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Abstract
Background: While long-term cessation is an outcome of interest in adult smokers, little is known about
discontinuing smoking in adolescent smokers. The objective was to identify the predictors of the occurrence of
smoking discontinuation in novice smokers.
Methods: Data were available for 620 adolescent smokers participating in a longitudinal study on the natural
course of nicotine dependence. Data on smoking discontinuation (i.e., stopping smoking for 12 consecutive
months) were collected in 20 cycles over five years from grade 7 to 11 (1999–2005). Data on 37 potential
predictors representing a wide range of demographic, psychosocial, health, lifestyle, smoking-related, and
context-related characteristics were collected once, 2 to 3 times, or 20 times. Pooled logistic regression was used
to test the association between each potential predictor and smoking discontinuation, adjusting for potential
confounders.
Results: Forty percent of 620 participants discontinued smoking during follow up. Male sex [OR (95%
confidence interval), 1.8 (1.3–2.4)], age [1.3 (1.1–1.5)], cigarette package warnings [0.6 (0.5–0.9)], team sports
participation [1.4 (1.1–1.9)], family stress [0.7 (0.6–1.0)], worrying about weight [0.6 (0.5–0.9)], overweight [0.7
(0.5–1.0)], illicit drugs use [0.5 (0.4–0.7)], tolerance [0.6 (0.4–1.0)], and other nicotine dependence symptoms [1.0
(0.9–1.0)] were statistically significantly associated with smoking discontinuation.
Conclusions: Both individual and context-level factors were associated with smoking discontinuation.
Impact: Programs and policy targeting novice adolescent smokers may be more effective if factors associated
with long-term smoking discontinuation are taken into consideration. In particular, young smokers may need
help with dependence symptoms, body weight issues, family functioning, and polysubstance use. Cigarette
package warnings may be effective in helping adolescents discontinue smoking. Cancer Epidemiol Biomarkers
Prev; 23(6); 1090–101. Ó2014 AACR.

Introduction
Cigarette smoking in youth remains a critical public
health concern because the prevalence remains high (1–4)
and because many of those who initiate experience symptoms of nicotine dependence within months of initiation
(5–9), leading to years of exposure to the carcinogens and
other noxious substances in tobacco smoke. A cornerstone
of tobacco control is cessation. However, while 50% to 70%
of adolescent smokers try to quit each year (2, 10), most
experience difficulty doing so (6), and 90% relapse within
one year (2). The rate of relapse is higher among older
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adolescents and among those who smoke daily (10).
Furthermore, while there are effective cessation interventions for adults (11), few youth cessation interventions
have been shown to be effective (12–14).
Implicit in the notion of "trying to quit" is that individuals recognize themselves as being a smoker, that
they want to quit, and that they make a conscious effort
to quit. While long-term or lifetime cessation is an
established outcome of interest for both adolescent and
adult smokers, the notion of stopping or discontinuing
smoking (15) among novice adolescent smokers (i.e.,
smokers within a year or two of initiation) has received
little attention in the research community. Discontinuing smoking refers to stopping smoking while not
necessarily making a conscious effort to quit. It may be
a more relevant notion than cessation or "trying to quit"
in novice smokers, some of whom may not yet recognize
themselves as being a smoker, which would obviate
their wanting and making a conscious effort to quit. It
may well be that factors associated with discontinuing
smoking among novice smokers differ from those associated with making a conscious effort to quit among
well-established smokers.
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The objective of this study was to identify predictors of
the occurrence of long-term smoking discontinuation in
novice adolescent smokers, from among a wide array of
individual- and context-level factors selected on the basis
of a review of longitudinal studies on adolescent smoking
cessation (16). These included sociodemographic, psychologic, health and lifestyle indicators, as well as indicators
related to smoking in the social and physical environment.

Materials and Methods
Data were drawn from the Nicotine Dependence in
Teens (NDIT) Study, a prospective cohort investigation
of 1,293 students (56% of those eligible) aged 12 to 13 years
at baseline, recruited in 1999–2000 from all grade 7 classes
in a convenience sample of 10 secondary schools in Montreal, Canada (17). The relatively low baseline response
related to unwillingness of some students (or parents) to
provide a blood sample for genetic analysis and to a
province-wide labor dispute that resulted in some teachers not collecting consent forms. Baseline data collection
included self-report questionnaires and anthropometric
measurements. Follow-up questionnaire data were collected every 3 months during the 10-month school year for
the next 5 years (1999–2005) until participants completed
secondary school, for a total of 20 cycles per student.
Follow-up anthropometric data were collected in cycles
12 and 19.
School-specific data were collected in spring 2003 in
self-report questionnaires completed by school administrators, on tobacco control policies and activities within schools to promote nonsmoking. Students and teachers were also asked to identify convenience stores and
restaurants within a 1 mile radius of schools where
students "hang out." Two trained observers visited each
establishment to collect data through direct observation
on tobacco products, no smoking signs, and cigarette
promotions, using an assessment tool adapted from
previous work (18, 19).
Parents/guardians provided written informed consent at baseline. NDIT received ethics approval from
McGill University (Quebec, Canada) and the Centre de
recherche du Centre hospitalier de l’Universite de Montreal (Quebec, Canada).
For the current analysis, we retained 706 NDIT participants who either (i) reported at baseline that they had
smoked cigarettes, or (ii) who entered the study as a
never-smoker but initiated smoking during follow-up.
Follow-up for this analysis began at baseline for participants who reported smoking at baseline. For participants
who began smoking during follow-up, follow-up began at
the time of initiation.
Study variables
Smoking discontinuation (yes, no), was measured using
a 3-month recall of cigarette use (20). The recall included
one item for each month that measured the number
of days on which the participant had smoked during
the month, and one item that measured the number of
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cigarettes smoked per day on average on the days that the
participant smoked during that month. The mean number
of cigarettes smoked per month in the 3-month interval
preceding each survey cycle was computed by averaging
the products of these two variables over the 3 months.
Smoking discontinuation was considered to have occurred when a participant reported no cigarettes smoked
in the 3-month recall in four consecutive cycles (i.e., over
the past 12 months).
Potential predictors investigated included demographic
indicators (sex, age, language spoken at home, singleparent family status, and parental education); psychosocial indicators [family stress, non–family-related stress
(21, 22), depression symptoms (23), impulsivity (24, 25),
novelty-seeking (25), self-esteem (26), worrying about
weight, susceptibility to cigarette package warnings, and
susceptibility to tobacco advertising]; health-related indicators [overweight (17, 27), history of asthma diagnosed by
a health professional]; lifestyle indicators [use of alcohol,
tobacco products other than cigarettes, and illicit drugs,
number of bouts of participation in light, moderate, and
vigorous physical activity (i.e., LPA, MPA, and VPA) in the
past week (28), participation in team sports, and weekly
amount of TV watching]; cigarette smoking indicators
(time since initiation and mean number of cigarettes
smoked per month in the past 3 months); nicotine dependence symptom indicators [i.e., tolerance, self-medication,
withdrawal symptoms, and other nicotine dependence
symptoms (29)]; and finally, indicators pertaining to the
social environment [smoking by parent(s), sibling(s),
friends, and teachers/school staff] and the school neighborhood [tolerance of smoking in school, local restaurants,
and corner stores (30)].
Data on each potential predictor were available once,
2 to 3 times, or 20 times depending on whether the
predictor was time-invariant during secondary school.
Supplementary Table S1 describes potential predictors,
including when data were collected, items comprising
multi-item measures, response choices, and how responses were coded for analysis.
Multiple imputation
The median [interquartile range (IQR)] of the percentage distribution of values missing for each variable in each
cycle (excluding cycles when values were missing by
design) was 6% (15%); minimum ¼ 0%, maximum ¼
89%. We imputed missing values using a "partial" last
observation carried forward (LOCF) approach followed
by multiple imputation (MI) (Supplementary Table S2).
LOCF was applied to variables that were time-invariant or
approximately time-invariant (so that they were measured in selected cycles only). For example, novelty-seeking was measured in cycles 14 and 18 only. Hence, by
design, the novelty-seeking variable had missing values
for all participants in the other cycles. Values at cycles
before the survey in which novelty-seeking was first
measured were left missing. The LOCF strategy was
"partial" because a value could only be carried forward
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up to the survey in which it was (supposed to be) measured next, but not beyond. Allowing a single value to be
carried forward beyond the next cycle might have
resulted in underestimation of the variability of the
variable.
Bootstrapped-based MI was subsequently performed
to impute values that remained missing. The algorithm
relied on both cross-sectional and longitudinal features of
the data (i.e., the distribution of the variable at the same
cycle, as well as the distribution of that variable at previous and subsequent cycles), thereby improving the MI
performance for variables the values of which correlate
over time (31). Because its distribution was skewed, "mean
number of cigarettes smoked per month" was log-transformed before MI (and back-transformed after modeling
its association with smoking discontinuation). This
ensured that MI would not depend unduly on extreme
data points in the original distribution. After MI, continuous variables were truncated so that their distribution
ranged between the minimum and maximum values of
the observed data (i.e., out-of-range values were replaced
with the minimum or maximum value of the observed
distributions). Ten imputation sets were generated using
data for the 706 participants who reported smoking during follow-up. Fig. 1 depicts further modifications made to
each MI set. The sample size of the final MI datasets
included 615 to 620 participants and 248 to 257 discontinuation events.
Data analysis
For each participant, data on repeated observations
up to the survey in which smoking discontinuation
was observed or the end of follow-up (whichever came
first), were pooled. Logistic regression was used to
model the association between each potential predictor
and discontinuation (32). Simple and multivariable
regression models were estimated on each MI set and
then combined using Rubin rule (33). Multivariable
models regressed discontinuation indicator at a given
cycle (i.e., the first of 4 cycles in which the participants
did not report smoking any cigarettes) on the value of
the potential predictors (one at a time) measured in the
preceding cycle, controlling for potential confounders
measured in the cycle preceding the cycle in which data
on the potential predictor were drawn. In other words,
we lagged the potential predictors’ values by one cycle
and the covariate data by two cycles. Potential confounders adjusted for, for any given predictor, were selected
on the basis of their correlation with the predictor. If the
absolute value of the correlation exceeded 0.2, then the
potential confounder was included in the model for that
predictor. Age and sex were included in all multivariable models regardless of their correlations with the
predictor. Clustering induced by incorporating multiple
cycles per participant was accounted for using generalized estimating equations (GEE) with an exchangeable
correlation matrix and robust (sandwich) estimators of
standard errors.
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Sensitivity analyses were performed to assess the
impact of the partial LOCF carried out before MI on
variables with values missing completely by design in
some cycles. In the first sensitivity analysis, MI was conducted without any previous LOCF imputation. In the
second sensitivity analysis, a more liberal LOCF imputation was used before MI (i.e., any measured value
observed was carried forward and backward until a new
measured value was available). Results of the sensitivity
analyses were compared with the main results obtained
using the modeling strategies described above.
The analyses were undertaken using R (v2.14.1), the
Amelia II (v1.5–5) package for MI and the Zelig (v 3.5.4)
package for GEE models (34–36).

Results
Table 1 describes the potential predictors of smoking
discontinuation in smokers retained for analysis.
Approximately one-third of the sample was male, the
mean age at baseline was 13.4 years, 19% spoke French at
home, and 42% had one or both parents who were
university educated. Forty-three percent had parents
who smoked, 87% had friends who smoked, and 78%
reported that they often saw their teachers or other school
staff smoking. Table 1 also presents the distributions of
these same characteristics in the pooled sample, which
includes up to 15 observations per participant. These
data necessarily reflect changes over time due either to
termination of follow-up related to participants who
discontinued smoking or were lost to follow-up, or the
time-varying nature of these variables.
Reflecting that the sample comprised novice smokers,
the median (IQR) number of cigarettes smoked per month
was 0.6 (5.1) at baseline (Table 1). Only 43% to 45% of
participants across MI datasets reported smoking 30 or
more cigarettes per month on average in at least one cycle.
Of the 620 participants in this study, 40% discontinued
smoking during follow-up. Most who discontinued were
very light smokers, in the survey before discontinuation,
185 to 189 of those who discontinued smoked 0 to 2
cigarettes per month, 16 to 21 smoked 3 to 4, 18–25 smoked
5–30, and 18–23 smoked more than 30. The mean (SD) and
median (IQR) for number of cigarettes smoked per month
in the past 3 months ranged respectively from 14.2 to 21.6
(72.0–107.3) for the mean, and 0.4 (1.0–2.2), illustrating the
skewness of the distribution. The mean (SD) and median
(IQR) cumulative duration of smoking in the cycle before
discontinuation ranged respectively from 3.3 to 3.4 (2.7–
2.8) for the mean (approximately 10 months) and 2.0 to 3.0
(3.0–4.0; approximately 6–9 months) for the median.
Ten of the 37 potential predictors were statistically
significantly associated with discontinuation (Table 2).
Specifically, 2 of 5 sociodemographic variables were statistically significantly associated with discontinuation:
male sex and age were both positively associated with
smoking discontinuation. Three of nine psychosocial variables were associated with discontinuation: family stress
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Participants at baseline
(n = 1,293)
Participant did not report smoking
cigarettes in survey cycles 1–20 (n = 587)
Participant reported smoking
cigarettes, even just a puff, in any
survey cycle (n = 706)

10 MULTIPLE IMPUTATION
SETS GENERATED
Participants with missing data on smoking
imputed as nonsmokers (n = 5–7)

Participant discontinued smoking in the
first 2 survey cycles of their follow-up
(n = 19–22)

Figure 1. Derivation of the analytic
sample including the range of
sample sizes and number of
outcome events across multiple
imputation datasets, NDIT study,
1999–2005.

Participant’s follow-up ended at survey
cycle 1 or 2 (n = 11–12)

Participant initiated smoking after survey
cycle 16 (n = 47–51)

Participant’s follow-up was shorter than 3
survey cycles (n = 2)

Analytic sample
(n = 615–620)
Participant continued to smoke
(n = 360–369)

Participant discontinued
smoking (n = 248–257)

and worrying about weight were negatively associated
with discontinuation, whereas believing cigarette package warnings was positively associated with the outcome.
Being overweight was negatively associated with discontinuation. Among eight lifestyle indicators, two were
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statistically significantly associated with discontinuation;
not using illicit drugs appeared protective and participation in team sports was positively associated with discontinuation. Two of six indicators of nicotine dependence (tolerance, other nicotine dependence symptoms)
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Table 1. Characteristics of novice adolescent smokers, NDIT study, 1999–2005

Sociodemographic
Male (%)b
Age, y [median (IQR)]
French speaking (%)b
Single-parent family (%)b
Parent(s) university educated (%)b
Psychosocial indicators
Family stress [median (IQR)]
Non–family-related stress [median (IQR)]
Depression symptoms [median (IQR)]
Impulsivity [median (IQR)]
Novelty-seeking [median (IQR)]
Self-esteem [median (IQR)]
Worrying about weight (%)b
Cigarette package warnings make me afraid to smoke (% no)b
Cigarette ads make me want to smoke (% yes)b
Overweight (%)
Asthma (%)
Lifestyle indicators
Alcohol use (%)b
Use tobacco products other than cigarettes (%)b
Illicit drug use (%)b
Light physical activity [median (IQR)]
Moderate physical activity [median (IQR)]
Vigorous physical activity [median (IQR)]
Participation in team sports (%)b
TV watching per week, h [median (IQR)]
Smoking and nicotine dependence indicators
No. cycles since smoking initiation [median (IQR)]
No. cigarettes smoked per month in past 3 months [median (IQR)]
Tolerance (%)b
Other nicotine dependence symptoms [median (IQR)]
Self-medication [median (IQR)]
Withdrawal symptoms [median (IQR)]
Context-level indicators
Social environment
Parent(s) smoke (%)b
Sibling(s) smoke (%)b
Friends smoke (%)b
Teachers/school staff smoke often (%)b
Neighborhood indicators
Tolerance of smoking at school (% high)b
Tolerance of smoking in local corner stores [median (IQR)]
Tolerance of smoking in local restaurants [median (IQR)]

Smokers at baseline,
n (range) ¼ 615–620

Pooled sample of smokersa,
n (range) ¼ 3862–3921

37.2
13.4 (1.3)
19.4
14.2
42.4

30.3
14.4 (1.7)
23.3
16.2
46.7

1.2 (0.8)
1.6 (0.7)
2.2 (1.1)
2.6 (1.3)
3.2 (1.1)
2.5 (0.7)
47.8
43.9
24.0
25.5
19.0

1.3 (0.6)
1.6 (0.8)
2.2 (1.1)
2.6 (1.4)
3.2 (1.1)
2.4 (0.7)
49.3
40.6
28.5
28.7
18.4

74.6
44.5
34.9
6.3 (7.0)
10.0 (13.0)
2.0 (7.0)
56.2
6.0 (5.5)

80.3
40.7
58.8
7.0 (6.0)
8.0 (13.0)
2.0 (7.0)
49.3
5.5 (5.0)

1.0 (1.0)
0.6 (5.1)
21.0
2.0 (8.0)
0.0 (2.4)
0.0 (1.1)

4.0 (5.0)
3.0 (99.8)
30.2
7.6 (13.0)
1.0 (5.0)
1.0 (3.0)

43.3
29.9
87.4
77.8

43.9
34.2
92.9
80.0

37.3
0.3 (0.2)
0.3 (0.4)

39.2
0.4 (0.5)
0.3 (0.4)

a

Includes up to 15 observations per participant.
Percentages and medians were computed excluding missing data.

b

were negatively associated with discontinuation. Finally,
none of 7 context-level indicators were associated with
discontinuation.
In addition to the context-level indicators, other potential predictors not statistically significantly associated
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with discontinuation included language spoken at home,
single-parent family, parent(s) university educated, other
stress symptoms, depression, impulsivity, novelty-seeking, self-esteem, cigarette advertisements make me want
to smoke, asthma, alcohol use, use of other tobacco
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Impulsivityb
Novelty-seekingb
Self-esteemb
Worrying about weight
No (ref)
Yes
Cigarette package warnings make me afraid to smoke
No (ref)
Yes
Cigarette ads make me want to smoke
No (ref)
Yes
Overweight
No (ref)
Yes

Depression symptomsb

0.94–1.83
0.49–0.85
0.63–0.97

1.31
0.65
0.78

0.43–0.72

1.05–1.80

0.46–0.99

0.53–1.01

0.56

1.37

0.67

0.73

0.70

0.78

1.44

0.63

0.97
0.91
1.28

1.15

0.73
0.90

1.23

0.76

0.99

1.76
1.27

ORadj

0.50–0.97

0.50–1.21

1.10–1.89

0.47–0.85

0.83–1.13
0.74–1.10
0.85–1.93

0.94–1.40

0.55–0.96
0.71–1.14

0.87–1.75

0.50–1.15

0.67–1.47

1.28–2.41
1.09–1.49

95% CI

(Continued on the following page)

0.86–1.14
0.74–1.09
0.93–2.05

0.99
0.90
1.38

0.77–1.09

0.48–1.09

0.73

0.92

0.62–1.21

1.36–2.46
0.83–1.04

95% CI

0.86

1.83
0.93

Language spoken at home
Other (ref)
French
Single-parent family
No (ref)
Yes
Parent(s) university-educated
No (ref)
Yes
Psychosocial indicators
Family stressb
Non–family-related stressb

ORcrude

Potential predictor

Sociodemographic
Sex
Female (ref)
Male
Age (years)b

Age, sex

Age, sex, other ND symptoms

Age, sex

Age, sex, depression symptoms, non–family-related stress
Age, sex, family stress, depression symptoms, worrying about
weight
Age, sex, family stress, non–family-related stress, worrying about
weight, self-esteem, self-medication
Age, sex, tolerance of smoking in local restaurant
Age, sex, impulsivity
Age, sex, depression symptoms
Age, sex, depression symptoms, non–family-related stress

Age, sex, tolerance of smoking in local corner store

Age, sex

Age, depression symptoms, participate in vigorous physical
activity, worrying about weight, use tobacco products other
than cigarettes
Sex, other nicotine dependence symptoms, withdrawal
symptoms, no. cigarettes smoked per month in past 3 months,
illicit drug use, time since smoking initiation
Age, sex, tolerance of smoking in local corner store, tolerance of
smoking in local restaurant

Covariates included in multivariable model

Table 2. Associations between smoking discontinuation and potential predictors in novice adolescent smokers, NDIT study, 1999–2005a

Predictors of Smoking Discontinuation

Cancer Epidemiol Biomarkers Prev; 23(6) June 2014

Downloaded from cebp.aacrjournals.org on April 13, 2021. © 2014 American Association for Cancer Research.

1095

1096

Cancer Epidemiol Biomarkers Prev; 23(6) June 2014
0.81–1.28

0.33–0.57
0.96–1.04
1.0–1.02
1.00–1.04

1.02

0.43
1.00
1.00
1.02

0.99c
0.54
0.91

0.89

Toleranceb
Other nicotine dependence symptomsb

Self-medicationb

0.83

0.98

0.64
0.95

1.00

0.95

1.44
1.01

0.50
1.02
1.00
1.00

0.90

0.94

0.96

ORadj

0.91–1.06

0.41–0.99
0.91–0.99

0.99–1.00

0.89–1.02

1.07–1.92
0.99–1.03

0.37–0.68
0.98–1.06
0.99–1.01
0.98–1.03

0.70–1.15

0.69–1.29

0.63–1.47

95% CI

(Continued on the following page)

0.84–0.94

0.37–0.79
0.88–0.94

0.99–1.00

0.79–0.88

1.16–1.99
1.00–1.04

0.70–1.29

0.95

1.52
1.02

0.65–1.46

95% CI

0.97

ORcrude

No. cigarettes smoked per month in past 3 monthsb

Participate in team sports
No (ref)
Yes
TV per week (hours)b
Smoking and nicotine dependence indicators
Time since smoking initiationb

Asthma
No (ref)
Yes
Lifestyle indicators
Alcohol use
No (ref)
Yes
Use tobacco products other than cigarettes
No (ref)
Yes
Illicit drug use
No (ref)
Yes
Participate in light physical activity (LPA)b
Participate in moderate physical activity (MPA)b
Participate in vigorous physical activity (VPA)b

Potential predictor

Age, sex, friends smoke, other nicotine dependence symptoms,
self-medication, withdrawal symptoms, no. cigarettes smoked
per month in past 3 months, illicit drug use
Age, sex, other nicotine dependence symptoms, self-medication,
withdrawal symptoms, time since smoking initiation
Age, sex, other nicotine dependence symptoms, self-medication
Age, sex, tolerance, self-medication, withdrawal symptoms, time
since smoking initiation, no. cigarettes smoked per month in
past 3 months, cigarette ads make me want to smoke, illicit drug
use
Age, sex, depression symptoms, parent(s) smoke, tolerance, other
nicotine dependence symptoms, withdrawal symptoms, no.
cigarettes smoked per month in past 3 months, time since
smoking initiation

Age, sex

Age, sex
Age, sex, participate in vigorous physical activity
Age, sex, participate in moderate physical activity, participate in
team sports
Age, sex, participate in vigorous physical activity

Age, sex, other nicotine dependence symptoms, time since
smoking initiation

Age, sex

Age, sex

Age, sex

Covariates included in multivariable model

Table 2. Associations between smoking discontinuation and potential predictors in novice adolescent smokers, NDIT study, 1999–2005a (Cont'd )
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0.61–1.22

0.86

0.87–3.86

1.45

0.80
0.73

0.93

0.73

0.82

0.77

0.92

ORadj

0.53–3.95

0.59–1.10
0.37–1.45

0.64–1.34

0.48–1.12

0.61–1.09

0.57–1.02

0.79–1.07

95% CI

Age, sex, tolerance of smoking in local restaurant, tolerance of
smoking at school, language spoken at home, parent(s)
university-educated
Age, sex, tolerance of smoking in local corner store, language
spoken at home, impulsivity, teachers/school staff smoke often

Age, sex, tolerance of smoking in local corner store

Age, sex, tolerance of smoking in local restaurant

Age, sex

Age, sex

Age, sex, self-medication

Age, sex, other nicotine dependence symptoms, self-medication,
no. cigarettes smoked per month in past 3 months, time since
smoking initiation

Covariates included in multivariable model

b

There were 3,862 to 3,921 person-surveys contributed by 248 to 257 participants.
OR indicates the factor by which the 3-month odds of smoking discontinuation changes per one unit change in the given predictor variable. Because all ORs are derived based on
unstandardized regression coefﬁcients, the magnitude of the associations cannot be compared across predictors.
c
Model converged 8 of 10 times.

a

0.45–1.03

0.69

1.83

0.62–1.08

0.81

0.68–1.23
0.44–1.10

0.55–0.92

0.69–0.86

95% CI

0.71

Tolerance of smoking in local restaurantsb

0.77

ORcrude

0.92
0.69

b

Context-level indicators
Social environment
Parent(s) smoke
No (ref)
Yes
Sibling(s) smoke
No (ref)
Yes
Friends smoke
No (ref)
Yes
Teachers/school staff smoke often
No (ref)
Yes
Neighborhood indicators
Tolerance of smoking at school
Low/moderate (ref)
High
Tolerance of smoking in local corner storesb

Withdrawal symptoms

Potential predictor

Table 2. Associations between smoking discontinuation and potential predictors in novice adolescent smokers, NDIT study, 1999–2005a (Cont'd )

Predictors of Smoking Discontinuation
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products, LPA, MPA, VPA, television-viewing, number of
cigarette smoked per month in the past 3 months, selfmedication, withdrawal symptoms, and number of years
since smoking initiation.
The results were not substantively different in sensitivity analyses that assessed the impact of the LOCF
approach.

Discussion
This longitudinal study of novice smokers is the first to
identify predictors of smoking discontinuation, which is
conceptualized herein as stopping smoking for at least one
year (while not necessarily making a conscious effort to
quit). Smokers included in this study were generally light,
intermittent smokers, only 40% had smoked daily at some
point during follow-up. The notion of smoking discontinuation may be more relevant than cessation or "trying
to quit" in this group as many may not recognize themselves as being, or admit to being, a smoker.
In a recent systematic review of the predictors of cessation in longitudinal population-based studies of young
smokers, Cengelli and colleagues (16) reported that five
factors (namely, not having friends who smoke, not having intentions to smoke in the future, resisting peer pressure to smoke, being older at first use of cigarette, and
having negative beliefs about smoking) consistently predicted quitting across studies in which the factor was
investigated. However, although all the nine studies
included in the review were school based, the study
populations were generally older than in NDIT and participants tended to be more established smokers. In addition, our study did not investigate several of the predictors
that Cengelli and colleagues identified. Therefore, it is not
possible to compare our findings with those reported by
Cengelli and colleagues and more research is needed to
determine if the predictors of smoking discontinuation
differ from those of cessation in young smokers.
In this current study of novice smokers we identified 10
predictors of smoking discontinuation from among 37
potential predictors. These included male sex, older age,
family stress, worrying about weight, believing cigarette
package warnings, being overweight, not using illicit
drugs, participation in team sports, symptoms of tolerance, and other nicotine dependence symptoms. Previous
work suggests that there are sex differences in the reinforcing effects of nicotine, in smoking cessation rates, and in
responses to nicotine therapies (37, 38). In contrast, Jarvis
and colleagues (39), using data from major national surveys conducted in 2006–2007 in the United States, Canada,
and the United Kingdom, reported that there were no
apparent sex differences and that the widespread belief
that women have more difficulty quitting than men relates
to conducting studies in atypical clinical settings, rather
than in the general population. Similarly, sex was not
statistically significantly associated with cessation in several longitudinal studies in adolescents (40–42). Our result
that male sex was strongly associated with discontinuation
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provide further support for the hypothesis that there are
sex differences in smoking discontinuation, at least in
novice smokers. Given the importance of detecting a
possible sex difference in discontinuation or cessation for
the purpose of designing maximally effective cessation
programs, investigation of differences in smoking discontinuation by sex among smokers should be a priority.
Older age was statistically significantly associated with
discontinuation of smoking in this current study. Older
youth may become more motivated to quit as they move
into adult roles and responsibilities related to forming
long-term relationships, living on their own or with a
partner, and employment. They may have "practiced"
quitting (i.e., made more quit attempts) to a greater extent
than younger adolescents and through this practice,
acquired the self-awareness and skills needed to quit
successfully. In addition, they may be more likely to know
about and use quit aids. Finally, they may have accumulated more years of exposure to tobacco control programs
and to antismoking social norms, which eventually
increases their motivation to quit. Messer and colleagues
(43) found that young adults, aged 18 to 24, were more
likely to quit successfully than older adults. It may be that
late adolescence or early adulthood are critical time windows for discontinuation, when patterns of cigarette use
and nicotine dependence are not yet fully entrenched.
In our study, participants who agreed with the statement that cigarette package warnings make them afraid to
smoke were more likely to discontinue smoking than
those who disagreed with it. In a review of 94 original
articles, Hammond (44) reported that health warnings on
cigarette packages are among the most direct means of
communicating with smokers. These warnings can
increase health knowledge, correct perceptions of risk,
and promote cessation. Our results concord with Hammond’s review and support the continued use of cigarette
package warnings to promote smoking discontinuation in
young smokers.
In a recent randomized controlled trial, Horn and colleagues (45) found that the addition of a physical activity
module to N-O-T (Not On Tobacco), a proven youth
cessation intervention, seemed to increase cessation success, particularly in boys. Our finding that participation in
team sports is positively associated with discontinued
smoking aligns with Horn and colleagues’ results. It may
be that youth who participate in team sports discontinue
smoking to alleviate or prevent smoking-related symptoms so that they can remain physically competitive from
a health perspective. Alternatively, peer pressure or support from team members and coaches may encourage
youth to discontinue smoking.
Adolescents with lower levels of family stress were
more likely to discontinue smoking in this study. It is
possible that youth with higher family stress use cigarettes
as a coping strategy. Both cigarette and marijuana use
have in fact been associated with parental discord, separation, and divorce in nonclinical adolescent populations
(46–50). It is also possible that adolescents use cigarettes
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and marijuana for their mood-lifting and anxiolytic effects
(51, 52), as an avoidance or escape mechanism from family
problems, or to regulate negative affect associated with
emotional dysfunction (53, 54). Gehricke and colleagues
(55) presented converging findings from human behavioral research, brain imaging, and basic neuroscience on
the use of smoking to cope with emotional dysfunction.
Families may benefit from increased understanding of
the sources and effects of relationship-related stress within the family, and adolescents may benefit from information about positive strategies to cope with family-related
stress.
Participants in this study who worried about weight
and those who were overweight were less likely to discontinue smoking than those who did not. It is wellestablished that weight gain is cited by many smokers,
and especially adolescent girls, as a reason for not quitting
smoking. While smokers generally weigh less than nonsmokers, there is no evidence to support the belief among
youth that smoking protects them from weight gain (56,
57). Young female smokers in particular may be more
likely to discontinue smoking if tobacco control messages
emphasize that cigarette smoking may not be associated
with reduced weight in adolescents.
Polysubstance use is common in youth (58), which is
possibly related to social affiliation (59). Concordant
with several reports in adolescents (60, 61), not using
illicit drugs (primarily cannabis in NDIT) was statistically significantly associated with discontinuation in
our study. On the basis of an adult sample, Ford and
colleagues (62) reported that difficulty quitting may be
one of the most important adverse effects of marijuana
use. Ellickson and colleagues (60) suggested that use of
other substances may reinforce and sustain smoking
possibly by exposing youth to higher levels of nicotine.
Polysubstance users may also have less access to smoking cessation resources.
Finally, two nicotine dependence indicators were statistically significantly associated with discontinued smoking in this study: tolerance and other nicotine dependence
symptoms. Indeed several recent longitudinal studies
(39, 63, 64) all report that nicotine dependent youth were
less likely to quit. A report on the natural course of
cessation (6) suggests that some nicotine dependence
symptoms such as craving emerge as early as 5 months
after initiation in some novice smokers, and that tolerance
appears at 14 months. These early nicotine dependence
symptoms may not only prevent early discontinuation,
but could also drive escalation in cigarette consumption
(65). Youth tobacco control programs that do not consider

nicotine dependence symptoms in novice smokers may
not be optimally effective.
Limitations of this analysis include that most data
were based on self-report, which could be conducive to
information bias. However, any misclassification was
probably nondifferential and would therefore have
biased parameter estimates toward the null. Imputation
of missing data may also have resulted in information
bias, which may have further shifted parameter estimates toward the null. Some predictors may not have
been identified because the magnitude of the true association and/or the variability of the predictor variable at
issue may not have been large enough to allow for
detection of the association in a study of the given size.
Finally, more research is needed to investigate each
predictor in depth.

Conclusions
Male sex, age, susceptibility to cigarette package warnings, participation in team sports, family stress, worrying
about weight, overweight, use of illicit drugs, tolerance,
and other nicotine dependence symptoms seem to be
associated with smoking discontinuation in novice adolescent smokers. Tobacco control programs and policy
targeting novice smokers may be more effective if these
factors are taken into account in their conceptualization,
design, and implementation.
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