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Abstract

Introduction—Given absence of a “gold standard” for measuring self-reported nicotine
dependence, particularly among less experienced smokers, there is a need to evaluate existing
measures to determine how well symptoms measure the underlying nicotine dependence construct
and whether symptoms function differently for less experienced smokers. Study aims were to
determine 1) likelihood of endorsement of individual symptoms at different levels of a nicotine
dependence construct and the ability of symptoms to discriminate between different levels of this
construct and 2) whether these symptom properties varied between nondaily and daily smokers.

Methods—We used multiple group Item Response Theory analysis to evaluate nicotine dependence

symptoms from the Nicotine Dependence Symptom Scale based on a nationally representative

sample of 8,081 recent onset adolescent smokers from the National Surveys on Drug Use and Health.

Results—After controlling for age, gender, smoking quantity and length of smoking exposure,

symptoms assessing tolerance were invariant across nondaily and daily smokers, and discriminated

well between levels of the nicotine dependence construct. However, the majority of symptoms

functioned differently for nondaily and daily smokers. These symptoms did not discriminate as well

between levels of the nicotine dependence construct and were more likely to be endorsed at lower
levels of this construct for daily smokers.

Discussion—A measure that encompasses a range of symptoms tapping different aspects of

smoking may be ideally suited for nondaily adolescent smokers, while an ideal measure of nicotine

dependence for daily smokers might also include more core diagnostic features of nicotine
dependence such as withdrawal and tolerance.
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1. Introduction

The conventional description of the natural history of dependent smoking is that individuals
first try smoking in early to mid adolescence and then gradually escalate their frequency of
smoking over a two- or three-year period to the point where they are smoking daily. Daily
smokers continue to escalate their cigarette use as they develop into chronic, dependent
smokers. Though this description is consistent with national survey data (e.g. Breslau, Johnson,
Hiripi, & Kessler, 2001; SAMHSA, 2002), it represents an average that does not convey the
wide variety of patterns that occur during the emergence of nicotine dependence. More recent
evidence based on longitudinal studies of adolescent smokers has consistently shown that, for
some adolescents, nicotine dependence symptoms emerge very soon after the onset of smoking
and at low levels of nicotine exposure (i.e. light and/or intermittent smoking) (Dierker, et al.,
2007; DiFranza, Savageau, Rigotti, et al., 2002; O’Loughlin, et al., 2003).

However, it is improbable that these intermittent smokers are nicotine dependent in the way
that nicotine dependence is traditionally operationalized (Goedeker & Tiffany, 2008). That is,
some dependence symptoms (for example, tolerance and withdrawal) may be less relevant to
the measurement of the underlying construct for these smokers than they are for those smoking
daily. This is supported by recent research which suggests that there are qualitative differences
in the symptom profiles of dependent smokers (primarily daily smokers) and nondependent
smokers (primarily nondaily smokers) (Goedeker & Tiffany, 2008). Yet, setting aside the
question of whether or not these intermittent smokers are nicotine dependent, research suggests
that the symptoms experienced by novice smokers who smoke only occasionally predict
smoking at heavier levels in the future (Dierker & Mermelstein, under review). If the relevance
of dependence symptoms to the construct being measured (be it actual nicotine dependence in
regular, heavy smokers, or perhaps more accurately, level of propensity for continued and
heavier smoking in intermittent, light smokers) differs, this suggests that the psychometric
properties of the symptoms in the same measure of nicotine dependence may also differ
between novice smokers who smoke intermittently and novice smokers who have attained a
daily level of smoking.

This difference could lead to a major confound in measuring the nicotine dependence
phenomena in novice smokers who are extremely heterogeneous in their smoking experience.
To put it in simple terms, the underlying construct assessed by the same symptoms may mean
different things depending upon one’s current level of exposure. This can lead to problems in
measurement of the construct, as well as its interpretation if potential differences in the meaning
of the construct are not considered. Consequently, it is important to establish whether or not
many of the most commonly measured nicotine symptoms are suitable for the measurement
of “dependence” in recent onset adolescent smokers in terms of both measurement and
interpretation. If the psychometric characteristics of existing measures of nicotine dependence
symptoms do in fact differ for recent onset smokers with different levels of smoking exposure,
then these differences need to be considered in measuring the nicotine dependence construct.
This is a necessary preliminary step to fully understand the expression of the nicotine
dependence phenomena along the full range of smoking exposure.

In terms of measurement properties, symptoms may differ between nondaily and daily smokers
in their likelihood of endorsement and in their ability to discriminate between individuals with
different levels of the nicotine dependence construct. Items that differ across groups in these
symptom characteristics are said to exhibit differential item functioning (DIF). A symptom

with DIF indicates that daily and nondaily smokers with the same level on the latent nicotine
dependence construct have a different probability of endorsing that symptom. Evidence of such
differential item functioning (DIF) suggests that there are systematic differences in symptom
endorsement between the population subgroups of interest, independent of their level of the
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underlying nicotine dependence construct. Assessing DIF is important to gain a better
understanding of systematic group differences in symptom properties. DIF across smoking
exposure groups could reflect true differences between groups on the nicotine dependence
construct, bias in the measurement of the construct, or both. That is, observed differences
between nondaily and daily smokers in the relations between nicotine dependence scores and
other outcome variables may reflect DIF related bias instead of actual differences related to
smoking exposure (Horn & McArdle, 1992; Meredith, 1993). Scores on the dependence
construct that do not take into account variability in the psychometric properties of the
symptoms are likely to be less accurate for population subgroups that differ on these properties.

With the exception of a few studies designed specifically to evaluate the emergence of nicotine
dependence, (DiFranza, etal., 2000; DiFranza, Savageau, K. Fletcher, etal., 2002; O’Loughlin,
et al., 2003), symptoms have often been assessed only among respondents that meet clearly
established smoking patterns (i.e. most commonly, regular or daily use), thus constraining the
range of smoking levels that can be examined and limiting the ability to consider dependence
symptoms at lower levels of use. More recently, surveys of large nationally representative
populations have substantially expanded inclusion criteria for the administration of nicotine
dependence items allowing for more careful consideration of the early emerging aspects of
dependence (Dierker & Donny, 2008; Kandel, Hu, Griesler, & Schaffran, 2007; Rose, Dierker,
& Donny, 2010).

Aside from measuring nicotine dependence symptoms at nondaily levels of use, understanding
the expression of nicotine dependence symptoms requires measures that (1) can assess degrees
of the underlying construct on a continuum, rather than its categorical presence or absence, (2)
are comprehensive enough to capture unique patterns of symptoms endorsement at different
levels of smoking exposure, and (3) are appropriate for measuring the nicotine dependence
phenomena among light and/or infrequent as well as established smokers (Tiffany, Conklin,
Shiffman, & Clayton, 2004). The Nicotine Dependence Syndrome Scale (NDSS) clearly
fulfills the first two criteriain that it is designed to measure nicotine dependence on a continuum
with items representing a comprehensive range of experiences and behaviors believed to
characterize nicotine addiction (Shiffman, Waters, & Hickcox, 2004). To date, however, no
research has directly evaluated differences in psychometric properties of NDSS symptoms
related to smoking exposure.

The present study used an Item Response Theory (IRT) approach to evaluate NDSS symptom
level properties in a nationally representative sample of 8,081 recent onset adolescent smokers.
Data were drawn from five annual National Surveys on Drug Use and Health (NSDUH), one
of the largest, nationally representative, epidemiologic studies available to date that includes
substantial heterogeneity in adolescent nicotine exposure, as well as assessment of nicotine
dependence symptoms among adolescents as young as 12 years old. We combined data from
the five surveys to ensure an adequate sample size to evaluate symptom endorsement for both
nondaily and daily recent onset smokers. The aims of the study were to determine 1) the
likelihood of endorsement of individual NDSS symptoms at different levels of an underlying
nicotine dependence construct and the ability of individual symptoms to discriminate between
adolescents with different levels of this construct; and 2) whether these symptom properties
vary according to whether smokers are engaged in nondaily vs. daily smoking behavior (i.e.,
whether there is evidence of DIF).

2. Methods
2.1 Participants

The sample, drawn from data combining five annual NSDUH surveys (2002-2006), consisted
of N=8,081 individuals age 12 to 21 who reported smoking 1) at least once in the past month
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and 2) their first exposure to smoking within the past two years . The NSDUH utilizes
multistage area probability sampling methods to select a representative sample of the
noninstitutionalized U.S. civilian population aged 12 or older. Persons living in households,
military personnel living off base, and residents of noninstitutional group quarters including
college dormitories, group homes, civilians dwelling on military installations, as well as
persons with no permanent residence are included. The NSDUH oversamples adolescents ages
12 to 17 to improve precision of substance use estimates.

Sample characteristics are presented in Table 1. The majority (81%) were nondaily smokers.
Most nondaily smokers (63.6%) reported smoking no more than 1 cigarette on the days they
did smoke and 95% reported smoking 5 or fewer cigarettes on the days they smoked.
Participants smoked an average 12.2 of the past 30 days (SE=0.16, range 1-30). Half (51%)
had been smoking for more than one but no more than two years, and the rest began smoking
in the past year.

2.2 Measures

Smoking variables—Cigarette exposure was assessed with three items. Participants were
asked how many days they smoked cigarettes in the past 30 days. Smoking quantity was also
assessed by asking participants to report the average number of cigarettes they smoked on the
days that they smoked cigarettes in the past 30 days, and dichotomized into no more than one
vs. more than one cigarette per day. Length of exposure was assessed by subtracting the age
at which participants first reported smoking a cigarette from their current age, and
dichotomizing into one year or less vs. between one and two years.

Nicotine Dependence—In the NSDUH, nicotine dependence was assessed using the 19
item Nicotine Dependence Syndrome Scale (NDSS; Shiffman, et al., 2004). Participants were
asked to rate how true each of the symptoms was of their smoking during the past 30 days.
Items were rated using the following response options: 1) not at all true, 2) sometimes true, 3)
moderately true, 4) very true, 5) extremely true. The NDSS provides a single summary score
for overall nicotine dependence that includes items measuring drive (i.e. craving and
withdrawal symptoms), tolerance (i.e. reduced sensitivity to tobacco products), priority (i.e.
preference for smoking over other reinforcers), continuity (i.e. regularity of smoking), and
stereotypy (i.e. the “sameness” of smoking contexts). The NDSS has been shown to have good
psychometric properties in both adolescent (Clark, et al., 2005) and adult (Shiffman & Sayette,
2005; Shiffman, et al., 2004 ) populations, and has been found to predict future smoking
(Sledjeski, et al., 2007). Due to considerable missing data from an option allowing participants
to skip two of the items measuring stereotypy and priority regarding nonsmoking friends (“Do
you have any friends who do not smoke cigarettes?” and “There are times when you choose
not to be around your friends who don't smoke, because they won't like it if you smoke”,
respectively), these items were excluded from the analysis. In addition, four symptoms were
reverse scored for the analyses so that endorsement was indicative of a greater level of
underlying nicotine dependence. They included “feel a sense of control over smoking”; “it is
normal to smoke several cigarettes in an hour, then not have another one until hours later”;
“the number of cigarettes smoker per day often changes”; “the number cigarettes smoked per
day is often influenced by other things”.

In their study of adolescents, Strong et al. (2009) found that the distribution of most NDSS
symptom responses were skewed such that the majority of participants endorsed the “not at all
true” option and that dichotomizing the NDSS responses increased model stability without a
loss of information or reliability. We found responses to be similarly distributed in the current
sample and thus chose to collapse the four response options categories of “sometimes true” to
extremely true” into a single category to generate a dichotomous variable for symptom
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endorsement (No — not at all true vs. Yes — any of the four positive responses). Although this
dichotomization could potentially result in some loss of information, the considerable skew on
the four levels indicating positive symptom endorsement suggested that this risk was minimal.
Furthermore, evaluating the psychometric properties for so many symptoms on an ordinal scale
across two levels of smoking exposure is prohibitive for two reasons: 1) the number of IRT
parameters to be estimated and interpreted across the two groups would be huge and would
require a sample size of recent smokers even larger than the 8,081 available for this analysis,
and 2) the considerable amount of skew on the symptoms would result in inadequate coverage,
particularly on the moderately, very, and extremely true response categories.

IRT analysis has the advantage of allowing us to examine differences in the probability of
symptom endorsement among smokers engaged in daily vs. nondaily smoking behavior while
controlling for level of the underlying nicotine dependence construct and other covariates.
Therefore, we conducted multiple group 2-parameter item response theory (IRT) probit
analyses (Muthen & Lehman, 1985) comparing nondaily and daily smokers to test whether the
psychometric properties of symptoms along a single latent nicotine dependence continuum
differed between these groups after controlling for age, gender, quantity smoked, and length
of smoking exposure. Based on mounting evidence for a single primary nicotine dependence
construct underlying nicotine dependence symptoms (Courvoisier & Etter, 2008; Strong, et
al., 2009) and a preliminary exploratory factor analysis that indicated that the majority of the
common variance in NDSS symptoms in the current sample was explained by a single factor
(eigenvalues for the first and second factors = 9.2 and 1.5, respectively; 54% of variance
explained by the first factor), we assumed a single latent nicotine dependence construct for the
IRT analyses.

IRT analysis provides estimates of each symptom’s difficulty (severity) and discrimination.
Symptom severity is the value of the latent nicotine dependence factor (which has a mean of
zero and a standard deviation of one) at which the probability of symptom endorsement is 0.50,
and is a function of the estimated symptom thresholds. Symptoms that have a higher probability
of being endorsed at low levels of nicotine dependence have lower severity values. The
difference between severity parameters across groups can be interpreted in the same manner
as small, medium, or large effect sizes using Cohen’s (1988) criteria (Steinberg & Thissen,
2006). Symptom discrimination indicates which symptoms best differentiate among
adolescents with different levels of nicotine dependence. It is a function of the slope (factor
loading) of the symptom where higher values indicate greater symptom discrimination. Finally,
the item characteristic curve (ICC) is a plot of these parameters combined, and is examined to
simultaneously evaluate symptom severity and discrimination at different values of the latent
nicotine dependence construct. We used Mplus (Version 5; Muthen & Muthen, 1998-2007)
to conduct the IRT analyses.

To identify symptoms with DIF, we conducted a total of 16 multiple group IRT analyses where
a model constraining the slope (discrimination) and threshold (severity) parameters for one
symptom to be equal across groups (constrained model) was compared to an unconstrained
model in which these parameters were free to vary for all symptoms, with the exception of a
single anchor symptom (one that loads highly on the nicotine dependence construct in both
groups and shows no evidence of DIF), for which the parameters are constrained to be equal
across groups (Stark, Chernyshenko, & Drasgow, 2006). A single anchor symptom is required
to ensure a common metric across smoking groups on the underlying nicotine dependence
construct. Each of these models controlled for the effects of age (12-17 vs. 18-21 years),
gender, smoking quantity, and length of exposure on the nicotine dependence factor by
including paths regressing the latent nicotine dependence factor onto these variables. An

Drug Alcohol Depend. Author manuscript; available in PMC 2011 July 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rose and Dierker

3. Results

Page 6

approximate chi-square difference test provides a p-value for the difference in model fit
between the constrained and unconstrained models. A significant p-value indicates a
significantly worse fit of the constrained model and provides evidence of DIF for the symptom
being tested. We used the Benjamini-Hochberg procedure to adjust for multiple significance
tests (Benjamini & Hochberg, 1995; Thissen, Steinberg, & Kuang, 2002).

In the last step of the IRT analysis, we tested a final multiple group IRT model in which all
symptoms showing evidence of DIF in the individual IRT models described above were free
to vary across groups. This final model was used to generate ICCs, to obtain effect sizes for
differences in symptom severity and to calculate an estimated maximum a posteriori (MAP)
nicotine dependence factor score that takes into account each individual’s pattern of
endorsement and differences in symptom IRT parameter estimates.

Fitindices for the final multiple group IRT model were reasonable (Tucker-Lewis Index=0.93,
Comparative Fit Index =0.90, Root Mean Square Error of Approximation = 0.06). In addition,
the p-value associated with the approximate change in chi-square for the final multiple group
IRT model compared to the unconstrained model was not significant (p=0.210). This indicated
that fit was unaffected by simultaneously constraining all symptoms that did not show evidence
of DIF in the individual IRT models. Table 2 shows the severity and discrimination estimates
from the final model for each symptom for nondaily and daily smokers. Overall, the three
symptoms assessing tolerance best discriminated between levels of nicotine dependence (i.e.,
had the highest slope coefficients). They included: 1) amount smoked increased, 2) need to
smoke more to be satisfied (the anchor symptom), and 3) smoke more before feeling anything.
Symptoms that did not discriminate well between levels of nicotine dependence included loss
of control, both symptoms measuring priority of smoking: 1) avoiding nonsmoking places and
2) avoiding travel by plane, and one symptom assessing stereotypy of smoking (smoking
unaffected by other things).

The symptom thresholds represent severity, the estimated level of nicotine dependence at
which each symptom is endorsed by 50% of the population of interest. That is, symptoms with
low thresholds are more likely to be endorsed at lower levels of nicotine dependence compared
to other symptoms, and are therefore considered to have low severity. Overall, symptoms with
the lowest severity included: loss of control, no change in amount smoked per day, and the two
symptoms assessing stereotypy (smoking unaffected by other things and no influence on
amount smoked per day). Symptoms with high thresholds overall, indicating a low probability
of endorsement at all but the highest levels of nicotine dependence (high severity), included
both symptoms measuring priority of smoking.

When comparing symptom endorsement for nondaily vs. daily smokers, DIF was found for 9
of the 17 of the nicotine dependence symptoms, indicating that nondaily and daily smokers
differed either in symptom discrimination (estimated slope) or severity (estimated threshold),
or both, after controlling for their level of the nicotine dependence construct (i.e., their IRT
factor score), as well as effects of age, gender, quantity smoked, and length of exposure (Table
2). The ICCs, which show how the symptoms differ between daily and non daily smokers, are
shown in Figures 1-9. For all 9 symptoms, the slopes were less steep for daily smokers
compared to nondaily smokers, indicating that these symptoms did not discriminate as well
between levels of the nicotine dependence construct for daily smokers as they did for nondaily
smokers. That is, the likelihood of endorsement of these symptoms was less sensitive to
changes in levels of the dependence construct for daily smokers, indicating that the symptoms
were weaker indicators of the underlying construct for daily smokers as they were for nondaily
smokers. Although, statistically significant, the difference in discrimination between the two
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groups was very small for irritability and craving symptoms (Figures 1 and 2). Larger
differences were present for worry about running out of cigarettes and not normal to smoke a
lot then go without cigarettes, however, the less steep ICCs for not normal to smoke a lot then
go without indicated that that this symptom did not discriminate as well in either group (Figures
3-4). Differences in discrimination were largest for four of the five symptoms assessing
continuity of smoking: 1) smoke regularly throughout the day, 2) smoke same amount on
weekends and weekdays, 3) smoke same amount each day, and 4) no change in amount smoked
each day (Figures 5-8). In addition, the symptom smoking unaffected by other things, which
did not discriminate well between levels of dependence in either group, discriminated even
more poorly among levels of dependence for daily smokers (Figure 9).

All of the nine symptoms differed across groups in both discrimination and severity, as
evidenced by the crossing over of the ICC curves shown in Figures 1-9. However, the majority
of the differences in symptom severity were very small (ranging from 0.06 for craving to 0.11
for worrying about running out of cigarettes), indicating that the observed DIF between
nondaily and daily smokers was primarily due to differences in symptom discrimination rather
than differences in severity. In contrast, large differences in symptom severity between
nondaily and daily smokers were observed for smoking unaffected by other things (effect
size=4.22) and three of the five continuity symptoms: 1) smoke regularly throughout the day
(effect size=0.62), 2) smoke same amount on weekends and weekdays (effect size=1.76), and
3) smoke same amount each day (effect size=2.47). For these symptoms, severity appeared to
be lower for daily smokers, meaning that daily smokers were more likely than nondaily smokers
to endorse these symptoms at lower levels of the nicotine dependence construct, after
controlling for age, gender, smoking quantity, and length of exposure.

Figure 10 shows the total information function curves for all 17 NDSS symptoms for nondaily
and daily smokers. The total information function curve shows the amount of information in
the underlying nicotine dependence construct that is explained by the NDSS symptoms as a
whole across a range of levels of the nicotine dependence construct. Higher levels of
information indicate more precise measurement of the construct. Examining the total
information curve is valuable for understanding which levels of the underlying construct are
best captured by the full measure for each smoking exposure group. This is important because
asingle total NDSS dependence score is often used to represent nicotine dependence in studies
of this phenomena, and the total information curve helps to shed light on levels of the nicotine
dependence construct that are not represented as well by the measured symptoms. It can also
reveal important differences between levels of smoking exposure on overall measurement of
the construct. The curves in Figure 10 suggest that, while the NDSS symptoms appear to be
most precise for higher levels of nicotine dependence in both groups of smokers, they are more
precise for nondaily smokers than for daily smokers.

Finally, we examined whether symptoms showing DIF as a function of smoking frequency
changed if we had not controlled for variability in smoking quantity. We did this by following
the same DIF testing procedure with the exception that we removed smoking quantity as a
covariate in the models. The results of these analyses did not differ, with the exception of the
symptom assessing the extent to which the adolescent felt a sense of control over smoking.
This symptom was invariant in the analyses controlling for smoking quantity, but exhibited a
DIF effect when smoking quantity was not controlled (p=0.009 for the change in chi-square;
see Figure 11). Loss of control did not discriminate between levels of the ND construct as well
as other symptoms in either group and showed slightly lower discrimination in nondaily
smokers (discrimination parameters = 0.52 and 0.61 for nondaily and daily smokers,
respectively). There was a moderately small difference between groups in severity for this
symptom (effect size = 0.43), such that severity was lower for daily smokers (severity =—0.45)
compared to nondaily smokers (severity = —0.02).
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4. Discussion

Given the absence of a “gold standard” for measuring self-reported nicotine dependence
symptoms, particularly among less experienced smokers (Colby, Tiffany, Shiffman, & Niaura,
2000; DiFranza, et al., 2002; DiFranza, et al., 2007; Kassel, 2000; O'Loughlin, Tarasuk,
DiFranza, & Paradis, 2002), there is a need to evaluate existing measures to determine how
well individual symptoms measure the underlying nicotine dependence construct and whether
individual symptoms function differently for less experienced smokers. Ideally, measures
should be designed so that all items 1) discriminate well between levels of the underlying
construct and are therefore considered strong indicators of the construct, 2) capture the full
range of severity of the underlying construct, 3) and are equivalent in these psychometric
properties across population subgroups. If nonequivalence is identified, then the scoring of the
construct for further analysis should take this into account.

The current study examined these symptom properties in nondaily and daily recent onset
adolescent smokers using symptoms from the NDSS. Symptoms assessing tolerance for
smoking were found to be invariant across nondaily and daily smokers, and appeared to
discriminate well between levels of nicotine dependence for both groups, indicating that these
symptoms were most strongly related to the underlying nicotine dependence construct,
regardless of level of smoking exposure. This suggests that these symptoms may be important
and consistent features of the underlying nicotine dependence symptom construct for both
nondaily and daily smokers. In addition, despite statistically significant DIF across the two
groups for symptoms of irritability and craving, this DIF was relatively small. Of the wide
range of symptoms assessed by the NDSS, irritability, craving, and tolerance symptoms may
best characterize the nicotine dependence construct in both nondaily and daily smokers, and
therefore may be considered among the most important symptoms to assess in any self-report
measure of this construct among recent onset smokers.

On the other hand, symptoms assessing priority of smoking (avoiding places where smoking
is not allowed and preferring not to travel by plane because smoking is not allowed) did not
discriminate well between levels of the nicotine dependence construct. In addition, the
estimated probability of endorsing either priority symptom was very low across all but the
highest levels of the construct. This suggests that these two symptoms may not be ideal for
measuring a nicotine dependence construct in recent onset adolescent smokers. It is likely that
adolescents generally have fewer opportunities to avoid places or to make decisions about how
they will travel, and thus these symptoms are less applicable in this population. Consequently,
a measure of nicotine dependence symptoms for use with adolescents may not suffer a loss of
precision if symptoms tapping this particular aspect of dependence are excluded.

Despite some consistencies in NDSS symptoms across nondaily and daily smokers, the
majority of NDSS symptoms appeared to work differently for the two smoking exposure
groups. Overall, the results indicated that these symptoms did not appear to be as strongly
related to the underlying nicotine dependence construct for daily smokers compared to nondaily
smokers. That is, all of the symptoms that differed across smoking groups did not discriminate
between levels of nicotine dependence for daily smokers as well as they did for nondaily
smokers. Four of the symptoms also showed large differences in severity. Symptoms of
smoking un affected by other things, smoke regularly throughout the day, smoke same amount
on weekends and weekdays, and smoke same amount each day had lower severity for daily
smokers suggesting that they are more likely to be endorsed by daily smokers with low levels
of the nicotine dependence symptom construct than nondaily smokers with low levels of this
construct. For these symptoms, symptom discrimination and severity appear strongly linked,
such that there was a higher probability of endorsement of these symptoms among daily
smokers even at low levels of the nicotine dependence construct (low severity), and therefore
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the probability of endorsement did not change as much as the nicotine dependence construct
level increased (low discrimination). In other words, daily smokers appear to have a relatively
high probability of endorsing these symptoms regardless of their level of the nicotine
dependence construct. For those who are already smoking daily, continuity may already be
established, and therefore may have less of an impact on level of the nicotine dependence
construct. However, for those who are smoking at nondaily levels, the probability of endorsing
continuity symptoms increased rapidly for small changes in the level of the underlying
construct. This could indicate that the development of continuity of smoking may be more
closely tied to increasing dependence, and that continuity symptoms may represent particularly
good markers of this trend in nondaily smokers. Previous research on this population has shown
that endorsement of symptoms reflecting continuity or regularity of smoking increases as the
number of smoking days increases for nondaily smokers, whereas these symptoms are highly
endorsed by daily smokers regardless of the amount they smoke each day (Rose, Dierker, &
Donny, 2010).

Another possibility for the observed DIF in the continuity items may be that the frame of
reference for what constitutes “regular” smoking may differ between nondaily and daily
smokers. That is, relatively novice daily smokers may already see themselves as regular in
their smoking, just by virtue of having achieved daily smoking, compared to their likely recent
history of non-daily smoking or their peer-group norm of non-daily smoking. In other words,
their reference for assessing their current regularity may be highly intermittent non-daily
smoking. By contrast, daily smokers may assess their regularity on a different basis, for
example by the degree of regularity of smoking within a day as opposed to the degree of
regularity between days. Differences in the frame of reference may also apply to the loss of
control symptom that showed DIF when smoking quantity was not controlled for. That is, those
who smoke more each day may already see themselves as having lost control over smoking
and therefore may be more likely to endorse this symptom at a lower level of the nicotine
dependence construct, and this may be particularly true for daily smokers.

The other symptoms showing DIF also tended to have a higher probability of endorsement at
lower levels of nicotine dependence for daily smokers compared to nondaily smokers, and the
NDSS total information curves indicate that the NDSS as a whole appeared to be a less precise
measure of the nicotine dependence construct for daily smokers. Taken together, these results
suggest that many of the symptoms from the NDSS may be less sensitive for measuring the
nicotine dependence construct for daily smokers. Symptoms that appeared sensitive to changes
in the nicotine dependence construct in both nondaily and daily smokers were those symptoms
that tapped craving, irritability and tolerance. The tolerance symptoms are consistent with
tolerance symptoms from the DSM-1V, and cravings may reflect withdrawal. Indeed,
symptoms from the DSM-IV have been found to more precisely measure nicotine dependence
for smokers with higher levels on the underlying dependence construct (Strong, et al., 2009).
NDSS symptoms have also been shown to predict future smoking behavior above and beyond
current level of smoking exposure (Dierker & Mermelstein, under review; Sledjeski, et al.,
2007). It appears as though tolerance and withdrawal may be considered defining
characteristics of a dependence construct at both low and high levels of smoking exposure, and
consequently, important to include as part of any self-report measure of nicotine dependence.

Strong et al. (2009) suggest that improved self-report measures of an underlying continuum of
nicotine dependence may be developed by drawing on symptoms from multiple measures of
dependence. The current study provides support for this approach by revealing that the
symptoms that best measure a nicotine dependence symptom construct vary across different
subpopulations of adolescent smokers even after controlling for the influence of age, gender,
smoking quantity, and smoking exposure on this construct. The NDSS, which includes a range
of symptoms that tap multiple aspects of dependence, may best capture a full range of levels
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on a nicotine dependence symptom construct in less frequent recent onset smokers. However,
for more frequent daily smokers in this group, a measure that best captures nicotine dependence
may be one that replaces symptoms assessing continuity of smoking with additional items that
tap core diagnostic features of tolerance and withdrawal.

A major strength of this study is that it involved a large, nationally representative data set,
which allowed us to evaluate nicotine dependence symptoms in larger subgroups of nondaily
and daily smokers than past research has allowed and in a broader population of recent onset
adolescent smokers. The sample size also allowed us to focus exclusively on smokers who had
begun smoking within the past two years, which reduced the potential confounding effect of
smoking behavior or dependence prior to those years on symptom endorsement. We were also
able to evaluate a wide range of nicotine dependence symptoms that measured a number of
aspects of dependence beyond more frequently evaluated symptoms of dependence such as
tolerance and withdrawal. Finally, our study examined DIF in nicotine dependence symptoms
between nondaily and daily smokers controlling for important covariates such as gender, age,
smoking quantity and length of exposure.

Despite the numerous strengths of this study, there are some limitations that should be noted.
First, although the NDSS assesses a large and comprehensive number of symptoms that tap
several aspects of nicotine dependence, it is only one of several existing measures of nicotine
dependence symptoms. It is important to determine whether DIF across smoking exposure
groups is present for other measures of nicotine dependence symptoms. Second, we analyzed
symptoms as dichotomous (not endorsed vs. any endorsement) variables, and assumed a single
underlying nicotine dependence factor. Although past research, the distribution of the symptom
responses, and preliminary factor analysis all supported our data analytic decisions, the results
might have differed had we tested a polytomous or multidimensional IRT model. In addition,
we did not include sample weights in the analysis. Using sample weights estimated from a full
sample on a selected subset of the sample may result in inaccurate weighting in the analyses.
While statistical methods to accurately handle the problems associated with using full sample
estimated weights on data analytic subsamples have been developed (Muthen & Muthen, 1998-
2007), they are not available for multiple sample analyses. Therefore, we are cautious in
generalizing these results to the national population. However, the lack of sample weights in
this study’s analyses do not present a significant problem because we focused on the relation
between the symptoms and the underlying construct and whether there are differences in these
relations as a function of smoking exposure. That is, we used a model based method, as opposed
to a design based method, where the goal was not inference to the broader population about
specific relations between the construct and other variables that might be associated with this
construct.

These data and the IRT analyses do not identify other possible mechanisms that might underlie
the observed symptom DIF. Although symptom endorsement could reflect the neurobiological
consequences of nicotine use, other factors may also influence symptom reporting. For
example, expectations about smoking may influence the extent to which adolescents endorse
symptoms as they begin to identify themselves as smokers, although new research has not
found evidence to support this hypothesis (Ursprung, DiFranza, Costa, & DiFranza, 2009).
Likewise, an adolescent particularly low in response inhibition or with high negative affect
may be more likely to report a loss of control over smoking. Indeed, recent studies have
demonstrated that individual differences in nicotine dependence are related to a history of major
depression (Dierker & Donny, 2008) and the rate in which monetary rewards are discounted
over time (Sweitzer, Donny, Dierker, Flory, & Manuck, 2008). These mechanisms may also
influence the pattern of symptom endorsement, which is likely to vary substantially at different
levels of smoking exposure. One advantage of IRT analysis is that it provides an estimated
individual level score on the underlying construct that takes into account not only DIF, but also
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each individual’s pattern of symptom endorsement. As a result, this score may be more reliable
and valid across the full range of smoking exposure than traditional methods for scoring
nicotine dependence that do not take into account these sources of variability. Although beyond
the scope of this study, this score can be used in further analyses designed to test theoretically
and empirically driven analyses of risk factors for and consequences of nicotine dependence
symptoms.

Finally, we did not explore DIF in other population subgroups. While recent research on DIF
in nicotine dependence symptoms across racial/ethnic subgroups has not found meaningful
differences in properties of symptoms from the Fagerstrom Test for Nicotine Dependence
(Johnson, Morgan-Lopez, Breslau, Hatsukami, & Bierut, 2008), more research is required to
determine whether a lack of differences is found in additional demographic subgroups.

In sum, the current study revealed that NDSS symptoms assessing irritability, tolerance and
withdrawal were strongly related to an underlying continuum of a nicotine dependence
symptom construct in both nondaily and daily adolescent smokers who had begun smoking
within the past two years, even after controlling for age, gender, smoking quantity and length
of smoking exposure. However, the majority of the nicotine dependence symptoms as
measured by the NDSS did not discriminate as well between levels of nicotine dependence for
daily smokers compared to nondaily smokers, suggesting that these symptoms may not be as
well suited for assessing the nicotine dependence construct in this population. Continuity
symptoms, in particular, appeared to be strong indicators of increases in the level of the
underlying nicotine dependence construct only for nondaily smokers. This suggests that if the
NDSS is used in a population of recent onset smokers with a heterogeneous range of smoking
exposure, the psychometric properties of the symptoms may vary as a function of smoking
exposure. Consequently, the scoring of the NDSS measure for inferential analysis should take
into account these differences. Although there is no straightforward algorithm to create a
dependence score that accounts for DIF across different studies, the methods used to obtain
this score (multiple group IRT/binary confirmatory factor analysis) are relatively
straightforward and statistical software to conduct these analyses has become considerably
more accessible. It certainly requires more preliminary work to obtain these scores; however
the benefits may outweigh the cost, particularly when the primary goal is to examine group
differences in nicotine dependence.

Assessing nicotine dependence symptoms, particularly in novice adolescent smokers, has
proven a significant challenge, but the development of a measure that combines symptoms
from a number of different existing measures of nicotine dependence symptoms may be a
promising approach to improving our ability to measure a nicotine dependence construct via
self report (Strong, et al., 2009). Given the apparent complexity of nicotine dependence, as
well as the number of existing measures and potential symptoms, the process of selecting the
ideal list of symptoms for such a measure is daunting, and as this study indicates, the types of
symptoms may vary depending on the frequency of smoking. This study suggests that a
measure that encompasses a wide range of symptoms tapping different aspects of smoking may
be ideally suited for less frequent adolescent smokers, while an ideal measure of nicotine
dependence for daily adolescent smokers might be one that more fully taps core diagnostic
features of nicotine dependence such as withdrawal and tolerance.
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Figure 1.
Item Characteristic Curves for Irritability Symptom.
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Figure 2.
Item Characteristic Curves for Craving Symptom.
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Figure 3.
Item Characteristic Curves for Worry About Running Out of Cigarettes Symptom.
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Figure 4.
Item Characteristic Curves for Not Normal to Smoke A Lot Then Go Without Symptom.
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Figure 5.
Item Characteristic Curves for Smoke Regularly Throughout the Day Symptom.
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Figure 6.
Item Characteristic Curves for Smoke Same Amount on Weekends and Weekdays Symptom.
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Figure 7.
Item Characteristic Curves for Smoke Same Amount Each Day Symptom.
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Item Characteristic Curves for No Change in Amount Smoked per Day Symptom.
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Item Characteristic Curves for Smoking Not Affected by Other Things Symptom.
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NDSS Total Information Curves.
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Figure 11.

Item Characteristic Curves for DIF in Loss of Control When Smoking Quantity is not
Controlled.
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Sample Characteristics (N=8081)

Table 1

Variable N (design adjusted %)
Female 4083 (48.3)
Age
12-17 years 5041 (55.0)
18-21 years 3040 (45.0)
Ethnicity
Non Hispanic White 5395 (66.6)
Non Hispanic Black 887 (12.0)
Hispanic 1183 (15.8)
Other Ethnicity 616 (5.5)
Cigarette Smoking
Non-daily 6552 (81.1)
Smoke >1 cigarette per day 2327 (36.4)
Daily 1529 (18.9)
Smoke >1 cigarette per day 1440 (94.5)
Length of Exposure (maximum of 2 years)
Began smoking within the past year 4201 (50.9)
Began smoking more than 1 year ago 3880 (49.1)
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