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Background. This study examined the associations between cigarette smoking and suicidal ideation and suicide

attempts, both before and after control for potentially confounding using fixed effects regression models.

Method. Data were gathered during the Christchurch Health and Development Study, a 25-year longitudinal study of a

birth cohort of New Zealand children (635 males, 630 females). The analysis was based on a sample of 1041 participants

with available data on cigarette smoking and suicidal behaviour from ages 16 to 25 years. The main outcome measures

were suicidal ideation and suicide attempts, ages 16–18, 18–21, and 21–25.

Results. There were significant bivariate associations between the frequency of cigarette smoking and both suicidal

ideation and suicide attempts. Cohort members who smoked 20 or more cigarettes per day had odds of suicidal ideation

that were 3.39 times (95% CI 2.06–5.59) those of non-smokers, and odds of suicide attempt that were 4.39 (95% CI

2.18–8.85) times those of non-smokers. Control for non-observed fixed confounding factors reduced the association

between cigarette smoking and suicidal ideation and suicide attempts to statistical non-significance. After adjust-

ment, those smoking more than 20 cigarettes per day had odds of suicidal ideation that were 1.00 times (95% CI

0.46–2.18) those of non-smokers, and odds of suicide attempt that were 1.84 (95% CI 0.81–4.18) times those of non-

smokers.

Conclusions. The findings suggest that the associations between frequency of cigarette smoking and suicidal behaviour

may largely be explained by the non-observed background factors and life circumstances that are associated with both

cigarette smoking and suicidal behaviour.
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Introduction

In recent years, a large number of research studies

have found links between cigarette smoking and

suicidal behaviour, with findings suggesting that

smokers are at greater risk of suicidal ideation, suicide

attempt, and completed suicide (Shaffer, 1993 ; Beratis

et al. 1997 ; Tanskanen et al. 1998, 2000 ; Miller et al.

2000a,b ; Iancu et al. 2001 ; Hemmingsson & Kriebel,

2003 ; Malone et al. 2003 ; Patten et al. 2003 ; Makikyro

et al. 2004 ; Wu et al. 2004; Breslau et al. 2005 ; Iwasaki

et al. 2005; McGee et al. 2005 ; Moriya & Hashimoto,

2005 ; Schneider et al. 2005 ; Moriya et al. 2007). How-

ever, there have been ongoing debates as to whether

cigarette smoking plays a causal role in suicidal be-

haviour (Breslau et al. 2005 ; McGee et al. 2005). In

particular, while some studies have concluded that

cigarette smoking is an independent risk factor for

suicidal behaviour (Miller et al. 2000a,b ; Makikyro et al.

2004 ; Breslau et al. 2005 ; Iwasaki et al. 2005 ; Schneider

et al. 2005), other studies have concluded that the

effects of cigarette smoking on suicidal behaviour are

non-causal, and instead reflect the influence of ante-

cedent factors associated with cigarette smoking

(Hemmingsson & Kriebel, 2003 ; Patten et al. 2003; Wu

et al. 2004 ; McGee et al. 2005).

Several epidemiological studies have recently ex-

amined the association between cigarette smoking

and suicidal behaviour using both prospective designs

and control for potentially confounding factors. A

prospective study of 50 000 US men by Miller and

colleagues (2000b) found a positive dose–response re-

lationship between cigarette smoking and completed

suicide, after adjustment for a number of potentially

confounding factors. A further prospective study

of over 300 000 US military personnel by Miller and

colleagues (2000a) also found a persistent association

between cigarette smoking and completed suicide.

Similarly, Breslau et al. (2005), in a prospective

longitudinal study of young adults, reported that
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current daily smoking predicted both suicidal ideation

and suicide attempt, even after control for confound-

ing factors, including concurrent depression.

Other epidemiological studies, however, have

failed to find support for a causal link between

cigarette smoking and suicidal behaviour. For ex-

ample, McGee and colleagues (2005), using data from

a prospective birth cohort, found that the associations

between cigarette smoking and later suicidal ideation

could be explained by the influence of confounding

factors. Similarly, Hemmingsson & Kriebel (2003), in

a study of over 49 000 Swedish men, found that the

association between cigarette smoking and completed

suicide was explained by the effects of both alcohol

consumption and mental illness.

The results of these epidemiological studies suggest

that the major issue in examining the association

between cigarette smoking and suicidal behaviour is

control for potentially confounding factors. In par-

ticular, it may be suggested that the apparent associ-

ations between smoking and suicidality reflect the

effects of non-observed factors that are : (a) associated

with the development of cigarette smoking; and

(b) related to the development of suicidal behaviours.

One solution to this issue is to employ methods that

account for the effects of non-observed confounding

factors ; one such approach is using fixed-effects re-

gression models, which can be employed in longi-

tudinal studies (Greene, 1990 ; Cameron & Trivedi,

1998), and have been used increasingly within psy-

chiatric epidemiology to examine linkages between

risk factors and outcomes net of common fixed sources

of confounding (Fergusson et al. 2002, 2006). Fixed-

effects models make it possible to take into account

non-observed genetic and environmental factors that

have a fixed effect on the association between cigarette

smoking and suicidal behaviour.

In the context of research into cigarette smoking and

later suicidal behaviour, factors that may potentially

be subsumed by the fixed-effects term are all individ-

ual, family, social, and related factors that are fixed at

the point of adolescence and which have a fixed effect

on later cannabis use and illicit drug use. In this way,

the fixed-effects model is similar to the discordant

twin model, in which twin pairs discordant for a

particular outcome are used to control for unobserved

shared sources of genetic and environmental con-

founding factors. However, it should be noted that the

fixed-effects model does not control all confounding

processes that may affect the association between

the predictor and outcome. Specifically, the model

does not control for : (a) fixed confounding factors

whose effects on the exposure variable and outcome

vary with age; (b) fixed confounding factors that

combine interactively with the exposure variable to

influence the outcome variable ; and (c) time dynamic

covariate factors. Thus while the fixed-effects model

succeeds in controlling some aspects of confounding,

it fails to provide a comprehensive method of control.

Nonetheless, it may be argued that the method

represents a substantial advance over conventional

covariate control using observed confounders since it

does attempt to address the issue of omitted con-

founders.

Against this background, the present study reports

the results of a 25-year longitudinal study of the re-

lationships between cigarette smoking and suicidal

behaviours in a birth cohort of young people studied

to age 25. The aims of this analysis are to examine

the associations between cigarette smoking and sui-

cidal ideation and suicide attempt, and to adjust the

associations between cigarette smoking and suicidal

behaviour for the effects of non-observed fixed con-

founding factors.

Method

Participants

The data were gathered during the course of the

Christchurch Health and Development Study (CHDS).

In this study a birth cohort of 1265 children (635 males,

630 females) born in the Christchurch (New Zealand)

urban region in mid-1977 has been studied at birth,

4 months, 1 year and annually to age 16 years, and

again at ages 18, 21 and 25 years. A detailed descrip-

tion of the study and an overview of study findings

can be found in Fergusson & Horwood (2001), and

Fergusson et al. (1989). The study has collected infor-

mation from a variety of sources including : parental

interviews, teacher reports, self-reports, psychometric

assessments, medical, and other record data. The

cohort was recruited via contacting all mothers giving

birth in all Christchurch maternity hospitals during a

4-month period in mid-1977. A total of 1310 children

were born in Christchurch during this period, of

whom the mothers of 1265 (97%) agreed to participate

in the study. All data have been collected by trained

interviewers, via face-to-face or telephone interviews

(in cases where respondents have been overseas). All

study information was collected on the basis of signed

and informed consent from study participants. In

recent years, participants have been offered NZ$50 for

participation in the Study.

Measures

Frequency of cigarette smoking, ages 16, 18, and 21

At each assessment, cohort members were queried

as to whether they had smoked cigarettes during
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the previous month, and were asked to estimate the

average number of cigarettes they had smoked per

day. A measure of cigarette smoking frequency at ages

16, 18, and 21 was obtained by classifying the re-

sponses according to the mean number of cigarettes

smoked per day: none, <1, 1–4, 5–9, 10–20, and o21

per day.

Suicidal behaviour outcomes, ages 16–18, 18–21, and

21–25 years

Suicidal behaviour during the period 16–18 years,

18–21 years, and 21–25 years was assessed via self-

report by asking sample members whether they had

ever thought about killing themselves or had at-

tempted suicide during the assessment period, and

the frequency of such thoughts or attempts. Those in-

dividuals who reported having any suicidal thoughts,

or who reported having attempted suicide at least

once in the assessment interval were classified as

having suicidal ideation (20.2% of the sample at ages

16–18; 14.2% of the sample at ages 18–21; 12.5% of the

sample at ages 21–25) or having attempted suicide

(3.6% of the sample at ages 16–18; 3.7% of the sample

at ages 18–21; 2.1% of the sample at ages 21–25).

Positive reports of suicidal behaviour were not

followed-up, although all participants were given

general information regarding access to counselling.

Statistical analysis

The analysis was conducted in three stages. In the first

stage the bivariate associations between the frequency

of cigarette smoking at ages 16, 18, and 21 (classified

into six levels – none, <1, 1–4, 5–9, 10–20, and o21

per day) and suicidal ideation and suicide attempt

during the assessment period following the measure

of smoking (e.g. the association between smoking at

age 16 and suicidal behaviour at ages 16–18) were

tested for significance using the Mantel–Haenszel x2

test of linearity for suicidal ideation and Poisson

regression for suicide attempts.

The second stage of the analysis involved fitting

regression models to the three waves of assessment

data to estimate the joint associations between fre-

quency of cigarette smoking and rates of subsequent

suicidal behaviour pooled over the assessment

periods. These associations were modelled by fitting

random-effects models (Gibbons et al. 1988) to the

three waves of assessment data for the period from

16–25 years. For suicidal ideation logistic regression

models were fitted, whereas for number of suicide

attempts Poisson regression models were used. These

models were of the general form:

G(Yit)=B0t+B1Xit+�i+eit, (1)

where Yit was the outcome (ideation or number of

attempts) for participant i in the t-th age interval

(16–18, 18–21, 21–25 years) ; the function G(Yit) re-

presented either the log odds of suicidal ideation or

the log rate of suicide attempt respectively ; Xit was the

frequency of smoking for participant i immediately

prior to interval t ; ui was an individual specific

random effect that was uncorrelated with smoking

(Xit) ; and eit was a random error term. In these models

the coefficient B1 represents the effect of smoking on

suicidal behaviour pooled over the three observation

periods. The intercept term B0t was permitted to vary

with age t to take into account changes in the base rate

of suicidal behaviour over time. From the coefficients

of these models, estimates of the effect size for the

associations between cigarette smoking and suicidal

behaviour were calculated for varying levels of

smoking behaviour. For suicidal ideation, these esti-

mates were given by the odds ratio (OR), whereas for

the count measure of suicide attempts, these estimates

were given by the incidence rate ratio (IRR).

The third stage of the analysis, adjustment for non-

observed fixed factors, involved fitting conditional

fixed effects logistic and Poisson regression models

(Greene, 1990 ; Cameron & Trivedi, 1998) respectively

to the observed rate data for suicidal ideation and

suicide attempt. Fixed-effects models permit control

for the effects of all non-observed fixed confounding

factors that influence the outcome variable (suicidal

behaviour) and may be confounded with the exposure

variable (cigarette smoking). The logic of the fixed-

effects model is similar to that of the discordant twin

model, in which twin pairs discordant for a particular

outcome are used to control for shared unobserved

genetic and environmental sources of confounding.

In this stage, the fixed-effects models fitted were of

the form:

G(Yit)=B0t+B1Xit+ui+eit, (2)

This model is of similar form to that in equation (1)

above. However, in this instance the term ui represents

the effects of (non-observed) fixed confounding factors

specific to the i-th individual that are correlated with

smoking (Xit) and that may also influence suicidal

behaviour. The coefficient B1 represents the effects of

smoking (Xit) on the outcome (Yit) net of non-observed

fixed confounding factors. In addition, the adjusted

model parameters were used to calculate adjusted

estimates of effect size for varying levels of smoking

behaviour.

Sample size and sample bias

The present analysis is based upon a sample of 1041

participants for whom data were available on cigarette
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smoking and subsequent suicidal behaviours for at

least one of the observation periods 16–18, 18–21 or

21–25 years. However, since not all participants were

observed on all assessment occasions, the observed

samples with complete data for each assessment

interval ranged from 935–983. These samples re-

presented between 74% and 78% of the initial cohort

of 1265 children. To examine the effects of sample

losses on the representativeness of the sample, the

obtained sample was compared with the remaining

sample members on a series of sociodemographic

measures collected at birth. This analysis suggested

that there were statistically significant (p<0.01)

tendencies for the obtained sample to under-represent

individuals from disadvantaged backgrounds charac-

terized by low parental education, low socio-economic

status and single parenthood. To address this issue,

the data-weighting methods described by Carlin et al.

(1999) were used to examine the possible implications

of selection effects arising from the pattern of missing

data. These analyses produced essentially the same

pattern of results to those reported here, suggesting

that the conclusions of this study were unlikely to

have been influenced by selection bias.

Results

Associations between frequency of cigarette smoking,

ages 16, 18, and 21, and suicidal behaviour ages

16–18, 18–21, and 21–25

Table 1 shows the associations between the frequency

of cigarette smoking at ages 16, 18 and 21 years and

rates of subsequent suicidal behaviours in the inter-

vals 16–18, 18–21 and 21–25 years respectively. In each

case the frequency of cigarette smoking is classified

into six groups ranging from non-smoker to those who

smoked o21 cigarettes per day. For each group the

table reports the rate of suicidal ideation and suicide

attempts during the subsequent assessment period.

In all cases, Table 1 shows evidence of clear and

significant tendencies for increasing frequency of

smoking to be associated with increasing levels

of suicidal ideation (p<0.05) and increasing rates of

suicide attempt (p<0.0001).

To examine the joint associations between fre-

quency of cigarette smoking and rates of suicidal

behaviour pooled over the three assessment periods

the data in Table 1 were reanalysed by fitting random-

effects regression models to the three waves of data

Table 1. Association between frequency of cigarette smoking, ages 16, 18, and 21 years, and suicidal behaviour, ages 16–18, 18–21,

and 21–25 years

Frequency of cigarette smoking (per day) at given age

paNone <1 1–4 5–9 10–20 o21

Age 16 years

n 634 150 92 36 21 2

% Suicidal ideation ages 16–18 15.3 20.7 32.6 41.7 66.7 50.0 <0.0001

Mean number of suicide attempts

(per 100) ages 16–18

2.1 10.7 18.5 36.1 33.3 50.0 <0.0001

Age 18 years

n 603 98 79 88 96 19

% Suicidal ideation ages 18–21 12.4 13.3 11.4 20.5 12.5 47.4 <0.05

Mean number of suicide attempts

(per 100) ages 18–21

3.5 8.2 5.1 14.8 17.7 10.5 <0.001

Age 21 years

n 589 35 74 108 151 21

% Suicidal ideation ages 21–25 9.0 8.6 16.2 13.9 19.9 28.6 <0.0001

Mean number of suicide attempts

(per 100) ages 21–25

1.7 0.0 0.0 2.8 12.6 28.6 <0.0001

Effect size estimates

OR (95% CI) for suicidal ideation 1 1.28

(1.16–1.41)

1.63

(1.34–1.99)

2.08

(1.54–2.81)

2.17

(1.78–3.96)

3.39

(2.06–5.59)

IRR (95% CI) for suicide attempts 1 1.34

(1.17–1.55)

1.81

(1.37–2.39)

2.43

(1.60–3.70)

3.26

(1.86–5.72)

4.39

(2.18–8.85)

OR, Odds ratio ; CI, confidence interval ; IRR, incidence rate ratio.
aMantel–Haenszel x2 test of linearity for suicidal ideation: Poisson regression for suicide attempts.
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(see Method section). Consistent with the findings in

Table 1 these analyses produced evidence of signifi-

cant associations between frequency of smoking and

both suicidal ideation (B=0.24, S.E.=0.05, p<0.0001)

and suicide attempt (B=0.30, S.E.=0.07, p<0.0001).

From the parameters of the fitted models, effect-size

estimates were obtained describing the relative rate of

suicidal behaviours for varying levels of smoking

compared to the rate for non-smokers, pooled over the

three observation periods. These estimates are given at

the foot of Table 1. For suicidal ideation effect sizes

were based on the OR, for suicide attempt the effect

size measure was the IRR. The pooled effect-size

estimates suggest evidence of moderate to strong as-

sociations between smoking and suicidal behaviours,

with individuals who smoked more than a pack of

cigarettes per day having odds of suicidal ideation

that were 3.39 [95% confidence interval (CI) 2.06–5.59]

times higher and rates of suicide attempt that were

4.39 (95% CI 2.18–8.85) times higher than those who

did not smoke.

Adjustment for fixed effects

A possible limitation to the results presented in

Table 1 is the possibility that the associations between

frequency of cigarette smoking and suicidal behaviour

could be due to the effects of confounding that was

related to both cigarette smoking and suicidal behav-

iour. To address this issue, the associations presented

in Table 1 were adjusted using fixed-effects regression

models (see Method section). These analyses revealed

that the associations between cigarette smoking and

both suicidal ideation and suicide attempts had been

greatly reduced in magnitude, to the point of statistical

non-significance (suicidal ideation : B=x0.0004, S.E.=
0.08, p>0.90 ; suicide attempts : B=0.12, S.E.=0.08,

p>0.10). Table 2 shows the OR for suicidal ideation

and the IRR for suicide attempts, for varying levels

of smoking behaviour, after adjustment for fixed con-

founding factors. The table shows that, after control-

ling for fixed effects, those individuals who smoked

o20 cigarettes per day had odds of suicidal ideation

that were 1.00 (95% CI 0.46–2.18) times that of those

who did not smoke cigarettes, and rates of suicide

attempt that were 1.84 (95% CI 0.81–4.18) times higher

than those who did not smoke cigarettes.

The results of these analyses show that the associ-

ation between cigarette smoking and suicidal ideation

can be explained by controlling for fixed sources of

confounding using fixed-effects models. In addition,

after controlling for fixed effects, there remained a

modest, but statistically non-significant association

between cigarette smoking and suicide attempt.

Collectively, the results of these analyses suggest

that the associations between cigarette smoking and

subsequent suicidal behaviour were largely, if not

wholly, explained by the influence of fixed sources of

confounding that was associated with both cigarette

smoking and suicidal behaviour.

Discussion

In this paper we have used data gathered over the

course of a 25-year longitudinal study to examine the

linkages between frequency of cigarette smoking and

suicidal behaviour (ages 16x25). The principal focus

of this analysis was on ascertaining the extent to which

cigarette smoking increased the risks of both suicidal

ideation and suicide attempt. The findings of this

analysis and their implications are outlined below.

In agreement with a broad range of research ex-

amining links between cigarette smoking and suicidal

behaviour (Shaffer, 1993 ; Beratis et al. 1997 ; Tanskanen

et al. 1998, 2000 ; Miller et al. 2000a,b ; Iancu et al. 2001;

Hemmingsson & Kriebel, 2003; Malone et al. 2003;

Patten et al. 2003 ; Makikyro et al. 2004 ; Wu et al.

2004 ; Breslau et al. 2005 ; Iwasaki et al. 2005 ; McGee

et al. 2005; Moriya & Hashimoto, 2005; Schneider et al.

2005 ; Moriya et al. 2007), we found a consistent

bivariate association between increasing frequency

of cigarette smoking and increasing rates of suicidal

behaviour, including both suicidal ideation and

Table 2. Effects size estimates for the associations between frequency of cigarette smoking and suicidal behaviour, after adjustment for

fixed effects

Frequency of cigarette smoking (per day) at given age

None <1 1–4 5–9 10–20 o21

OR (95% CI)

for suicidal ideation

1 1.00

(0.85–1.17)

1.00

(0.73–1.37)

1.00

(0.62–1.60)

1.00

(0.53–1.87)

1.00

(0.46–2.18)

IRR (95% CI)

for suicide attempts

1 1.13

(0.96–1.33)

1.28

(0.92–1.77)

1.44

(0.88–2.36)

1.63

(0.84–3.15)

1.84

(0.81–4.18)

OR, Odds ratio ; CI, confidence interval ; IRR, incidence rate ratio.
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suicide attempts. Individuals who smoked o20 ciga-

rettes per day had odds of suicidal ideation that were

more than three times greater than those who were

non-smokers, and had rates of suicide attempt that

were more than four times greater than those of non-

smokers.

Further analyses suggested that the linkages be-

tween cigarette smoking and suicidal behaviour were

probably due to the effects of confounding factors that

were associated with cigarette smoking. The use of

fixed-effects regression models that controlled for

unobserved sources of confounding reduced substan-

tially the magnitude of the observed associations.

After adjustment for fixed effects, individuals who

smoked o20 cigarettes per day had odds of suicidal

ideation that were no greater than those of non-

smokers, and had rates of suicide attempt that were

1.8 times those of non-smokers. In both cases the ad-

justed associations were statistically non-significant.

These results suggest that the association between

cigarette smoking and suicidal behaviour was largely

if not wholly explained by non-observed sources of

fixed confounding that was correlated with cigarette

smoking, and both suicidal ideation and suicide

attempt.

As noted earlier, there have been ongoing debates in

the literature as to whether cigarette smoking plays a

causal role in increasing risks of suicidal behaviour

(Breslau et al. 2005; McGee et al. 2005). The results

of the present study would suggest that cigarette

smoking does not play a causal role per se in increasing

risks of suicidal behaviour. The weight of the evidence

would suggest that, for this cohort, cigarette smoking

served as a marker for future suicidal ideation and

suicide attempts, and that when unobserved con-

founding factors were taken into account, cigarette

smoking no longer predicted suicidal behaviour. This

evidence is congruent with a range of research find-

ings that suggest that the risk of suicidal behaviour is

increased by a constellation of background factors that

are also related to increasing frequency of cigarette

smoking (Heikkinen et al. 1995 ; Beautrais et al. 1996 ;

Vilhjalmsson et al. 1998).

The clinical implications of the current study are

that, while cigarette smoking may not be a discrete

cause of suicidal behaviour, the bivariate associations

between smoking and suicidal behaviour suggest

that the risk of suicidal behaviour is elevated in

individuals who smoke. The results of the current

study suggest that clinicians should interpret cigarette

smoking in patients as an indicator of increased risk

of suicidal behaviour. However, because cigarette

smoking itself was not found to be a causal factor,

quitting smoking would likely have no effect on

suicidal behaviour.

These conclusions need to be considered in the light

of possible limitations of the study. These limitations

include the fact that the study was based on a specific

cohort studied in a specific social context ; and that the

measures of cigarette smoking frequency and suicidal

behaviours were obtained via self-report. As such

these variables may be subject to errors of measure-

ment that may compromise the estimation of model

parameters. In addition, the results of the current

study are applicable only to suicidal ideation and

suicide attempt, but not to completed suicide. A

number of previous studies have found large and

persistent associations between cigarette smoking and

completed suicide (e.g. Miller et al. 2000a,b) ; however,

given the small number of completed suicides in the

present cohort (5), the current study was unable to

address this issue.

Notwithstanding these potential limitations, the re-

sults of the present study suggest that, while cigarette

smoking may serve as a marker for increased risk of

suicidal ideation and suicide attempt, these associ-

ations largely reflected the effects of non-observed

background factors and life circumstances that

were associated with increases in cigarette smoking,

rather than the direct effects of smoking on suicidal

behaviour.
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