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Abstract
Using the theoretical model of Nicotine Dependence (ND) operationalized within the Diagnostic and
Statistical Manual of Mental Disorder, fourth Edition (DSM-IV: American Psychiatric Association,
1994) as a frame of reference, we used methods based in item response theory to link alternative
instruments assessing adolescent nicotine dependence severity to a common latent continuum. A
multi-ethnic cohort of 6th–10th graders selected from the Chicago Public Schools (CPS) completed
five household interviews over two years. Youth who reported at least some cigarette use in the last
30 days prior to the interviews at waves W3–W5 completed measures of DSM-IV ND, the Modified
Fagertrom Tolerance Questionnaire (mFTQ: Prokhorov et al., 1998) and the Nicotine Dependence
Syndrome Scale (NDSS: Shiffman et al., 2004), yielding samples of 253, 241, and 296 respondents
at W3–W5, respectively. Confirmatory factor analysis supported a primary dimension of ND. Each
instrument’s items had complementary and stable relationships to ND across multiple waves of
assessment. By aligning symptoms along a common latent ND continuum, we evaluated the
consistency of symptoms from different instruments that target similar content. Further, these
methods allowed for the examination of the DSM-IV as a continuous index of ND, evaluation of the
degree of heterogeneity in levels of ND within groups above and below diagnostic thresholds, and
the utility of using the pattern or particular DSM-IV symptoms that led to each score in further
differentiating levels of ND. Finally, we examined concurrent validity of the ND continuum and
levels of current of smoking at each wave of assessment.
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1. Introduction
Clinical and observational longitudinal studies often rely on indices of nicotine dependence
when attempting to describe and understand smoking progression among adolescents.
Although the Diagnostic and Statistical Manual of Mental Disorders IV (American Psychiatric
Association, 1994) Nicotine Dependence (ND) syndrome was developed for adults, evaluation
of DSM-IV ND has been used as an important point of reference for researchers attempting to
understanding smoking behavior among adolescents. The DSM-IV is the default standard for
making decisions about whether adolescents should be classified as having a clinical diagnosis
of ND. Increased efforts are needed to understand the degree to which diagnostic models for
ND developed among adults apply to adolescent smokers and whether symptoms of ND can
be used further to differentiate reliably a continuum of ND among adolescents who report
varying degrees of smoking behavior.

Despite its origins, the DSM-IV provides a natural starting point for understanding smoking
behavior among adolescents as the seven criteria for Substance Dependence have been a default
standard for deciding whether an individual has a level of ND that warrants a diagnosis. The
DSM-IV has a theoretical basis (Edwards and Gross, 1976), has multiple criteria available to
operationalize levels of ND, and has a widely accepted threshold for categorizing smokers
diagnostically. However, the theoretical framework for dependence was not developed
specifically for tobacco, the decisions for determining the presence or absence of individual
criteria can be operationalized differently across diagnostic instruments, and alternative
thresholds for diagnosis have not been evaluated systematically (Crowley, 2006). Furthermore,
because smokers can attain a diagnosis of ND by meeting any three of seven criteria, the
diagnosis can be conceptually heterogeneous (Shiffman et al., 2004) and DSM-IV indices may
serve primarily as a descriptive indicator of an end state of dependence rather than as a tool
for understanding mechanisms leading to increasing levels of dependence (Piper et al., 2004).
Despite the need for continued evaluation, existing interviews designed to assess the DSM-IV
have been useful in describing adolescent smoking behavior (Kandel et al., 2005, 2007; Strong
et al., 2003a, 2007) and have demonstrated good inter-rater reliability and validity for use with
adolescents (Crowley et al., 2001; Mikulich et al., 2001; Young et al., 1995, 2002). This broad
support positions the DSM-IV as a benchmark for the evaluation of measures of ND for
adolescent research.

Other models of ND have been offered in the form of assessment instruments each with a
different focus or content. Three widely used measures of ND used in adolescent research on
smoking behavior include the Modified Fagerstrom Tolerance Questionnaire (mFTQ;
Prokhorov et al., 1998), the Nicotine Dependence Syndrome Scale (NDSS; Shiffman et al.,
2004), and the Hooked On Nicotine Checklist (HONC; DiFranza et al., 2000). The mFTQ is
an adapted version of a scale originally designed to assess behavioral indicators of physical
dependence on nicotine among adult smokers (FTQ; Fagerstrom, 1978) in order to evaluate
the outcome of smoking cessation interventions. The conceptual model underlying the mFTQ
was not designed as a proxy for the DSM-IV criteria. The FTQ and variants including the
Fagerstrom Test for Nicotine Dependence (FTND; Heatherton et al., 1991) scale have a long
history of support as valid indicators of smoking behavior and as predictors of difficulty with
smoking cessation among adults (Alterman et al., 1999; Campbell et al., 1996; Patten et al.,
2001; Westman et al., 1997). As a natural extension of this research, the mFTQ included a
modified set of adult symptoms for adolescents to address graded levels of smoking behavior,
avoidance of the physiological effects of nicotine deprivation, and perceived difficulty
refraining when prevented from smoking. Among adolescents, the mFTQ has been shown to
predict continued smoking, quantity and frequency of tobacco use, and shorter periods of
abstinence from smoking over time (Cohen et al., 2002; Kandel et al., 2005; Prokhorov et al.,
1998; Rojas et al., 1998; Strong et al., 2003a), although studies among light smokers have not
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consistently demonstrated relations between mFTQ scores and smoking behavior perhaps in
part due to the orientation of the questions to adolescents with more frequent smoking behavior
(Etter et al., 1999; Sledjeski et al., 2007; Wellman et al., 2006). The NDSS was based on the
same underlying conceptual model of dependence as the DSM-IV (Edwards and Gross,
1976) and includes symptoms assessing five domains: ‘Drive’ (craving and withdrawal);
‘Priority’ (behavioral preference of smoking over other reinforcers); Tolerance (reduced
sensitivity to smoking effects); ‘Continuity’ (regularity of smoking patterns); and Stereotypy
(other events such as moods or environments do not disturb smoking patterns). Among college
students (Sledjeski et al., 2007) and adolescents (Clark et al., 2005), the total score on the NDSS
has been most consistently linked to continued smoking, quantity and frequency of tobacco
use, and shorter periods of abstinence from smoking over time. Although the mFTQ and NDSS
are based on separate theoretical models, both attempt to assess degrees of dependence on
nicotine using self-reports of smoking experiences and behavioral symptoms. However, little
is known about how much these alternative measures provide unique or overlapping
information about the construct of ND assessed by the DSM-IV criteria. A more recent measure
is the HONC (DiFranza et al., 2000; Wheeler et al., 2004). This 10-symptom instrument was
specifically developed for adolescents to measure loss of autonomy over tobacco use, which
is assumed to be the core component of dependence (DiFranza, 2002). The HONC is based on
the premise that symptoms of dependence can occur prior to regular heavy smoking and is
explained by the neurophysiological action of nicotine (DiFranza and Wellman, 2005).
Because the present study does not include data from the HONC, the instrument will not be
considered further here.

Attempts to understand the interrelationship of DSM-IV, mFTQ, and NDSS measures of ND
have typically used correlations and comparisons of the reliability or incremental validity of
these measures in predicting smoking intensity in samples of adolescents (Clark et al., 2005).
There is a strong relationship between the NDSS and mFTQ (r= 0.60; Clark et al., 2005). While
less is known about relationships of the NDSS with DSM-IV indices, the DSM-IV and mFTQ
have shown similarly strong relationships in a school sample (r = 0.56; Kandel et al., 2005).
But these relationships have been more moderate in heavier smoking adolescent populations
(r = 0.22–0.35; Cohen et al., 2002; Strong et al., 2003b) and among young adults (Breslau and
Johnson, 2000). Attempts to examine incremental predictive validity have suggested that
although measures based on the FTQ have strong relationships with smoking progression in
adolescence, the NDSS total score can provide unique information about smoking progression
beyond that explained by other measures (Clark et al., 2005). These studies suggest the
possibility of substantial overlap in the measurement of a common construct of ND as well as
the potential for increasing reliability of ND assessment among adolescents by combining
content from multiple measures.

Recent efforts (Strong et al., 2007) to examine continuous DSM-IV and mFTQ measures of
ND in a clinical adolescent sample support the ability to link symptoms to a unidimensional
latent construct using methods based on item response theory (Lord, 1980). Results suggested
that the DSM-IV and mFTQ symptoms represented overlapping and complementary indicators
of the severity of nicotine dependence as indexed by the latent construct. Further, these
symptoms collectively were sensitive to observed changes in smoking rates, readiness to make
changes in smoking, and confidence in the ability to quit smoking. While findings provided
support for this approach to assessing changes in ND symptoms among adolescent smokers,
the use of a relatively small sample of psychiatric inpatients with a high proportion of regular
daily smokers prevents generalization to non-clinical populations.

The current study was designed to address three primary objectives. First, we assessed the
ability to link DSM-IV, mFTQ, and NDSS symptoms in adolescence to a stable unidimensional
latent continuum of ND using an item response model and to determine the degree to which
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the symptoms from the three scales could be used to index ND in a general population sample
of adolescent smokers with more representative levels of adolescent nicotine exposure than
psychiatric inpatients. To meet this objective, we examined relationships of symptoms to the
latent continuum of ND using data from three repeated waves of assessment. Three waves of
data are used as replicates and as validations of the latent continuum; they are not used to
examine changes on the severity dimension over time within individuals. Second, given that
the DSM-IV was designed specifically to classify adolescents diagnostically, we examined the
degree of heterogeneity of responses to the DSM-IV by identifying the most typical patterns
of DSM-IV symptoms that led to scores above and below diagnostic thresholds. We then
explored whether the pattern of particular DSM-IV symptoms that led to each score revealed
information about levels of ND beyond knowing how many symptoms each individual
endorsed. Finally, we examined concurrent validity by measuring the association between
levels of ND and levels of current of smoking. We expected that increased levels of ND would
be related to increased levels of smoking.

2. Methods
2.1. Data collection

The analyses are based on three waves of interviews with a subsample from a multi-ethnic
cohort of 1039 6th–10th graders from the Chicago Public Schools (CPS). Details of the two-
stage design implemented to select efficiently the target sample of smokers for follow-up is
described in Kandel et al. (2005, 2007). In Phase I (spring 2003), 15,763 students in grades 6–
10 were sampled from 43 public schools in the CPS. The sample was designed to provide
approximately equal numbers of adolescents among the three major ethnic groups: non-
Hispanic white, non-Hispanic African American, and Hispanic. Students were administered a
brief questionnaire through eight surveys staggered over 4 months; the completion rate for the
survey was 83.1%. In Phase II, on average 9 weeks after each school survey, 1039 (272 white,
343 African American, 424 Hispanic) agreed to participate in the follow-up (84.1% of 1236
targeted youths) consisting of three annual computerized household interviews with youths
and parents, each about 90 min long (Waves: W1, W3, W5), and two short bi-annual interviews
with youths 6 months after Waves 1 and 3 (Waves: W2, W4). Completion rates at each
successive wave were 96% of the original sample (N = 996, 999, 1001, Waves: W3–W5). The
current study included data only from W3, W4, and W5.

Data were collected by the National Opinion Research Center of the University of Chicago
(NORC). All procedures for obtaining parental consent and youth assent were approved by the
Institutional Review Boards of the New York State Psychiatric Institute and Columbia
University.

2.1.1. Symptoms of nicotine dependence—Three scales were used to measure
dependence: (1) as per the Diagnostic and Statistical Manual of Mental Disorder, fourth Edition
(DSM-IV; APA, 1994), (2) the mFTQ; and (3) the NDSS. The DSM-IV and the mFTQ were
administered five times at W1–W5; the NDSS was administered three times at W3–W5.

2.1.1.1 DSM-IV Nicotine Dependence: The instrument used to measure the seven criteria of
DSM-IV nicotine dependence was designed for adolescents and young adults by the Brown
University Transdisciplinary Tobacco Use Research Center (TTURC) and evaluated by the
Tobacco Etiology Research Network. This instrument has demonstrated reliability (Cronbach
Alpha = .75), and predicted continued smoking, quantity and frequency of tobacco use, and
shorter periods of abstinence from smoking over time (Sledjeski et al., 2007). The presence of
each of the seven DSM-IV dependence criteria were based on one or two items querying
tolerance, withdrawal, impaired control, unsuccessful attempts to quit, great deal of time spent
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using tobacco, neglect of important activities, and use despite physical or psychological
problems. The instrument inquired about experiences in the period since each preceding
assessment (average Cronbach Alpha= 0.70).

2.1.1.2 Modified Fagerstrom Tolerance Questionnaire (mFTQ): The mFTQ consists of
seven symptoms inquiring about quantity of cigarettes smoked, inhaling smoke, time to first
cigarette of the day, whether the first cigarette is the most difficult to give up, difficulty
refraining from smoking, smoking if ill in bed, and smoking more during the first two hours
of the day than at other times. The mFTQ has demonstrated adequate reliability across
published studies (Cronbach Alpha = 0.58–0.63). The mFTQ inquired about smoking in the
past 30 days prior to each of the 5 waves. Given the low level of smoking observed across these
waves of data we dichotomized the quantity smoked symptom at a threshold of >1 cigarette
each day (average Cronbach Alpha= 0.61).

2.1.1.3 Nicotine Dependence Syndrome Scale (NDSS): The NDSS is a seventeen symptom
index that asks teens to rate a series of statements for how true (Coded 1–5 for ‘Not true at all’
to ‘Extremely true’) each statement is for them in the past 30 days. Five separate subscales
(drive, priority, continuity, stereotypy, and tolerance) can be scored along with a total score.
As the NDSS allows 5 levels of response for each symptom, additional analyses were conducted
to evaluate the reliability of these multiple response categories. In the current study, the NDSS
had high internal consistency at each wave (average Cronbach Alpha= 0.90).

2.2 Analysis plan
Our analyses were designed to establish the degree to which each of the three measures of
nicotine dependence provides information about a common continuum of nicotine dependence
(ND). Before placing each measure on a common continuum we first established the degree
to which each measure could be explained by a primary underlying dimension of ND. Having
established that each measure assessed primarily one core construct at each wave, we used
confirmatory factor analytic models to evaluate the degree to which the DSM-IV, mFTQ, and
NDSS provided unique or overlapping information about the levels of ND observed across
these three waves of assessment. With a focus on a single primary dimension of ND, we fit an
item response model to evaluate: 1) the relative severity of symptoms from each of the three
measures; 2) the ability of each symptom to maintain a stable relationship to levels of ND at
each wave and thus serve as a replicable marker for ND at each assessment; and 3) where along
the continuum symptoms from these measures provide the most information about levels of
ND.

We fit a 2-parameter logistic item response model (IRM) that scales the severity of both
symptoms and persons along an underlying latent continuum. The odds of an individual
endorsing a given symptom is modeled as a function of the individual’s overall level of ND,
the severity of that symptom, and how each symptom discriminates across the ND continuum
(Birnbaum, 1968). In the context of this statistical model, symptom “severity” is defined by
the point on a latent severity continuum at which the symptom has a 50% likelihood of being
endorsed.

2.3. Analyses
2.3.1. Unidimensionality and local independence—The primary assumption of item
response models is that responses to symptom queries are a function of individual variation
along a single underlying dimension of nicotine dependence. Secondly, responses to a given
symptom should be independent from responses to other symptoms (e.g. locally independent).
Statistically, if a unidimensional item response model is applied to multidimensional data, the
resulting information about symptoms may be biased (Reckase, 1997). Before combining
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measures, we wanted to ensure that each measure had a strong single dimension underlying
responses and contained symptoms that could contribute unique rather than overlapping
information so as to minimize local dependence. Therefore, before interpreting the fit of the
data to an item response model, we first conducted a series of exploratory factor analyses
(EFAs) of each measure to estimate the size of the first factor in relation to secondary factors
and to ensure strong discrimination among all symptoms (loadings > .30).

In a second step, to evaluate the strength of a primary ND factor underlying a combination of
all three measures, we conducted a series of confirmatory factor analyses comparing the fit of
three alternative models: (a) a single primary dimension (1-factor model); (b) a model that
allows three related dimensions defined by the DSM-IV, mFTQ, and NDSS; (c) a hierarchical
bifactor model that includes a primary dimension of nicotine dependence and three secondary
factors reflecting each measure. By fitting a hierarchical bifactor model, we can evaluate the
degree of influence (e.g. local dependence) from secondary factors that may bias estimates of
relationships with the primary dimension of ND (Reise et al., 2007). The bifactor model
estimates the loadings on a general factor of ND severity after controlling for any influence
from the three secondary factors. Loadings from the unidimensional model of ND can be
compared to the bifactor model results to assess the impact of any local dependence on the
estimates of each symptom’s relationship to the primary dimension of ND severity. Our
intention in fitting the series of models was not to suggest that the symptoms from the three
measures would fit a strict unidimensional model better than a multidimensional model.
Instead, we assumed that some degree of variability within measures would remain after
controlling for the relationship of symptoms to a primary ND dimension. We present three
indices in testing the fit of each of three models: the Comparative Fit Index (CFI: Bentler,
1990), the Tucker Lewis Index (TLI: Bentler and Bonnett, 1980), and the root mean square
error of approximation (RMSEA: Steiger, 1990). Cut-offs for model fit have been suggested
to be CFI ≥ 0.96, TLI ≥ 0.95, and RMSEA ≤ 0.05 (Yu, 2002). Browne and Cudeck (1993)
suggested guidelines for approximate fit values and proposed that RMSEA values of 0.05 or
less indicate a ‘close fit’, values between 0.05–0.09 indicate ‘reasonable fit’, and values of 0.10
and greater demonstrate ‘poor fit.’ By fitting the three models, we can observe the degree to
which the three factors are interrelated (model b) or may suggest independent processes and
the degree to which influences outside of a common ND dimension might bias information
from a unidimensional item response model (Reise et al., 2007). Support for proceeding with
a unidimensional IRM would include the lack of evidence for significant differences in loadings
on a primary dimension after controlling for secondary factors in the hierarchical bifactor
model (Reise et al., 2007).

2.3.2. Fit to the item response model—To select an item response model we compared
two competing models. First we estimated the level of severity of each symptom using a model
that required all symptoms to discriminate equally well across levels of ND (e.g., 1-pl). To this
model we compared the improvement in fit of a model that also allowed levels of discrimination
to be different for each symptom (e.g. 2-pl). Model selection was based on a Likelihood Ratio
Test (LRT) that involved subtracting the log-likelihood values (ll) for the models being
compared. Having selected an appropriate item response model, we then examined the fit of
each symptom using a chi-square based index that evaluated the difference between the
observed proportion and model-expected proportion of responses across levels of nicotine
dependence. Each competing IRM was fit using Marginal Maximum Likelihood Estimation
using the package ltm (Rizopoulos, 2006) available in R software (R Core, 2007).

2.3.3. Replication of the model over time—To assess the stability of the item response
model over the three waves of assessment, we evaluated differences in estimates of symptom
characteristics obtained from each wave. If the IRM is stable, the estimates of symptom
characteristics from each wave should be similar. Replication of the model estimates across
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waves of assessment provides support for the construct validity of the ND continuum. We
employed a differential item functioning (DIF) approach that allows the use of model-based
evaluations that utilize information about the measurement properties of the set of symptoms
simultaneously in both groups to generate a posterior distribution of ND severity. Following
Thissen et al. (1995), we used a likelihood-ratio test statistic to provide a significance test for
the null hypothesis that the symptom parameters did not differ across waves. We employed
Version 2.0 of IRTLRDIF (Thissen, 2001) to complete DIF analyses. Analyses are conducted
iteratively to establish which symptoms appear to function differently across assessments and
which symptoms are relatively DIF-free. Symptoms that are DIF-free can serve as an anchor
for evaluating the symptoms suspected of having significant DIF. Separate anchors were
established for analyses of W3 vs. W4, W3 vs. W5, and W4 vs. W5 data. Analyses of DIF
symptoms proceed by initially constraining both the discrimination and the severity estimates
to be equal for the two groups across all symptoms (Model A). For each symptom, another
model is fitted that allows the discrimination and severity estimates for the symptom to differ
across any two waves, and constrains discrimination and severity estimates of all the remaining
symptoms to be equal (Model B). The difference in the log-likelihoods (ll) of Model A and
Model B (G2 = −2(llModel A − llModel B)) provides an omnibus test (df = 2) of whether there is
DIF for the discrimination and/or severity estimate for this symptom. If significant, follow-up
tests can be conducted to identify whether DIF is present in discrimination or severity estimates.

In conducting DIF analyses that involve tests of multiple group differences across multiple
symptoms, it is important to control for the statistical risk of reaching false conclusions. We
employed the Benjamini-Hochberg procedure (Benjamini and Hochberg, 1995), using
methods described by Thissen et al. (2002). This procedure adjusts decisions about significance
while taking into account the number of significant findings across tests and has been shown
to maintain more power than procedures such as the Bonferroni procedure (Benjamini and
Hochberg, 1995). A priori, we decided that differences greater than or equal to 0.25 in symptom
severity were clinically meaningful. As described by Steinberg and Thissen (2006) a difference
of 0.25 can be interpreted as one quarter “standard unit difference between the values of the
[underlying] trait necessary to have a 50–50 chance of responding positively in one group
compared to another” (p.405–406). This may be considered to be a small effect size (Cohen,
1988). A similar metric is not available for differences in item discrimination parameters. In
order to evaluate whether a statistically significant discrimination parameter is also clinically
significant we will visually inspect the magnitude of the differences between plotted item
response functions (Steinberg and Thissen, 2006).

2.3.4. Analytic samples—Although data for mFTQ and DSM-IV were available for all five
waves, the NDSS was available only during the final 3 waves of assessment. Thus, the analytic
sample was restricted to adolescents who reported at least some cigarette use in the last 30 days
during W3, W4, and W5 of assessment: n= 253, 241, and 296 respectively.

3. Results
3.1. Descriptive analyses

A detailed description of the entire sample has been reported (Kandel et al., 2007). We provide
a summary of the analytical sub-samples of smokers reporting smoking at least one cigarette
in the last 30 days at each wave who were included in the current analysis. At W3, adolescents
who smoked were on average 15.9 years old (S.D. = 1.3), 50% were female and the racial
ethnic distribution was 33% non-Hispanic white, 30% non-Hispanic African American, 37%
Hispanic. At W4, adolescents who smoked were on average 16.4 years old (SD = 1.2), 51%
were female and the racial ethnic distribution was 32% non-Hispanic white, 29% non-Hispanic
African American, and 39% Hispanic. At W5, adolescents who smoked were on average 16.9
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years old (SD = 1.2), 46% were female and the racial ethnic distribution was 33% non-Hispanic
white, 30% non-Hispanic African American, 37% were Hispanic. By W5, the distribution of
number of cigarettes smoked lifetime was 1 cigarette or less 5.4%, 2–5 cigarettes 10.8%, 6–
15 cigarettes 10.8%, 16–25 cigarettes 13.9%, 25–99 cigarettes 20.6% and 100 or more
cigarettes 38.5%. The frequency of adolescents reporting smoking on all previous 30 days for
W5 was 21%.

3.2. DSM-IV symptoms
3.2.1. Unidimensionality and local dependence—EFA of tetrachoric correlations
using robust weighted least squares analysis suggested a single strong primary factor
underlying ND criteria across each of the three waves. Given the DSM-IV criteria are based
on symptom reports, we will refer to criteria as ‘symptoms’ hereafter to facilitate discussion
that can continue to refer to individual symptoms across all instruments. Eigenvalues for the
first factor ranged from 3.3–4.2 and eigenvalues for the second factor ranged from 0.8–1.3.
The average ratio of first to second factors was 3.7 (SD= 1.03), and all symptoms loaded >
0.44 on the primary dimension. There was no symptom pair loading significantly (e.g. > 0.44)
on secondary factors to suggest local dependencies. These results suggest a strong primary
dimension underlying responses to the DSM-IV symptoms. The primary dimension accounted
for 37.3%, 38.3%, and 38.1% of the common variance for W3–W5 respectively.

3.3. Modified Fagerstrom (mFTQ)
3.3.1. Unidimensionality and local dependence—EFA of tetrachoric correlations
using robust weighted least squares analysis suggested a single strong primary factor
underlying mFTQ criteria across each of the three waves. Eigenvalues for the first factor ranged
from 3.1–3.4, and eigenvalues for the second factor ranged from 1.2–1.6. The average ratio of
first to second factors was 2.33 (SD= 0.37), and all symptoms had average loadings > 0.32 on
the primary dimension. The primary dimension accounted for 40.4%, 46.5%, and 45.4% of the
common variance for W3–W5 respectively.

3.4. Nicotine Dependence Syndrome Scale (NDSS)
3.4.1. Unidimensionality and local dependence—EFA of polychoric correlations
using robust weighted least squares analysis suggested a single strong primary factor
underlying NDSS criteria across each of the three waves. Eigenvalues for the first factor ranged
from 9.7–10.6, and eigenvalues for the second factor ranged from 1.1–1.5. The average ratio
of first to second factors was 7.59 (SD= 1.61), and all symptoms had average loadings > 0.50
on the primary dimension. The correlations of the first two factors were 0.74, 0.63, and 0.69
for W3–W5, respectively. The primary dimension accounted for 47.9%, 38.1%, and 54% of
the common variance for W3–W5, respectively. However, in estimating additional factors,
three symptoms [symptoms 3, 10, 16] were estimated to have loadings exceeding 1.0 and/or
generated negative residual variance suggesting problems with fitting more than one factor to
these data. Upon inspection, each of these symptoms mirrored content and had high shared
correlations with adjacent symptoms (e.g. r’s = 0.79, 0.92, 0.92 for symptoms 2, 9, and 17
respectively) and was thus dropped from further analyses to minimize potential local
dependence.

3.4.2. Effectiveness of NDSS response options—Prior to examining fit to an item
response model, the 5-level response format of the NDSS was evaluated. We examined how
the probability of endorsing each of the 5-level response options for each NDSS symptom
changed with increasing ND using a nonparametric model (Ramsay, 2000) that, unlike
parametric models, makes few assumptions about the relationship between levels of
dependence and symptom responses. Examination of the curves suggested good performance
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for the initial NDSS options (either ‘not very true’ or ‘fairly true’), but little further
differentiation among higher options (‘very true’ and ‘extremely true’) in these samples. For
many symptoms, the first option (‘not true at all’) was the most likely choice for most
respondents and the multiple additional response options did not produce additional reliable
separation of respondents within higher levels of ND in this population. These results
suggested: a) accurate modeling of all five response options in these data was not likely to yield
replicable results, and b) dichotomizing NDSS responses would not result in a significant loss
of information or decrease reliability of the rank-order of adolescents ND in these samples. A
reanalysis of the primary dimension of the 14 dichotomized NDSS symptoms again suggested
a strong single factor accounting for 60.7%, 51.6%, and 51.5% of the common variance in
W3–W5 respectively. Therefore, we proceeded with NDSS symptoms using a dichotomized
format (i.e. endorsement of ‘not true at all’ was coded negatively and endorsement other options
was coded positively).

3.5. Combined Index of Nicotine Dependence Symptoms
3.5.1. Unidimensionality and local dependence—CFA of polychoric correlations
using robust weighted least squares analysis suggested a single strong primary factor
underlying all 28 symptoms (7 DSM-IV; 7 mFTQ; 14 NDSS) across each of the three waves.
Eigenvalues for the first factor ranged from 10.6–12.0, and eigenvalues for the second factor
ranged from 1.1–2.7. The average ratio of first to second factors was 4.33 (SD= 0.38), and all
symptoms had average loadings > 0.50 on the primary dimension in both unidimensional and
hierarchical models that controlled for variability due to secondary factors. Table 1 presents
fit indices for each of the three examined models. Across waves, the hierarchical model
provided the strongest fit indices suggesting that the three measures combine to index a primary
dimension. The multidimensional model with three related factors suggested strong
correlations among factors that were on average 0.81 (S.D. = 0.11), 0.71 (S.D. = 0.04), and
0.74 (S.D. = 0.12) for waves 3–5 respectively. Although a model that includes multiple
dimensions fits better than a unidimensional model, results from the CFA suggest that a strong
primary dimension predominates and that the primary relationship between symptoms and
levels of ND are not significantly affected by multidimensionality in these data. The loading
of each symptom on the primary dimension of ND from unidimensional models changed on
average only by −0.03 (S.D. = 0.05) after controlling for the influence of multiple secondary
dimensions in the hierarchical CFA model.

3.5.2. Choosing a parametric item response model—Given evidence for the strength
of a primary dimension of ND underlying responses to the combined set of 28 items, we
proceeded with a unidimensional item response model. We compared the fit of two IRM
models: (a) a model that required all symptoms to discriminate similarly; and (b) a model that
allowed each symptom to have different levels of discrimination. Evaluation of the log
likelihoods suggested that allowing the discrimination parameter to vary in the two-parameter
model improved the fit to the data (G2 = 153.16, 173.38, 146.56 at waves 3–5; df = 27, p’s <
0.001).

3.5.3. Fit of the symptoms to the model—Table 2 lists the severity and discrimination
parameter estimates for each of the 28 ND symptoms. Positive values reflect symptoms likely
to be endorsed among those with above average levels of ND, and symptoms with negative
values reflect symptoms likely to be endorsed among those with below-average levels of ND.
To evaluate the fit of each symptom we computed a X2 fit statistic that evaluated the difference
between the observed and model-expected proportion of responses for each symptom across
a series of 10 successive intervals of ND (Reise, 1990). Although the statistic typically is
distributed as chi-square, we used a Monte Carlo procedure to ensure that we approximated
the actual distribution of the fit statistic (Yen, 1981). Overall, the data fit the IRM model well
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(see Table 2). All symptoms from all waves had Chi Square fit values within acceptable range
except for the ‘Inhale’ symptom from the mFTQ, which had significant misfit at W4 (X2=
2.504, p < 0.05). However, this symptom showed acceptable fit at W3 and W5 (see Table 2).
Similarly NDSS symptoms 1, 2, 12 and 17 indicated misfit at one wave and not another.
Therefore, overall there was good fit to the IRM model.

3.5.4. Replication of the model over time—The combined index of DSM-IV, mFTQ
and NDSS symptoms was evaluated for differences in discrimination and severity estimates
over assessments. The estimates for each symptom were examined and tested using a
Likelihood Ratio Tests (LRT or G2) of models that systematically constrained all unexamined
estimates to be the same. This process allowed each severity estimate and each discrimination
estimate to be isolated and tested across waves while controlling for all other symptoms
(Thissen, 1991).

When comparing W3 and W4, three symptoms (DSM-IV 3: ‘Impaired Control’, mFTQ 2:
‘Inhale’, and NDSS 15: ‘Amount you smoke has increased’) were identified as having potential
differences across waves with a G2 greater than our critical value of 3.85 (e.g. p < 0.05) and
were removed. These three items were then revaluated using the remaining 25 symptoms as
an anchor for levels of ND. Two of the three symptoms (mFTQ 2, and NDSS 15) continued
to evidence significant DIF with G2 > 3.85 (See Figure 2). Both symptoms had a slope estimate
that differed across W3 and W4 (mFTQ symptom 2: aw3 = 0.34, aw4 = 1.92, G2 = 5.4, df = 1,
p < 0.03). Similarly, NDSS symptom 15 had a slope estimate that differed across W3 and W4
(aw3 = 1.83, aw4 = 3.04, G2 = 4.7, df = 1, p < 0.04). Figure 1 displays the item response functions
for symptoms with statistically significant slope differences. From this figure it is apparent that
the mFTQ ‘Inhale’ item had a greater than 50% probability of being observed across a full
range of ND scores and thus discriminated poorly across both waves. The NDSS symptom 15
discriminated effectively across waves and appeared to be slightly less severe in W4 relative
to W3. However, within ranges where this symptom is likely to be observed (ND > −0.04),
any differences in the assessment of levels of ND across these waves would be small (Cohen’s
d ranged 0.01–0.13) and not deemed clinically significant.

In comparing W4 and W5, only one item, NDSS symptom 9 (‘Smoke same on weekends as
on weekdays’), evidenced significant DIF. It was removed and tested using the remaining 27
symptoms as an anchor. This item was estimated as being more severe at W4 than at W5
(bw4 = −0.34, bw5 = −0.89, d = 0.55, G2 = 11.5, df = 1, p < 0.001).

In comparing W3 and W5, three NDSS (1, 5, and 14) symptoms evidenced significant DIF,
were removed, and tested using the remaining 25 symptoms as an anchor. NDSS 1 (‘Need to
smoke to feel less restless’) was estimated to be more discriminating at W3 than at W5 (aw3 =
2.57, aw4 = 1.52, G2 = 6.2, df = 1, p < 0.02). Figure 1 displays the effect of the increased
discrimination for NDSS 1 in W3 relative to W5. The amount of difference in discrimination
caused the symptom to be slightly more severe at W5 in the upper ranges of ND where this
symptom is likely to be observed and did not result in clinically significant levels of DIF within
this range of ND. NDSS symptom 5 (‘Avoid places that do not allow smoking’) was estimated
as a less severe symptom at W3 than at W5 (bw3 = 0.44, bw5 = 0.81, d = .37, G2 = 4.6, df = 1,
p < 0.04). NDSS symptom 14 (‘Number you smoke not affected much by other things’) was
estimated as a more severe symptom at W3 than at W5 (bw3 = −0.71, bw5 = −1.40, d = .69,
G2 = 4, df = 1, p < 0.05). Overall, item performances were quite stable over time.

To summarize the performance of each measure using the same metric, we computed a test
information function to gauge the precision of the DSM-IV, mFTQ, and NDSS as a function
of levels of ND. The test information function is a direct reflection of the standard error of each
measure and provides a continuous view of where on the latent continuum each measure
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performs best. The test information function also reflects the total information from each
measure and thus measures with more items (e.g. NDSS) potentially will contribute more
information about levels of ND than measures with fewer items (e.g. DSM-IV and mFTQ).
Figure 2 displays the test information function for the three measures observed at the final
assessment (W5). Although the test information functions were similar across waves, we
present results from W5 given the increased variation in the range of levels of nicotine
dependence in this assessment wave. Overall the NDSS symptoms were well matched to the
range of ND observed by the majority of teens in this sample. However, for teens at the highest
levels of ND, the DSM-IV appeared to add unique information. The mFTQ had several items
that were not as strongly discriminating as the other measures and also had significant overlap
in assessing the higher ranges of ND above traditional DSM-IV diagnostic thresholds.

Using the item parameters from the combined index of ND, we were able to link each set of 7
DSM-IV, 7 mFTQ, and the 14 NDSS items so that raw summed total scores could be compared
directly. Summed-score linking (Lord and Wingersky, 1984) involves first regrouping the
items for each scale. Then for each scale, an average a posteriori (EAP) IRT score is estimated
for each possible summed total score (Dorans, 2007; Orlando et al., 2000; Thissen et al.,
1995). We used a program IRTScore (Flora and Thissen, 2002) to estimate the average IRT
score (EAP) corresponding to each summed total score for each scale (see Table 3). Summed
scores from each measure can be translated by matching the corresponding IRT score across
scales. For example, a DSM-IV diagnosis is assigned with a summed score of 3 or more criteria.
From Table 3 we find that a DSM-IV score of 3 corresponds to an IRT score of ≥0.58. To find
the corresponding score on the mFTQ, the nearest IRT score ≥0.58 is estimated to be a score
of ≥4. The same IRT score would be ≥ 11 on the NDSS.

3.5.5. Concurrent Validity—Figure 3 shows the linear relationship (polyserial correlations
= .66, .63, .73, p’s < 0.05) between estimated levels of ND and levels of current smoking across
each wave of assessment. At W5, the average level of ND among those smoking less than one,
one, two to five, and more than five cigarettes each day was −0.91 (S.D. = 0.69), −0.43 (S.D.
= 0.75), 0.39 (S.D. = 0.68), 1.03 (SD = 0.60), respectively. The changes in levels of ND suggest
a strong relationship between self-reported smoking behavior and increasing levels of ND.

3.5.6. Patterns of symptoms observed across levels of ND—We examined patterns
of responding to DSM-IV symptoms both above and below diagnostic threshold (e.g. ≥ 3 DSM-
IV symptoms). There are a number of ways to get each total score on the DSM-IV and each
pattern may have different levels of associated ND. To examine the relationship between the
DSM-IV and estimated levels of ND we evaluated the distribution of ND scores among
adolescents with the same number of DSM-IV symptoms. The distribution of ND scores is
represented in box and whisker plots (see Figure 4) in which the boxes reflect the bulk of
observed scores (25th–75th percentiles) that has a solid line representing the median, and
whiskers extend to the range of observed scores. Overall, the median estimated a posteriori
ND scores increased as the number of observed DSM-IV symptoms increased. In addition,
there was considerable variability in levels of ND among individuals with the same number of
DSM-IV symptoms, particularly among adolescents below diagnostic threshold.

Although a continuous count of DSM-IV symptoms was related to increases in levels of ND,
it appears that considerable heterogeneity exists within each level of observed symptoms and
further refinement of the rank-order of adolescents below a diagnostic threshold is possible
using symptoms from other measures. Of those teens reporting only one symptom, the most
frequent pattern included either Tolerance alone (40%) or Impaired Control (35.5%) alone.
Although there are twenty-one possible DSM-IV symptom pairs, we observed only 10 patterns
at W5. Of the patterns, the most common (25%) was a combination of Impaired Control and

Strong et al. Page 11

Drug Alcohol Depend. Author manuscript; available in PMC 2010 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Tolerance, followed by Tolerance and Withdrawal (19.6%), and then Impaired Control and
Difficulty Quitting (17.6%).

Using model estimates we expect adolescents with a DSM-IV diagnosis to primarily endorse
symptoms with the lowest severity estimates (e.g. b parameters in Table 2). Although there are
99 possible combinations of symptoms that can lead to a diagnosis of Nicotine Dependence,
we observed only 30 unique patterns in these data. The two most common patterns observed
among adolescents with three symptoms were distinguished by the endorsement of Impaired
Control and Withdrawal along with either Tolerance (M ND = 0.20; S.D. = 0.31) or Difficulty
Quitting (M ND = 0.84; S.D. = 0.45). These two symptom patterns were associated with
significantly different levels of ND (t(14) = 3.29, p < 0.01). The most common pattern of
symptoms leading to a diagnosis included the three least severe symptoms of Impaired Control,
Tolerance, and Withdrawal (58.9%).

4. Discussion
This study evaluated the interrelationships of three measures of nicotine dependence in a
sample of teens evaluated repeatedly over a two-year period. Each instrument appeared to
measure a primary single dimension of nicotine dependence. When combined, the three
instruments formed a stable measure of nicotine dependence that had good reliability and broad
coverage of the nicotine dependence continuum. The DSM-IV based interview and the mFTQ
had significant overlap in assessing the higher ranges of ND above traditional diagnostic
thresholds. By contrast, the NDSS provided items that extended the reach of the DSM-IV and
mFTQ by assessing levels of ND below diagnostic thresholds, where most adolescents in this
study were observed. Despite differences in the overall level of ND targeted by each instrument,
there was considerable similarity in the levels of ND associated with items that tapped similar
content. By combining items from these three instruments, a level of information was achieved
that exceeded any one instrument alone. These complementary assessment instruments may
improve understanding of adolescents’ progression along a continuum of nicotine dependence
severity over time by increasing the reliability of overlapping content and broadening the
coverage of levels of ND. In addition, with an increasingly reliable understanding of the
patterns of symptoms associated with each level of ND, longitudinal designs can be used to
begin to study symptom expression over time, test hypotheses regarding temporal sequencing
of symptoms, and evaluate how patterns of increasing or decreasing symptoms relate to nicotine
exposure.

The DSM-IV provided an effective anchor for evaluating ND and analyses support the stability
of the construct underlying the DSM-IV among teens. The severity of DSM-IV symptoms
followed an expected pattern as described in Kandel et al. (2007). The DSM-IV index
performed similarly across waves and showed no significant changes in the effectiveness of
symptoms across waves. Tolerance, impaired control, and withdrawal symptoms mark a level
of ND below the diagnostic threshold, which is delineated most closely by self-reported
difficulty quitting. This pattern of symptoms provides additional evidence of difficulty quitting
being a hallmark symptom of DSM-IV defined Nicotine Dependence syndrome. Given that
the DSM-IV focuses on diagnosis of nicotine dependence, a substance use disorder, rather than
indexing a continuum of ND, it was not surprising to find that the DSM-IV instrument provided
limited information about ND severity among adolescents with low levels of smoking. For
example, 50% of the information provided by the DSM-IV occurs within a range of ND
observed among the top 10% of teens in this sample. These results validate the DSM-IV index
as a reliable and valid index of levels of ND observed among more teens with significant
exposure to nicotine.
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Like the DSM-IV, the majority of the mFTQ items target levels of ND that are significantly
higher than the level experienced by this sample of adolescents. Of the seven mFTQ items, the
‘Inhale’ symptom was endorsed by > 95% of adolescents, was not consistently endorsed across
waves, and provided limited additional information about low levels of ND. The ‘Difficulty
Refraining’ and ‘Smoke more in the first two hours’ symptoms did not discriminate well among
levels of ND. Although endorsement of these symptoms was similar to other mFTQ symptoms,
those who endorsed ‘Difficulty Refraining’ and/or ‘Smoke more in the first two hours’
symptoms were not necessarily those teens with the highest levels of ND. Thus, 3 of the 7
mFTQ symptoms did not contribute much information about levels of ND in this sample.
Across waves, the high severity of mFTQ items placed them within reach of only a small
minority of teens and sample limitations may have reduced the ability to establish stable
estimates of item characteristics. The mFTQ symptoms have demonstrated good measurement
properties in samples of heavier smoking teens, and thus further exploration of the role of the
mFTQ symptoms in describing levels of ND is needed. The mFTQ did not appear to add
information about ND above and beyond the other measures in this sample of light smokers.

The NDSS provided broad coverage of levels of ND observed in this sample but only a small
percentage (12%) of information within the highest levels (e.g. >90th percentile) of ND. It is
possible that a sample with higher levels of smoking might allow for more stable estimates of
additional response options within the NDSS and thereby increase coverage of this range of
ND. Adding reliable response options would increase the utility of the NDSS for use among
smokers with higher levels of ND. Given our limited ability to evaluate the reliability of all
responses to the NDSS, a more quasi-continuous response scale for each item may still make
sense for a population with greater dependence. With the dichotomized NDSS, smoking
regularly, craving, and concern about running out of cigarettes were among the most
discriminating NDSS symptoms. Several of the NDSS symptoms demonstrated some unstable
relationships with levels of ND. However, instabilities in the symptoms were not observed
across all waves, and the majority of NDSS symptoms were stable over time.

The combined symptoms index a range of ND and provide a means of evaluating the
consistency of symptoms from different measures that target similar content. For example,
each of the three instruments assesses Tolerance. The DSM-IV inquired about smoking more
without feeling nauseated or smoking more to feel satisfied (DSM-IV 1 = 0.34). The mFTQ
inquires about the quantity of smoking (mFTQ 1 = −0.30), and the NDSS inquires about
increasing the amount smoked over time (NDSS 15 = −0.32) or being able to smoke more
(NDSS 17 = −0.22). Each of these approaches to the construct of Tolerance measured a slightly
different level of severity and thereby increases the range within which symptoms of tolerance
can be scaled. Similarly, withdrawal avoidance can be manifested by either smoking to avoid
‘feeling bad’ (DSM-IV 2 = 0.70), smoking within 30 minutes of awakening (mFTQ 3 = 1.45),
or smoking to feel less restless (NDSS 1 = 0.05). These different operationalizations provide
a broad range (0.05–1.45) of levels of ND to both increase the reliability of rank-ordering
adolescents and provide a benefit of multiple items to broaden assessment of these constructs.

The placement of items from three different measures of ND allows for the mapping of a typical
pattern of symptoms within levels of nicotine dependence severity. Of the available self-
descriptions, the least severe symptom involves a willingness to inhale cigarette smoke (mFTQ
2). This exposure to nicotine self-administration may set a sufficient course for adolescents
who at the next level of dependence report unstable patterns of use (NDSS 9) that are influenced
by environmental circumstances (NDSS 13). With increased use (mFTQ 1, NDSS 15),
adolescents begin to report increased craving to smoke in-between cigarettes (NDSS 2) and
report attempts to avoid the discomfort of withdrawal symptoms (NDSS 1). This behavior may
be linked to progression to levels of ND that include a loss of control over their use (DSM-IV
3), the experience of difficulty quitting (DSM-IV 4), and the experience of frustration when
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environmental circumstances suggest refraining from smoking (NDSS 7, NDSS 5). At the most
severe end of the ND continuum, adolescents will be highly motivated to maintain their
smoking behavior and are unlikely to be deterred even, for example, if a physical illness (mFTQ
6) keeps them in bed all day, and are willing to disengage from important activities to
accommodate smoking (DSM-IV 6). This arrangement of observed symptoms provides a hint
at possible course for movement across levels of nicotine dependence. The ND continuum was
replicated across the three waves of assessments despite variability in smoking behaviors
among teens over time. These results do provide evidence for an organizing dimension of
nicotine dependence that here is used to clarify interrelationships among heterogeneous
symptoms within specific levels of ND.

The identification of an organization of symptoms along a common continuum of ND facilitates
research efforts to understand the construct of ND and manifestation of ND symptoms across
a range of tobacco use in adolescents. Evidence for a continuum supports the utility of moving
beyond single diagnostic thresholds when examining ND in adolescents. By using a model
based on item response theory, we provide an efficient description of the continuum that
facilitates research efforts to select sets of items that effectively capture desired contents and
efficiently scale levels of nicotine dependence among adolescents. The process of selecting
these sets of symptoms may change with the goal of the measurement. For example, genetic
research or clinical outcomes researchers may wish to capture maximum amounts of
heterogeneity to isolate patterns or acute changes in symptoms in a sample and thus may wish
to select a broad range of dependence symptoms. Conversely, an epidemiologist may wish to
refine measures by selecting reduced sets of symptoms to maximize efficient classification of
those with and without clinically significant levels of nicotine dependence. In either case these
initial analyses provide preliminary guidance with regard to selecting from available
symptoms. Given that we used the same scale for the items and individuals, tabled values of
severity (b parameters) can be used to identify symptoms that are likely to distinguish among
adolescents at various levels of ND. For example, figure 4 shows the bulk of ND scores
(25th–75th percentile) for the adolescents with 3+ DSM-IV symptoms ranges from 0.25–1.75.
Thus, items with severity estimates just below and within this range are likely to separate
adolescents above and below this level of ND. For example, mFTQ items ‘First is most difficult
to give up’ (W5 b = 0.98), ‘Time to first cigarette’ (W5 b = 1.45) and an NDSS item relating
‘Avoiding places that do not allow smoking’ (W5 b = 0.81) all begin to be observed within
this range of ND. The DSM-IV items closest to this range of ND are ‘Unable to quit’ (W5 b
= 0.87) and ‘Use despite physical or psychological problems’ (DSM-IV 7: W5 b = 1.52). The
symptoms from the DSM-IV, NDSS, and mFTQ are not a finite set and more work needs to
be done to increase available symptoms to characterize these important regions of the
continuum and to validate the generalizability of the current symptom patterns. By using a
model-based methodology, we provide a practical method for linking multiple existing
measures of ND and provide a basis for beginning to develop larger sets or banks of items to
be used across a broad range of research applications. It will also be important to implement
this type of analysis on smokers of different ages at different levels of dependence.

Although this set of symptoms provided significant information about the rank-order of the
level of ND in this sample of adolescents, it is uncertain whether the same level of measurement
precision is possible among teens with higher levels of ND severity. Enhancing the phenotypic
descriptions of the upper regions of ND is needed. We were able to demonstrate significant
variability in levels of ND among adolescents with the same number of DSM-IV symptoms.
Although we observed variability in levels of ND associated with particular patterns of
responses leading to the same DSM-IV scores, more research is needed to evaluate the utility
of further elaborating the characteristics of adolescents with levels of ND below diagnostic
threshold. Recently completed analyses are identified potential developmental sequences in
symptoms of dependence (Kandel et al., submitted for publication).
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This study has several limitations including the adoption of a single organizing construct for
modeling individual symptoms. ND is a complex construct defined by multiple abstract criteria
and alternative models may emerge to capture this complexity. Despite the complex and
multidimensional nature of ND, researchers and clinicians typically use a single severity score
for making predictions or clinical decisions (e.g. benefits of nicotine replacement). As with all
complex constructs, there is strong potential for multidimensional measures to further inform
phenotypic research. As our research base grows to better describe smoking progression, novel
approaches to evaluating symptom domains may be added to existing facets of ND. An
additional limitation of this study was the relatively small number of smokers who could be
evaluated across all waves of assessment. This prevented a thorough examination of
longitudinal sequencing of all symptom trajectories. Longitudinal studies are needed to better
track the trajectories of symptom development with fluctuations in smoking rates and to
document transitions along a continuum of ND. Future examination of this important data
could examine the roles that gender, socioeconomic, racial/ethnic and other individual
differences play in determining symptom endorsements. Refining the concept of nicotine
dependence in adolescence is crucial to research, prevention and therapeutic efforts. An
improved measure of the phenotype is needed for epidemiological and genetic studies so as to
better identify risk factors and consequences of nicotine dependence. Better measures of the
phenotype are also needed to determine, provide and evaluate preventive and therapeutic
efforts.
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Figure 1.
Item response functions for the three symptoms with statistically significant differences in item
discrimination across waves of assessment.
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Figure 2.
Test information functions for the DSM-IV, mFTQ, and NDSS measures of nicotine
dependence at the final wave of assessment (W5. The latent level of nicotine dependence is
standardized for this sample to have a mean of zero and a one-unit standard deviation. The
amount of information in each instrument is a function of the number and quality of the items.
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Figure 3.
Mean level of nicotine dependence severity for adolescents as a function of the amount of
smoking in the last 30 days prior to waves 3–5.

Strong et al. Page 20

Drug Alcohol Depend. Author manuscript; available in PMC 2010 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Boxplots of estimated a posteriori (EAP) scores for the level of nicotine dependence for each
number of DSM-IV symptoms. Solid vertical lines within boxes represent group medians.
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Table 1
Results from confirmatory factor analysis of 7 DSM-IV criteria, 7 mFTQ items, and 14 NDSS a items to assess an
unidimensional, a multidimensional (three factors), and a hierarchical bifactor model in which a general factor is
evaluated along with three orthogonal factors representing DSM-IV, mFTQ, and NDSS item groups.

Model A Model B Model C

Wave 3 Unidimensional Multidimensional Hierarchical

CFI 0.935 0.952 0.967

TLI 0.951 0.965 0.975

RMSEA 0.073 0.062 0.052

Wave 4

CFI 0.902 0.926 0.948

TLI 0.925 0.943 0.959

RMSEA 0.082 0.071 0.060

Wave 5

CFI 0.936 0.957 0.969

TLI 0.950 0.967 0.975

RMSEA 0.074 0.061 0.052

a
Three NDSS items were excluded from the analysis. CFI = Comparative Fit Index; TLI = Tucker Lewis Index; RMSEA= Root Mean Square Error of

Approximation.
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