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ABSTRACT

Background. Depression is associated with smoking, but the causality of the relationship is
debated. The authors examine smoking behaviour as a predictor of depression among the Finnish
adult twin population.

Method. Based on responses to surveys in 1975 and 1981, the authors characterized the subjects as
never smokers, persistent former smokers, quitters, recurrent smokers and persistent smokers. The
Beck Depression Inventory (BDI) was applied in 1990 to measure depression (BDI score >9).
Although the population consisted of twins, the authors first considered the subjects as individuals.
Logistic regression models were computed for 4164 men and 4934 women. In order to control for
family and genetic background, conditional logistic regression analyses were conducted among twin
pairs discordant for depression. Bivariate genetic modelling was used to examine genetic and en-
vironmental components of the correlation between smoking and depression.

Results. Among the men, persistent smoking (OR 1.42, 95% CI 1.07–1.89) and smoking in 1975
but quitting by 1981 (OR 1.68, 95% CI 1.17–2.42) was associated with a higher risk of depression,
while among the women only the quitters had an elevated risk (OR 1.38, 96% CI 1.01–1.87). The
genderrsmoking interaction showed persistent smoking to be a stronger risk for men. When family
and genetic background were controlled, smoking remained a predictor of depression. Genetic
modelling among the men suggested a modest correlation (rg=0.25) between genetic components
of smoking and depression.

Conclusions. Smoking behaviour may be a gender-sensitive predictor of depression, the stronger
association in men being partly accounted for by having underlying genes in common.

INTRODUCTION

Smoking and depression are prevalent con-
ditions with high public health significance
(Murray & Lopez, 1997; Dani & Harris, 2005).

Depression is a concept that incorporates several
types of mood disorders, ranging from being
mildly depressed to major depressive disorder
(MDD) (Maxmen & Ward, 1986). In Finland,
as elsewhere, smokers are more likely to have
a history of depression or current depressive
symptoms than non-smokers (Tanskanen et al.
1999; Haukkala et al. 2000; Hämäläinen et al.
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2001;Williams&Ziedonis, 2004;Dani&Harris,
2005). While this cross-sectional association is
well established, the causality is being studied
under various hypotheses.

First, persistent smoking may increase the
risk of depression. This hypothesis has been
supported by longitudinal studies in adult and
adolescent populations (Wu & Anthony, 1999;
Goodman & Capitman, 2000; Whitfield et al.
2000). Klungsøyr and colleagues (2006) showed
a fourfold higher risk of depression onset
among heavy smokers. Secondly, depression
may increase the risk of smoking through a self-
medication mechanism whereby relief from de-
pressive symptoms motivates it (Royal College
of Physicians of London, 2000; Goldstein,
2003). Pre-existing psychiatric disorders have
predicted an increased risk of the onset of daily
smoking and progression to nicotine depen-
dence (Haustein et al. 2002; Fergusson et al.
2003; Murphy et al. 2003; Breslau et al. 2004;
John et al. 2004; Repetto et al. 2005). Further-
more, this self-medication hypothesis is sup-
ported by studies showing that quitting smoking
resulted in depression (Glassman, 1993; Stage
et al. 1996). Thirdly, reciprocal mechanisms
have also been reported (Breslau et al. 1998).

Fourthly, the co-morbidity may be non-
causal, depression and smoking sharing a
common vulnerability, that potentially includes
a genetic component (Kendler et al. 1993a ;
Bergen & Caporaso, 1999; Williams & Ziedonis,
2004). Heritability of depression has been
shown to be modest to moderate –29% for de-
pressive symptoms (Johnson et al. 2002) and
37% for liability to MDD (Sullivan et al. 2000),
for example – and for persistent smoking and
smoking cessation 50–58% (Madden et al. 2004;
Broms et al. 2006). However, there is conflicting
evidence regarding whether depression and
smoking share a genetic component (Kendler
et al. 1993a ; Dierker et al. 2002;McCaffery et al.
2003; Johnson et al. 2004).

Further, given that the prevalence of smoking
is higher among men (WHO, 1997), whereas
the prevalence of depression is higher among
women (WHO, 2001), there is a need to explore
gender differences within these associations
(Perkins et al. 1999). Finally, because of com-
mon confounders associated with depression
and smoking, the assessment of causal relations
requires a design allowing the inclusion of

temporal and concurrent factors contributing
to the association (Fergusson et al. 2003).

Our primary aim was to examine smoking
behaviour as a predictor of depression among
the Finnish adult population, and to analyse
whether the association was modified by gender.
Our secondary aim was to investigate whether
the association was modified by familial or
genetic effects.

METHODS

Sample

The Finnish Twin Cohort was established to
examine the genetic, environmental and psycho-
social determinants of chronic diseases and
health behaviours. This population-based co-
hort was compiled from the Central Population
Registry consisting of all same-sex twin pairs
born in Finland before 1958 with both co-twins
alive in 1967 (13 888 pairs of known zygosity).
The project was accepted by the Ethical
Committee of the University of Helsinki.

The first questionnaire survey was conducted
in 1975, and the second in 1981, involving all
twins in the cohort who were still alive, includ-
ing the non-respondents in 1975 (84% response
rate, 24 053 respondents). The third question-
naire was sent in 1990 to twins born in 1930–
1957, if they had responded to at least one of
the previous surveys (n=16 179). This survey
had a 77% response rate with 12 502 respon-
dents, and included complete data on both
depression and smoking among a total of 10 977
participants. The mean age in 1981 was 35.2
years. The zygosity of the twins was determined
by means of an accurate validated questionnaire
(Sarna et al. 1978).

Measures

Outcome

The Beck Depression Inventory (BDI; Beck
et al. 1961) was applied to measure depressive
symptoms in 1990. The 21-item questionnaire
instructions guided the participants in describ-
ing their symptoms and attitudes as they per-
ceived them ‘right now’ in terms of intensity
from 0 to 3. Details of the BDI scoring pro-
cedures on the same dataset were published
earlier (Varjonen et al. 1997).

After the exclusion of participants with miss-
ing data on the BDI, the sample comprised
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12 063 persons (5512 men, 6551 women). Owing
to a ‘floor-effect ’ within the sum score, we used
the BDI as a categorical variable. We created
three depression categories based on the total
BDI scores : (1) 0–9 (none or minimal) ; (2)
10–16 (mild), and (3) 17 or more (at least mod-
erate). For the logistic regression models we
categorized the participants as a dichotomy,
the ‘non-affected’ with a BDI score f9, and the
‘affected’with a score>9 (Beck&Beamesderfer,
1974).

Predictor

Current smokers comprised those who had
smoked at least five packets of cigarettes over
their lifetime and who were smoking regularly
at the time of the study (Kaprio & Koskenvuo,
1988). This study applied multiple-time-point
measurements of smoking as a predictor vari-
able. Of the participants providing data on de-
pression in 1990 (n=12 063), 10 977 (4980 men,
5997 women) had complete data on smoking
in 1975 and 1981. Six groups were formed based
on 1975–1981 smoking: (1) never smokers in
1975 and 1981 (n=5081); (2) quitters, i.e. cur-
rent smokers in 1975, former smokers in 1981
(n=880); (3) persistent smokers, i.e. current
smokers in 1975 and 1981 (n=2492); (4) per-
sistent former smokers, i.e. former smokers in
1975 and 1981 (n=1213); (5) recurrent smokers,
i.e. former smokers in 1975, current smokers
in 1981 (n=307); (6) others, mostly occasional
smokers (n=1004).

The persistent never smokers were the
reference category with no exposure. Other
categories represented ever smokers as various
risk groups, the persistent ones being the
most consistently exposed. Considering the
quitters and the persistent former smokers as
separate categories allowed us to evaluate ex-
posure consistency. In a secondary analysis we
examined the effect of change in smoking
between 1981 and 1990, the categories in 1990
being never, occasional, former and current
smoker.

Confounders

In view of the evidence from earlier studies, we
adjusted the analyses for several confounders,
such as sociodemographic background, other
health behaviours, and other factors correlating
with depression. Most of the confounders were

measured in 1981, and somatic health and
social network in 1990. Among the socio-
demographic variables we adjusted for gender,
age, marital status (Hasin et al. 2005) and social
class (Fryers et al. 2003), including education
and type of work (Appelberg et al. 1991). Of the
other health behaviours we adjusted for binge-
drinking (Kaprio et al. 1987) and physical
activity (sedentary, intermediate or active life-
style based on the Metabolic Equivalent Task
score; Kujala et al. 2002). Further, we adjusted
for somatic health, social support (social net-
work as a quantitative and emotional support
as a qualitative component), and negative or
stressful life events (Dalgard et al. 1995; Lillberg
et al. 2003). A detailed description of most
of these confounders is available elsewhere
(Romanov et al. 2003).

As neuroticism is a personality trait pre-
disposing to depression (Kendler et al. 1993b),
we controlled for neuroticism assessed in 1981
using a nine-item scale based on Eysenck’s
personality inventory (Viken et al. 1994). We
used life satisfaction in 1981 as a proxy for pre-
existing depression, because scores on this
variable correlate with the BDI (r>0.60) when
measured concurrently. The data on life satis-
faction were based on a four-item scale
categorized in three groups [‘satisfied’ (4–6),
‘ intermediate ’ (7–11) and ‘dissatisfied’ (12–20)]
(Koivumaa-Honkanen et al. 2004).

Assessment of selection bias

A detailed assessment of selection bias due
to mortality and morbidity, such as to hospital
treatment for depression, has been reported by
Romanov and colleagues (2003), indicating less
prior hospitalization for depression-related
causes among respondents than among non-
respondents. In order to assess bias due to
drop-out regarding smoking and proxy for pre-
existing depression, we analysed those with
data on smoking in 1975 and 1981 and on life
satisfaction in 1981 who were known to have
received the 1990 questionnaire (n=13 704).
Being a non-respondent in 1990 was predicted
by smoking and life satisfaction: persistent
smokers [odds ratio (OR) 1.39, 95% confidence
interval (CI) 1.25–1.54], recurrent smokers (OR
1.36, 95% CI 1.07–1.73) and those with lower
life satisfaction (OR 1.05, 95% CI 1.03–1.06)
were more probably non-responders.
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Statistical analyses

Although the study population consisted of
twins, for the primary analyses we considered
the subjects as individuals, but statistically
accounted for twinship. The analyses were con-
ducted by using the STATA statistical package,
version 9 (StataCorp, College Station, TX,
USA). Univariate logistic regression models
tested the strength and significance of each
smoking category, never smokers comprising
the reference group. Because of significant
smokingrgender interactions (quittersrgen-
der, p=0.009; persistent smokersrgender,
p=0.005), the odd ratios with 95% confidence
intervals were computed for all respondents
together (adjusting for age and gender), as well
as for the men and women separately (with
adjustment for age). The OR is a measure of
association between a risk factor and disease,
i.e. the ratio of the odds of disease between
those with and without the risk factor (Thomas,
2004).

We used multiple logistic regression models
in order to adjust for confounders. The final
model was adjusted for sociodemographic back-
ground, other health behaviours, somatic dis-
ease, social network, emotional support, life
events, neuroticism and life satisfaction. Because
observations on twins within twin pairs may
be correlated we used robust estimators of vari-
ance and the cluster option in STATA when esti-
mating standard errors (Williams, 2000). We
conducted three secondary analyses: first, we
explored the dose-response relationship among
the persistent smokers, then we examined the
effect of change in smoking between 1981 and
1990, and thirdly, we approximated the incidence
of depression in 1990.

In order to test causality and to control for
family background, we utilized the fact that our
population consisted of twins. Because twins
share their childhood environment, an associ-
ation between an explanatory factor and the
outcome within such pairs would provide evi-
dence of a causal relationship. We identified
all twin pairs discordant for depression as
matched cases and controls, nevertheless initially
disregarding zygosity. We used the McNemar
Test as an unadjusted test in order to assess
the risk of being depressed given smoking, and
in order to adjust for confounding variables not

matched for in the design we applied conditional
multiple logistic regression (Thomas, 2004).

In order to further control for genetic back-
ground, we applied the co-twin control method,
comparing the risk of smoking in MZ (mono-
zygotic) and DZ (dizygotic) twin pairs dis-
cordant for depression (Kendler et al. 1993a).
These analyses did not show any smokingr
gender interactions. Thus, the results were
presented for men and women pooled together.
Finally, we used a bivariate twin genetic model
in order to explore whether the association
between smoking and depression could be
ascribed to underlying genetic factors in com-
mon. The greater resemblance of MZ versus
DZ pairs in this association, as indexed by
cross-twin cross-trait correlations, is formally
modelled by decomposing the phenotypic
correlation into correlations between genetic
and environmental components of smoking
and depression. The modelling was based on
standard Mx scripts from the Genomeutwin Mx
website (http://www.psy.vu.nl/mxbib/).

RESULTS

The individual data

Descriptive results

The prevalence of mild depression (BDI=
10–16) was 12.4% (9.9% in the men, 14.5% in
the women), and of at least moderate depression
(BDI>16) was 4.7% (3.6% in the men, 5.6% in
the women). Depressive symptoms were more
prevalent among the women (p<0.001), and the
mean BDI scores were also significantly higher
among them (mean 5.75, 95% CI 5.61–5.89,
S.D.=5.87) than among the men (mean 4.52,
95% CI 4.38–4.70, S.D.=5.20) (p<0.001). The
descriptive results are given in Table 1, including
the proportions of the BDI categories in each
smoking group.

Smoking behaviour and depression

The results of the logistic regression analyses
adjusted for age and sex suggested that the
depression risk was significantly elevated among
the persistent smokers (OR 1.58), the recurrent
smokers (OR 1.53) and the quitters (OR 1.43)
(Table 1). Among the men, the persistent
smokers (OR 1.94), the recurrent smokers (OR
1.84) and the quitters (OR 1.83) showed elevated
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risks, while among the women the persistent
smokers had a higher risk (OR 1.39) than the
never smokers.

The results of the multiple logistic regression
models are given in Table 2. They remained
similar after adjustment for sociodemographic
confounders and changed slightly after adjust-
ment for other confounders. Among the men,
both persistent smoking (OR 1.42) and smoking
in 1975 but quitting by 1981 (OR 1.68) showed
a significantly higher depression risk in com-
parison to never smoking, while among the
women it was only the quitters who had a higher

risk (OR 1.38) (model III). Genderrsmoking
interaction (p=0.014) indicated that persistent
smoking was a stronger risk factor for the men.

Secondary analyses

We conducted several secondary analyses (not
shown in the tables). First, in order to explore
the dose-response relationship we classified the
persistent smokers into categories : 1=<10;
2=10–19; and 3=o20 cigarettes/day, coding
the non-persistent smokers as 0. When we
included this as a continuous variable (0, 1, 2, 3)
in the model, the trend test result was OR 1.11
(95% CI 1.02–1.23) for the men, but no signifi-
cant trend was evident in the women. Secondly,
we examined the effect of change in smoking
between 1981 and 1990. The male persistent
smokers who remained smokers until 1990
had a higher depression risk (OR 1.44, 95% CI
1.07–1.93) than the never smokers, and the
female former smokers or quitters in 1975–1981
who relapsed by 1990 had a higher risk (OR
1.67, 95% CI 1.11–2.52) than the never
smokers.

We conducted further analyses in order to
approximate the incidence of depression in
1990, applying neuroticism as a predisposing
factor and poor life satisfaction as a proxy.
First, we excluded the respondents with a neur-
oticism score >5 in 1981 (39% of subjects).
Among the remaining 2724 men, the persistent
smokers were at a higher risk (OR 1.57, 95% CI
1.03–2.39) than the never smokers, but among
the remaining 2947 women smoking behaviour
did not show elevated depression risk. We then
excluded those ‘dissatisfied’ with their life in
1981 (13%). Of the 3637 remaining men, the
persistent smokers (OR 1.77, 95%CI 1.27–2.48)
and the quitters (OR 2.09, 95% CI 1.38–3.19)
showed an elevated depression risk, whereas
among the 4283 remaining women it was the
quitters who showed a higher risk (OR 1.42,
95% CI 1.01–1.99).

The twin data

Table 3 gives the results of the conditional
logistic regression analyses of discordant pairs
for depression when familial and genetic factors
were controlled. First, the test for a causal re-
lationship among all pairs showed that persist-
ent smoking (OR 1.70) and smoking in 1975 but
quitting by 1981 (OR 2.19) remained risk factors

Table 1. Proportionsa (%) of the Beck De-
pression Inventory (BDI) categories by smoking
status in 1975–1981 with OR (95% CI) for at
least mild depressionb in 1990 in each smoking
category c

Smoking status
All (n=10 977)

BDI

n f9 10–16 >16 ORd 95% CI

Never smokers 5081 84 12 4 1.00
Quitters 880 82 14 4 1.43 1.18–1.74
Persistent smokers 2492 81 13 6 1.58 1.38–1.81
Persistent former
smokers

1213 87 10 3 0.97 0.80–1.17

Recurrent smokers 307 81 14 5 1.53 1.12–2.07
Otherse 1004 83 11 6 1.28 1.07–1.55

Men (n=4980) n f9 10–16 >16 ORf 95% CI

Never smokers 1662 90 7 2 1.00
Quitters 450 84 13 3 1.83 1.35–2.47
Persistent smokers 1460 83 12 5 1.94 1.56–2.43
Persistent former
smokers

753 90 8 3 1.02 0.77–1.36

Recurrent smokers 179 84 13 4 1.84 1.19–2.85
Otherse 476 87 9 4 1.52 1.11–2.09

Women (n=5997) n f9 10–16 >16 ORf 95% CI

Never smokers 3419 81 14 5 1.00
Quitters 430 80 14 6 1.24 0.96–1.61
Persistent smokers 1032 77 16 7 1.39 1.16–1.66
Persistent former
smokers

460 82 15 3 1.00 0.77–1.30

Recurrent smokers 128 77 16 6 1.38 0.89–2.13
Otherse 528 80 13 7 1.20 0.95–1.52

OR, Odds ratio; CI, confidence interval.
a The totals may not equal 100% because of the rounding of

individual percentages.
b BDI>9.
c Among the subjects with complete data in the BDI score and

smoking status in 1975–1981.
d Adjusted for age and sex.
e Occasional smokers in 1975 or/and in 1990 and others.
f Adjusted for age.
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and secondly, among the MZ pairs persistent
smokers (OR 2.88) and quitters (OR 7.75) were
also at a high risk. Among the DZ pairs, all ever
smokers tended to be at a higher risk, but the
highest risks were faced by the persistent
smokers (OR 1.59) and the quitters (OR 1.74),
although the risk levels were lower than among
the MZ pairs.

The correlations of liability between smoking
and depression in members of the MZ and DZ
twin pairs are shown in Table 4. The cross-twin,
cross-trait correlations for the MZ pairs were
smaller than for the DZ pairs among the
women, and we therefore did no further model-
ling for them. The bivariate model gave a

heritability estimate for smoking of 82% (95%
CI 75.4–87.2) among the men, while the corre-
sponding estimate for depression was 34%
(95% CI 18.7–48.1). The correlation between
genetic components was r=0.25 (95% CI 0.07–
0.45) and between unshared environmental
effects r=0.10 (95% CI x0.10 to 0.34), based
on the best-fitting AE model (Dx2=14.00,
Ddf=12, p=0.30, DAIC=x10.00).

DISCUSSION

The aim was to investigate whether smoking
behaviour predicted depression, and whether
gender or genetic vulnerability modified the

Table 2. Multiple logistic regression models of smoking behaviour in 1975–1981 as a predictor
of depression in 1990

Smoking status 1975–1981

Model Ia Model IIb Model IIIc

OR 95% CI OR 95% CI OR 95% CI

Men (n=4975) (n=4939) (n=4164)
Never smokers 1.00 1.00 1.00
Quitters 1.87 1.38–2.53 1.69 1.23–2.30 1.68 1.17–2.42
Persistent smokers 1.88 1.51–2.35 1.53 1.20–1.95 1.42 1.07–1.89
Persistent former smokers 1.08 0.81–1.44 0.99 0.74–1.32 0.90 0.63–1.28
Recurrent smokers 1.87 1.21–2.89 1.52 0.97–2.37 1.19 0.68–2.10
Others 1.49 1.08–2.05 1.36 0.98–1.89 1.21 0.80–1.82

Women (n=5992) (n=5935) (n=4934)
Never smokers 1.00 1.00 1.00
Quitters 1.25 0.96–1.62 1.21 0.93–1.59 1.38 1.01–1.87
Persistent smokers 1.36 1.14–1.64 1.18 0.97–1.43 0.95 0.75–1.21
Persistent former smokers 1.03 0.80–1.34 1.03 0.79–1.33 0.99 0.72–1.36
Recurrent smokers 1.39 0.90–2.17 1.37 0.89–2.13 1.27 0.73–2.22
Others 1.20 0.95–1.52 1.17 0.93–1.48 1.12 0.84–1.50

OR, Odds ratio; CI, confidence interval.
a Model I : adjusted for sociodemographic variables (age, marital status, social class).
b Model II : adjusted for sociodemographic variables+health behaviours (alcohol use, physical activity).
c Model III : adjusted for sociodemographic+health behaviours+somatic disease, social network, emotional support, life events,

neuroticism and life satisfaction.

Table 3. Conditional multiple logistic regression models of 1975–1981 smoking behaviour
among twin pairs discordant for depressiona

Smoking status

All pairs
(n=628)

MZ pairs
(n=172)

DZ pairs
(n=407)

OR 95% CI OR 95% CI OR 95% CI

Never smokers 1.00 1.00 1.00
Quitters 2.19 1.17–4.11 7.75 1.54–39.00 1.74 0.83–3.66
Persistent smokers 1.70 1.05–2.75 2.88 0.81–10.28 1.59 0.91–2.78
Persistent former smokers 1.10 0.63–1.95 0.56 0.15–2.00 1.31 0.64–2.67
Recurrent smokers 1.26 0.45–3.47 1.94 0.18–20.99 1.36 0.40–4.58
Others 1.42 0.80–2.50 1.78 0.59–5.43 1.28 0.62–2.62

MZ, Monozygotic ; DZ, dizygotic; OR, odds ratio; CI, confidence interval.
a Adjusted for variables with p value <0.05 (somatic disease, social network, emotional support, life events, neuroticism, life satisfaction).
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association. Smoking behaviour did seem to be
a predictor, and more strongly among the men:
when the sociodemographic variables were ad-
justed the persistent smokers, the recurrent
smokers and the quitters showed an increased
risk, whereas among the women it was only the
persistent smokers who had an elevated risk.
When other confounders were adjusted, the
male persistent smokers and quitters remained
at a higher risk, while among the women the
risk was significant only for the quitters. Con-
trolling for 1981–1990 change in smoking in-
creased the depression risk among the persistent
male and recurrent female smokers, while
approximating the incidence of depression
strengthened the role of smoking behaviour
among the men. When family background was
controlled for by using discordant twin pairs,
ever smoking remained a predictor of de-
pression, thus providing evidence of a causal
relationship. However, controlling for genetic
background tended to produce a higher risk
among the MZ pairs. Finally, the bivariate
model suggested that the co-morbidity was
partly accounted for by the underlying genes
in common among the men.

Persistent smoking predicted depression

Persistent smoking seemed to predict de-
pression. The risk estimates among the persist-
ent smokers, adjusted for age, marital status
and social class were significant for both sexes,
although when other confounders were ad-
justed, the risk remained significant only among
the men. The recent support for this causal
relationship comes from a Norwegian study
(Klungsøyr et al. 2006), which reported a four-
fold higher risk of depression onset for heavy
smokers when other plausible explanations were
controlled for. Klungsøyr and co-workers found
a stronger influence of smoking on depression
than we did, which may be partly due to the
differences in the measures used. The Composite
International Diagnostic Interview used in
the Norwegian study has good reliability and
validity, but limited use in general population
samples (Andrews & Peters, 1998), whereas the
BDI we used is a well recognized measure with
good properties for screening depression cases
in the population (Lasa et al. 2000). The
Norwegian study demonstrated a dose-response
relationship between smoking and depression.

Table 4. The tetrachoric correlations (95% CI)a of liability between smoking behaviourb

and depressionc in members of the monozygotic and dizygotic twin pairs

Men

Twin 1 Twin 2

Smoking Depression Smoking Depression

Twin 1
Smoking — 0.19 (0.10–0.28) 0.79 (0.75–0.82) x0.04 (x0.13 to 0.05)

Depression 0.20 (0.14–0.26) — 0.20 (0.11–0.29) 0.51 (0.44–0.57)

Twin 2
Smoking 0.50 (0.45–0.55) 0.19 (0.13–0.25) — 0.13 (0.04–0.22)

Depression 0.19 (0.13–0.25) 0.19 (0.13–0.25) 0.22 (0.16–0.28) —

Women

Twin 1 Twin 2

Smoking Depression Smoking Depression

Twin 1
Smoking — x0.01 (x0.09 to 0.07) 0.80 (0.77–0.83) x0.13 (x0.20 to x0.06)

Depression 0.12 (0.06–0.18) — x0.08 (x0.16 to 0.00) 0.54 (0.48–0.59)

Twin 2
Smoking 0.74 (0.71–0.77) x0.05 (x0.11 to 0.01) — 0.22 (0.15–0.29)

Depression 0.08 (0.02–0.14) 0.21 (0.15–0.26) 0.04 (x0.02–0.10) —

a Correlations in the monozygotic (MZ) twins are above the diagonal (in bold) ; those for the dizygotic (DZ) twins are below the diagonal
(in italics).

b Smoking status 1975–1981: 0=never smokers+persistent former smokers ; 1=persistent smokers+recurrent smokers+quitters.
c Depression 1990: 0=no depression 1=at least mild depression (BDI>9).
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Although our study focused on the effects of
consistency in smoking through follow-up, we
also found some evidence of a dose-response
relationship among the men.

Quitting smoking predicted depression

It was not only the persistent smokers but also
those who had quit before the outcome assess-
ment who showed an elevated depression risk.
This result emphasises the risk of ever smoking,
and is supported by the results of another
population study in which both current and
former smokers had a higher depression risk
than never smokers (John et al. 2004). The fact
that our data did not show an elevated risk
for the persistent former smokers suggests that
during considerably longer time of abstinence
the risk may decrease to the level of never
smokers. The elevated depression risk among
the quitters raises the question of whether these
persons had pre-existing ‘depressiveness ’, which
they had masked by tobacco use, and which
could have emerged after they had stopped
smoking (Stage et al. 1996). We conducted post
hoc analyses to explain this result by comparing
the mean scores for life satisfaction and neur-
oticism among the quitters with the scores
of those in the other smoking categories.
The quitters differed from the others in having
better life satisfaction than the persistent
smokers, but had higher neuroticism scores than
the never and the persistent former smokers.
Higher neuroticism may partly explain the pre-
existing depression vulnerability among the
quitters.

Gender modification

Gender seemed to modify the association be-
tween smoking and depression. Another study
based on the same twin cohort reported a
gender-specific relationship between smoking
and psychiatric morbidity that was significant
only among the men (Koivumaa-Honkanen,
1998). However, another Finnish study reported
a stronger cross-sectional association among
women (Haukkala et al. 2000). One explanation
for the discrepancy may be that we had a
longitudinal design and adjusted for several
predictors of depression. We also included those
ever smokers in several categories. When we
adjusted only for age, both the male and the
female persistent smokers showed an elevated

depression risk, but when we included all
significant confounders, the risk for women was
elevated only among the quitters. Thus, it seems
that depression among women may be more
influenced by these other factors. Further, in a
secondary analysis on the change in smoking
from 1981 to 1990, it was only the men who had
continued smoking and only the women who
had started to smoke again who had a higher
depression risk. This suggests that the associ-
ation between smoking behaviour and de-
pression may be more stable for men than for
women.

In general, assessment of whether these
associations are different in men than in women
may partly be confounded by the different
prevalence of smoking and depression. One
explanation for the observed difference is that
smoking may not be motivated by the same
factors in both genders : for example, nicotine
reinforcement may control smoking to a greater
degree among men (Perkins et al. 1999). In re-
lation to smoking cessation, women may face
more other stressors, such as negative affectivity
and depression (Gritz et al. 1996). While our
finding that men’s mental health was more
vulnerable among the persistent smokers was
surprising, it may be meaningful. Although the
prevalence of depression is lower among men,
the condition may have more serious conse-
quences: suicide attempts (Blair-West et al.
1999) have been associated with persistent
smoking (Breslau et al. 2005).

Modification by common vulnerability

The influence of genetic factors on covariation
between smoking and depression has been
investigated in few studies (Kendler et al. 1993a ;
Lerman et al. 1998; Dierker et al. 2002;
McCaffery et al. 2003; Audrain-McGovern
et al. 2004; Johnson et al. 2004). Kendler and
co-workers (1993a) found that co-morbidity
of smoking and MDD among women largely
arose from familial factors, while Dierker and
colleagues (2002) concluded that MDD did not
demonstrate shared vulnerability with smoking,
although milder depression did. McCaffery and
colleagues (2004) suggested that non-shared
environmental factors accounted for the ma-
jority of covariation between liability to de-
pression and smoking among men, and finally,
Johnson and co-workers (2004) found familial
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liability to the co-morbidity of MDD and heavy
smoking.

So far, no similar investigations have been
conducted in Finland. When we controlled for
family background by using discordant twins,
smoking behaviour remained a predictor of
depression, and thus, this analysis gave pre-
liminary support for a causal relationship.
Furthermore, the fact that the risk tended to be
higher among the MZ than the DZ pairs also
suggested some genetic vulnerability. However,
this method used only twins who were dis-
cordant for depression. In order to enhance
power we applied Mx models in which we
expected the greater similarity in the MZ twins
than in the DZ twins to support the hypothesis
that genetic transmission was a component of
importance, under the assumption that MZ and
DZ share their trait-relevant environmental
experiences to the same extent (Boomsma
et al. 2002). However, given the correlations of
liability between smoking and depression in the
MZ and DZ twin pairs, we fitted the bivariate
model only to the men, with a modest cor-
relation between genetic components. The
strength and nature of genetic and environ-
mental influences on smoking and depression
seem to be sensitive to the various phenotypes
and study design used in each analysis.

The alternative hypothesis

It would be ideal if a single longitudinal study
could test the ‘smoking-to-depression’, the ‘de-
pression-to-smoking’, the ‘reciprocal ’, and the
‘common vulnerability ’ hypotheses. The popu-
lation-based Finnish Twin Cohort includes data
on smoking in 1975, 1981 and 1990, allowing the
long-term examination of smoking behaviour.
Because depression was investigated only in
1990, this design was valid for testing the
hypothesis of whether smoking predicts de-
pression. Further, as these data consist of twins,
the hypothesis of common vulnerability could
be tested.

While not directly testing the ‘depression-
to-smoking’ hypothesis, we controlled our
analyses for life satisfaction and neuroticism.
Further, we conducted additional post hoc
analyses by using poor life satisfaction in 1981
as a proxy for pre-existing depressiveness.
Because this adult cohort did not provide opti-
mal data for investigating smoking initiation we

used current smoking in 1990 as an outcome.
The adjusted ORs of poor life satisfaction did
not significantly predict smoking (men, OR
1.27, 95% CI 0.96–1.68; women, OR 1.19, 95%
CI 0.90–1.57). Thus, poor life satisfaction as a
proxy for pre-existing depressiveness did not
provide evidence of alternative causality.

Methodological issues

This study has several methodological strengths.
First, we controlled for numerous confounders.
Secondly, because our study was prospective
our measures were not confounded by recall
bias. Thirdly, this population-based cohort
followed up through 15 years provides reliable
data on the effects of long-term smoking
behaviour on depression. Fourthly, we tested
the smoking-to-depression causality by using
discordant twin pairs as matched cases and
controls.

A potential weakness regarding the predictor
is the question of whether we should have
accounted for change in smoking between 1981
and 1990. We did so in a secondary analysis and
found a significant depression risk among the
male persistent smokers and among the women
quitting, but relapsing by 1990. However, be-
cause smoking in 1990 may have been con-
founded by concurrent depression, these results
should be interpreted with caution.

A further concern is whether drop-out caused
any bias. In order to estimate this we used the
1981 data on smoking and life satisfaction to
explain participation in 1990. As expected, ever
smoking and poor life satisfaction modestly
predicted non-participation in 1990. Thus, the
results could be underestimated with regard to
both the risk factor and the outcome.

The way in which depression was ascertained
by means of a questionnaire at a single time-
point may be a limitation. Optimally we would
have conducted psychiatric interviews and as-
sessments at multiple time-points to capture
true incident cases during the follow-up. The
episodic and sometimes chronic nature of de-
pression makes incident case definition difficult.
However, because life satisfaction and de-
pression correlated strongly, we controlled for
pre-existing depressiveness by excluding those
dissatisfied at baseline. On the other hand, the
BDI is a well recognized measure of depression
with good properties for screening cases in the

Smoking behaviour as a predictor of depression 713

https://doi.org/10.1017/S0033291706009639 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291706009639


population (Lasa et al. 2000). We used the
cut-off BDI >9 for the ‘affected’, including
participants with varying degrees of severity
(Varjonen et al. 1997). It is possible that in-
cluding mild depressive symptoms may have
diluted the risk effects of smoking. Finally, the
assessment of depression in 1990 probably
underestimated its incidence during the follow-
up period as episodes that were fully resolved
prior to 1990 were missed. This is unlikely to
bias the relative risk estimates, however.

Conclusions

This study supported the hypothesis that
smoking behaviour predicts depression. More-
over, smoking as a predictor seems to be modi-
fied by gender: when we adjusted for other
predictors of depression we found that persist-
ent smoking increased the risk only among the
men. The increased risk among both male and
female quitters provides a challenge for further
research. The co-morbidity among men may
partly be accounted for by common genetic
vulnerability to smoking and depression.
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