmokers.”® The effect of high testosterone levels on
impulsive behaviors may be mediated by serotonin, as
there exists an inverse relation between testosterone levels
and brain 5-HT levels. Furthermore, lack of brain 5-HT is
known to lead to increased aggression.* However, the di-
rection of causality between smoking and higher levels of
serum testosterone remains unclear. For example, men
with a high level of testosterone as opposed to a low level
have been found to more often engage in health-risk
behaviors.”

On the basis of the biological discussion above, it
would be easy to assume that smokers choose more often
violent suicide methods than nonsmokers. In this study, the
choice of suicide method did not differ between smokers
and nonsmokers. However, a violent method has in general
been used in Finland by more than 80% of male suicides
for decades.'® The rather small number of suicides in our
database does not allow us to make strong conclusions
on the association between smoking and choice of suicide
method. Further studies with larger sample sizes are
needed, and the association of smoking habits with violent/
nonviolent suicide attempts should also be investigated.

The strengths of this study are that it is based on a
representative and unselected birth cohort, a genetically

J Clin Psychiatry 68:5, May 2007



homogenous population, and valid national registers. The
participation in the 14-year follow-up was good (94%),
and we were able to use prospectively collected informa-
tion of the family and individual background factors. Fur-
thermore, as far as we know, this is the first study so far
to compare the suicide methods between those who are
regular smokers in adolescence and those who are experi-
mental smokers or nonsmokers.

The findings of this study should be considered in light
of the following weaknesses. First, the information on
smoking habits was based on a self-report questionnaire,
which may cause bias because of underestimates on smok-
ing habits. Second, the adolescent smoking status was
measured at only 1 point in time. Therefore, we lacked in-
formation on the temporal development of smoking habits
later in adolescence and in adulthood. Third, since our
study was mainly epidemiologic and register-based, we
were not able to use any biological measurements of sero-
tonergic function or testosterone levels of the cohort mem-
bers to confirm our biological assumptions. Fourth, we
were not able to investigate the putative confounding
effect of adult psychiatric disorders treated in outpatient
settings or child psychiatric care or with psychotropic
medication. Additionally, recognition and adequate diag-
nostics of attention-deficit/hyperactivity disorder were
developed in Finland after the 1990s. It is therefore pos-
sible that our result could partly be affected by comorbid
lifetime hyperactivity or conduct disorders. It is also well
known that the majority of subjects suffering from hazard-
ous alcohol use never end up in inpatient treatment. From
a methodological point of view, however, these problem
users are likely to be found in both suicidal and nonsui-
cidal populations as well. Finally, although the main find-
ings are statistically robust, some degree of type II error
may have occurred, and some risk of spurious findings
(i.e., type I error) also exists.

In conclusion, adolescent regular smoking was found
to be associated with increased risk for suicide among
male cohort members. We consider our findings impor-
tant, since as many as 1 of 5 adolescents in the Finnish
general population are known to be smokers at the age of
14 years today.” The prevalence of suicides of almost 3%
among male adolescent regular smokers can thus be con-
sidered high at the epidemiologic level. Further studies
are needed to investigate the effects of smoking on the
neurobiology of depression, self-damaging aggression,
and impulsivity.
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