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Abstract

Background—Nicotine dependence (ND) is a key construct that organizes physiological and
behavioral symptoms associated with persistent nicotine intake. Measurement of ND has focused
primarily on cigarette smokers. Thus, validation of brief instruments that apply to a broad
spectrum of tobacco product users is needed.

Methods—We examined multiple domains of ND in a longitudinal national study of the United
States population, the United States National Epidemiological Survey of Alcohol and Related
Conditions (NESARC). We used methods based in item response theory to identify and validate
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increasingly brief measures of ND that included symptoms to assess ND similarly among
cigarette, cigar, smokeless, and poly tobacco users.

Results—Confirmatory factor analytic models supported a single, primary dimension underlying
symptoms of ND across tobacco use groups. Differential Item Functioning (DIF) analysis
generated little support for systematic differences in response to symptoms of ND across tobacco
use groups. We established significant concurrent and predictive validity of brief 3- and 5-
symptom indices for measuring ND.

Conclusions—Measuring ND across tobacco use groups with a common set of symptoms
facilitates evaluation of tobacco use in an evolving marketplace of tobacco and nicotine products.

Keywords
Nicotine Dependence; Poly-Tobacco Use; Item Response Theory; Tobacco

1. INTRODUCTION

Nicotine dependence (ND) has been described as a combination of neurobiological
symptoms and learned behaviors associated with repeated self-administration of nicotine
(Collins and Marks, 1991; Edwards and Gross, 1976). For the past half century, knowledge
about tobacco use and ND has come primarily from research conducted among cigarette
users (United States Department of Health and Human Services (USDHHS), 2014).
However, in recent years, tobacco products have diversified into new and different forms,
and poly-use of these products is becoming increasingly common (USDHHS, 2014).
Tobacco products differ in nicotine content, route of administration, constituent ingredients
and constituents, and behavioral patterns of persistent use and thus cigarette-focused
instruments may not effectively reflect ND among non-cigarette product users (De Leaon et
al., 2014; Fant et al., 2009). The extent that the occurrence and severity of symptoms of ND
(e.g., tolerance, withdrawal) are similar or different across tobacco products (e.g., cigarettes
versus non-combustible tobacco products) is currently unknown; therefore, there is an
urgent need to examine the utility and validity of ND measures across users defined by
different tobacco products.

In clinical practice and many research purposes, the diagnosis and treatment of ND relies on
definitions in both the Diagnostic and Statistical Manual of Mental Disorders (DSM-1V;
(American Psychiatric Association, 1994) and the International Classification of Diseases
(Organization, 2008). Both classification systems use the 7 primary domains identified by
Edwards and Gross (1976) and Collins and Marks (1991): (1) physiological tolerance, (2)
evidence of characteristic withdrawal symptoms, (3) impaired control over tobacco use, (4)
unsuccessful attempts to quit, (5) spending a great deal of time using tobacco, (6)
prioritizing tobacco use over other activities, and (7) using tobacco despite physical or
psychological health consequences. The DSM-IV and ICD-10 do not represent an
exhaustive representation of domains of ND and efforts to expand definitions under the
DSM-V (American Psychiatric Association, 2013) to include social consequences and
craving or refine aspects of ND in self-report instruments continue to evolve (Piper et al.,
2008). The NESARC developed 22 symptoms that fit into the seven DSM-IV domains and
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proposed additional symptoms that may also inform the ND construct. NESARC measured
use of multiple tobacco-use products, making it well suited to investigate this set of ND
domains across products.

The overarching aim of this project was to establish a parsimonious set of symptoms that
efficiently and effectively measures ND across users of different tobacco products. We set
out to identify a reduced set of questions that would make it easier for researchers and
clinicians to assess ND for users of different types of tobacco products and poly-users. One
such study that could benefit from identification of ND questions that are valid across
different tobacco products is the Population Assessment of Tobacco and Health (PATH)
Study, which is a nationally representative longitudinal cohort study of tobacco use and
health outcomes within the United States population (National Institutes of Health and Food
and Drug Administration, 2014) that includes a set of NESARC ND symptoms in its
baseline survey. Using the entire set of questions from the NESARC study, we leverage the
psychometric tools of item response theory to formalize commonalities and differences in
symptom “signatures” among users of different tobacco products. A secondary goal was to
identify and remove any symptom domains that were sensitive to product characteristics.
Third, we examined whether the reduced set of symptoms would be a valid and efficient
measure of ND to replicate in other national studies examining tobacco use.

2. METHODS

2.1 Symptoms of nicotine dependence

We examined Past Year symptoms of ND in a US cohort using the NESARC study data. We
utilized wave 1 (W1: n=43,093) conducted in 2001-2002 and wave 2 (W2: n=34,653)
conducted in 2004-2005. We organized the 22 ND symptoms assessed by the NESARC
Alcohol Use Disorder and Associated Disabilities Interview Schedule (AUDADIS) into
groups that either reflected specific DSM-1V criteria or had similar content. Initial groupings
included Tolerance (2 symptoms), Withdrawal Syndrome (8 potential symptoms), Use for
Withdrawal Relief (1 symptom), Use Upon Waking (1 symptom), Use After Temporary
Abstinence (1 symptom), Used More Than Intended (1 symptom), Desire to Quit/Difficulty
Quitting (2 symptoms), Loss of Control (1 symptom), Difficulty Refraining (1 symptom),
Give Up Activity (2 symptoms), and Use Despite Health Consequences (2 symptoms). High
symptom intercorrelations led us to collapse desire to quit/difficulty quitting symptoms (2
symptoms; r=0.83), and to collapse Give Up Activities symptoms (2 symptoms; r=0.76). We
created a single symptom for the presence of the withdrawal syndrome using the DSM-IV
criteria of endorsement of 4 of 8 symptoms and reporting impairment. The thirteen
remaining symptoms were then organized into 8 multi-symptom domains: tolerance (2
symptoms); withdrawal (2 symptoms: Withdrawal Syndrome, Withdrawal Relief); use after
temporary abstinence (2 symptoms); using more than intended (1 symptom); difficulty
quitting (1 symptom); loss of control (2 symptoms -1 Diff. Refrain, 1 Loss of Control);
giving up activities due to use (1 symptom); and consequences of use (2 symptoms).
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2.2 Overview of Data Analytic Plan

We established four mutually exclusive past year tobacco-user groups: cigarette only users
(n=9305), cigarette and cigar users (n=581), cigar only users (n=538), and smokeless
tobacco users with or without other forms of tobacco (n=615). W2 included 8289 tobacco
users of whom 356 were successful quitters (i.e. no tobacco use for = 12-months). Item
response models (IRM) were used to detail symptom responses among the four tobacco use
groups. Prior to fitting IRM we evaluated model assumptions that symptoms measured a
single common construct of ND. When covariation among symptoms arises from inclusion
of multiple symptoms to assess the same domain of the ND construct (i.e. 2 tolerance or 2
withdrawal symptoms), the estimated relationships of symptoms with the primary single
common construct of ND can be affected. Understanding any significant covariation within
multi-symptom domains is important in selecting an IRM that can accommodate violations
of this local independence assumption. To evaluate the significance of covariation within
multi-symptom domains, we used a series of bifactor models to organize covariance of all
symptom responses using a primary factor to reflect a single dimension of nicotine
dependence while also allowing secondary factors to account for additional covariation
within multi-symptom domains. We used full information maximum likelihood
confirmatory factor analysis (Cai, 2010) and the Metropolis-Hastings Robbins-Monro (MH-
RM) algorithm implemented in the ‘mirt’ package (Chalmers, 2012). Fit to a single primary
factor of ND was compared to fit to a series of bifactor models of ND that added covariation
within multi-symptom domains. We evaluated increasingly complex bifactor models that
accounted for either a minimum of three multi-symptom domains (Tolerance, Withdrawal,
Use After Temporary Abstinence) or a maximum of five-multi-symptom domains (three
multi-symptom domains plus either loss of control and/or consequences). We used model-fit
indices including AIC, BIC, and -2log likelihood to guide evaluations. We selected an IRM
model based in Testlet Response Theory (Wainer et al., 2007). In this context, all symptoms
are believed to measure a single primary dimension of ND and the ‘testlets’ are the
groupings of symptoms within multi-symptom domains. This IRM allows comparison of
symptom endorsements and evaluation of brief symptom indices for use across tobacco use
groups. To evaluate validity we compared observed W1 ND symptom counts with
concurrent quantity of product use, and also assessed predictive validity of W1 ND
assessment on quit success by W2. We then used symptom characteristics from these
analyses to select reduced sets of symptoms that could be used to assess ND equitable across
all tobacco-use groups.

2.3. Bayesian Item Response Model

We fit an IRM that accommodated non-normal distributions of ND and included testlets to
account for variability within multi-symptom domains. Although confirmatory bifactor
models supported assumptions that all symptoms reflect a single primary dimension of ND,
the models also suggested that additional variability remained within multi-symptom
domains. We selected an IRM that included testlets, or groupings of symptoms that belong
to these multi-symptom domains. Each testlet is modeled with a random effect term to adjust
for this additional source of covariation that would otherwise violate local independence
assumptions of other IRM models. By adding random effects to reflect significant variability
within multi-symptom domains, IRM with testlets were used to evaluate the measurement
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equality of ND symptom reports from each tobacco use group. We evaluated (1) the relative
strength of association (i.e., discrimination) between each symptom and levels of ND; (2)
the ability to map each symptom within identified levels of ND (i.e., severity threshold).
Finally, a series of models isolated and compared each ND symptom report from each
tobacco use group in Differential Item Functioning (DIF) analyses. Using methods described
by Wang and colleagues (2008) and SCORIGHT software (Wang et al., 2005), we obtained
Markov Chain Monte Carlo (MCMC) generated samples from the posterior distribution of
each of the model parameters separately for each symptom and each tobacco use group.
Significant DIF in the discrimination (‘a’ parameter) and/or severity (‘b’ parameter’) was
interpreted when differences between pairs of posterior values sampled from each group
were >0 in 95% of 10,000 draws.

3. RESULTS

3.1 Descriptive analyses

The analytical sample of adults who used tobacco within the last 12 months was identified at
W1. Demographic characteristics of the W1 sample and the rate of W2 re-interviews are
detailed by each demographic subgroup in Table 1. At W2, the percentage of re-interviews
was lower among 1) those 18-25 and 65+ relative to other age groups, 2) Asian relative to
other racial groups, and 3) those with less than high school education relative to other levels
of education attainment. Importantly, rates of re-interview were similar among the tobacco-
use groups.

3.2 Domains of nicotine dependence symptoms among tobacco use groups

All 13 symptoms were expected to be related to a single underlying dimension of ND. Five
of the eight domains included symptom pairs with conceptual overlap and potentially
significant local dependence (see section 2.1). CFA was used to evaluate the improvement in
model fit when grouping symptom pairs within domains using a series of bifactor models.
Table 2 lists the model fit indices and available model degrees of freedom (df) that reflect
the number of unique response patterns observed in each tobacco-use group, minus one
(Chalmers, 2012).

Bifactor models that reflected the grouping of symptoms within either 3 or 5 multi-symptom
domains provided better fit than the unidimensional model alone. A bifactor model that
included multi-symptom domains for pairs of Tolerance, Withdrawal, and Use After
Temporary Abstinence symptoms, with no further multi-symptom domains for remaining
symptoms, consistently produced favorable improvements in fit over a unidimensional
model. Inclusion of all 5 potential symptom pairs resulted in a small, and in the case of
cigar-only users, non-significant improvement in overall fit across tobacco use groups.
Given marginal improvements of the more complex model and consistent improvement in
fit over no mulit-symptom domains, the 3-multi-symptom domain solution was favored. All
subsequent IRM of the 13 symptoms included terms to reflect three multi-symptom domains
(Tolerance, Withdrawal, and Use After Temporary Abstinence) while the 7 remaining
symptoms were modeled only in relation to the primary dimension of nicotine dependence.
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3.3 Symptom expression across tobacco use groups

We provide a summary of DIF results in Table 3 and detail the observed frequency, IRM
estimated strength of relationship with other symptoms of ND (a: discrimination), the level
of ND where each symptom is likely be observed (b: severity), and results from comparison
of posterior distributions across tobacco use groups in Supplementary Materiall. For all
analyses, we established a common metric for comparison purposes using latent scores with
a mean of 0 (SD=1) to represent the average level of ND in the W1 sample. Establishing a
common metric with latent scores is essential to making group comparisons that are
corrected for any potential bias from DIF. Between-group comparisons using observed
scores may confound interpretation in the presence of DIF. Higher observed scores may
either reflect real differences in levels of ND or the higher likelihood of reporting particular
symptoms. Levels of ND were 0.06 (SD=0.85) among cigarette-only users, 0.14 (SD=0.93)
among cigarette+cigar users, —0.85 (SD=0.64) among cigar-only users, and —0.36
(SD=0.78) among smokeless-tobacco users. At the lowest levels of ND, symptoms observed
across the tobacco-use groups included “wanting to stop’, *continuing despite health
problems’, ‘using just after getting up’, and “using tobacco just after use was not permitted.’
At the highest levels of ND, the symptoms included ‘giving up activities due to tobacco
use’, ‘increasing tobacco use by 50% in the past year’, and experiencing the ‘withdrawal
syndrome’ when deprived of tobacco.

3.4 Differences in symptom reports within tobacco use groups

DIF analyses evaluated each parameter within IRM designed to isolate group differences in
the likelihood of symptom reports given similar levels of ND. Posterior distributions for
item parameters were generated by a series of IRM that examined each symptom for each
tobacco-use group. Using the model to anchor each group to the same metric for ND, we
compared results to posterior distributions from cigarette-only users, the reference group
(Wang, Bradlow, Wainer, and Muller, 2008). Table 3 lists the results of the DIF
comparisons. Using the two posterior distributions of discrimination (a) and severity (b)
item parameters from each tobacco-use group, we assessed DIF by: 1) drawing a value of
each item parameter from tobacco-use group distributions; 2) drawing a corresponding value
from cigarette-only users, the reference distribution; 3) comparing to see if the parameter
from the cigarette-only users was larger than the value from the other tobacco-use group
distribution; and 4) repeating comparisons of pairs from 10,000 draws to record an estimate
of the likelihood that item parameters were higher among cigarette-only users than in other
tobacco-use groups. The identified differences between item parameters were considered
significant when more than 95% (suggesting higher estimates) or less than 5% (suggesting
lower estimates) of comparisons between randomly drawn pairs were higher in cigarette-
only users. DIF analyses were completed for the following symptom groups:

3.4.1 Tolerance—We observed no significant DIF between cigarette-only and other
tobacco use groups when reporting an ‘increase in use by 50%.” When compared to
cigarette-only users, both cigar-only and smokeless user reports of ‘using much more to get
an effect” were associated with slightly lower overall levels of ND (bcigar= 1.29; bsmokeless=

1Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:...
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1.42; beigarette= 1.61). We did not observe significant DIF in comparisons of cigarette+cigar
and cigarette-only users on either of the Tolerance symptoms.

3.4.2 Withdrawal—We did not detect differences in the strength of discrimination for
Withdrawal related symptoms. We observed small DIF in one comparison in which cigar-
only user reports of “use tobacco to keep from having withdrawal’ reflected slightly more
severe levels of ND than similar reports among cigarette-only users (bgigar= 1.96; bcigarette=
1.50).

3.4.3 Use After Temporary Abstinence—Although strongly related to levels of ND in
all tobacco-use groups, cigarette+cigar user reports of ‘using just after getting up’ was an
even stronger indicator of ND (i.e. more discriminating) than observed in cigarette-only
users. However, ‘using soon after getting up” (bgigar= 0.34; beigarette= —0.27;
difference=0.61) and ‘just after use was not permitted” (bcigar= 0.46; bcigarette= —0.18;
difference=0.64) reflected significantly higher levels of ND among cigar-only than among
cigarette-only users. Among smokeless and cigarette-only users, responses to ‘using soon
after getting up’ assessed ND similarly. Smokeless users reports of needing to use *Just after
use was not permitted’ was not as strongly related to overall levels of ND as was observed
for cigarette-only users. Smokeless users who endorsed this less discriminating symptom
had higher levels of ND than cigarette-only users who endorsed this symptom.

3.4.4 Remaining symptoms—Among the seven remaining symptoms, ‘using tobacco
more than intended’, ‘wanting to/trying to stop or cut down’, ‘giving up activities to use
tobacco’, and ‘using tobacco even though anxious or depressed’ had the least amount of DIF
across tobacco use groups. Reports of ‘chain smoking” had stronger relationships with levels
of ND within each of the tobacco-use groups than within cigarette-only users. Reports of
‘using tobacco despite health problems’ was associated with slightly higher levels of ND
within each of the tobacco-use groups (bcigarette+Cigar= 0-32; bcigar= 0.44; Dsmokeless=0.54;
bcigarette= 0.15) than within cigarette-only users. “Waking up at night to use tobacco’ was
more strongly associated with ND among cigar-only users. This symptom was less likely to
be reported by smokeless users than among cigarette-only users (bsmokeless=1-87; Bcigarette=
1.33).

3.5. A brief index for application across tobacco use groups

When selecting symptoms for an efficient index of ND across tobacco-use groups, we
established four primary criteria. We looked to a) minimize redundancy of the content
covered by symptom inquiries, b) ensure coverage of a broad range of levels of ND, c)
select symptoms providing strong discrimination (information), and d) select symptoms with
least DIF across use groups. Using these four guidelines, we selected a set of five symptoms;
1) “‘Want to/try stop or cut down’; 2) ‘Using just after getting up’; 3) ‘Using tobacco more
than intended’; 4) ‘Using much more to get effect’; 5) “‘Nicotine withdrawal syndrome’. A
plot reflecting the region of ND where each item contributes psychometric information is
presented in Figure 1. We further selected a 3-symptom index using the same criteria and
included symptoms 1, 2, and 4.
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3.6. Concurrent and Predictive Validity of Extended and Brief Instruments

Concurrent use of tobacco was assessed with the questions ‘On the days that you (smoked/
used snuff/chewed tobacco) during that period, about how many (cigarettes/cigars/pipe
bowls of tobacco/pinches, dips or rubs/plugs, wads or chews) did you USUALLY (smoke/
use) in a single day?‘ Given lack of comparability of the units of use for different products,
we established an ordered grouping of Low, Medium, and High use groups based upon
tertiles within each tobacco-use group. We then examined the association between observed
levels of ND based upon a count of symptoms and level of tobacco use (e.g., Low, Medium,
High). Using the wave 1 survey, Spearman rank correlations associating a count of the 13
ND symptoms and increasing levels of quantity were 0.38, 0.41, 0.37, and 0.42 for cigarette-
only, cigarette+cigar, cigar-only, and smokeless tobacco-use groups respectively (p-values
<0.01). When we examined the count of the 5-symptom ND index, correlations were 0.32,
0.35, 0.36, and 0.36, respectively. Associations were similar when using the 3-symptom
index with correlations of 0.41, 0.43, 0.36, and 0.39, respectively. These significant
correlations (p-values <0.01) support the concurrent validity of these indices of ND.

We hypothesized that higher levels of ND at W1 would be predictive of a decreased chance
of quitting tobacco-use by the W2 assessment. The primary dependent variable was a report
of no tobacco use in 12 months prior to the W2 interview. As planned covariates we
included age, gender, racial/ethnic group, and education along with tobacco use group.
Levels of ND scores from the raw 13-, 5-, and 3-symptom scales were classified into three-
levels using W1 tertiles to facilitate comparisons of predictive validity.

Table 4 lists logistic regression model coefficients and computed odds ratios (OR). Relative
to cigarette-only users, cigarette+cigar users had similar odds of quitting (OR=0.87, p>0.10).
Cigar-only users (OR=4.85, p<0.01) and smokeless users (OR=1.72, p<0.01) had
significantly higher odds of quitting at W2 than cigarette-only users. When added to other
terms, the two dummy-coded terms comparing increasing levels of ND at W1 were
consistently associated with lower odds of reporting quitting at W2. When compared to the
lowest tertile, tobacco users reporting 3-4 (OR= 0.47, p<0.01) or 5+ (OR=0.36, p<0.01) of
the 13 ND symptoms had significantly lower odds of quitting. We also observed significant
decreases in odds of quitting when comparing increasing tertiles to the lowest tertile using
the 5-symptom and 3-symptom scales (p-values < 0.01). The pattern of relationships and
magnitude of association with the odds of quitting were similar for the 13-symptom, 5-
symptom (A1) and 3-symptom (A2) ND indices. The two-way interaction effects of the 13-
symptom (p<0.31), 5-symptom (p<0.10) and 3-symptom (p<0.16) ND indices and tobacco
use group were not significant statistically.

4. DISCUSSION

In this analysis of data from the NESARC, we developed and compared three hierarchical
indices of ND and identified a parsimonious and psychometrically sound 3-symptom index
(’want to/try stop or cut down’; using just after getting up’; and ‘using much more to get
effect”). Across tobacco-use groups, this index had similar predictive and concurrent validity
with the two longer indices. The 3-item index also significantly correlated with quantity of
products consumed and predicted successful cessation at Wave 2, independent of

Drug Alcohol Depend. Author manuscript; available in PMC 2016 July 01.
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demographic covariates. The categorization of severity of ND was not substantially different
from that obtained using the longer indices.

Overall, levels of ND were lowest among cigar-only users and highest among cigarette-only
smokers and users of both cigarettes and cigars. We observed similar patterns of symptoms
across tobacco-use groups with similar levels of ND. The similarity in patterns of symptoms
was particularly notable for cigar only users who typically have distinctly intermittent use
patterns when compared to cigarette-only smokers. The lowest levels of ND were associated
with a persistent desire to quit and use soon after being restricted from tobacco use. The
highest levels of ND were associated with giving up activities to use tobacco and experience
of the full withdrawal syndrome when deprived of tobacco. These patterns of symptoms
across increasing levels of ND were consistent with previous examinations of the continuum
of ND (Saha et al., 2010; Strong et al., 2003). Two symptoms, ‘use just after getting up’ and
‘use despite health problems’ were associated with low levels of ND in the current study
while in previous studies, similar symptoms were associated with high levels of ND (Strong
etal., 2003, 2011). Previous studies included response options with narrowed time frames
(e.g., smoking within 5 minutes of waking) and severe conditions (e.g., difficulty breathing,
problems with your heart) as referents that may have raised levels of ND associated with
these more severe manifestations of these domains. The ND symptoms in the current study
provided a broad range of measurement of ND and had significant concurrent association
across tobacco-use groups. Observed moderate correlations between levels of ND and
quantity of tobacco consumed were similar across groups and were consistent with other
investigations of cigarette users and smokeless users (Ebbert et al., 2012; Ferketich et al.,
2007; Hatsukami et al., 1999; Shiffman et al., 2004). Furthermore, this study offers much
needed validation of ND and quantity of tobacco consumed among cigar users where little
comparative studies are available (Henningfield et al., 1999). Given more common patterns
of intermittent use than cigarette-only users, we expected and observed lower overall levels
of ND among cigar-only users. Despite different patterns of use, each of the ND instruments
provided evidence of predictive validity that was similarly strong across all tobacco-use
groups. This is notable given that past studies using ND measures to predict cessation
outcomes have demonstrated limited associations (Breslau and Johnson, 2000).

We did not detect systematic group differences in measurement of ND, particularly when
examining physiological symptoms reflecting Tolerance and Withdrawal. When we did
observe significant DIF, it was generally confined to behavioral symptoms. For example,
asking about the need to use tobacco ‘just after use was not permitted’ yielded slightly
different information among non-cigarette users as compared to cigarette-only users. This
may be due to difference in typical use patterns across tobacco-use groups (e.g., more time
in between use of cigars than cigarettes), and the fact that smoke-free workplaces do not
proscribe smokeless tobacco use. When behavior reflected in a symptom might be
influenced by product specific factors other than ND, we observed a shift in the severity of
ND reflected by the symptom. The shift in severity suggested that the behavior was still
associated with ND in non-cigarette users, but was associated with slightly higher levels of
ND than the same symptom observed among cigarette-only users. Alternatively, when
behaviors may not reflect ND as consistently within non-cigarette users, we observed
weakened discrimination estimates. Despite these differences, we were able to identify a
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majority of ND symptoms that were consistent across tobacco-use groups, which were used
to generate shortened scales.

Our approach reduced a broad set of ND symptoms into a minimum set of 3 symptoms that
satisfactorily represent the ND construct. These 3 symptoms are: *want to/try stop or cut
down’; "using just after getting up’; and ‘using much more to get effect’. These domains
provided symptoms with strong psychometric properties (e.g., information functions,
minimal DIF) across tobacco-use groups and maintained concurrent relationships with
tobacco use and predictive associations with tobacco use cessation. This minimal set of 3
symptoms provides a new tool for measuring ND in the population. Support for this
parsimonious and psychometrically sound metric across tobacco-use groups underscores its
utility in measuring tobacco use in an evolving marketplace of tobacco and nicotine
products.

These results add to a growing literature that demonstrates the benefit of using methods
based in item response theory to understand the tobacco use phenotype. This is
accomplished by assessing the development, course, and differential expression of ND
symptom under varied tobacco-use patterns and products. These methods also enabled
identification of overlap among symptoms as opportunities for increasing the reliability of
measures (Conway et al., 2010; Courvoisier and Etter, 2008; McBride et al., 2010; Saha et
al., 2010), for selecting symptoms to generate an efficient short-form (Strong et al., 2012),
for enabling consistent measurement across important demographic groups (Strong et al.,
2003; Yamada et al., 2009), evaluating measurement of ND across critical developmental
periods (Liu et al., 2013; Rose and Dierker, 2010a, 2010b), enabling pooling of studies using
common symptoms (Rose et al., 2013), and for signaling the need for developing new
symptom questions (Reise and Waller, 2009). Item response models are flexible in that they
allow assessment of covariates when estimating levels of ND, a facility that may be used to
address questions about user-characteristics and development of ND when mutually
exclusive groupings may be difficult to establish a priori (Wainer et al., 2007). The current
study extends existing research by establishing measurement of ND across tobacco use
groups.

4.1 Limitations

The current study has several limitations including a truncated distribution of ND among
cigar users that compromised our ability to evaluate a broad range of symptoms in this use
group. We also had limited ability to refine the definition of cigar use, which did not allow
assessment of potential differences between filtered cigar and large cigar users. We had
small sample sizes for analysis of groups other than the smokers, and incomplete assessment
of dependence/addiction items that were limited to DSM-IV/ICD-10 constructs.
Additionally, we did not have a biological marker of nicotine exposure that could be linked
to levels of reported tobacco use, which could have been informative for assessing ND.
Finally, we were limited by the poor representation of symptoms at the lower range of the
ND continuum. The available symptoms may best measure ND among established tobacco-
users and may not be sensitive to early progression to regular tobacco use or escalating use
patterns. More work will be needed among youth, in which the level of ND and the diversity
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of tobacco products and behaviors may be different in comparison to established adult
smokers. The current study relied upon interviews first fielded in 2001-2002 and was unable
to assess the diversity of tobacco products available in the current marketplace when
examining ND symptoms. However, some of these limitations will be resolved with results
from the PATH Study, which includes multiple measures of ND, biological samples
collected from adults, and assessments of youth and adults at varying points along the
tobacco-use trajectory. Replication of our results in this national sample is needed before
this index can be disseminated widely.

4.2 Conclusion

We evaluated thirteen, five, and three ND symptom indices that demonstrated concurrent
and predictive utility across tobacco-use groups in a multi-wave US national sample. We
found little support for meaningful differences in symptoms of ND across different tobacco
use groups. The concurrent and predictive validity of each of the brief sets of ND symptoms
was supported. We established a set of parsimonious symptom domains that can be used to
generate efficient and effective measurement of ND across users of different tobacco
products.
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Figure 1.
Item Information functions for the five selected symptoms to map a broad range of Nicotine
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Table 1
Demographics at Wave 1 and the percent respondents missing assessments at Wave 2 within demographic
subgroups.
Variable Wave 1 Wave 2
n Sample % n % Missing at W2
Age Group
18-29 8666 20.1% 6719 22.5%
30-39 8942 20.8% 7299 18.4%
40-49 8458 19.6% 7146 15.5%
50-64 8822 20.5% 7485 15.2%
65+ 8205 19.0% 6004 26.8%
Gender
Male 18518 43.0% 14564 21.4%
Female 24575 57.0% 20089 18.3%
Race
White 31825 73.9% 25791 19.0%
Black/Afr.American 8404 19.5% 6680 20.5%
Asian 1312 3.0% 942 28.2%
American Indian 1304 3.0% 1032 20.9%
Hawaiian/Pacific 248 0.6% 208 16.1%
Ethnicity
Hispanic/Latino 8308 19.3% 6356 23.5%
Not Hispanic/Latino 34785 80.7% 28297 18.7%
Education
< High School 7849 18.2% 5744 26.8%
GED/High School 12547 29.1% 9955 20.7%
Some/Two-year College 12663 29.4% 10474 17.3%
Bachelors Degree 5251 12.2% 4389 16.4%
Some/Graduate Degree 4783 11.1% 4091 14.5%
Examined Tobacco Use Groups
Cigarette ONLY 9305 21.6% 7446 20.0%
Cigarette and Cigar ONLY 581 1.3% 447 23.1%
Cigar ONLY 538 1.2% 436 19.0%
Smokeless WITH/WITHOUT OTHER FORMS 615 1.4% 513 16.6%
Other/Non-Users 32054 74.4% 25811 19.5%

Note: Percent Missing at W2 reflects the number of wave 1 respondents within each demographic subgroup observed at wave 2 (row percents)

Drug Alcohol Depend. Author manuscript; available in PMC 2016 July 01.



Page 18

Strong et al.

*T snuiw sasuodsal Jo susarred anbiun Jo Jaquunu ay) 1981484 [SPOW [eUOISUBWIPIUN Ul (JQ) WOpaaJ} Jo saalfap a|ge|ieny 810N

€00 00v TL0T €9'66v¢c—  ¥C'0€cs  90'TL0G  6TT S loeylg 3 ISpoIN
100> 009 G.8¥ 68'¥09¢—  92'9T¢S  LL'€L08 €21 € loeylg 4 ISpoiN
92'62G¢—  8¥'GCcS  ¢S0T1S  6CT 0 un - v [3PON

SS3|aX0WS

660< 007 6VI- 09'6vTT-  99'G¢S¢  0C'TLEC  S€ S loeylg 3 |spoN
100> 009 29¢€e G8'8YTT-  T6'86¥C  0LT9€C  6€ € loe)lg 4 ISpoiN
99'G9TT-  08'V6¥C  CE€'€8€C  GF 0 un v [3POIN

JebiD

100> 00Fv <2T9¢ 60°'G80€—  Z€'66€9  6TCWC9 V6T S loeylg 3 ISpoiN
100> 009 [y G1'860€—  86'66€9  0£09¢9 86T € loeyilg g |spoiN
62°6TTE-  90V0¥9  1S0629  ¥0C 0 un v [3POIN

Jeb1)+enasebl)

100> 00% 000T¢ 6T'TI8V8V— 9€'T16¢.6 8EVEDL6 6VIT g Jopejig 3 [3POIN
T0'0> 009 <¢T69TT 61'9898y— 08V9v.6 8E'9€CL6 ESTT € Jopelig g I3POIN
G/'0LT6V— 01'6/586 T1S'€6E86 6STT 0 un v I3POIN

ENENE e}

d p X 1160 olg 1V Ja  surewoq-gns woldwAS-NINAL 84Monns awreN

"pajuasald ale sjapow 1039e}1q Urewop woldwAs-1jnw aAl) pue ‘1olae}iq
urewop woldwAs-ninw saiy} ‘euoisuawipiun :douspuadaq aunodIN Jo sjapow sisAjeue 101oe) Alojew.ijuod Burredwod sainseaw 11 JO SSBUP00S)

¢ ?olgel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Drug Alcohol Depend. Author manuscript; available in PMC 2016 July 01.



Page 19

Strong et al.

‘loquiAs ,—, & aAey dnolb [ea04 aU} Ul JaMO| Sem Jalaweled aiaym suostiedwod pue .+, e aaey dnolb 220y sy ul Jaybiy sem Jalawedted ay) asaym suostedwo) ‘|oquiAs
.0, @\eY 41@ eal1ubis ou yum suostiedwo) *(,¥,) 8oualayal e se s1asn anasebio wody sisjsweled 0] pasedwod alam dnolb asn 039eq0] Yoes woJy sisrsweled (q) A114anss pue (8) UoIeUIWIIOSIP 8Y] (810N

0 0 0 0 0 0 bS] passaidap Jo snoixue 8)1dsap 039eg0) 8SN
+ 0 + + + 0 o wia)qoud yifeay axdsap 022eq03 8SN
0 0 - + 0 0 b | S81J1A119€ UO UMOP INJ Jo dn aAID
+ 0 0 + 0 0 d 022eq0} asn 03 ybiu dn 1e axe N
- + 0 + - + o Buisn/Burjows ureyd
+ + + + 0 0 S| uMOp 1n9 10 dols 03 A13/0] JUBAA
0 0 0 + 0 0 b | papusiul NOA Uey) a10W 092eq0} pasn
swioldwiAs Buiurewisy
+ - + 0 0 0 d paniw.ad 10U sem 8sn Y314V LSNC
0 0 + 0 0 + o dn Bumsb ¥314v LSNC UsYO
ouBUIISqY Afelodwia] JBYY 8sN € urewoq wodw/As-} Nzl
0 0 + 0 0 0 o [emelpyim Buiney wody dasy 03 0328q03 8SN
0 0 0 0 0 0 <] AWOIPUAS [eMeIpyYIAA
[eme.pyI g urewoq woldwiAs-3niy
0 0 0 0 0 0 o jusdsad Qg Aq asn asealou|
- 0 - 0 0 0 S| 109)48 186 01 alow ydnw asn
QouUeRB(0] T Urewoq woldw/s-} N\
q e q e q e ERIIESETENS| woldwAs aouspuadaq auiodiN
(sT9=U) (8eg=u) (185 =) (S0e6 =u)
SINYOH ¥3HLO LNO HLIM/HLIM sssjaxows | Ajuo 4ef1d | ATINO JebiD + anaiefid | ATINO anauebid

‘woldwAs (QN) 9auspuada@ aunodiN yaes 1oy sasAjeue (41Q) uonoun- way| [enualapiq Jo Arewwns

€9l|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Drug Alcohol Depend. Author manuscript; available in PMC 2016 July 01.



Page 20

Strong et al.

“Jueaiyubis Jou sem dnoio aduspuada@ pue dnois) 039egO | Usamlaq UuondeIaU| ¢ pue ‘z ‘T swordwAs sapnjoul (zv) aeds woldwAs-2aiy ] "[emeipyiim aurlodiu (G 19449 186 01 [ensn ueyl alow yonw asn
198 (¢ ‘papuaiul uey atow asn (g ‘dn Bumab Jaye uoos asn (g ‘umop 1na/dos 01 Juem (T :(Tv) 9Jeas woidwAs anl4 “uoreanpa pue ‘dnoub a1uyia/feoes ‘1apuab ‘abe oy paisnipe sjppow uoissalbal o:w_mo._mv

910N
100> 8€°0 €20 0c0 | eto | zzT- 0:€ - gv"dnoig-souspusdeq
100> 8v'0 8€°0 er’o | 900 | v8°0- 0:¢-T - ¢v"dnoi9-souspusdeq
(2v) 8feos woidwis 881U L Ui
100> S0 S2°0 0€0 | 600 | TeT- 0:+€ - Tv"dnoi9-souspuadeq
100> 160 or'o G7'0 | 900 | 62°0- 0:2-T - Tv"dnoi9-souspusdeq
(Tv) 8[e3s WoldwAS BAId Y
100> T7°0 €0 9e'0 | 00 | €0T- 2-0:+G - dnos9souspuadag
100> €50 70 Lyo | L00 | 9L0- 2-0:7-€ - dnos9-dduspuadad
9[e3S5 WOIAWAS USSIUL UMM
100> 494 6T 2ot | tro | vso ssajaxows
100> 66'G €6°¢ a8y | 110 | 89T 1610
82°0 A 190 180 | €10 | vT0- 1eBIo+anarebin
ERESETENS| anatebn
ednous oooeqol
d 1D %56 49ddn | 10 %G6 1m0 | HO | I'S | 10843 3ouspuadag SUNOJIN JO S|9A3

"9ouapuadap aunodiu
0 swoldwAs panIasqo JO JUnod T aAeM Buisn Z aAeM Je asn 092eq0) Woly sduaunsge juitod Bunoipaid sjapow uoissaibal o11s160] ajesedas wol) snsay

v alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Drug Alcohol Depend. Author manuscript; available in PMC 2016 July 01.





