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Abstract
Nicotine dependence may be expressed differently in teens than in adults. Thus, it may not be
sufficient to build diagnostic and cessation treatment strategies for teens based on adult-derived
clinical and research data. This is the first study to prospectively examine the development of
withdrawal symptoms by level of nicotine dependence among adolescent smokers. Forty-seven
adolescent smokers completed nicotine withdrawal symptoms measures during 10 weeks of cessation
treatment. Nicotine dependence was assessed at baseline using the mFTQ. Change in withdrawal
symptoms over time by level of nicotine dependence was examined via mixed model ANOVA.
Nicotine withdrawal in daily adolescent smokers was strongly and prospectively associated with
level of nicotine dependence. Craving was rated as the most problematic symptom at the baseline
assessment. The results of this study may help guide the development of future research on diagnostic
and cessation treatment strategies for teens.
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Introduction
Cigarette smoking among adolescents remains a significant public health concern because
teens that smoke on a regular basis generally continue smoking into adulthood. Indeed, it has
been argued that regular smoking compared to nonsmoking during adolescence raises the risk
for adult smoking by a factor of 16 (Chassin, Presson, Sherman, & Edwards, 1990). Although
researchers and policy makers have called for the development of effective cessation treatments
for teen smokers (U.S. Department of Health and Human Services, 1994), few controlled
cessation trials have been conducted and the lack of effective approaches is a recognized
problem (McDonald, Colwell, Backinger, Husten, & Maule, 2003).

Among adult smokers, cessation is typically accompanied by a “well-defined withdrawal
syndrome” (DSM-IV-TR; American Psychiatric Association, 2000), reflecting an underlying
state of nicotine dependence. The emergence of withdrawal symptoms and, in particular, the
development of strong urges and cravings, increases the risk of relapse following cessation
(Killen and Fortmann, 1997). Accordingly, cessation treatments for adults typically attempt to
prevent or alleviate nicotine withdrawal symptoms. Several investigators have called for
research into the nature of nicotine dependence among adolescent smokers in hopes of
increasing the efficacy of teen smoking cessation programs (Colby, Tiffany, Shiffman, &
Niaura, 2000; Shadel, Shiffman, Niaura, Nichter, & Abrams, 2000). Such research is warranted
because nicotine dependence may be expressed differently in teens. Thus, it may not be
sufficient to build cessation treatment strategies for teens based on adult-derived clinical and
research data (Colby et al., 2000; Henningfield & Jude, 1999).

At present, our understanding of the relationships between nicotine dependence, nicotine
withdrawal symptoms, and smoking behavior is limited due, in part, to the need for prospective
research (Colby et al., 2000). To date, two short-term prospective studies designed specifically
to assess nicotine withdrawal symptoms in teen smokers, have demonstrated that adolescent
smokers exhibit signs and symptoms that are characteristically associated with nicotine
deprivation in adult smokers (Jacobson, Krystal, Mencl, Westerveld, Frost & Pugh, 2005;
Killen, Ammerman, Rojas, Varady, Haydel, & Robinson, 2001). However, in both studies,
participants were required to remain abstinent for 24 hours or less. The time course of
withdrawal symptoms may be different for adolescents who are trying to achieve and maintain
long-term abstinence and who have varying levels of nicotine dependence.

Very few teen smoking cessation trials have examined withdrawal symptoms during the course
of treatment. Two open label studies of the efficacy of nicotine replacement found that
withdrawal scores decreased from baseline through end of treatment (Hurt, Croghan, Beede,
Wolter, Croghan, & Patten, 2000; Smith, House, Croghan, Gauvin, Colligan, Offord, et al.,
1996); however, none of the mean withdrawal scores exceeded 2.0, corresponding to a “mild”
rating. Killen and colleagues (Killen, Robinson, Ammerman, Hayward, Rogers, Stone, et al.,
2004) reported decreases in craving over the course of 10 weeks of treatment in randomized
clinical trial that combined bupropion with nicotine patch therapy; however, only abstinent
participants were included in the analysis. Hanson and colleagues (Hanson, Allen, Jensen, &
Hatsukami, 2003) found a time trend toward lower craving scores, but not overall withdrawal
symptom scores from a pre-quit visit through 2 weeks post-quit for adolescents on nicotine
patch, but not for those given placebo. Neither the active or placebo group reported high
withdrawal symptom scores over the course of treatment.

Smith and colleagues (Smith, Cavallo, McFetridge, Liss, & Krishnan-Sarin, 2008) assessed
tobacco withdrawal in adolescent smokers given behavioral smoking cessation therapy by an
overall symptoms score and by each individual symptom. They observed increases in craving,
restlessness and total withdrawal symptoms score from baseline to quit-day assessment
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(approximately 14 hours following the participant’s last reported cigarette). In addition, girls
reported an initial peak in these symptoms that declined over time, whereas boys experienced
little change in symptomatology over the course of the treatment. As with other studies, the
symptoms were relatively minor, with craving as the most severe. One limitation of this study
is that the inclusion of only participants who maintained abstinence over the 4 weeks of
treatment resulted in a sample size of 23 teens and no further data was reported on the 45%
that dropped out of the study.

Several factors limit the conclusions that can be drawn from the above investigations. First,
only one study provided data on the full spectrum of nicotine withdrawal symptoms (Smith et
al., 2008). The other studies focused the analyses on craving (Killen et al., 2004) or total
withdrawal symptoms (Hanson et al., 2003; Hurt et al., 2000). Shiffman and colleagues argued
against solely reporting an aggregated score of individual withdrawal and craving symptoms
(Shiffman, West, & Gilbert, 2004) given evidence from factor analytic studies in adult smokers
that reveal distinct factors of nicotine withdrawal (Etter & Hughes, 2006; Welsch, Smith,
Wetter, Jorenby, Fiore, & Baker, 1999) and differences in the trajectories of individual
withdrawal symptoms (Hughes, Higgins, & Bickel, 1994). Second, most of these trials included
pharmacotherapy, thus preventing examination of the natural history of withdrawal symptoms
in teen smokers. Third, evidence from the adult smoking cessation literature indicates that
withdrawal symptoms severity is associated with level of nicotine dependence usually indexed
by Fagerström score (Killen, Fortmann, Newman, & Varady, 1991). However, none of these
studies with adolescents attempted to link baseline nicotine dependence level with level and
severity of developing withdrawal symptoms over the course of treatment. Findings confirming
such linkages would increase confidence in the validity and utility of nicotine dependence
constructs and measures in adolescent smokers.

The current study adds to the existing adolescent smoking cessation literature by examining
the development of nicotine withdrawal symptoms over time by baseline level of nicotine
dependence. The results of this study might inform future research on diagnostic and cessation
treatment strategies for teens.

Methods
Recruitment of Participants

Adolescent smokers were recruited from continuation high schools in the San Francisco Bay
Area during the 2007-2008 academic school year. Students were recruited through brief
classroom presentations and informational tables set up at breaks and lunchtime during the
school day. In order to participate, teens had to meet the following criteria: 14-18 years of age;
smoking at least 5 cigarettes per day; an interest in quitting smoking; no current use of
antidepressants, antipsychotics or benzodiazepines; not currently seeing a psychologist or
physician for major depression, panic disorder, social anxiety, or agoraphobia; and no current
heavy (defined as more than 3 times per week within the past two weeks) alcohol or substance
use. Parental consent was required for students under the age of 18 and was obtained through
either written or verbal consent. The study was approved by the Stanford University
Administrative Panel on Human Subjects in Medical Research.

Design
Data used in the current analyses are part of a larger, ongoing study assessing the effectiveness
of extended treatment for smoking cessation in daily adolescent smokers. All eligible teens
participated in 50-minute group cognitive-behavioral smoking cessation treatment sessions
once a week for a total of ten weeks. A quit date was set for all participants for Week 2 of the
intervention with Week 3 representing the first post-quit assessment. Questionnaires were
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completed and physiological measurements were collected at the beginning of each treatment
session.

Measures
Nicotine withdrawal symptoms—Subjective withdrawal symptoms were measured at the
beginning of each weekly intervention session (weeks 0-9). Symptoms were rated on a Likert
scale from 1 to 10 with a higher number indicating a stronger experience of the symptom. The
symptoms assessed were based on the Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV-TR; American Psychiatric Association, 2000) criteria for a diagnosis of Nicotine
Withdrawal. The following symptoms were assessed: anger, anxiety, craving, depression,
difficulty concentrating, frustration, hunger, and restlessness. Although DSM-IV-TR treats
craving as an associated feature of nicotine withdrawal rather than a specific withdrawal
symptom, we also assessed craving because of its demonstrated importance as a factor in
maintaining smoking (Killen & Fortmann, 1997).

The following instructions were provided for completing the ratings: “When people don’t
smoke for a period of time, they often suffer from cravings or other withdrawal symptoms.
We’d like to know if you are experiencing any symptoms now and how upsetting or troubling
these symptoms have been. Below we’ve listed many of the most common withdrawal
symptoms. Read each symptom; circle the number that best describes your experience with
that symptom.”

Modified Fagerström Tolerance Questionnaire (mFTQ; Rojas, Killen, Haydel, &
Robinson, 1998)—The mFTQ was administered at the baseline assessment (Week 0). This
questionnaire is a modified version of the instrument first developed by Fagerström (1978) as
a self-report assessment of level of nicotine dependence. The modified questionnaire consists
of the following five questions: “When you are in a place where smoking is forbidden, is it
difficult for you not to smoke?”, “Do you smoke more in the morning than during the rest of
the day?”, “Do you smoke even when you are really sick (for example, coughing or vomiting
a lot)?”, “How deeply do you inhale the smoke?”, and “How soon after you wake up in the
morning do you smoke your first cigarette?” Scores on the mFTQ range from a minimum of
5 to a maximum total of 24. Test-retest reliability (r=0.68) for the total mFTQ score was
established previously for a sample of adolescent smokers (Rojas et al., 1998).

Cigarettes per day: Participants reported how many cigarettes, on average, they smoked per
day.

Data Analyses
Baseline descriptive characteristics, including baseline cigarettes per day and baseline mFTQ,
were computed by gender, percent change in smoking, and total sample (n = 66). Only those
participants who had reduced their cigarettes per day (CPD) by at least 50% compared to the
amount smoked at screening were included in the analyses assessing withdrawal symptoms by
level of nicotine dependence (n = 47). An average of the CPD for Week 3 (the week after
their quit day) through Week 9 was used to determine the reduction in smoking. Spearman
correlations were computed to determine the relationship between baseline mFTQ, baseline
CPD, and all withdrawal symptoms. Paired t-tests were used to compare the level of baseline
craving scores with other withdrawal symptom scores; effect sizes were calculated using
Cohen’s d formulas (Cohen, 1988).

To assess withdrawal symptoms by level of nicotine dependence, tertiles were created based
on mFTQ scores; mFTQ scores ranged from 6 to 23, with those scoring below 13 assigned to
the low nicotine dependence strata (n = 14), those scoring 13-15 in the medium nicotine
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dependence strata (n = 15), and those scoring 16 or higher (n = 18) assigned to the high nicotine
dependence strata. Mixed model analysis of variance was used to compare the weekly mean
scores on each separate withdrawal symptom over time and by mFTQ strata (high, medium,
and low); only the symptom of craving was assessed using an average of 2 items (cravings,
urges). The analyses were conducted using SAS PROC MIXED with compound symmetry
covariance structure. We chose this method as it is designed to deal with missing data points
within the analyses. When significant group differences were found, post-hoc analyses were
conducted using Scheffé’s test.

Results
Descriptive Data

Of 190 teens who signed assent forms during school recruitment, an ethnically/racially-diverse
sample of 66 remained eligible and interested after the initial teen and parent screening
telephone calls. The majority of the teens were excluded because they did not smoke enough
cigarettes. Descriptive characteristics by gender, percent change in smoking, and total sample
are reported in Table 1. Of the 66 eligible teen smokers, 47 (71%) reduced their cigarette
consumption by at least 50% and are included in the primary analyses. There were no
statistically significant differences in age, reported cigarettes per day at screening, or baseline
mFTQ scores between those who reduced their cigarette consumption by at least 50% and those
who did not (see Table 1).

Over the course of the 10-week treatment program, 32 of the 47 participants (68%) attended
at least 7 out of 10 sessions. Of the 47 teens who reduced smoking by at least 50%, 19 (40%)
had at least one week of abstinence. At the quit date assessment (Week 3), 2 teens reported
abstaining from smoking over the past week and remained abstinent throughout the course of
the intervention. Six others quit between Weeks 4 and 8 and remained abstinent throughout
the rest of the intervention weeks. Seven participants reported only one full week of abstinence
over the course of the intervention and 4 participants had weeks of quitting intermixed with
weeks of smoking.

Correlations between baseline withdrawal symptoms, mFTQ, and cigarettes per
day—Although mFTQ and reported cigarettes per day were correlated at baseline (r = 0.31,
p < .05), mFTQ score was more strongly correlated with withdrawal symptoms than reported
cigarettes per day. Thus, baseline mFTQ was correlated with anxiety (r = 0.44, p < .01),
cravings (r = 0.66, p < .001) and frustration (r = 0.40, p < .01), while baseline cigarettes per
day was correlated only with baseline withdrawal symptom of depression (r = -0.32, p < .05).
At baseline, the mean craving score (M = 5.7, SD = 2.7) was significantly higher than any other
withdrawal symptom (Cohen’s d effect sizes ranged from .5 to 1.49).

Withdrawal symptoms over time by mFTQ score
Figure 1 shows the relationship of baseline mFTQ and each withdrawal symptom over time.
Baseline mFTQ levels were associated with the following symptoms: anger F(2, 352) = 7.0,
p < .001, anxiety F(2, 352) = 38.9, p < .0001, craving, F(2, 352) = 43.8, p < .0001, depression,
F(2, 352) = 6.9, p < .0012, difficulty concentrating F(2, 352) = 18.4, p < .0001, frustration F
(2, 352) = 24.7, p < .0001, and restlessness F(2, 352) = 35.0, p < .0001; there was no significant
relationship between mFTQ score and hunger over time. Post-hoc analyses revealed that for
all symptoms, differences between the low and high mFTQ groups and the medium and high
mFTQ groups met criteria for statistical significance. For all symptoms except for anxiety and
craving, differences between medium and low mFTQ groups were not statistically significant.
With respect to craving and anxiety, comparisons among all three mFTQ strata revealed
differences that met criteria for statistical significance.
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Withdrawal symptoms over time
There was a reduction in teen smokers’ cravings to smoke F(9, 352) = 9.5, p < .0001 and levels
of anxiety F(9, 352) = 2.4, p < .01 over the course of treatment; none of the other symptoms
were significantly different over time. There were no statistically significant strata X time
interactions.

Discussion
Several results merit attention. First, nicotine dependence, as measured by the mFTQ, was
associated with the severity of all but one nicotine withdrawal symptom. Those with the highest
scores on the mFTQ at baseline experienced more severe withdrawal symptoms during
treatment compared to those with low to moderate nicotine dependence. For cravings and
anxiety, there were statistically significant differences between all three levels of nicotine
dependence and symptom severity. This is the first prospective study with adolescents to
demonstrate the relationship between baseline nicotine dependence (mFTQ) and withdrawal
symptom severity over the course of treatment. The finding that withdrawal symptoms differed
by level of nicotine dependence increases confidence in the utility of the mFTQ and withdrawal
symptoms questionnaires in adolescents. Knowing that withdrawal symptoms severity varies
by level of nicotine dependence may aid in individualizing treatment for adolescents. The
mFTQ could be a valuable tool in identifying those teens that are likely to experience more
significant withdrawal symptoms while quitting smoking. Given the variability in quantity of
daily smoking among adolescents (Nichter, Nichter, Thompson, Shiffman, & Moscicki,
2002) and our finding that mFTQ score was more strongly correlated with symptoms of
withdrawal than was level of cigarette consumption at baseline, mFTQ score may serve as a
better indicator of whether a teen smoker would benefit from nicotine replacement therapy for
withdrawal symptom reduction.

Second, the relationship was most robust between nicotine dependence and craving. Teens
with the highest mFTQ scores reported more than twice the level of craving at baseline
compared to those with low mFTQ scores and continued to report higher levels of craving over
the course of treatment. Craving may be the most difficult problem for adolescent smokers
attempting to quit. In general, adult smokers report substantial difficulty coping with strong
urges and cravings for cigarettes but indicate very little difficulty managing other withdrawal
symptoms (Killen & Fortmann, 1997; Hughes, Gust, Skoog, Keenan, & Fenwick, 1991; West
& Schneider, 1987). In similar fashion, during the initial weeks of treatment, adolescent
smokers were most troubled by cravings that emerged during attempted cessation. Craving
severity levels decreased most dramatically over the course of the 10 week intervention
compared to other withdrawal symptoms, and craving was the only one of two symptoms to
show a significant hierarchical relationship with all mFTQ strata. The high level of cravings,
and relatively low levels of other nicotine withdrawal symptoms, reported in our sample are
consistent with previous examinations of symptom severity in both adult (Hughes, Higgins &
Hatsukami, 1990; Killen & Fortmann, 1997) and adolescent smokers deprived of nicotine
(Killen et al., 2001; Smith et al., 2008) and suggest that cessation treatments might profit from
the use of strategies to help adolescents cope with cravings associated with onset of cessation.

Third, ratings of the severity of craving and anxiety decreased over time, but there were no
significant changes in the other symptoms over time. This lack of change over time could be
due to the fact that the other nicotine withdrawal symptoms were low, even during the initial
weeks of treatment. Others have reported a decrease in craving and/or withdrawal symptoms
over time in smoking cessation trials targeting adolescent smokers (Killen et al., 2004; Hurt et
al., 2000; Hanson et al., 2003; Smith et al., 1996); however, these studies utilized
pharmacotherapy which may prevent or alleviate development of symptoms. Our results
suggest that skills-based interventions may have a similar effect in decreasing some, but not
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all, symptoms of withdrawal. Results from other non-pharmocological interventions have been
mixed. Hanson et al. (2003) did not find a time trend for reduced craving scores or overall
withdrawal symptom scores for participants in the placebo patch condition. Smith and
colleagues (2008) found that over the course of their 4-week intervention, females’ overall
withdrawal symptoms and craving scores peaked at day 7 and declined over the subsequent
weeks, whereas males reported more consistent levels of symptoms across weeks. They did
not find a decrease over time in any symptoms, other than craving, when assessed individually.
The fact that the majority of our teens were males may account for the differences between our
study and the Smith study (2008). Further research is warranted to explore the effects of both
skills-based and pharmacotherapy treatment on craving and individual withdrawal symptoms
in adolescents over time, as well as whether gender differences exist in the time course of
withdrawal symptoms.

As in other studies (e.g., Hanson et al., 2003; Killen et al., 2006; Smith et al., 1996), teen
smokers in this trial reported withdrawal symptoms prior to quitting. Thus, it could be argued
that such “symptoms” represent typical feelings and/or emotions that adolescents experience
in daily life and not tobacco withdrawal symptoms per se. However, our finding that withdrawal
symptoms varied by level of nicotine dependence strongly supports our conclusion that teens
were reporting true nicotine withdrawal symptoms. Smith and colleagues (1996) suggest that
reports of withdrawal symptoms prior to quitting may reflect teens’ limited access to cigarettes
during school hours. Additionally, many teens in our trial cut back on their cigarette
consumption prior to their quit attempt. Results from controlled laboratory studies indicate that
withdrawal symptoms are evident among adolescents who are abstinent for relatively short
periods of time. In one laboratory study with an 8 hour baseline smoking control phase that
included both an active patch group and a placebo control group, the withdrawal symptoms of
craving, anxiety, and restlessness were significantly higher than baseline during an 8 hour
period of nicotine deprivation for both groups (Killen et al., 2001).

Several limitations of our study should be noted. Cut-points for nicotine dependence were
based on the scores of this specific sample, creating somewhat arbitrary distinctions between
low vs. moderate vs. high nicotine dependence. There are not standard criteria for cut-points
on the mFTQ for adolescent smokers to distinguish between low, medium, and high levels of
dependence. Given the small sample size, it was necessary to divide the sample in this manner
to ensure an adequate number of participants in each group. Further research should be
conducted with a larger sample size to replicate these findings.

As is common with most smoking cessation interventions, few participants were continuously
abstinent over the course of treatment. However, withdrawal from nicotine dependence can
occur among smokers who are not completely abstinent (DSM-IV-TR, 2000). Indeed,
Shiffman and colleagues (2004) suggested that analyses of nicotine withdrawal should be
conducted in both abstinent subjects and in smokers intending to quit or nearly abstinent. Given
that 73% of our sample reduced their cigarette consumption by at least 50% and all the teens
in the program reported a willingness to quit smoking, we are confident that this sample of
teens were actively trying to achieve abstinence; however, we did not have enough teens who
maintained consistent abstinence over the course of the program to conduct analyses with an
abstinent-only subgroup. Future studies with larger sample sizes are warranted to further
explore the relationship between withdrawal symptoms and smoking cessation among
adolescents.
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Figure 1.
Withdrawal symptoms over time by mFTQ (modified Fagerström Tolerance Questionnaire)
strata (N = 47). Week 3 represents the first data collection time point since the set quit day.
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