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Introduction: Few studies have investigated the natural course
of nicotine dependence prospectively from the earliest experi-
ences with smoking.

Methods: Drawing on a cohort of 9th- and 10th-grade adoles-
cents followed over 48 months, survival analyses were conducted
to evaluate the cumulative probability, following smoking initia-
tion, for the development of nicotine dependence symptoms.

Results: Although each nicotine dependence symptom was signif-
icantly more prevalent among adolescents who had smoked more
than 100 cigarettes by the end of the follow-up assessment, 20% of
adolescents smoking fewer than 100 cigarettes reported experienc-
ing “smoking to relieve restlessness and irritability” and “smoking
a lot more now to be satisfied compared to when first smoked.”
Nicotine dependence symptoms were also reported before reach-
ing 100 cigarettes for a substantial number of adolescents (between
9.4% and 58.8% for individual symptoms). Endorsement of
nicotine dependence symptoms prospectively predicted past-week
smoking (odds ratios [ORs] between 3.18 and 14.62 for significant
symptoms) and past-month daily smoking (significant symptoms’
ORs between 3.52 and 10.68) at the 48-month assessment even
when controlling for amount of previous smoking.

Conclusions: The present study adds to the growing body of
literature on the natural course of nicotine dependence from
earliest experiences with smoking by showing that symptoms of
nicotine dependence may develop soon after initiation and/or
at low levels of smoking. Our findings suggest that novice ado-
lescent smokers should not be neglected in smoking cessation
intervention and that screening and effective intervention for
early emerging symptoms among adolescent smokers may be an
important target in preventing chronic smoking.

Introduction

Over the past several decades, public health interventions have
been successful in reducing smoking in the United States by
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influencing both higher rates of quitting and decreased uptake.
This has largely been achieved through approaches that have
increased knowledge of deleterious effects of smoking and
exposure to second hand smoke and influenced major anti-
smoking legislation that has increased prices, reduced access,
and limited smoking in both public and private areas (Biener &
Siegel, 1997; Centers for Disease Control and Prevention
[CDC], 2010a, 2011; Chaloupka, 1999; DiFranza & Dussault,
2005; Fichtenberg & Glantz, 2002; Garrett, Dube, Trosclair,
Caraballo, & Pechacek, 2011; Levy, Nikolayev, & Mumford,
2005; Wakefield et al., 2000). Despite the success of these initia-
tives, national monitoring surveys have shown that decreases in
smoking prevalence have slowed in recent years (Nelson et al.,
2008). It is estimated that 21% of adults in the United States
currently smoke and that of current smokers, 78% smoke daily
(CDC, 2010b).

As the primary contributor to the establishment and main-
tenance of chronic smoking (Berrettini & Lerman, 2005; Hu,
Davies, & Kandel, 2006), nicotine dependence has been charac-
terized by both physiological adaptations (e.g., tolerance and
withdrawal) and other accommodating behaviors (e.g., time
spent in activities necessary to obtain/use nicotine and recover
from its effects and the forfeiting or reduction of important social,
occupational, or recreational activities). Although traditional
descriptions of the development of nicotine dependence have
suggested the need for both heavy and long-term smoking, an
emerging body of research based on separate cohorts of novice
adolescent smokers has demonstrated that symptoms of nico-
tine dependence can occur soon after smoking initiation
(DiFranza, Savageau, Rigotti, et al., 2002; Gervais, O’Loughlin,
Meshefedjian, Bancej, & Tremblay, 2006; Kandel, Hu, Griesler, &
Schaffran, 2007), at relatively low levels of smoking exposure
(Caraballo, Novak, & Asman, 2009; Gervais et al., 2006; Scragg,
Wellman, Laugesen, & DiFranza, 2008) and before the estab-
lishment of daily smoking habits (DiFranza et al., 2007; Gervais
etal., 2006). For example, in a cohort of seventh graders sampled
from Montreal secondary schools, 30% and 20% developed mental
and physical symptoms of dependence, respectively, within
3 months of reporting their first puff (Gervais et al., 2006).
Similarly, based on a cohort of 6th to 10th graders drawn from
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Chicago public schools, 25% of new adolescent smokers were
found to experience symptoms of dependence within 5 months
of smoking onset (Kandel et al., 2007). Furthermore, in the
Montreal study, it took much less time to develop symptoms of
nicotine dependence (e.g., mental addiction, physical addition,
cravings, withdrawal symptoms, and tolerance) compared with
reaching lifetime consumption of 100 cigarettes and daily smok-
ing (Gervais et al., 2006), indicating that symptoms of nicotine
dependence in adolescents can occur before the emergence of
established smoking patterns.

Importantly, nicotine dependence symptoms that emerge soon
after smoking initiation and/or at low levels of smoking exposure
have been shown to represent substantial risk for the development
of established and chronic smoking behaviors (Dierker &
Mermelstein, 2010; DiFranza, Savageau, Fletcher, et al., 2002). In a
cohort of seventh graders drawn from seven public schools in two
small cities in Massachusetts, for example, the odds of developing
daily smoking was substantially elevated among adolescents
reporting one or more dependence symptoms 30 months earlier
compared with adolescents who had initiated smoking but
reported no nicotine dependence symptoms (DiFranza, Savageau,
Fletcher, et al., 2002). More recently, based on a sample of
adolescent smokers drawn from Chicago-area schools, LCD
and RJM demonstrated that nicotine dependence symptoms re-
ported by 9th- and 10th-grade adolescents who had smoked
fewer than 100 cigarettes in their lifetime predicted the develop-
ment of daily smoking 2 years later, even after controlling for
number of cigarettes smoked and use of other tobacco products
(Dierker & Mermelstein, 2010).

Although a large number of studies on nicotine dependence
have been conducted in adolescents, only a few have examined the
development of dependence symptoms from the earliest experi-
ences with smoking (DiFranza, Savageau, Rigotti, et al., 2002;
Doubeni, Reed, & Difranza, 2010; Gervais et al., 2006; Kandel et al.,
2007). Moreover, the natural course of nicotine dependence that
simultaneously includes a consideration of amount of smoking as
well as time between smoking initiation and the onset of symptoms
has not yet been investigated. The primary objectives of this study
are to (a) describe the timing of onset of nicotine dependence
symptoms for those who reached 100 cigarettes smoked and those
smoking fewer than 100 cigarettes, (b) prospectively examine rates
of adolescent smokers who develop nicotine dependence symp-
toms before reaching established smoking patterns, and (c) deter-
mine whether early emerging nicotine dependence symptoms
predict smoking behaviors at the 48-month follow-up.

Participants

As described elsewhere (Dierker & Mermelstein, 2010), the
Social and Emotional Contexts of Adolescent Smoking Patterns
Study (SECASPS) follows a cohort recruited from 16 Chicago-
area high schools. All 9th- and 10th-grade students in these
schools completed a brief screening survey of smoking behavior
(N = 12,970). In line with the SECASPS’ aim to prospectively
study the development of regular smoking behavior, adoles-
cents at the earliest stages of smoking behavior were primarily
selected, as well as adolescents who were light regular smokers
and samples of nonsmokers who might initiate smoking in the
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future, according to the following criteria. Students who reported
smoking fewer than 100 cigarettes in their lifetime, a common
criteria for lifetime nonsmoking status (CDC, 2002) and smok-
ing in the past 90 days, were invited to participate as were all
those who smoked in the past 30 days and had smoked more
than 100 cigarettes in their lifetime. Additionally, random sam-
ples of youth reporting having never smoked or smoking fewer
than 100 cigarettes lifetime, but prior to the past 90 days, were
also invited to participate. Of the 3,654 students invited, 1,344
agreed to participate (37%). The sample of those who agreed to
participate remained ethnically and racially diverse and approx-
imately representative of the greater Chicago metropolitan area
in accordance with the goal of sampling. Of these, 1,263 (94%)
completed the baseline assessment. Follow-up assessment was
conducted at 6, 15, 24, 33, and 48 months with 95% (n = 1,199)
of the sample participating in two or more surveys and 86%
(n =1,092) participating in the 48-month follow-up.

The present analyses were based on 114 participants of this
sample who initiated smoking within the year prior to the baseline
survey and an additional 55 participants who initiated smoking
between baseline and 48 months (total n = 169). The mean age of
this sample at baseline was 15.5 years (SD = 0.7), and the average
age of smoking onset for the 169 participants was 15.4 years (SD =
1.2, ranging from 13.0 to 18.6). Approximately half (54%) of this
sample were female, and the majority (81%) were Caucasian.

Measures
Smoking

For participants who had initiated smoking prior to the baseline
assessment, age of smoking initiation was measured with the
question, “How old were you the very first time you smoked even
a puff of a cigarette?” For those who initiated during the follow-up
period, initiation age was recorded as the current age when any
smoking was first reported. At each assessment, lifetime smoking
was measured with the question “About how many cigarettes
have you smoked in your entire life.” Daily smoking was mea-
sured at each assessment with the questions “Have you ever
smoked cigarettes on a daily basis? (At least 30 days when you
smoked every day or nearly every day)” and the question, “How
many days did you smoke or try cigarettes in the past 30 days.”

Nicotine Dependence

Individual dependence symptoms were assessed among adoles-
cents who reported ever smoking at least one puff and were
measured at each assessment with a shortened version of Nico-
tine Dependence Syndrome Scale (NDSS; Shiffman, Waters, &
Hickcox, 2004 ), modified for use with adolescents (Clark et al.,
2005; Sledjeski et al., 2007; Sterling et al., 2009). Items were
answered on a four-point Likert-type scale, ranging from 0 (not
at all true) to 3 (very true). A nicotine dependence total score
was obtained by averaging responses to all items. The presence
or absence of each symptom was established by collapsing
response options of “not very true” to “very true” into a single
category to generate a dichotomous variable for symptom
endorsement (No—not at all true vs. Yes—any of the three
positive responses).

Statistical Analysis
At each assessment, reports of dependence symptoms were
coded in terms of time (i.e., number of months) since smoking
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Figure 1.

Cumulative probability of developing dependence symptoms following smoking initiation. Satisfaction = smoking a lot more now to be

satisfied compared with when first smoked; Increase = increase in the amount smoked; Relieve = smoking to relieve restlessness and irritability;
Discomfort = smoking to keep from experiencing discomfort; Functioning = better functioning in the morning after having a cigarette; Craving =
craving without smoking for a few hours; Uncontrollable = feeling like in the grip of uncontrollable unknown force; Rainstorm = willingness to go
outside in a rainstorm to get cigarettes; Smoke outside = willingness to go outside to smoke even in severe weather; and Lunch = buying cigarettes

instead of lunch when low on money.

initiation. We first described the development of nicotine depen-
dence in terms of the cumulative probability of the occurrence
of each individual symptom according to time in months follow-
ing smoking initiation using Kaplan—Meier survival analysis, an
optimal method for modeling time-to-event data in the pres-
ence of censored cases. We then repeated these analyses, using
the Log-rank test and stratifying by those who had or had not
smoked 100 cigarettes by the end of the follow-up assessment.

Finally, logistic regression models were used to examine
whether nicotine dependence (both the NDSS total score and
endorsement of individual symptoms) predicted daily smoking
at the 48-month follow-up, controlling for previous highest
level of smoking frequency (days smoked in past 30 days drawn
from each assessment), highest smoking quantity (number of
cigarettes smoked in past week at each assessment), gender,
ethnicity (White vs. non-White), and age of smoking initiation.
Participants with missing data were excluded from the logistic
regression analysis. The missing data were primarily caused by
the attrition of participants during the 4-year follow-up period.
In the present study, smoking behavior at the 4-year follow-up
could not be determined for 17 of 169 participants.

Figure 1 illustrates the cumulative probability of each nicotine
dependence symptom according to time since smoking initia-
tion. Escalation of the cumulative probability was particularly
rapid for reports of “increase in the amount smoked,” “smoking to
relieve restlessness and irritability,” and “smoking a lot more
now to be satisfied compared to when first smoked,” with sub-
stantially slower increases in the cumulative probability of

“better functioning in the morning after having a cigarette,”
“buying cigarettes instead of lunch,” and “willingness to go out-
side in a rainstorm to get cigarettes.” Overall, the cumulative
increases of individual nicotine dependence symptoms were
fairly stable across time.

Figure 2 illustrates the number of months after smoking
initiation when the cumulative probability of developing each

Functioning = —_—
Rainstorm = —_——————
Lunch = ————
Craving = —_———
Uncontrollable = ———
Smoke outside = ——
Discomfort = ——
Satisfication = ——
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Figure 2. Number of months after initiation of cigarette smoking at
which the cumulative probability of developing dependence symptoms
is 25%. Error bars represent 95% CI based on Kaplan—Meier survival
analyses. Satisfaction = smoking a lot more now to be satisfied compared
with when first smoked; Increase = increase in the amount smoked;
Relieve = smoking to relieve restlessness and irritability; Discomfort =
smoking to keep from experiencing discomfort; Functioning = better
functioning in the morning after having a cigarette; Craving = craving
without smoking for a few hours; Uncontrollable = feeling like in the
grip of uncontrollable unknown force; Rainstorm = willingness to go
outside in a rainstorm to get cigarettes; Smoke outside = willingness to
go outside to smoke even in severe weather; and Lunch = buying ciga-
rettes instead of lunch when low on money.
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Figure3. Cumulative probability of developing dependence symptom

“smoking a lot more now to be satisfied compared to when first smoked”
stratified by lifetime cigarette consumption. >100, total = 82, failed = 66,
censored = 16. <100, total = 80, failed = 14, censored = 66. p < .0001.

symptom was 25%. The 95% CIs are based on Kaplan—Meier
survival analyses. The symptom “increase in the amount smoked”
was reported by 25% of smokers within 1 year of initiation,
whereas “smoking a lot more now to be satisfied compared to
when first smoked” and “smoking to relieve restlessness and ir-
ritability” were reported by 25% of smokers within 2 years of
initiation. Compared with other individual symptoms, the
symptom of “better functioning in the morning after having
a cigarette” developed more slowly, taking 4 years to reach a
cumulative probability of 25%.

The potential contributions of smoking to the natural course
of nicotine dependence symptoms were examined next using
the log-rank test to evaluate differences in the Kaplan—-Meier
survival curve estimates between those smoking more or less
than 100 cigarettes. These analyses showed that each symp-
tom was significantly more prevalent among adolescents
who had smoked more than 100 cigarettes by the end of the
follow-up assessment, compared with those smoking fewer than
100 cigarettes. Among adolescents who had smoked more than
100 cigarettes, the vast majority of individual symptoms had a
cumulative probability more than 75% by the end of the follow-up
period. Symptoms such as “smoking a lot more now to be satis-
fied compared to when first smoked,” “increase in the amount
smoked,” and “smoking to relieve restlessness and irritability”
reached a cumulative probability of 75% within 3 years of smoking
initiation, whereas it took symptoms of “smoking to keep from
experiencing discomfort,” “willingness to go outside to smoke
even in severe weather,” “craving without smoking for a few
hours,” and “willingness to go outside in a rainstorm to get
cigarettes” 48—54 months to reach a cumulative probability of 75%.

Figures 3-5 illustrate the cumulative probability of the three
most commonly reported nicotine dependence symptoms.
Although these symptoms are reported by nearly all of the 100+
smokers, notably, more than 40% of adolescents smoking less
than 100 cigarettes reported having “increase in the amount
smoked,” and approximately 20% of those who smoked less
than 100 cigarettes reported “smoking to relieve restlessness
and irritability” and “smoking a lot more now to be satisfied
compared to when first smoked.”

A more detailed examination of order of onset of smoking
milestones (i.e., 100 cigarettes and daily smoking) and nicotine
dependence symptoms revealed that “increase in the amount
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Figure4. Cumulative probability of developing dependence symptom
of “increase in the amount smoked” stratified by lifetime cigarette
consumption. >100, total = 80, failed = 73, censored = 7; <100, total = 81,
failed = 23, censored = 58. p < .0001.

smoked,” “smoking to relieve restlessness and irritability,”
“smoking a lot more now to be satisfied compared to when first
smoked,” and “willingness to go outside to smoke even in severe
weather” occurred before daily smoking for more than one
third of adolescents who had reached daily smoking levels
(Table 1). The onset of several symptoms was similarly com-
mon before reaching 100 cigarettes smoked (i.e., “increase
in the amount smoked,” “smoking to relieve restlessness and
irritability,” “smoking a lot more now to be satisfied compared
to when first smoked,” “willingness to go outside to smoke even
in severe weather,” and “smoking to keep from experiencing
discomfort”).

Finally, to establish the predictive validity of these symptoms,
we examined whether the development of individual nicotine
dependence symptoms was associated with smoking behavior at
the 48-month assessment. The majority of nicotine dependence
symptoms as well as the overall NDSS score were found to be
strongly predictive of both daily and past week smoking, after
controlling for previous smoking, gender, ethnicity, and age of
smoking initiation (Table 2). For example, adolescent smokers
who reported “increase in the amount smoked” were five times
more likely to smoke daily (odds ratios [OR] = 5.61, 95%
CI 1.44-21.91) at the 48-month assessment than those not
reporting this symptom. Similarly, adolescent smokers who
reported “feeling like in the grip of uncontrollable unknown
force” were three times more likely to smoke in the past week
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Figure5. Cumulative probability of developing dependence symptom
of “smoking to relieve restlessness and irritability” stratified by lifetime
cigarette consumption. >100, total = 83, failed = 72, censored = 11; <100,
total = 80, failed = 15, censored = 65. p <.0001.
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Table 1. Proportion of Participants Who Reported Experiencing Individual Dependence

Symptoms Before, During the Same Wave, and After Reaching the Smoking Milestones
of 100 Cigarettes and Daily Smoking

Smoked 100 or more (1 = 85)

Daily smoking (n = 78)

Symptoms Before (%) Same wave (%) After (%) Before (%) Samewave (%) After (%)
Smoking a lot more now to be satisfied compared with 45.9 30.6 4.7 37.6 30.6 7.1
when first smoked
Increase in the amount smoked 58.8 31.8 1.2 55.3 21.2 4.7
Smoking to relieve restlessness and irritability 47.1 353 4.7 44.7 25.9 7.1
Smoking to keep from experiencing discomfort 35.3 329 4.7 30.6 27.1 8.2
Better functioning in the morning after having a cigarette 9.4 29.4 15.3 5.9 27.1 16.5
Craving without smoking for a few hours 31.8 25.9 11.8 247 31.8 9.4
Feeling like in the grip of uncontrollable unknown force 235 27.1 9.4 224 24.7 10.6
Willingness to go outside in a rainstorm to get cigarettes ~ 18.8 329 10.6 17.6 25.9 15.3
Willingness to go outside to smoke even in severe weather ~ 38.8 34.1 4.7 35.3 28.2 7.1
Buying cigarettes instead of lunch when low on money 17.6 30.6 11.8 10.6 31.8 11.8

(OR =3.24,95% CI 1.17-8.95) at the 48-month assessment that
those not reporting this symptom.

The SECASPS recruited novice adolescent smokers and those
who had never smoked and followed the cohort for 4 years, pro-
viding a opportunity to examine the development of nicotine
dependence from the earliest experiences with smoking. The
present findings replicate previous work documenting the early
emerging symptoms (Rose, Dierker, & Donny, 2010) and confirm
that the development of these symptoms in many cases occurs
before the onset of more established smoking patterns (Gervais
etal., 2006; O’Loughlin, Gervais, Dugas, & Meshefedjian, 2009).
The present study also extends previous research by describing
the natural course of nicotine dependence symptoms in terms
of the timing of their development both before and after the
establishment of two smoking milestones (i.e., 100 cigarettes
and daily smoking).

Notably, the symptoms found to emerge following earliest ex-
posures in the present study are highly consistent with those found
within a large, nationally representative sample of novice adolescent
and young adult smokers (Rose et al., 2010). Rose et al. found that
several symptoms were endorsed by those smoking as little as
1-3 days per month, and typically only 1 cigarette/day, with the
most prevalent symptoms being “irritability after not smoking for a
while,” “increase in the amount smoked,” and “needing to smoke
more to feel satisfied” (Rose et al., 2010). These are also among the
symptoms that have been found to have a high probability of
endorsement at even low levels of nicotine dependence severity
(Rose & Dierker, 2010). Further, the emergence of symptoms meant
to measure behavioral manifestations of tolerance (i.e., “increase in
the amount smoked” and “smoking a lot more now to be satisfied
compared to when first smoked”) suggests that tolerance may
be among the earliest indicators of nicotine dependence and thus
important for preventative recognition of the dependence process.

The early development of tolerance symptoms in novice
adolescent smokers may at least partially relate to the shortening

Table 2. Odds Ratio (95% CI) for the Occurrence of Nicotine Dependence Symptoms and

Smoking Behaviors at the 48-Month Follow-up (n = 169)?

Symptoms

Smoked in the past week Smoked daily in the past month

Smoking a lot more now to be satisfied compared with when first smoked
Increase in the amount smoked

Smoking to relieve restlessness and irritability

Smoking to keep from experiencing discomfort

Better functioning in the morning after having a cigarette
Craving without smoking for a few hours

Feeling like in the grip of uncontrollable unknown force
Willingness to go outside in a rainstorm to get cigarettes
Willingness to go outside to smoke even in severe weather
Buying cigarettes instead of lunch when low on money
Maximum NDSS scale from baseline to 24 months®

2.35(0.89-6.19)
453 (1.45-14.17)
2.49 (0.93-6.65)
3.18 (1.18-8.54)
7.26 (1.52-34.67)
2.55 (0.94-6.88)
3.24 (1.17-8.95)
3.86 (1.34-11.13)
3.72 (1.39-9.94)
(
(

2.38(0.80-7.06)
5.61 (1.44-21.91)
4.63 (1.49-14.40)
4.90 (1.65-14.52)
478 (1.35-16.95)
7.78 (2.39-25.32)
472 (1.56-14.33)
3.52(1.13-10.98)
10.68 (3.14-36.32)
3.59 (1.27-10.13) )
14.62 (5.31-40.27) )

4.95(1.53-15.94
7.25(1.86-28.26

Notes. NDSS = Nicotine Dependence Syndrome Scale.

*Adjusting for the occurrence of corresponding outcome before 48-month follow-up, sex, ethnicity, and age of smoking initiation.

"Dichotomized at 0.2 because of severe skewness.

1449



Nicotine dependence symptoms among adolescent smokers

of latencies between smoking one’s most recent cigarette and
the onset of withdrawal symptoms, a process that has been well-
characterized in dependent smokers (DiFranza et al., 2011).
Specifically, the shortening of the latency-to-withdrawal that
accompanies each additional cigarette may explain the need for
increased amounts of smoking, in that youth find themselves
having to smoke more in order to relieve or prevent withdrawal
symptoms (DiFranza et al., 2011). Confirming this literature on
latency-to-withdrawal, the current findings also demonstrate
that nicotine dependence symptoms, and tolerance in particu-
lar, can occur in novice smokers and at less-than-daily patterns
of smoking.

Although previous studies have demonstrated that the de-
velopment of symptoms of nicotine dependence in many cases
occurs before the onset of more established smoking patterns
(Gervais et al., 2006; O’Loughlin et al., 2009), none have previ-
ously described the natural course of nicotine dependence spe-
cifically among adolescent smokers who had not yet consumed
100 cigarettes. We found, for example, that 20% of adolescents
smoking fewer than 100 cigarettes reported “smoking to relieve
restlessness and irritability” and “smoking a lot more now to be
satisfied.” Although this study closely resembles a previous
report by Gervais et al. (2006) with respect to both study design
and the objective to describe the natural course of nicotine
dependence in novice adolescent smokers, there are also notable
differences. Gervais used different criteria for assessing nicotine
dependence (six symptoms based on the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, and International
Classification of Diseases, 10th Revision, rather than the adoles-
centversion oftheNDSS). Additionally, theanalysis performed by
Gervais et al. pooled more established adolescent smokers (smoked
100 cigarettes) with more novice smokers who had not yet smoked
100 cigarettes and did not stratify by this criterion. Thus, the
current findings may be more generalizable to novice adolescent
smokers. These differences in measurement and smoking popula-
tions may explain the difference between the results of the current
study and those of Gervais’ study regarding the relative order of
tolerance development compared with other dependence symp-
toms. Most notably, the current study extends beyond examining
the natural course of nicotine dependence symptoms in evaluat-
ing the predictive validity of each of these symptoms for future
smoking behavior.

The plausibility of the presence of symptoms at these very
low levels of smoking exposure has been previously discussed by
DiFranza et al. (DiFranza et al., 2000; DiFranza, Savageau, Rigotti,
et al., 2002). Briefly, although changes in the brain have not yet
been directly linked to behavioral experiences of addiction fol-
lowing the earliest experimentation with smoking, the fact that
the number of nicotinic receptors in the brain increases as early
as the second dose of nicotine (Changeux, 2010) suggests that
experience of nicotine symptoms for many may indeed be fast.

The present study further demonstrated that nicotine
dependence among novice adolescent smokers is strongly pre-
dictive of future smoking in that the vast majority of symptoms
predicted both daily and nondaily smoking at the 48-month
assessment, even when controlling for amount of previous
smoking. Taken with previous work that has confirmed the pre-
dictive validity of early emerging symptoms in the development
of chronic smoking behaviors (Dierker & Mermelstein, 2010;
DiFranza, Savageau, Fletcher, et al., 2002), these results provide
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strong evidence for the importance of the early recognition of
nicotine dependence symptoms as a potential target for inter-
vention among novice smokers. To date, the focus of interven-
tion has largely been to prevent or delay first puff and then to
intervene again by supporting cessation but primarily among
chronic smokers or special populations such as pregnant women
(Ranney et al., 2006).

The major strengths of the present study include a prospective
design that follows an adolescent cohort of new smokers over a
4-year period and measurement of nicotine dependence from
the earliest experiences with smoking. Despite these important
strengths, a few study limitations should also be noted. First, the
direct comparison across studies of the number of months
required for the emergence of individual nicotine dependence
symptoms requires a consideration of differences in measure-
ment. Craving, for example, was reported among 25% of smokers
from the Montreal study within 5 months of smoking initiation
(Gervais et al., 2006), whereas in the present study 25% of
smokers achieved craving within 27 months of initiation. In the
Montreal study, craving was defined as ever having cravings to
smoke cigarettes, whereas in the present study, the NDSS item
restricted craving to those experiences occurring when not
smoking for a few hours, a difference that may at least partially
account for timing.

Second, the generalization of the results may be limited in
some ways. Because examination of the natural course of
dependence symptoms was conducted among those who initi-
ated smoking between age 13 and 18 (mean age = 15.4), any
generalization of the results is limited to smokers who initiate
during this period of adolescence. Earlier or later onset may also
show somewhat different timing in terms of the emergence of
dependence symptoms. Particularly, because the sample initiated
smoking at a later age than when most initiation occurs, the
results should not be generalized to adolescents who initiated
smoking at a younger age. Additionally, the relatively low pro-
portion of adolescents who agreed to participate in the study
among all adolescents who were invited is another factor that
may limit the generalization of these results. However, the racial
and ethnic diversity in the final sample is similar to another
comparable study (DiFranza et al., 2000), and these findings
may nevertheless be robust across different populations.

Third, considering that a relatively large proportion of novice
adolescent smokers developed symptoms of nicotine depen-
dence during the same assessment period as the occurrence
of the two milestones (i.e., 100 cigarettes and daily smoking),
future studies with a shorter observation interval are needed to
better characterize timing between smoking milestones and
development of nicotine dependence symptoms. Conversely,
studies spanning a longer time frame, as well as forthcoming
assessment waves of the current SECASPS, are likely to capture
a greater proportion of adolescents who progress to these
milestones.

Finally, the measurement of number of months for the
development of nicotine dependence symptoms is less precise
for participants who initiated smoking within the year prior to
the baseline assessment than for those initiating during the
follow-up. Notably, however, when comparing these two groups,
the differences in the cumulative probability of developing each
symptom within 3 years after smoking initiation were not
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significant suggesting that combining these two groups does
not bias the results. The only exception was for reports of
“smoking to keep from experiencing discomfort” in which
the cumulative probability was significantly greater for those
initiating smoking within the year prior to baseline (43.6%)
compared with those initiating during the follow-up period
(22.9%), p = .01.

In summary, the present study adds to the growing body of
literature on the natural course of nicotine dependence by
replicating previous research that has suggested that nicotine
dependence symptoms can develop soon after smoking initia-
tion at low level of exposure and before the occurrence of estab-
lished smoking patterns. Moreover, our findings confirm previous
studies that have evaluated the relationship between emerging
symptoms and later smoking behavior (Dierker & Mermelstein,
2010; DiFranza, Savageau, Fletcher, et al., 2002; DiFranza et al.,
2007), showing a strong and independent relationship between
these early reported symptoms and risk for future smoking,
over and above the level of tobacco use. Taken together, these
findings suggest that novice adolescent smokers should not be
neglected in smoking cessation intervention, and screening
and effective intervention for early emerging symptoms among
adolescent smokers may prevent the development of chronic
smoking.
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