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Context: The onset of cigarette smoking typically occurs during childhood or early adolescence.
Nicotine dependence symptoms can manifest soon after onset, contributing to sustained, long-term
smoking. Previous reviews have not clariﬁed the determinants of onset.
Evidence acquisition: In 2015, a systematic review of the literature in PubMed and EMBASE was
undertaken to identify peer-reviewed prospective longitudinal studies published between January
1984 and August 2015 that investigated predictors of cigarette smoking onset among youth aged
o18 years who had never smoked.
Evidence synthesis: Ninety-eight conceptually different potential predictors were identiﬁed in 53
studies. An increased risk of smoking onset was consistently (i.e., in four or more studies) associated
with increased age/grade, lower SES, poor academic performance, sensation seeking or rebelliousness, intention to smoke in the future, receptivity to tobacco promotion efforts, susceptibility to
smoking, family members’ smoking, having friends who smoke, and exposure to ﬁlms, whereas
higher self-esteem and high parental monitoring/supervision of the child appeared to protect against
smoking onset. Methodologic weaknesses were identiﬁed in numerous studies, including failure to
account for attrition or for clustering in samples, and misidentiﬁcation of potential confounders,
which may have led to biased estimates of associations.
Conclusions: Predictors of smoking onset for which there is robust evidence should be considered in
the design of interventions to prevent ﬁrst puff in order to optimize their effectiveness. Future research
should seek to deﬁne onset clearly as the transition from never use to ﬁrst use (e.g., ﬁrst few puffs).
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Context

L

egislation, smoking bans, taxation, and public
health tobacco control campaigns likely underpin
marked declines in smoking prevalence in all
age groups over the past decade.1 However, national

From the 1Department of Family Medicine and Community Health,
University of Massachusetts Medical School, Worcester, Massachusetts;
2
Centre de recherche CHUM, Montreal, Quebec, Canada; 3Department of
Social and Preventive Medicine, Université de Montréal, Montreal, Quebec,
Canada; and 4Department of Exercise Science/INDI program, Concordia
University, Montreal, Quebec, Canada
Address correspondence to: Jennifer O’Loughlin, PhD, CRCHUM, 850
Saint-Denis (S02-370), Montreal, Quebec H2X 0A9, Canada. E-mail:
jennifer.oloughlin@umontreal.ca.
0749-3797/$36.00
http://dx.doi.org/10.1016/j.amepre.2016.04.003

surveillance data suggest that the rate of decline in
cigarette smoking among adolescents and young adults
has slowed considerably.2 Several recent reviews reinforce that the impact of school-based and other types of
targeted prevention programs are often short-term,1,3
and some studies suggest that such prevention efforts
may have unanticipated negative effects.4,5 These observations may reﬂect a lack of comprehensive understanding of the factors associated with onset such that tobacco
control interventions are not conceptualized optimally.
Acquisition of sustained cigarette smoking is a complex progression, with a major early milestone being the
ﬁrst few puffs, typically occurring during childhood or
early adolescence.1 For many years, it was assumed that
smoking acquisition proceeded through predictable
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stages, and that nicotine dependence developed only
after a period of moderately heavy daily or regular
smoking,8 so that the time window for intervention to
prevent long-term smoking was extended. This assumption is perpetuated in the DSM-V criteria for diagnosing
tobacco withdrawal, which require daily use of tobacco
for at least several weeks.9 Yet, considerable recent
research has demonstrated that nicotine dependence
symptoms can manifest soon after onset in some
adolescents, often well before daily or even regular
smoking,10–14 and that early onset predicts long-term
adult smoking.15 It is not yet possible for youth themselves or their caretakers to distinguish those who, after
ﬁrst puff, will progress to sustained smoking from those
who will maintain control over smoking with the ability
to stop if they so desire. Thus, the need to prevent ﬁrst
puff is compelling.
The literature on predictors of smoking onset includes
numerous reviews, beginning with the 1994 Surgeon
General’s Report on Tobacco and Health, which concluded that smoking initiation is largely determined by
psychological and social factors, although only “social
stimulation” was cited as a consistent element in adolescents’ “early and ﬁrst experiments with smoking.”16
More recently, Mayhew et al.7 reviewed 11 crosssectional and 33 prospective studies that examined
predictors of ﬁve major stages of adolescent smoking
—“non-smoking/contemplation or preparation,” “tried,”
“experimenter,” “regular,” and “established/daily
smoker”—the second of which represents initiation.
They found that tolerance for antisocial or deviant
behavior, being female with smoking parents, and
parental approval of smoking were related to “onset,”
but described the supporting studies as related to the
transition from never smoking to experimentation.
Because their deﬁnition of “tried” included youth who
smoked up to two cigarettes in their lifetime and who
reported that they had “tried and quit,” it is unclear
whether these factors predict the point of transition from
never smoker to initiator.
Twelve reviews investigated the relationship between
smoking onset and single classes of predictors, such as
sex differences,17 genetic polymorphisms,18–21 smokers
in the household,22 exposure to secondhand smoke,23 or
exposure to tobacco promotion efforts and smoking in
ﬁlms.24–28 One additional review examined predictors of
smoking initiation in young adults,29 whereas a second
examined the links between a number of factors and
smoking (not simply onset) in all age groups.30
It is difﬁcult to synthesize ﬁndings across these
reviews. Variation in the deﬁnition of smoking onset is
a challenge, ranging from “tried only a puff or one or two
cigarettes,” “smoking a ﬁrst whole cigarette,” “smoking

fairly regularly,” “smoked at least 100 cigarettes in
lifetime,” to “age at onset of daily smoking.” These
deﬁnitions in fact represent distinct “milestones” in the
smoking onset process that occur at different time points
after ﬁrst puff. For example, smoking a whole cigarette is
estimated to occur 2.5 months after ﬁrst puff, weekly
smoking and lifetime total of 100 cigarettes occur at 19
months, and daily smoking at 23 months.13 It is likely
that some or all of these milestones have different sets of
predictors.
Beyond the deﬁnition issue, with the exception of two
Cochrane reviews,31,32 all systematic reviews to date
include cross-sectional studies. Although associations
can be detected in cross-sectional designs, they usually
preclude establishing a temporal sequence between
exposure and smoking onset, a fundamental criterion
for causal inference. Numerous longitudinal investigations, though able to address temporal sequence, did not
exclude ex-smokers from their baseline sample or analysis so that predictors of onset cannot be identiﬁed
precisely. Moreover, several reviews included studies
with clinic-based samples, the results of which may not
be relevant to population-based samples, or they
included studies conducted in populations aged 18 years
or older so that predictors of early onset are obscured
with predictors of later onset. Indeed, in their general
review of factors related to smoking, Mak and colleagues30 lamented the state of the literature, citing
“idiosyncratic and fragmentary data” that lacked generalizability beyond the studied populations, and called on
researchers to investigate the links between these factors
and smoking status prospectively.
This review addresses these issues by focusing on
predictors of smoking onset among baseline never smokers in prospective longitudinal population-based studies.
Onset was deﬁned as the transition from never smoking
(i.e., not even a puff or a few puffs) to any smoking,
ranging from the ﬁrst few puffs to daily smoking.

Evidence Acquisition
Searches were conducted in PubMed and EMBASE using Medical
Subject Headings and text keywords smoking or tobacco and
initiation or ﬁrst puff or start and longitudinal or prospective or
cohort, limited to studies in humans aged o18 years, published in
English in peer-reviewed journals between January 1, 1984, and
August 15, 2015. These searches yielded a total of 4,260 titles after
removal of duplicates and conference abstracts. To identify additional titles once the eligibility screening was complete, the “related
citations” feature in PubMed was used to search the 50 most
relevant related citations of seven randomly selected articles from
the titles retained for data abstraction. Figure 1 presents the
Preferred Reporting Items for Systematic Reviews and MetaAnalyses ﬂow diagram33 describing how many titles were retained
as eligible.
www.ajpmonline.org
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Figure 1. PRISMA ﬂow diagram.
Note: Kappa coefﬁcients are based on random samples of approximately 10% of titles identiﬁed at each stage.
a
Participants 418 years old included in analyses with no sub-group analyses for younger adolescents.
b
Baseline ever smokers were not clearly excluded from the analyses.
c
Outcome measure did not capture ﬁrst few puffs (e.g., smoking a single cigarette, smoking in the past week or month, current smoking, etc.).
d
Both intervention and control groups were included in analyses with no indication that the intervention did not affect smoking initiation.
e
Analyses were not entirely longitudinal (i.e., variables measured at the same time point as the outcome were used to predict the outcome).
f
Other methodologic considerations included lack of measures of statistical signiﬁcance, outcomes other than smoking initiation, or lack of measures
of baseline exposure. More than one reason represents manuscripts that were rejected based on more than one criterion (Appendix 1, available
online). Studies rejected for more than one reason (n¼3) are counted only under the ﬁrst category for which they qualify.

The screening process described in Figure 1 involved four steps,
each involving two or three reviewers:
1.
2.
3.
4.

review of title;
review of abstract;
review of Methods section; and
full-text review.

Inclusion criteria were:
1. longitudinal or prospective study design (i.e., no crosssectional or retrospective assessments);
November 2016

2. population-based sample (i.e., not drawn solely from a
treatment setting);
3. sample included children or adolescents (i.e., aged o18
years) or, if the sample covered a broader age range, results
for youth in the target age range were easily distinguishable
through subanalyses;
4. the outcome of interest was smoking onset, deﬁned as the
transition from never having smoked, even a few puffs, to
having smoked at the next follow-up, regardless of the length
of time between follow-up assessments; and
5. the study used a quantitative approach (but was not a metaanalysis).
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Studies that used samples drawn from intervention trials were
included only if participants in the control group were used in the
analysis or, if the intervention was reported to have no statistically
signiﬁcant effect, then data for participants in both the control and
treatment groups were included. Articles that reported qualitative
data exclusively or comprised a systematic review or a methodologic study were excluded. As the intent was to investigate a
discrete outcome (i.e., smoking onset), investigations of smoking
trajectories in which onset was often not explicitly identiﬁable were
also excluded. Inter-rater reliability was assessed in random
samples of approximately 10% of titles at several steps in the
selection process; kappa coefﬁcients are reported in Figure 1.
Disagreements between reviewers over eligibility at each step were
resolved in team discussions, and ﬁnal decisions were reached by
consensus. Articles rejected at the full-text review are presented in
Appendix 1 (available online). Articles rejected at earlier phases are
available upon request to the authors. The ﬁnal search yielded 53
articles for data extraction.34–86
Because the review was limited to longitudinal prospective
studies not involving interventions, several elements of the
Population Intervention Comparison Outcome (PICO) model87,88
did not apply. Following guidelines suggested by Grimshaw,89 two
reviewers extracted data from each article concerning:
1. population: sampling frame (e.g., school-based, householdbased), sampling method (e.g., representative sample, convenience sample), sample size for the analyses to identify
predictors of onset, participant age(s)/grade(s) at baseline,
baseline participation rate and/or attrition (%) if reported,
whether there were any exclusions other than restricting the
sample to never smokers;
2. setting and design: study location, time frame (i.e.,
calendar year(s) during which the study took place), length
of follow-up, number of surveys after the baseline survey (i.e.,
only those follow-up surveys included in the smoking onset
analyses);
3. statistical analyses: the main analytic method(s) used, list of
variables adjusted for in the ﬁnal models, threshold of
statistical signiﬁcance different than 0.05, and if sex-speciﬁc
analysis were conducted; and
4. results: whether multivariate results or only univariate results
were reported, number and percentage of initiators.
In studies that assessed mediation effects (via structural equation
models), only the association related to the direct effect of the
predictors on smoking onset were considered. Articles that included
the same study population were identiﬁed to ensure that results for a
single cohort were not presented multiple times.
Potential predictors were sorted according to six broad categories, including sociodemographic factors, personal/psychological
factors, smoking-related cognitions, social factors, environmental
factors, and other factors. The review was focused on main effects;
ﬁndings pertaining to interactions were not considered unless
studies reported only interactions.

Evidence Synthesis
The 53 articles retained for review pertained to 36
unique cohorts, 25 of which were described in single

articles and 11 that were described in 28 articles.
Twenty-nine of the 53 studies were conducted in the
U.S., nine in the Netherlands, four in Germany, two in
mainland China, two in Sweden, two in Canada, and one
each in Britain, Denmark, Jordan, Mexico, and Taiwan.
Most cohorts (n¼28) were selected to represent the
population from which they were drawn, whereas the
remainder utilized convenience samples. Most cohorts
(n¼29) were recruited from schools, two were from
national and two from statewide household telephone
lists, one was identiﬁed from statewide birth records, one
was drawn from a citywide pool of households, and one
included a random sample selected from the newborn
discharge lists of two hospitals in a single region of one
state. Appendix 2 (available online) describes selected
study characteristics of the 53 articles retained for
analysis.
Follow-up duration ranged from 6 months to 17 years;
20 studies lasted between 1 year and 23 months, 11
between 2 years and 35 months, nine between 3 years and
47 months, six were shorter than 1 year, and seven were
longer than 4 years. Only ﬁve studies reported results at
intermediate follow-up points. All studies used selfreport questionnaires to measure exposures and outcome. There was wide variability across studies in the
selection, deﬁnition, and methods of measuring potential
predictors of smoking onset. A total of 98 conceptually
different potential predictors were identiﬁed, almost all
of which were examined in multivariate analyses. Thirtysix studies employed a form of logistic regression as the
primary analytic method; ﬁve used general linear models
or generalized estimating equations, three each used
Poisson regression or Cox/survival analysis, two used
maximum likelihood log-linear analysis of variance, two
used structural equation modeling, and one each used
multilevel modeling and cross-tab analyses. Most studies
entered covariates simultaneously into the predictive
models. Only 12 studies reported on a statistical method
for correcting variance attributable to clustering of
participants within larger units, such as schools.
Only 30 studies reported the results of attrition analysis
comparing participants retained and lost on key characteristics. Missing data were handled in a variety of ways: 11
studies excluded participants (i.e., used a complete case
design); seven studies adjusted estimates statistically; ﬁve
studies imputed missing data, one via hot-deck, three via
maximum likelihood, and one via observation carry
forward/backward methods. Thirty studies did not report
on a method for dealing with missing data.
Four studies reported results for each predictor
separately by sex and one reported an interaction by
sex for one predictor. Similarly, four studies reported
results separately by race/ethnicity.
www.ajpmonline.org
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Table 1 provides a summary of the 73 predictors found
to be statistically signiﬁcantly associated with onset in at
least one study, and Appendix 3 (available online)
presents a detailed description of the results for all 98
potential predictors investigated in the 53 included
studies. In the following paragraphs, the number of
studies in the denominator for direction of association
represents only studies in which the direction of a
statistically signiﬁcant association was clearly reported.
To assess the consistency of the evidence for individual
predictors, the direction of the association was examined
for predictors that were investigated and found to be
signiﬁcant in a minimum of four studies.
Sociodemographic factors were investigated in 81
analyses, 39 of which reported statistically signiﬁcant
associations with onset. Positive relationships with onset
were found for age (10/16 studies) and grade (5/7
studies), whereas an inverse relationship was found
between onset and SES (4/6 studies). Two sociodemographic variables that yielded discordant ﬁndings were
sex and ethnicity. In ten of 29 studies, sex was signiﬁcantly related to onset; female participants were found to
be at greater risk of onset in three, whereas male
participants were found to be at greater risk in seven.
Finally, six of 13 studies found a statistically signiﬁcant
association between race/ethnicity and onset; whites were
more likely to initiate in four studies and non-whites
were more likely to initiate in two.
Personal/psychological factors were investigated in 54
analyses, 41 of which reported statistically signiﬁcant
associations with onset. The most frequently examined
psychological variables pertained to the personality
traits/temperamental characteristics of impulsivity, novelty seeking, sensation seeking, risk taking, or rebelliousness, of which only novelty seeking (examined in one
study) was not associated with onset. Rebelliousness (7/7
studies) and sensation seeking (9/9 studies) were statistically signiﬁcantly predictive of onset, with a positive
association reported in all analyses. Inverse relationships
were found between onset and academic performance
(10/12 studies) and self-esteem (5/5 studies).
Tobacco-related cognitions were examined in 34
analyses, all of which reported a statistically signiﬁcant
relationship with onset in at least one study. Receptivity
to tobacco promotions, marketing, and advertising was
signiﬁcantly positively related to onset in nine of ten
studies in which it was investigated. Likewise, susceptibility to smoking was signiﬁcantly positively related to
onset in all seven studies in which it was assessed, while
intention to smoke in the future was positively related to
onset in four of four studies.
Social inﬂuences on smoking were investigated in 110
analyses, of which 83 were signiﬁcant. Smoking by family
November 2016
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members and friends were most frequently investigated,
accounting for 65 reported analyses. Family smoking was
positively related to onset in 29 of 37 studies, with
smoking by siblings signiﬁcantly associated in nine of
nine studies. Friends’ smoking was positively related to
onset in 26 of 28 studies. Parental monitoring/supervision of the child was inversely related to onset in four of
ﬁve studies.
Environmental inﬂuences on smoking were examined
in 13 analyses, 11 of which found a statistically signiﬁcant
relationship with onset. In all seven studies in which
exposure to smoking in ﬁlms was investigated, the
relationship with onset was positive. Other factors (e.g.,
asthma, diet, physical activity, neurocognitive functioning, use of waterpipe or other tobacco products, use of
non-tobacco drugs) were investigated in 20 analyses and
were found to be signiﬁcantly related to onset in 15;
however, none of these factors was investigated in more
than three studies.

Discussion
This review examined the evidence on predictors of
smoking onset in 53 prospective longitudinal studies
published between January 1984 and August 2015.
Strengths of this review include restriction to studies in
which the sample baseline included never smokers only,
which increased the probability that predictors of onset
at follow-up were identiﬁed. Similarly, by reviewing only
prospective studies, conﬁdence in drawing causal inferences was enhanced. The authors deemed that there was
evidence for an association between a speciﬁc predictor
and smoking onset if the ﬁnding was statistically
signiﬁcant and the direction of association was common across studies. An increased risk of smoking
onset was associated with increased age/grade, lower
SES, poor academic performance, sensation seeking or
rebelliousness, intention to smoke in the future,
receptivity to tobacco promotion efforts, susceptibility
to smoking, family members’ smoking, having friends
who smoke, and exposure to ﬁlms. By contrast, higher
self-esteem and high parental monitoring/supervision
of the child appear to protect against smoking onset.
Although statistically signiﬁcant in at least four studies, the direction of the association was discordant
across studies for sex and ethnicity. The evidence for
all other potential predictors was limited.
It is notable that the studies included in this review
originate from diverse disciplines (e.g., psychology,
public health, epidemiology) and therefore incorporate
different measures and analytic strategies to address
similar questions. The ﬁndings for the predictors listed
above were apparently not sensitive to these diverse
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Table 1. Predictors of Smoking Onset in Adolescents From 53 Longitudinal
Studiesa
Statistically signiﬁcant
association
N
studies

n
studies

Age

16

10

Positive

Grade

7

5

Positive

Sex

29

10

Female o Male: 7

Predictor

Direction of
association

Sociodemographic factors

Male o Female: 3
Race/ethnicity

13

6

Nonwhite 4 White: 4
White 4 Nonwhite: 2

SES

6

4

Inverse

Parent education

6

1

Inverse

Single-parent family

4

3

Positive

Academic performance

12

10

Inverse

Attachment to family or community

2

1

Inverse

Attachment to school

1

1

Inverse

Attention-deﬁcit hyperactivity
disorder

1

1

Positive

Conduct disorder

1

1

Positive

Depression/depressive disorder

5

3

Positive

Oppositional-deﬁant disorder

1

1

Positive

Perceived academic performance

3

3

Inverse

Perceived parental control

1

1

Inverse

Personal/psychological factors

Personality traits/temperamental characteristics
Impulsivity

1

1

Positive

Rebelliousness

7

7

Positive

Risk-taking propensity

1

1

Positive

Sensation-seeking

9

9

Positive

Problematic interpersonal
relationships in class

1

1

Positive

Self-esteem

5

5

Inverse

Self-regulation

1

1

Inverse

Sociability

1

1

Positive

Stress symptoms

1

1

Positive

Subjective social status in school

1

1

Inverse

Trouble in school

2

1

Positive
(continued on next page)

paradigms, thus providing robust evidence that they are indeed associated
with smoking onset. The studies also
varied to a large extent in terms of which
covariates were included in the multivariate models testing similar hypotheses.
Again, the similarity in ﬁndings despite
the variability in methods provides conﬁdence in their robustness.
That numerous diverse studies consistently identiﬁed these factors as
predictors of smoking onset may have
implications for programs and policy.
At a minimum, tobacco control practitioners and policymakers should
reﬂect on the relevance of addressing
these factors in the conceptualization
and design of interventions targeted to
preventing cigarette smoking onset.
Failure to do so could lead to interventions that are fundamentally
ﬂawed because they do not address
the full range of factors known to be
associated with smoking onset.
Indeed, the mitigated results of evaluations of even the most carefully conceptualized and well-funded tobacco
control interventions1–5 may reﬂect a
lack of comprehensive action that
address relevant risk factors at the
individual and environmental levels.
It will be important to distinguish
modiﬁable risk factors (e.g., exposure
to family and friends’ smoking, exposure to ﬁlms) from those that are not
modiﬁable (e.g., age or sex) but may be
helpful in terms of targeting intervention. For example, although the risk of
onset appears to rise as age increases
during adolescence, 90% of adult
smokers began smoking prior to age
18 years and 99% before age 26
years.90 Recent efforts to raise the legal
age to purchase tobacco in the U.S.
from 18 to 21 years91–94 reﬂect an
evidence-based targeted public health
approach. Future studies will also
need to address whether the predictors
of onset at younger ages differ from
those when onset occurs at a later age.
This review underscored several
limitations in this literature. Almost

www.ajpmonline.org
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Table 1. Predictors of Smoking Onset in Adolescents From 53 Longitudinal
Studiesa (continued)
Statistically signiﬁcant
association
N
studies

n
studies

Curiosity about smoking

1

1

Positive

Feeling like one really needs a
cigarette

1

1

Positive

Intention to smoke in the future

4

4

Positive

Perceived accessibility of
cigarettes

2

2

Positive

Perceived prevalence of peer
smoking

1

1

Positive

Perceived parents’/friends’
smoking norm

1

1

Positive

Perceived similarity between self
vs. smokers

1

1

Positive

Positive attitude toward smoking

2

2

Positive

Positive outcome expectations
about smoking

2

2

Positive

Predictor

Direction of
association

Smoking-related cognitions

Receptivity to tobacco advertising, marketing or promotion, or warnings about smoking
Marketing

10

9

Positive

Warnings

1

1

Inverse

Self-efﬁcacy in resisting smoking

2

2

Inverse

Susceptibility to smoking

7

7

Positive

2

1

Positive

Parents’ smoking

23

16

Positive

Siblings’ smoking

9

9

Positive

Household smokers

5

4

Positive

Friends’ smoking

28

26

Positive

Household smoking ban

1

1

Positive

Maternal responsiveness

2

2

Inverse

Parental engagement or
connectedness

2

2

Inverse

General/permissive

2

1

Positive

Risks

1

1

Inverse

1

1

Inverse

Social factors
Access to cigarettes
Familial smoking

Parental communication about smoking

Parental knowledge of child’s and
friends’ smoking

(continued on next page)
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all the studies included in this review
deﬁned smoking onset as the transition from never having smoked (even
a few puffs) to any level of cigarette
consumption. Only two studies46,66
assessed participants at 3-month
intervals over a span of years, which
increased the likelihood of capturing
the ﬁrst few puffs compared with
studies that assessed participants less
frequently. Inclusion of smokers who
have achieved different milestones in
the natural history of smoking acquisition calls into question whether the
identiﬁed predictors are indeed predicting onset or are predicting a combination of milestones from onset to
maintenance or progression. In short,
true predictors of smoking onset (i.e.,
the transition from never smoking to
the ﬁrst few puffs or ﬁrst one or two
cigarettes) have yet to be identiﬁed.
This highlights the need for prospective studies of large, representative
samples that are followed over the
time span during which most youth
initiate smoking (e.g., from age 11–12
years to 17–18 years) with sufﬁciently
frequent assessments (e.g., every few
months) to capture the moment at
which each youth reports having
puffed for the ﬁrst time.
One strength in the existing literature is that 80% of the cohorts were
representative of the populations from
which they were drawn. Nevertheless,
ethnicity is not systematically
addressed because most studies were
conducted in the U.S. and included
primarily Caucasians. Additionally,
only four included studies40,64,82,83
were conducted in non-Western
countries (i.e., Taiwan, Jordan, and
China), so the extent to which predictors of onset might differ across
countries and cultures cannot be synthesized meaningfully. Also, the literature generally points to sex
differences in tobacco use,95 but no
single-sex studies were found
(although four studies reported sexspeciﬁc results) and few studies tested
for sex interactions. Therefore,
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Table 1. Predictors of Smoking Onset in Adolescents From 53 Longitudinal
Studiesa (continued)
Statistically signiﬁcant
association
N
studies

n
studies

Parental monitoring/supervision
of child

5

4

Inverse

Parental smoking norm
(disapproval)

6

2

Inverse

Parenting style (poor parenting)

2

1

Positive

Peer antismoking norm

1

1

Inverse

Peer use of tobacco or other
substances

3

1

Positive

Accepting (e.g., reward or
laissez-faire)

2

1

Positive

Rejecting (e.g., punishment or
anger)

2

1

Inverse

Quality of parent–child
communication

1

1

Inverse

Secondhand smoke exposure at
home

1

1

Positive

Antismoking curricula

1

1

Inverse

Class members smoking

1

1

Positive

Schoolwide factors related to
smoking (e.g., antismoking policy/
activities, school tolerance of
smoking, smoking cessation
offered, teachers or school staff
smoke)

2

1

Positive

In-class factors unrelated to
smoking (problematic
interpersonal relationships)

1

1

Positive

Sociometric status (controversial,
neglected, rejected) of adolescent

1

1

Positive

Unsupervised after school

1

1

Positive

Allowed to watch age-restricted
movies

1

1

Positive

Exposure to tobacco advertising

2

2

Positive

Favorite ﬁlm star smokes on
screen

1

1

Positive

Exposure to smoking in
ﬁlms/movies

7

7

Positive

Predictor

Direction of
association

Perceived parental reactions to
child’s smoking

In-class factors related to smoking

Environmental factors

(continued on next page)

differences in predictors of smoking
onset by sex are largely unexplored.
Finally, few studies included children
under age 10 years, so little is known
about predictors of smoking at this age.
Methodologic weaknesses were also
apparent in the included studies. In
studies in which participants were
clustered within larger units (e.g.,
schools), appropriate variance corrections were often not used, thereby
yielding artiﬁcially narrow CIs. Only
12 studies reported a method to correct for clustering. Lack of information on the handling of missing data is
also a weakness. As listwise deletion of
cases with missing data on any variable is the default in most statistical
programs, one might assume that this
was the technique employed in the 30
studies that did not report on a
method. Although listwise deletion
is relatively robust in both linear and
logistic regression,96 it reduces the
effective sample size, particularly in
multivariate analyses where cases
will be deleted for missing data on
any of the predictors or covariates in
a model. Few studies used data
imputation to manage missing data
or assessed (or corrected for) possible non-differential attrition over
time. The measurement of possible
confounders was not carefully operationalized in some studies, and
among studies that investigated multiple potential predictors, the causal
pathways through which the predictors are operating might not have
been carefully conceptualized. This
may have resulted in including variables on the causal pathway between
the exposure of interest and onset,
thereby potentially over-ﬁtting models and obscuring a possible association. Studies that used structural
equation models tended to be somewhat more thoughtful about possible
causal pathways. The authors have
found the directed acyclic graph
approach helpful in identifying and
adjusting for confounding.97–99
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Table 1. Predictors of Smoking Onset in Adolescents From 53 Longitudinal
Studiesa (continued)
Statistically signiﬁcant
association
N
studies

n
studies

Asthma diagnosis or adherence to
medication

3

2

Inverse

Asthma coping by hiding condition

1

1

Positive

Compromised neurocognitive
functioning

1

1

Positive

Family member job loss

1

1

Positive

Predictor

Direction of
association

Other factors

775

evidence for an association between a
speciﬁc predictor and smoking onset
was based on whether the ﬁnding was
statistically signiﬁcant and if the direction of association was common
across studies. This review did not
compare the strength of the associations observed across studies because
this would require meta-analysis. The
detailed data presented in Appendix 3
(available online) offer others the
opportunity to conduct such analyses.

Conclusions

Increased age/grade, lower SES, poor
academic performance, higher sensation
Know someone with a smoking1
1
Positive
seeking/risk taking/rebelliousness, susrelated disease
ceptibility to smoking, intention to
Physical activities in past week
1
1
Positive
smoke in the future, smoking among
family members and friends, and expoPoor diet
1
1
Positive
sure to smoking in ﬁlms were associated
Shopping frequency
1
1
Positive
with an increased risk of smoking onset
TV in bedroom
1
1
Positive
among youth. Future longitudinal
research should deﬁne smoking onset
Youth uses non-tobacco drugs
2
2
Positive
as the transition from never having tried
Youth uses other tobacco products
2
2
Positive
cigarettes to having puffed or smoked
a
All predictors found to be statistically signiﬁcantly related to smoking onset in at least one study one or two cigarettes. Frequent monitorare included in this table. Appendix 3 (available online) presents detailed results on all individual
indicators of the 98 conceptually different potential predictors investigated in the 53 included ing over a long time span should be
studies.
incorporated, attrition and clustering
should be accounted for, and potential
confounders should be thoughtfully selected. Effectiveness of
Limitations
interventions might be increased by addressing the modiﬁAs is the case with any review, potential publication bias
able risk factors identiﬁed in this review. Although considmay have favored articles with statistically signiﬁcant
eration of age, grade, and SES might help target
ﬁndings. Studies not published in English were excluded,
interventions, the value of targeting by sex or ethnicity
so the ﬁndings may be most relevant to English-speaking
remains an open question.
countries and contexts. Third, although data quality was
controlled for to a certain extent by including only
We thank Semanur Cengelli for her contributions. RJW, END,
longitudinal studies that followed individuals who were
GD, BL, and JO’L reviewed the literature. END, BL, and JO’L
never smokers at baseline, study quality may have varied.
established screening criteria. JO’L designed the study. All
The authors opted not to formally assess the quality of
authors extracted data from included titles. RJW created the
other study characteristics (e.g., selection criteria, data
tables and wrote the ﬁrst draft of the paper. All authors wrote
collection methods, validity of measures) based on an
sections of the paper, reviewed the article critically, approved
extensive examination of available tools for quality
the ﬁnal version, and are responsible for the reported research.
assessment, which focus primarily on intervention studBL and JO’L share last authorship.
ies and typically score studies based on an algoNo ﬁnancial disclosures were reported by the authors of this
rithm.100,101 Use of such tools has been called into
paper.
question, as the same study can be assigned very different
quality scores depending on the tool used.102 Instead, the
relevant characteristics of each study are presented
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