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Abstract
Background—Little is known about time-varying effects of smoking quantity and nicotine
dependence on the regularity of adolescent smoking behavior.

Methods—The sample was drawn from the Social and Emotional Contexts of Adolescent
Smoking Patterns Study which followed adolescent smokers over 5 assessment waves spanning 48
months. Participants included former experimenters (smoked <100 cigarettes/lifetime but did not
smoke in past 90 days), recent experimenters (smoked <100 cigarettes/lifetime and smoked in past
90 days), and current smokers (smoked >100 cigarettes/lifetime and smoked in past 30 days).
Mixed-effects regression models were run to examine the time-varying effects of smoking
quantity and nicotine dependence on regularity of smoking behavior, as measured by number of
days smoked.

Results—Smoking quantity and nicotine dependence were each found to be significantly
associated with regularity of adolescent smoking and the size of each effect exhibited significant
variation over time. The effect of smoking quantity decreased across time for each smoking group,
while the effect of nicotine dependence increased across time for former and recent experimenters.
By the 48-month follow-up, the effects of smoking quantity and nicotine dependence had each
stabilized across groups.

Conclusions—This study reveals that smoking quantity and nicotine dependence are not static
risk factors for the development of more regular smoking patterns. At low levels of smoking when
nicotine dependence symptoms are less common, smoking quantity is a stronger predictor of
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increased regularity of smoking, while for more experienced smokers, nicotine dependence
predicts further increases in regularity.
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1. Introduction
The most important factor currently believed to contribute to smoking persistence is nicotine
dependence. Most commonly, nicotine dependence is characterized as physiological
adaptations (i.e., tolerance, withdrawal) and other accommodating behaviors (e.g., time
spent on obtaining/using nicotine and recovering from its effects, and forfeiting/reducing
important social, occupational, or recreational activities) resulting from regular and frequent
smoking. In fact, nicotine dependence and withdrawal have been consistently implicated in
the maintenance of smoking behavior: nicotine dependence predicts smoking regularity and
quantity (Dierker and Mermelstein, 2010; O’Loughlin et al., 2003; Shiffman and Sayette,
2005; Doubeni et al., 2010), failed quit attempts (DiFranza et al., 2002a; Haddock et al.,
1999; Ip et al., 2011; Piper et al., 2011), and biochemical markers of nicotine exposure
(Meneses-Gaya et al., 2009; Prokhorov et al., 2000; Carpenter et al., 2010).

Despite evidence for the central role of nicotine dependence in promoting the development
of regular smoking (Dierker and Mermelstein, 2010), its association with smoking is
reciprocal (Doubeni et al., 2010). That is, nicotine dependence symptoms both increase the
regularity of smoking and are a consequence of it. The relative roles of nicotine dependence
vs. smoking exposure in driving the development of regular smoking behavior have been
difficult to disentangle, especially considering that these measures vary across time. While
some studies have accounted for this variation over time by examining these variables as
time-varying predictors of cessation or relapse (Kahler et al., 2010; Wileyto et al., 2004;
Crittenden et al., 2007; Kandel et al., 2007; Van Zundert et al., 2010), their effects are
typically estimated as an average. That is, time-varying measures of smoking behavior and
nicotine dependence have produced only a single estimate of their average effect. Similarly,
studies employing trajectory analyses have described time-varying smoking behavior (White
et al., 2002; Karp et al., 2005; Brook et al., 2008) or nicotine dependence (Hu et al., 2008).
In these analyses, however, only the outcome is permitted to be time-varying, thus limiting
the association with the alternate construct to be either static or averaged across time.

The effects of smoking exposure and nicotine dependence on the regularity of smoking may
in fact vary in magnitude as regular smoking behavior develops. To date, the possible
variation of this relationship across time has not been investigated. It is possible, early in
one’s smoking career, that smoking quantity may be more strongly associated with smoking
regularity than are symptoms of dependence, while with continued exposure to cigarettes,
nicotine dependence may begin to play a larger role in the development of smoking
regularity. Characterizing the dynamics of these emerging relationships may be pertinent to
designing interventions by guiding the decisions of the specific factors to target, and the
optimal times to intervene on each factor, that are likely to most effectively reduce regular
smoking behavior.

To address this hypothesis, the current study investigated the time-varying effects of both
smoking quantity and nicotine dependence symptoms on regularity of smoking behavior, in
a sample of adolescents followed over five assessment waves spanning 48 months. The aims
of the study are to examine (1) whether nicotine dependence and smoking quantity have
time-varying effects on smoking regularity, and if so, how exactly these relationships
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change over time, and (2) whether these results differ for adolescents who are at different
stages in the development of regular smoking behavior. These questions were investigated
while controlling for other factors known to be associated with smoking behavior and
nicotine dependence, including parental smoking (Zagona and Zurcher, 1965; Bajda, 1964;
Avenevoli and Merikangas, 2003; Kardia et al., 2003), other tobacco use (Gilpin and Pierce,
2003; Connolly et al., 1986), and gender (Bajda, 1964; Bohadana et al., 2003).

2. Methods
2.1. Participants

The sample was drawn from the Social and Emotional Contexts of Adolescent Smoking
Patterns (SECASP) Study, which has been described elsewhere (e.g., Dierker and
Mermelstein, 2010). High schools were selected for recruitment based on geographic
location, size, ethnic/racial diversity, willingness to work with research staff in gaining
parental consent, willingness to provide a school liaison to the study, and space for
recruitment and data collection activities. Approximately 35 schools were invited to
participate. All 9th and 10th grade students at the final sample of 16 Chicago-area high
schools completed a brief screener survey of smoking behavior (N = 12,970). All students
who reported (1) smoking in the past 90 days and smoking <100 cigarettes/lifetime, (2)
smoking in the past 30 days and smoking >100 cigarettes/lifetime, or (3) smoking <100
cigarettes/lifetime, but not smoking in the past 90 days, were invited to participate, as were
random samples of never-smokers. Of the 3654 students invited, 1344 agreed to participate
(36.8%). Of these, 1263 (94.0%) completed the baseline measurement wave 2 months after
screening.

Following the baseline assessment, 5 assessment waves to date have occurred at 6, 15, 24,
33, and 48 months following baseline. Retention at 48 months was 86.5% (N = 1092).
Participants and non-participants at 48 months did not differ by gender, race/ethnicity, or
age. However, nonparticipation was higher among youth whose parent did not complete the
extensive parent questionnaire at baseline (X2 = 29.3, d.f. = 1), p < .0001. Non-completers
reported higher 7-day smoking rates at baseline (M = 0.85 cigarettes/day, SD = 2.47 vs. M =
0.42, SD = 1.33), p = .025; a greater number of days smoked in the past 30 (M = 5.5 days,
SD = 8.75 vs. M = 3.6, SD = 7.50), p = .007; and more cigarettes smoked on smoking days
in the past 30 (M = 1.37 cigarettes, SD = 3.05 vs. M = 0.82, SD = 1.74), p = .022. Non-
completers also had lower grade point averages at baseline (M = 3.50, SD = 0.68 vs. M =
3.77, SD = 0.76, p < .0001).

The present analyses focused on former experimenters (n = 304) who had smoked <100
cigarettes/lifetime at screening but had not smoked in the past 90 days, current
experimenters (n = 594) who had smoked <100 cigarettes/lifetime and had smoked in the
past 90 days, and current smokers (n = 152) who had smoked >100 cigarettes/lifetime, had
smoked in the past 30 days, but were smoking ≤5 cigarettes/day at screening. Demographic
and smoking characteristics are presented in Table 1. All groups had approximately the
same mean age at baseline and reported a similar age of smoking initiation. The former and
recent experimenters had an approximately equal composition of gender and ethnicity, while
the current smokers had a higher percentage of males.

2.2. Measures
2.2.1. Smoking—Smoking behavior was measured at the baseline, 6-, 15-, 24-, and 48-
month assessment waves with two items. Participants were asked on how many days they
smoked cigarettes in the past 30 days (smoking regularity) and how many cigarettes they
smoked in the past 7 days (smoking quantity).
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2.2.2. Nicotine dependence—Nicotine dependence was assessed at the baseline, 6-, 15-,
24-, and 48-month follow-up assessments with a shortened version of the nicotine
dependence syndrome scale (NDSS; Shiffman et al., 2004), modified for use with
adolescents. The full NDSS scale was reduced to 10 items based on psychometric analyses
conducted on an adolescent sample (Sterling et al., 2009), retaining those items reflecting
mainly drive and tolerance from the original NDSS. Research supports the reliability,
stability, construct validity, and predictive validity of the NDSS for use with adolescents
(Clark et al., 2005; Sledjeski et al., 2007), and the modified version demonstrated strong
internal consistency with the current sample (coefficient alpha = .93). Items in the current
study were answered on a four-point Likert-type scale, ranging from 1 (not at all true) to 4
(very true), and were averaged into a total NDSS score.

2.2.3. Other tobacco use—Other tobacco use was measured at baseline with the
following questions. During the past 30 days, on how many days did you (a) use chewing
tobacco, snuff or dip; (b) smoke cigars, cigarillos or little cigars; (c) smoked bidis or (d)
smoked kreteks? Responses were dichotomized into any other tobacco use vs. no other
tobacco use.

2.2.4. Parental smoking—Adolescents reported the current smoking status (current, ex-,
or never-smoker) of each biological parent at baseline.

2.3. Analyses
Using smoking regularity as the outcome, main effects and time-varying effects of smoking
quantity and nicotine dependence were examined, while controlling for mother’s smoking
status, father’s smoking status, other tobacco use, and gender. Mixed-effects regression
models, which include both fixed effects of variables and random effects to account for the
repeated measurements of participants over time, were run using SAS’s PROC MIXED.
Random effects included intercepts (allowing individual differences in baseline smoking
regularity) and time trends (allowing individual differences in the rate of change in smoking
regularity across follow-up waves), with an unstructured covariance structure. The model is
of the form

yij = b0i + blitij + b2iXij + b3i(xij × tij) + εij

where Xij is the matrix of all covariates (fixed effects) in the model for subject i and time j,
xij is the matrix of the subset of fixed effects for which time-varying effects will be
investigated, b2i is the vector of coefficients for the fixed effects of Xij, b3i is the vector of
coefficients for the fixed time-varying effects of xij, tij is the assessment wave, and εij is the
error. The random effects in the above equation are described by

b0i = β0i + v0i

b1i = β1i + v1i

where β0i and β1i are the fixed intercept and slope, respectively, and v0i and v1i are the
random intercepts and slopes, respectively. F statistics for all fixed effects in the model are
calculated using standard Type 3 F tests.

Due to a change in measurement procedures at the 48-month assessment wave, NDSS items
were not given to past-month nonsmokers and were coded as missing. Since observations
containing missing data are excluded from the analysis, the 48-month assessment wave
differs from the other waves in that it does not contain any participants who smoked 0 days
out of the past-month. To rectify this inconsistency, past-month nonsmokers at all earlier
assessment waves were also removed from the dataset prior to analysis; from baseline
through the 24-month wave, this excluded 993/1216 observations from former
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experimenters, 1448/2376 observations from recent experimenters, and 204/608
observations from current smokers.

Smoking regularity (outcome), smoking quantity, and nicotine dependence were all time-
varying, while mother’s smoking status, father’s smoking status, other tobacco use, and
gender were static and derived from the baseline reports. A categorical time variable
specified the assessment wave. Time-varying effects were investigated by including
interactions between each variable and time, and coefficients that compared each time point
to a reference time point were estimated. The model was run multiple times using sequential
contrasts in order to directly compare each pair of neighboring assessment waves. The
model was stratified by adolescent smoking status (former experimenter, current
experimenter, or current smoker) to investigate group-specific effects.

Finally, effect sizes were calculated using Cohen’s f2 (Cohen, 1988) in order to compare the
unique impacts of both smoking exposure and nicotine dependence on regularity of
smoking. Cohen’s f2 values were calculated separately within each smoking group and
assessment wave, as described elsewhere (Selya et al., 2012). 95% confidence intervals for
Cohen’s f2 values were obtained by running 1000 bootstrap replications and determining the
2.5th and 97.5th percentiles of the resulting distribution.

3. Results
Baseline characteristics, smoking behavior, and nicotine dependence for each smoking
group are shown in Table 1. Differences for these descriptive data over time (linear
difference between baseline and 48 months) and between smoking groups are as follows.
Smoking became more regular for experimenters between baseline and 48 months (former
experimenters: M = 6.50, t = 9.49, p < .0001; recent experimenters: M = 7.27, t = 12.27, p
< .0001). Smoking regularity at the 48-month follow-up differed by smoking group (F(2,
892) = 41.61, p < .0001), with the current smokers smoking more regularly than the recent
experimenters (M = 8.61, p < .0001), who in turn smoked more regularly than the former
experimenters (M = 3.44, p = .0005). Smoking quantity also reliably increased over time for
all smoking groups (former experimenters: M = 9.02, t = 6.45, p < .0001; recent
experimenters: M = 13.93, t = 9.81, p < .0001; current smokers: M = 18.90, t = 4.21, p < .
0001). Finally, nicotine dependence also increased over time (former experimenters: M =
0.95, t = 12.07, p < .0001; recent experimenters: M = 0.85, t = 15.82, p < .0001; current
smokers: M = 0.34, t = 3.05, p = .0026), and at the 48-month wave was highest for the
current smokers (vs. former experimenters: M = 0.66, t = 5.70, p<.0001; vs. recent
experimenters: M = 0.50, t = 5.02, p < .0001).

The results of the mixed-effects regression models are shown in Table 2. For all three
groups of adolescent smokers, higher smoking quantity (former experimenters: b = 0.39;
recent experimenters: b = 0.75; current smokers: b = 0.15) and higher nicotine dependence
(former experimenters: b = −0.23; recent experimenters: b = 2.33; current smokers: b =
6.62) were significantly associated with more regular smoking (all p < .0001), after
controlling for baseline measures of maternal and paternal smoking, other tobacco use, and
gender. In addition to these main effects, smoking quantity showed a significant time-
varying effect for all three smoking groups (former experimenters: F(4, 71) = 3.64, p = .
0093; recent experimenters: F(4, 447) = 33.86, p < .0001; current smokers: F(4, 228) = 2.90,
p = .0228). As Fig. 1 illustrates, this time-varying association between smoking quantity and
smoking regularity progressively decreases over the course of 48 months, such that higher
smoking quantity is associated with progressively reduced increases in smoking regularity.
All three adolescent smoking groups showed this decline overall, though sequential
contrasts between neighboring assessment waves did not always reach significance.
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Confirming this trend, effect sizes of smoking quantity (Table 3) were initially large and
decreased over time, with some variation in the initial magnitude of effect size. Though this
decline was not always significant due to small sample sizes causing large variation in the
bootstrap samples, the trend confirms the findings from the mixed-effects model. Together,
these results indicate that smoking quantity develops a weaker positive association with
smoking regularity as time progresses.

Nicotine dependence also showed a significant time-varying effect on regularity of smoking
for former experimenters (F(4, 71) = 3.07, p = .0215) and recent experimenters (F(4, 447) =
13.08, p < .0001). As Fig. 2 illustrates, the time-varying association between nicotine
dependence and smoking regularity progressively increases over 48 months for former and
recent experimenters, but remains steady for current smokers. That is, higher nicotine
dependence is associated with increasingly more regular smoking over time for former and
recent experimenters. This trend is confirmed by increasing effect sizes over time for
nicotine dependence (Table 3) in these two groups. For current smokers, the association
between nicotine dependence and smoking regularity was large at baseline, and did not
change over subsequent waves (Fig. 2). Similarly, the effect sizes of nicotine dependence
(Table 3) were large at baseline for this group and remained large throughout the follow-up
period.

4. Discussion
The present study examined the time-varying effects of smoking quantity and nicotine
dependence on smoking regularity among three groups of adolescent smokers. While
smoking quantity and nicotine dependence had strong cross-sectional associations with
smoking regularity, the strength of these associations also showed significant variation over
time. Mixed-effects regression models revealed that the effect of smoking quantity
decreased over time, while that of nicotine dependence increased over time for all but the
heaviest smokers at baseline. These findings are among the first to characterize the time-
varying, reciprocal relationships between nicotine dependence, tobacco exposure, and
regularity of smoking.

Smoking quantity was most strongly associated with regularity of smoking for the baseline
assessment wave, and this relationship became consistently weaker over time. That is,
smoking quantity was associated with more regular smoking, but over time became
associated with weaker increases in smoking regularity. Smoking groups differed in the
exact course of this decline: former and recent experimenters had a stronger initial
association which declined steeply over time, while current smokers showed a smaller-
magnitude decrease from an initially weaker association. By the 48-month follow-up
assessment, the association between smoking quantity and regularity of smoking had
declined to a similar level across all three smoking groups. Relative to nicotine dependence,
tobacco exposure seems to be more relevant to increased smoking regularity during the
earliest stages of smoking.

Nicotine dependence, in contrast, was weakly associated with smoking regularity at
baseline, and this association became progressively stronger over time for the former and
recent experimenters. That is, nicotine dependence initially had a negligible effect size on
smoking regularity, but over time, higher nicotine dependence became associated with
progressively more regular smoking. Though nicotine dependence was a significant cross-
sectional predictor of smoking regularity at all assessment waves and for all smoking
groups, its association with smoking regularity was not time-varying for the current
smokers, for whom the effect of nicotine dependence was already strong at baseline. The
increase over time in the effect of nicotine dependence observed in the former and recent
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experimenters resulted in all three groups having an equivalent effect size of nicotine
dependence by the 48-month assessment. Thus, compared to tobacco exposure, which is a
stronger predictor of smoking regularity at low levels of smoking when nicotine dependence
symptoms are rare, nicotine dependence explains further increases in regularity once
adolescents have developed relatively consistent smoking patterns.

Although not statistically significant, the effect of nicotine dependence seemed to peak at 15
months and 24 months following baseline for the recent and former experimenters,
respectively, before subsequently declining. However, this decline approached significance
(p < .10), possibly suggesting the importance of nicotine dependence during early stages of
infrequent smoking among novice adolescent smokers, consistent with previous findings
(Dierker and Mermelstein, 2010; DiFranza et al., 2002b, 2007; O’Loughlin et al., 2003). In
particular, early-emerging nicotine dependence may increasingly explain smoking regularity
at the earliest stages of smoking and eventually reach a point after which its effect slightly
weakens and then stabilizes. The timing of this peak seems to be related to the stage of
smoking behavior, since recent experimenters peaked slightly earlier than former
experimenters, who are generally farther behind in smoking development. However, since
the decline in the effect of nicotine dependence did not reach significance, future research is
needed to more thoroughly investigate the presence or absence of this possible peak in the
effect of nicotine dependence.

The current findings also suggest that an adolescent’s cumulative exposure to cigarettes
plays a role in how strongly nicotine dependence and tobacco exposure explain smoking
regularity. Specifically, the effects of nicotine dependence and tobacco exposure had varied
strengths across the three smoking groups at baseline, but reached similar levels as more of
the former and current experimenters became established smokers. Moreover, the effect
sizes at baseline for the current smokers were similar to the effect sizes at the 48-month
assessment wave for the former and recent experimenters, suggesting that the observed
group differences mainly reflect different stages in smoking development and cumulative
exposure to cigarettes. Together, these results suggest that the effects of nicotine dependence
and tobacco exposure vary by stage of smoking development, and eventually converge to a
stable level across smoking groups as regular smoking patterns are established.

Little remains known about the reciprocal relationship between nicotine dependence and
smoking regularity. This and other recent studies have begun to address the reciprocal nature
of these relationships. Doubeni et al. (2010) provided evidence for this positive feedback, in
which nicotine dependence predicted future smoking frequency and vice versa over multiple
assessment waves. The current study complements these results by evaluating cross-
sectional associations over several years, providing a series of proximal measures of
instantaneous associations between nicotine dependence, tobacco exposure, and smoking
regularity. This approach allows an examination of how these reciprocal relationships
become stronger or weaker over the development of smoking behavior, and thus augments
the findings of Doubeni et al. (2010) showing the existence of this bidirectional relationship
throughout the early stages of smoking. Future work combining the current methods with
data collected within other time frames, such as ecological momentary assessment (EMA),
may be promising. For example, analyzing individual episodes of smoking and craving/
withdrawal using time-varying effects models could address how daily experiences of
dependence symptoms are associated with concurrent smoking behavior, and how this
relationship evolves over time for smokers with different cumulative exposures to nicotine.

As a whole, the results presented here are consistent with theoretical accounts of addiction
involving reinforcement. While positive reinforcement is hypothesized to play a role during
initiation in that rewarding, hedonic effects of nicotine establish repeated self-administration

Selya et al. Page 7

Drug Alcohol Depend. Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(Koob, 1996; Wise, 1988), negative reinforcement is theorized to trigger and maintain
nicotine dependence once smoking has been initiated (Koob, 1996; Watkins et al., 2000).
This negative reinforcement process consists of some period of abstinence from nicotine, a
resulting negative affective state, and, finally, smoking in order to relieve withdrawal
symptoms (Watkins et al., 2000; Koob, 1996; Dani and Heinemann, 1996). This process
may start with an increase in one’s hedonic set point, necessitating increased nicotine
consumption to achieve the same level of positive reward (Watkins et al., 2000; Ahmed and
Koob, 1998). Biologically, chronic nicotine exposure leads to desensitization, inactivation,
and a compensatory upregulation of nicotinic acetylcholine receptors (Watkins et al., 2000;
Dani and Heinemann, 1996). This tolerance to nicotine persists well into abstinence
(Watkins et al., 2000), when withdrawal symptoms result from a now-excessive number of
nicotinic receptors returning to active states and triggering non-reward pathways that result
in negative affective states and increased stress response (Dani and Heinemann, 1996;
Watkins et al., 2000; Koob, 1996). The findings presented here fit into this theoretical
framework in that nicotine dependence is relatively uncommon in novice adolescent
smokers, and thus its impact on their smoking regularity is small. Instead, early increases in
smoking regularity are more likely to result from the positive reinforcement of nicotine’s
hedonic qualities and the beginning of tolerance. Over time, and presumably after repeated
tobacco exposure has altered the brain’s non-reward pathways, nicotine dependence
becomes a much stronger contributor to increased smoking regularity. The current results
are consistent with this theory that negative reinforcement, via increased nicotine
dependence, takes over as the primary force in developing nicotine addiction.

The current findings should be considered within the context of study limitations. First, the
need to remove past-month nonsmokers from analysis significantly reduced the sample size,
limiting the ability to examine additional important correlates of smoking (e.g., detailed
demographic information, secondhand smoke exposure, and detailed use of other tobacco
products and other substances) while retaining sufficient power to characterize the basic
time-varying effects presented here. Future research utilizing larger sample sizes is needed
to investigate more complex models of smoking regularity. Additionally, these results are
directly tied to the measurement of nicotine dependence according to the NDSS, and as such
mainly reflect drive and tolerance dimensions. The optimal time frame for assessing these
time-varying relationships is unclear, and these results may be augmented by future analyses
of data with coarser- or finer-grained assessment intervals. Further, substantial individual
variability exists within prominent group patterns, especially in terms of experienced
nicotine dependence symptoms at a given level of smoking. Finally, the relationships
between nicotine dependence and smoking behavior presented here are associational, and
cannot inform about causation.

Despite these limitations, the current study has a number of strengths. The investigation of
time-varying effects as a series of cross-sectional associations captures both proximal
measures of concurrent associations with smoking regularity and their variability over 4
years. The SECASP sample allows a description of these time-varying effects for smokers at
diverse stages in the development of regular smoking. By the 48-month follow-up, the
majority of participants are young adults, allowing assessments of smoking behavior that are
robust across a variety of factors that may influence regularity, such as ease of access to
cigarettes and legality of purchasing cigarettes. This study is among the first to describe the
time-varying nature of the bidirectional relationship between smoking behavior and nicotine
dependence.

As the largest preventable cause of death in the US, cigarette smoking represents a
significant public health burden (Pleis et al., 2009). The vast majority of smokers initiate
smoking during adolescence (Escobedo et al., 1990; Rigotti et al., 2000; Schoenborn and

Selya et al. Page 8

Drug Alcohol Depend. Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Adams, 2010), and can become addicted for many decades (Russell, 1990). Thus, studying
smoking behavior and nicotine dependence during this crucial time period is critical for
developing intervention and treatment programs. The findings that tobacco exposure has a
larger effect than does nicotine dependence on smoking regularity at early stages of
smoking, and vice versa at later stages, have important implications for early intervention
programs. For example, strategies to reduce the number of cigarettes smoked are likely to be
most successful at the earliest stages of smoking development when nicotine dependence is
less relevant. In contrast, adolescents who are beginning to show some regularity may be
better served by programs that reduce or treat nicotine dependence symptoms. The current
study suggests that additional consideration of specific stages in smoking development is
critical to the success of intervention strategies.
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Fig. 1.
Coefficient estimates of smoking quantity from a mixed-effects regression model are shown
for each assessment wave, and for each of the three subgroups of adolescent smokers
defined at screening: former experimenters (smoked under 100 cigarettes/lifetime but did
not smoke in the past 90 days), recent experimenters (smoked under 100 cigarettes/lifetime
and smoked in the past 90 days), and current smokers (smoked over 100 cigarettes/lifetime,
smoked in the past 30 days, but did not smoke more than 5 cigarettes/day). Smoking groups
are slightly staggered around assessment wave to show differences. Coefficient estimates are
based on the average fixed effect of smoking quantity across adolescents in each group.
Asterisks indicate a significant difference for the corresponding wave, relative to the
coefficient estimate of the previous wave, and ’×s indicate a significant difference relative to
the baseline wave. Vertical bars indicate 95% confidence intervals.
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Fig. 2.
Coefficient estimates of NDSS score from a mixed-effects regression model are shown for
each assessment wave, and for each of the three subgroups of adolescent smokers defined at
screening: former experimenters (smoked under 100 cigarettes/lifetime but did not smoke in
the past 90 days), recent experimenters (smoked under 100 cigarettes/lifetime and smoked in
the past 90 days), and current smokers (smoked over 100 cigarettes/lifetime, smoked in the
past 30 days, but did not smoke more than 5 cigarettes/day). Smoking groups are slightly
staggered around assessment wave to show differences. Coefficient estimates are based on
the average fixed effect of NDSS across adolescents in each group. Asterisks indicate a
significant difference for the corresponding wave, relative to the coefficient estimate of the
previous wave, and ’×s indicate a significant difference relative to the baseline wave.
Vertical bars indicate 95% confidence intervals.
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Table 1

Demographic and smoking characteristics by subgroup.

Baseline characteristicd Former experimentersa
N = 304

Recent experimentersb
N = 594

Current Smokersc
N = 152

Female sex, n (%) 170 (55.9) 344 (57.9)   71 (46.7)

Mean age, years, mean (SD)   15.7 (0.62)   15.6 (0.62)   15.8 (0.63)

Race/ethnicity

    Non-Hispanic White, n (%) 151 (49.7) 327 (55.1) 107 (70.4)

    Non-Hispanic Black, n (%)   66 (21.7)   96 (16.2)   10 (6.6)

    Hispanic, n (%)   55 (18.1) 117 (19.7)   24 (15.8)

    Asian/Pacific Islander, n (%)   13 (4.3)   17 (2.9)     4 (2.6)

    American Indian/Alaska Native, n (%)     0(0)     2 (0.3)     0 (0)

Smoked in the past 24 h, n (%)     7 (2.3)   70 (11.8)   93 (61.6)

Smoked in the past week, n (%)   26 (8.6) 230 (39.2) 124 (83.2)

Other tobacco use in past 30 days, n (%)   38 (12.5) 189 (32.1)   71 (46.7)

Ever smoked daily in lifetime, n (%)   22 (7.3)   90 (15.2) 119 (79.3)

Smoked daily in the past month, n (%)     0 (0)     4 (0.7)   45 (29.6)

Age of initiation in years, mean (SD)   12.2 (2.13)   12.7 (2.03)   11.7 (1.91)

Mother’s smoking status, n (%)

    Current smoker   65 (22.9) 139 (24.7)   61 (41.5)

    Ex-smoker   69 (23.9) 133 (23.6)   35 (23.8)

    Never-smoker 151 (53.2) 291 (51.7)   51 (34.7)

Father’s smoking status, n (%)

    Current smoker   87 (36.3) 157 (32.5)   58 (43.9)

    Ex-smoker   66 (27.5) 136 (28.2)   27 (20.5)

    Never-smoker   87 (36.3) 190 (39.3)   47 (35.6)

Smoking regularitye, mean (SD)     0.5 (1.48)     3.2 (5.35)   18.2 (11.06)

    At 6-month assessment     1.1 (3.46)     4.1 (6.83)   18.7 (11.90)

    At 15-month assessment     2.1 (5.89)     5.7 (9.47)   20.1 (12.32)

    At 24-month assessment     3.1 (7.78)     7.2 (10.54)   19.5 (12.21)

    At 48-month assessment     7.0 (11.13)   10.5 (12.37)   19.2 (12.78)

Smoking quantityf, mean (SD)     0.2 (1.66)     2.0 (5.58)   19.4 (23.58)

    At 6-month assessment     0.6 (3.35)     2.5 (7.74)   24.1 (27.12)

    At 15-month assessment     1.9 (9.34)     5.3 (15.12)   32.6 (37.98)

    At 24-month assessment     2.9 (11.05)     7.6 (12.30)   25.8 (30.92)

    At 48-month assessment     9.3 (22.8)   15.9 (31.5)   38.3 (44.53)

NDSS score, mean (SD) of 10 items on a scale of 1–4     1.0 (0.27)     1.2 (0.52)     2.2 (0.86)

    At 6-month assessment     1.0 (0.35)     1.3 (0.63)     2.2 (0.87)

    At 15-month assessment     1.1 (0.50)     1.4 (0.72)     2.3 (0.89)

    At 24-month assessment     1.1 (0.58)     1.4 (0.75)     2.3 (0.89)

    At 48-month assessment     1.9 (0.84)     2.1 (0.86)     2.6 (0.86)

a
At screening, youths who had smoked <100 cigarettes/lifetime but had not smoked in the past 90 days.
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b
At screening, youths who had smoked <100 cigarettes/lifetime and had smoked in the past 90 days.

c
At the screening phase of the study, youths who had smoked >100 cigarettes/lifetime, had smoked in the past 30 days, but smoke ≤5 cigarettes/

day.

d
Percentages based on valid responses.

e
Smoking regularity is defined as the number of days smoked in the past 30 days.

f
Smoking quantity is defined as the number of cigarettes smoked in the past 7 days.
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Table 2

Unstandardized fixed effects on adolescent smoking frequency, based on results of a mixed-effects regression
model, stratified by adolescent smoking subgroup. Bold values indicate significance at p < .05.

Effect Former experimentersa
F value (DF)

Recent experimentersb
F value (DF)

Current smokersc
F value (DF)

Smoking quantity 31.22 (1/71)*** 335.91 (1/447)***   42.30 (1/228)***

NDSS score 52.30 (1/71)*** 337.18 (1/447)*** 156.90 (1/228)***

Maternal smoking status   1.33 (2/71)     1.18 (2/447)     5.40 (2/228)**

Paternal smoking status   0.33 (2/71)     0.18 (2/447)     2.39 (2/228)

Other tobacco use   0.01 (1/71)     0.27 (1/447)     0.51 (1/228)

Gender   0.30 (1/71)     0.32 (1/447)     0.92 (1/228)

Time   1.87 (4/71)     4.32 (4/447)***     1.90 (4/228)

Smoking quantity by time interaction   3.64 (4/71)**   33.86 (4/447)***     2.90 (4/228)*

NDSS score by time interaction   3.07 (4/71)*   13.08 (4/447)***     0.26 (4/228)

a
At screening, youths who had smoked <100 cigarettes/lifetime but had not smoked in the past 90 days.

b
At screening, youths who had smoked <100 cigarettes/lifetime and had smoked in the past 90 days.

c
At the screening phase of the study, youths who had smoked >100 cigarettes/lifetime, had smoked in the past 30 days, but smoke ≤5 cigarettes/

day.

*
p < .05.

**
p < .01.

***
p < .0001.
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Table 3

Effect sizes of smoking quantity and nicotine dependence on the regularity of smoking, over 5 assessment
waves. Cohen’s f2 (Cohen, 1988) is shown for smoking quantity (top half) and NDSS (bottom half) within
each assessment wave and smoking group, along with 95% confidence intervals (based on 2.5th and 97.5th
percentiles of the distribution from 1000 bootstrap replications). Conventionally, f2 values of .02, .15, and .35
are considered small, medium, and large effect sizes, respectively (Cohen, 1988).

Former experimentersa

f2 (95% CI)
Recent experimentersb

f2 (95% CI)
Current smokersc

f2 (95% CI)

Smoking quantity

    Baseline 0.653 (0.134–1.96) 1.300 (0.682–2.212) 0.337 (0.127–0.644)

    6-month 0.533 (0.001–2.984) 0.677 (0.435–1.02) 0.092 (0.007–0.229)

    15-month 0.485 (0.078–1.313) 0.163 (0.062–0.324) 0.097 (0.011–0.244)

    24-month 0.257 (0.049–0.575) 0.169 (0.072–0.310) 0.115 (0.027–0.239)

    48-month 0.235 (0.045–0.566) 0.099 (0.034–0.189) 0.046 (0.000–0.171)

Nicotine dependence

    Baseline 0.111 (0.000–0.462) 0.109 (0.039–0.202) 0.428 (0.126–0.881)

    6-month 0.340 (0.014–0.916) 0.296 (0.124–0.526) 0.398 (0.147–0.814)

    15-month 0.480 (0.033–0.1.69) 0.680 (0.364–1.072) 0.392 (0.139–0.793)

    24-month 0.335 (0.081–0.816) 0.357 (0.176–0.581) 0.401 (0.120–0.885)

    48-month 0.229 (0.055–0.517) 0.377 (0.212–0.587) 0.336 (0.096–0.787)

a
At screening, youths who had smoked <100 cigarettes/lifetime but had not smoked in the past 90 days.

b
At screening, youths who had smoked <100 cigarettes/lifetime and had smoked in the past 90 days.

c
At the screening phase of the study, youths who had smoked >100 cigarettes/lifetime, had smoked in the past 30 days, but smoke ≤5 cigarettes/

day.
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