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ABSTRACT

Aims To investigate cross-sectional and longitudinal associations between personality and smoking, and test whether
socio-demographic factors modify these associations. Design Cross-sectional and longitudinal individual-participant
meta-analysis. Setting Nine cohort studies from Australia, Germany, the United Kingdom and the United States.

Participants A total of 79757 men and women (mean age=50.8years). Measurements Personality traits of the
five-factor model (extraversion, neuroticism, agreeableness, conscientiousness and openness to experience) were used as
exposures. Outcomes were current smoking status (current smoker, ex-smoker and never smoker), smoking initiation,
smoking relapse and smoking cessation. Associations between personality and smoking were modelled using logistic
and multinomial logistic regression, and study-specific findings were combined using random-effect meta-analysis.

Findings Current smoking was associated with higher extraversion [odds ratio per 1 standard deviation increase in
the score: 1.16; 95% confidence interval (CI) =1.08–1.24], higher neuroticism (1.19; 95% CI=1.13–1.26) and lower
conscientiousness (95% CI=0.88; 0.83–0.94). Among non-smokers, smoking initiation during the follow-up period
was predicted prospectively by higher extraversion (1.22; 95% CI=1.04–1.43) and lower conscientiousness (0.80;
95% CI=0.68–0.93), whereas higher neuroticism (1.16; 95% CI=1.04–1.30) predicted smoking relapse among ex-
smokers. Among smokers, smoking cessation was negatively associated with neuroticism (0.91; 95% CI=0.87–0.96).
Socio-demographic variables did not appear to modify the associations between personality and smoking.

Conclusions Adult smokers have higher extraversion, higher neuroticism and lower conscientiousness personality
scores than non-smokers. Initiation into smoking is associated positively with higher extraversion and lower conscien-
tiousness, while relapse to smoking among ex-smokers is associated with higher neuroticism.
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INTRODUCTION

Despite the known harmful effects of smoking on health
[1], approximately 31% of men and 11% of women
world-wide continue to smoke tobacco regularly [2]. In
the United States, 67% of regular smokers have considered
quitting smoking, and 52% had attempted to do so during
the past year [3]. While there are many effective smoking
cessation programmes, such as behavioural support and
pharmacological treatments [4], people’s attempts to quit
smoking tend not to be successful over the long term [3,5].

Several psychological and social risk factors for smoking
have been identified, including parental socio-economic
status, parental smoking and peer smoking [6]. Previous
research has also reported differences in personality char-
acteristics—which refers to individual differences in feel-
ings, thoughts and actions [7]—between smokers and
non-smokers [8,9]. A meta-analysis of 25 published
cross-sectional studies of extraversion and neuroticism
(34738 non-smokers and 12764 smokers) reported that
smokers had higher neuroticism and higher extraversion
than non-smokers [10]. Another meta-analysis of
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published cross-sectional studies on health correlates of
conscientiousness (n=46725) reported that smoking
was more common among individuals with low compared
with high conscientiousness [11]. In addition, a cross-
sectional association between low agreeableness and
current smoking was reported in a meta-analysis that
was based on nine published studies (n=4730) [12]. In
sum, current smokers are characterized by high neuroti-
cism, high extraversion, low agreeableness and low
conscientiousness.

The role of personality in future smoking behaviours
has also been examined. In prospective studies, high neu-
roticism has been shown to be associatedwith smoking ini-
tiation in some [13–15], but not in all studies [16]. Low
conscientiousness has been shown to be associated with
smoking initiation [13,16], while the evidence of the asso-
ciation between high openness to experience and smoking
initiation is mixed with both positive and null findings
[13,16]. Results from two small-scale smoking cessation
programmes suggests that low neuroticism and low open-
ness to experience may be associated with higher odds of
smoking cessation [17,18], and that higher conscientious-
ness might predict abstinence from smoking [17].

In sum, the majority of studies on smoking and person-
ality have been cross-sectional and have focused only on
some of the personality traits of the five-factor model, in-
stead of examining them all together. Even fewer longitudi-
nal studies have assessed all the major dimensions of
personality in relation to different smoking behaviours, in-
cluding smoking initiation, relapse and cessation. These
studies have been carried out with relatively small samples.
Thus, large-scale studies are needed to establish robustness
of the associations between personality and smoking be-
haviours. Furthermore, it remains unclear whether socio-
demographic factors might modify the association between
personality and smoking behaviour. For example, while
some studies suggest that the association between person-
ality and smoking is stronger among women than men
[16], other studies report no gender differences [13,14].
The association between conscientiousness and smoking
has been reported to be weaker among older compared
with younger age groups [11], but this finding has not
been replicated. Education has been linked to smoking be-
haviours [19], and it has been suggested that there is an in-
teraction between education and personality on smoking
[20]. In addition, the association of psychological distress
(a concept closely related to high neuroticism) with
smoking has been suggested to differ between ethnic
groups [21]. However, further research is needed to clarify
whether these socio-demographic characteristics are of im-
portance in the relation between personality and smoking.
Most previous studies have also not examined subgroup
differences with regard to other smoking behaviours
besides current smoking.

The aim of the present study was to examine associa-
tions between personality traits of the five-factormodel (ex-
traversion, neuroticism, agreeableness, conscientiousness
and openness to experience) and smoking behaviour in
cross-sectional and longitudinal settings. More specifically,
we examined whether personality traits predict smoking
initiation, smoking relapse and smoking cessation, and
whether socio-demographic factors modify these associa-
tions. To achieve all this, we pooled data fromnine large co-
hort studies for an individual-participant meta-analysis of
79757 participants. Individual-participant meta-analysis
is seen as the gold standard approach to evidence synthesis
and it is an effective way to reduce the potential problem of
publication bias [22], from which the previous meta-
analyses based on published studies might suffer. Based
on previous researchwe hypothesized that higher extraver-
sion and neuroticism, and lower agreeableness and consci-
entiousness, would be related to higher probability of
smoking and smoking initiation, smoking relapse and with
lower probability of smoking cessation.

METHODS AND MATERIALS

Data were selected by searching the data collections of
the Inter-University Consortium for Political and Social
Research (ICPSR; http://www.icpsr.umich.edu/icpsrweb/
ICPSR/) and the Economic and Social Data Service
(http://ukdataservice.ac.uk/) to identify eligible large-
scale cohort studies that have measurements of personal-
ity and smoking. To be eligible for inclusion, studies
needed to be open-access data sets, have a sufficiently
large sample size (n>1000), had to include information
on the participant’s smoking status and personality
assessed with at least the brief 15-item questionnaire or
with more comprehensive questionnaires based on the
five-factor model of personality.

The following cohort studies met the inclusion criteria:
the National Longitudinal Studyof Adolescent Health (Add
Health), the British Household Panel Survey (BHPS), the
German Socio-Economic Panel Study (GSOEP), the House-
hold, Income and Labour Dynamics in Australia (HILDA)
Survey, theHealth andRetirement Study (HRS), theMidlife
in the United States (MIDUS), the National Child Develop-
ment Study (NCDS) the Wisconsin Longitudinal Study
graduate (WLSG) sample and the Wisconsin Longitudinal
Study Sibling (WLSS) sample. All these studies are well-
characterized longitudinal cohort studies with large sam-
ple sizes. However, Add Health and NCDS did not have
follow-up data on smoking after the assessment of person-
ality, and thus these cohort studies were included only in
cross-sectional analyses. All the cohort studies were
approved by the relevant local ethics committees. Full
details of the cohort studies and used measures are pro-
vided in the online Supporting information.
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Measures

The five-factor model personality traits were assessed with
standardized questionnaire instruments. These instru-
ments measure the following five higher-order personality
traits that sum up individual variation in several, more pre-
cise, personality dispositions: extraversion (e.g. sociability
and sensitivity to positive emotions), neuroticism (e.g. low
emotional stability and proneness to anxiety), agreeable-
ness (e.g. cooperativeness and trust towards other people),
conscientiousness (e.g. self-control and allegiance to social
norms) and openness to experience (e.g. curiosity and
open-mindedness) [23].

Current smoking at baseline was measured with differ-
ent questions across cohort studies that were categorized
as follows: 0=never-smoker; 1= ex-smoker; and 2=cur-
rent smoker. At the follow-up, the same procedure was
followed, except that current smoking was categorized as
follows: 0=non-smoker; and 1= current smoker. Socio-
demographics were harmonized across cohort studies as
follows: marital status (0= single, 1=married/cohabiting),
race/ethnicity (0=white, non-Hispanic; 1=other) and ed-
ucational level (0= primary education, 1= secondary edu-
cation, 2= tertiary education).

Statistical analysis

Cross-sectional associations between personality traits and
current smoking in the total sample and within different
subgroups were examined using multinomial logistic re-
gression (0=never-smoker; 1= ex-smoker; 2= current
smoker), where never-smokers were used as a comparison
group. Odds ratios (ORs) were calculated for personality Z-
scores [standard deviation (SD)=1]. Longitudinal associa-
tions between personality traits and smoking were
analysed in three separate analyses. First, the association
between personality traits and smoking initiation among
never-smokers was examined. Secondly, the association be-
tween personality traits and smoking relapse among ex-
smokers was investigated. Thirdly, the association between
personality traits and smoking cessation among baseline
smokers was examined. All models were adjusted for sex,
age at baseline and ethnicity/nationality. Longitudinal
analyses were further adjusted for follow-up period in
months.

To examine whether the association between personal-
ity traits and smoking behaviours differed between socio-
demographic groups, we carried out stratified analyses by
sex (men versus women), age groups (under 40years,
40–65years or >65years), marital status (single versus
married/cohabiting), race/ethnicity (white versus other)
and educational level (primary, secondary or tertiary edu-
cation). The study-specific results were then pooled to-
gether by subgroup using meta-analysis and then

heterogeneity across subgroups was examined using the
I2 statistic. In addition to these subgroup analyses, longitu-
dinal analyses were conducted separately according to the
length of follow-up [i.e. short (4 years or less on average)
versus long (4years or more on average)] to examine
whether the follow-up time would moderate the associa-
tion between personality and smoking behaviours.

Meta-analysis was performed using the two-step ap-
proach; all models were first fitted separately within each
cohort study and the results from the individual cohort
studies were then pooled together by using random-effects
meta-analysis. Heterogeneity in the effect sizes was exam-
ined using the I2 estimates. Additional sensitivity analyses
were performed to examine whether covariates and their
interactions with personality traits explained heterogene-
ity. Sensitivity analyses were performed by first pooling all
data together, and then using one-step individual-
participant meta-analysis (i.e. logistic multi-level mixed-
effects regression analysis). Meta-analysis was performed
with the metan package of Stata version 13.1 software
(StataCorp LP, College Station, TX, USA) and the sensitivity
analyses were performed using the R package lme4 [24].

RESULTS

The total sample included 79757 participants (age range
15–104, mean age 50.8 years) and 52684 participants
were included in the longitudinal analysis (follow-up
mean: 5.2 years; follow-up range: from 15months to
157months). Characteristics of the samples are presented
in Table 1.

Current smoking status

Cross-sectional analyses, where the association between
personality and current smoking status was examined,
are presented in Fig. 1. Higher extraversion [pooled
OR=1.16; 95% confidence interval (CI) =1.08–1.24]
and higher neuroticism (OR=1.19; 95% CI=1.13–1.26)
were associated with an increased risk of smoking. These
associations, however, were not consistent across studies
(I2=90% for extraversion; I2=87% for neuroticism), sug-
gesting high heterogeneity between studies (Supporting in-
formation, Fig. S1). In addition, lower conscientiousness
was associated with lower likelihood of smoking (pooled
OR=0.88; 95% CI=0.83–0.94), which was also not con-
sistent across individual studies (I2=90%).

Similar results were found when ex-smokers where
compared with never-smokers; higher extraversion (pooled
OR=1.13; 95% CI=1.08–1.17), higher neuroticism
(OR=1.13; 95% CI=1.07–1.19) and lower conscien-
tiousness (pooled OR=0.93; 95% CI=0.90–0.97) were
associated with an increased likelihood of being an ex-
smoker. In addition, lower agreeableness (pooled
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OR=0.90; 95% CI=0.85–0.94) and higher openness to
experience (OR=1.07; 95% CI=1.04–1.12) were also as-
sociated with an increased likelihood of being an
ex-smoker. However, I2 values suggested that there was
high heterogeneity in the associations across studies (I2

values between 72 and 90%; for study-specific associations
see Supporting information, Fig. S2). Although individual
studies suggested some statistically significant cross-
sectional associations for agreeableness and openness to
experience, the meta-analysis suggested no pooled associa-
tions for these two traits.

Smoking initiation, relapse and cessation

Figure 2 presents the associations of the personality traits
with (1) smoking initiation among baseline non-smokers,
(2) smoking relapse among baseline ex-smokers and (3)
smoking cessation among baseline smokers. Higher extra-
version (pooled OR=1.22; 95% CI=1.04–1.43) and
lower conscientiousness (pooled OR=0.80; 95%
CI=0.68–0.93) were associated consistently with higher
odds of smoking initiation (Supporting information,
Fig. S3). Higher neuroticism (pooled OR=1.16; 95%
CI=1.04–1.30) was associated with higher odds of
smoking relapse among ex-smokers (Supporting informa-
tion, Fig. S4). Higher neuroticism was associated consis-
tently with lower odds of smoking cessation among those
who smoked at baseline (pooled OR=0.91; 95%
CI=0.87–0.96) (Supporting information, Fig. S5).

Subgroup and sensitivity analyses

Cross-sectional subgroup analyses between personality
traits and current smoking status are presented in
Supporting information, Tables S1 and S2. No significant
sources of heterogeneity, which would explain the large
heterogeneity found in the main analysis, were found in

Figure 1 Cross-sectional associations between personality traits and current smoking status at the baseline. Values are odds ratios per 1 standard
deviation increment in personality trait. Personality traits are adjusted for each other in addition to sex, age and race/ethnicity

Figure 2 Longitudinal associations between personality traits and
smoking initiation, smoking relapse among non-smokers at the baseline
and smoking cessation among smokers at the baseline. Values are odds
ratios per 1 standard deviation increment in personality trait. Personality
traits are adjusted for each other in addition to sex, age, race/ethnicity
and follow-up time

1848 Christian Hakulinen et al.
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subgroup analyses. However, the associations between
extraversion and neuroticism with smoking at baseline
did not remain statistically significant among participants
aged more than 65years (OR=1.02; 95% CI=0.87–1.17;
OR=1.07; 95% CI=0.93–1.21, respectively).

Longitudinal subgroup analyses between personality
traits and smoking initiation, smoking relapse and smoking
cessation are presented in Supporting information, Tables
S3–5, respectively. The earlier subgroup findings between
personality traits and smoking at baseline were not repli-
cated in the longitudinal subgroup analyses. However, high
extraversion predicted smoking relapse only among studies
with long follow-up (OR=1.20; 95% CI=1.01–1.42),
whereas high agreeableness predicted smoking relapse
among studies with short-follow-up (OR=1.17; 95%
CI=1.05–1.31).

Additional sensitivity analyses suggested that results
from the two- and one-step individual participant meta-
analysis were similar (Supporting information, Table S6).
Observed heterogeneity between studies in the association
between neuroticism and relapse was reduced 94% when
moderators and interactions between personality traits
and moderators were included in the one-step multi-level
logistic regression model.

DISCUSSION

In an individual-participant meta-analysis of nine cohort
studies, higher neuroticism, higher extraversion and lower
conscientiousness were associated with increased probabil-
ity of smoking. However, whereas higher extraversion and
lower conscientiousness were associated with smoking ini-
tiation, only high neuroticism was associated with
smoking relapse, indicating that personality is associated
differently with smoking initiation and relapse. Among
those smoking at baseline, smoking cessation was pre-
dicted by lower neuroticism, but not by extraversion or
conscientiousness.

Many of the present results are in agreement with pre-
viously published data. In a meta-analysis of 25 published
cross-sectional studies (total n>47000) investigating ex-
traversion and neuroticism, smoking was associated with
higher neuroticism and higher extraversion [10]. The ef-
fect size for extraversion was larger in the previously pub-
lished meta-analysis (OR=1.41; 95% CI=1.29–1.57;
transformed from Cohen’s d=0.19; 95% CI=0.14–0.25)
compared with our current study (pooled OR=1.16;
95% CI=1.08–1.24). Similarly, the effect size for neuroti-
cism was slightly larger (OR=1.24; 95% CI=1.08–1.44;
transformed from Cohen’s d=0.12; 95% CI=0.04–0.20)
than that observed in our present study (pooled
OR=1.19; 95%CI=1.13–1.26). In anothermeta-analysis
of published studies examining health correlates of consci-
entiousness, (n=47000), higher conscientiousness was

associated with lower likelihood of smoking [11]. Again,
the effect size was considerably larger in this meta-analysis
(OR=0.60; 95% CI=0.58–0.62; transformed from a
correlation based effect size r=�0.14; 95% CI=�0.13
to �0.15) compared with our current study (pooled
OR=0.88; 95% CI=0.83–0.94). However, whereas a
previous meta-analysis with 4730 participants found an
association between low agreeableness and current
smoking, this association was not found in the current
study [12]. In addition, contrary to prior longitudinal
evidence [13–16], neuroticism and openness to experience
were not associated with smoking initiation.

The effect sizes tended to be lower in our analyses than
in the two previous meta-analyses [10,11]. For example,
the effect estimate for the association between conscien-
tiousness and smoking was 32% lower in our study com-
pared with the earlier meta-analysis based on published
studies [11]. Several reasons might explain why our results
differed in terms of magnitude from those in previous meta-
analyses [10,11]. First, meta-analyses based on published
data can be affected by publication bias, which is caused
by selective publishing of positive findings, and can artifi-
cially inflate effect estimates [25]. In the current study, data
were obtained from two public databases and the analyses
were preplanned, thus the final results were not influenced
by the results from individual cohort studies. This proce-
dure is likely to reduce the problem of selectively publishing
significant findings only. Indeed, similar differences between
published and unpublished studies have been also found in
previous independent data analysis (IPD) meta-analyses of
psychosocial factors and health [26], including the associa-
tion between personality and all-cause mortality [27].

Our analyses indicated that there was heterogeneity in
the results between the cohort studies. Some heterogeneity
can be naturally expected, as included cohort studies were
fromdifferent countries and used different samplingmethods.
However, our sensitivity analyses suggested that observed
between-study heterogeneity in the neuroticism–smoking re-
lapse associationwas reduced substantiallywhenmoderators
and interactions between personality traits and moderators
were included in the sensitivity analyses. Thus, it is likely that
the subgroup differences are of importance in individual co-
hort studies, but they are not so consistent that they would
be seen at the meta-analytical level. However, it is also likely
there are, for example, some socio-cultural and biological
factors, which we were not able to measure, that could
explain the observed heterogeneity across studies. Further
research is needed to identify these factors.

Different psychological processes may underlie smoking
initiation, smoking relapse and smoking cessation [28–30].
Our findings show that personality is also associated differ-
entially with some of these smoking behaviours; higher ex-
traversion and lower conscientiousness were associated
with smoking initiation, whereas lower neuroticism was
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associated with smoking cessation and higher neuroticism
was associated with smoking relapse. These findings are
plausible. High extraversion is related to sensation-seeking
and sociability, and as smoking is often a social activity, indi-
viduals with higher extraversion might start smoking and
smokemore just because theyaremore social. Highneurot-
icism, in turn, reflects low emotional stability and high
proneness to anxiety and stress. Given that smoking may
represent a strategy to relieve stress [31], the stress-
proneness and higher levels of negative emotions among
neurotic individuals may explain their higher odds of
smoking relapse. We also found that high neuroticism was
associatedwitha lower likelihoodof smokingcessation.This
may also be related to their stress-proneness. Furthermore,
smoking cessation introduces withdrawal symptoms, and
these symptoms may be experienced more strongly by
individuals with high neuroticism.

Previous individual-participant meta-analyses have
identified conscientiousness as the central health-related
personality trait. Low conscientiousness has been found
to predict obesity [32], diabetes [33], cardiovascular dis-
ease and stroke [34] and all-cause mortality [27], and
many unfavourable health behaviours [11,35]. Cancer
appears to be one of the few health outcomes that is not
predicted by low conscientiousness—or by any other per-
sonality trait [36]. High conscientiousness reflects good
self-control and capacity for long-term planning, so the
lower smoking behaviour associated with conscientious-
ness is likely to reflect the greater adherence to a healthy
life-style and public health recommendations.

There have been repeated calls to include personality
information in health behaviour interventions [37,38].
Our results suggest that although the magnitude of the
personality–smoking relationship might be smaller than
reported previously, personality is associated clearly with
smoking behaviour. In particular, increased attention and
support to individuals high on the personality dimension
neuroticism could improve the outcome of smoking cessa-
tion interventions. A recent study suggests that interven-
tions targeted to adolescents who display high anxiety
sensitivity and hopelessness (i.e. high neuroticism) may
be effective in preventing and reducing problematic drink-
ing [39]. Our findings imply that this could also be the case
in interventions promoting smoking cessation. In addition,
as neuroticism is related to depressive symptoms [40,41]
and depression is highly comorbid with smoking [42],
personality-informed interventions to reduce smoking
could also support those with depressive symptoms. Fur-
ther research should also investigate whether the success
in current smoking cessations programmes vary depend-
ing on individuals’ personality dispositions.

Some methodological limitations need to be acknowl-
edged. Smoking status was self-reported, which might
lead to the underestimation of smoking prevalence [43].

It is possible, for example, that individuals classified as ex-
smokers were smokers a relatively long time ago, or that
current smokers respond as being ex-smokers due to social
desirability. The study cohort included mainly middle-aged
Caucasian participants, and thus the results might not be
generalizable to other ethnic groups. The current studyalso
contained relatively few initiators, which might bias the re-
sults. Although the five-factor model is one of the most-
used conceptualizations of personality structure and has
considerable empirical support [7], it has also been criti-
cized; its structure and usefulness at the individual level
has been questioned [44] and it has also been seen to be
too broad to capture all the possible variation in personality
traits [45]. Personality was measured with different instru-
ments of the five-factor traits in different cohort studies,
which could have introduced heterogeneity in the associa-
tions. However, different instruments of the five-factor traits
have been shown to correlate strongly with each other,
suggesting that this may not have been a major source of
heterogeneity in the current meta-analysis [7,46].

In conclusion, this individual-participant meta-analysis
showed that high extraversion, high neuroticism and low
conscientiousness are associated with smoking behaviour,
although the effect sizes were lower than those reported
in previous meta-analyses, which were based on published
data. Smoking cessation was predicted only by low neurot-
icism, suggesting that behavioural, emotional and cogni-
tive dispositions related to this personality dimension may
be particularly relevant for interventions.
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