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Abstract

Introduction: African American (AA) smokers consume fewer cigarettes per day (CPD) and are
less likely to report nicotine withdrawal, yet quit smoking at lower rates than White smokers.
Racial differences in dependence-related factors suggest that facets of dependence may be
differentially salient to the maintenance of smoking across groups. An important step toward
understanding dependence among AA smokers is the evaluation of the psychometric properties
of measures within this population. The present study describes validation of the Brief Wisconsin
Inventory of Dependence Motives (B-WISDM) and derivation of dependence motive profiles in
AA daily smokers.

Methods: The study sample comprised AA daily smokers participating in the Kick It at Swope
IV randomized controlled trial of varenicline. The factor structure of the B-WISDM was tested
using confirmatory factor analysis (CFA). Dependence motive profiles were derived using
factor-mixture latent profile analysis (LPA). Profile membership was regressed on clinical
characteristics to validate and characterize the obtained profiles.

Results: The 11-factor CFA model resulted in an improper solution, requiring the elimination of
the Tolerance factor. A 10-factor model had satisfactory fit. Multiple pairs of factors were highly
collinear (» > .80). The LPA of the 10-factor model yielded a 3-profile model that provided the
best fit and no invalid parameter estimates. The profiles could be distinguished by factors related
to compulsive smoking, or primary dependence motives (PDM), Taste, and Affiliative
Attachment factor means. Light smoking (< 10 cpd) was associated with membership in profiles
with lower PDM scores and higher Taste and Affiliative Attachment scores (OR = 2.4, p = .02).
Conclusions: This study supports the psychometric adequacy of the B-WISDM for AA daily

smokers. However, the high degree of collinearity observed among multiple pairs of factors



v
suggest the B-WISDM may benefit from reducing the number of subscales in the measure. The

profile analysis has implications for understanding dependence motivation among AA smokers

and the potential treatment needs of particular subgroups.
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Introduction

Cigarette smoking is the leading cause of preventable death in the United States (Danaei
et al., 2009). Although prevalence rates of smoking among African American (AA) and Whites
are similar, epidemiological and clinical data from the United States demonstrate marked
disparity in rates of smoking cessation and relapse among AA smokers (American Lung
Association, 2011; Babb, Malarcher, Schauer, Asman, & Jamal, 2017; Caraballo et al., 2014;
Kulak, Cornelius, Fong, & Giovino, 2016; Piper et al., 2010). African American smokers are
disproportionately burdened by smoking-related morbidity and mortality (CDC, 2015; Haiman et
al., 2006). Thus, it is imperative to better understand the factors contributing to racial disparities
in cessation outcomes.

Nicotine dependence (ND) is the construct hypothesized to account for chronic smoking
that occurs despite adverse health consequences and the desire to quit (Niaura, 2013; Piasecki,
Piper, & Baker, 2010b). In addition to having lower rates of quitting, racial differences in
smoking behavior among AA smokers, including the smoking of fewer cigarettes per day (CPD),
the predominant smoking of mentholated cigarettes and being more likely to make an
unsuccessful quit attempt in a given year, suggest that AA smokers may be as nicotine dependent
as White smokers, but at lower levels of smoking (Kulak et al., 2016; Rock, Davis, Thorne,
Asman, & Caraballo, 2010; Trinidad et al., 2009). Common measures of ND operationalize the
construct narrowly and may not fully generalize to the lighter smoking patterns that are more
characteristic of smoking among AA compared to Whites (Shiffman, 2009; Trinidad, Perez-
Stable, White, Emery, & Messer, 2011). Thus, a fuller characterization of ND among AA

smokers is likely an important step in understanding racial disparities in smoking cessation.



Given that the AA smoker population is heterogeneous, understanding how ND varies
within the AA smoker population is also necessary for the characterization of ND (Smith,
Ramsay, & Mazure, 2014). Sex' differences among AA smokers in behavioral, biological, social
and psychological factors are suggestive of differences in ND (Mickens, Ameringer, Brightman,
& Leventhal, 2010). Females may have more difficulty quitting when unassisted than males and
sex differences in response to pharmacotherapy for cessation have also been demonstrated
(Smith et al., 2015; Smith, Zhang, Weinberger, Mazure, & McKee, 2017). Females smoke fewer
CPD than males, smoke menthol cigarettes at higher rates, metabolize nicotine more quickly and
evidence greater negative affect reduction expectancies for smoking (Mickens et al., 2010;
Okuyemi, Ahluwalia, Richter, Mayo, & Resnicow, 2001; Pang, Zvolensky, Schmidt, &
Leventhal, 2015; Pogun & Yararbas, 2009). Similar to racial differences in ND, sex differences
among AA smokers are also inconsistently observed and ambiguous, in part due to the common
approaches to ND measurement.

The Wisconsin Inventory of Dependence Motives (WISDM) is a multidimensional
measure of ND motives (Piper et al., 2004). The particular motivations assessed (e.g., smoking to
enhance cognition) are the motivational correlates of fundamental mechanisms of nicotine
dependence (e.g. positive reinforcement). The multidimensional factor structure of the WISDM
reflects the different motivational processes underlying persistent smoking that are implicit in
different theories of drug dependence (Piper et al., 2004). The WISDM has been used to

empirically derive qualitatively and quantitatively distinct motivational profiles that may help to

"In this study, the constructs of race and sex are knowingly conflated with ethnicity and gender, respectively. Race
and sex refer to biological differences reducible to genotypic homogeneity while ethnicity and gender refer to
specific forms of self-definition and shared experience (Obasi et al., 2013). This conflation serves to reflect that ND
is likely influenced by both biological factors and factors related to shared experience (e.g., culture, socioeconomic
disparity).
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explain the motivational bases of ND among smokers across the continuum of smoking intensity

(Piasecki et al., 2010b; Piper, Bolt, et al., 2008).

The WISDM is a promising measure for the characterization of ND motives among AA
smokers. The Brief WISDM (B-WISDM; Smith et al., 2010) is an abridged version of the
WISDM that is widely used and will be used in the present study. To date, there is conflicting
evidence regarding the validity of the B-WISDM to assess ND motives among AA smokers (Ma,
Li, & Payne, 2012; Smith et al., 2010). The existing validation studies of the WISDM have
derived a measurement model describing the relationship between the items and their respective
subscales, or factors (i.e., factor structure). Some of these studies have derived a structure
describing how individual smokers are related to one another based upon their pattern of scores
across the different ND motives subscales (i.e., latent profiles) (Piper, Bolt, et al., 2008; Piper et
al., 2004; Smith et al., 2010). The purpose of this study is to assess the validity of these
structures in a sample of AA smokers and to use sex and other ND-related variables to

characterize and validate profiles of ND motives.



Literature Review
Sociohistorical Context of Racial Disparities in Smoking Outcomes

Smoking and smoking-related morbidity and mortality disproportionately burden
socioeconomically deprived communities and AAs (CDC, 2010; Jamal et al., 2016). The
association of non-White race and disadvantage in the United States has deep social and
historical roots. Racial categorization in the United States has historically served to solidify and
perpetuate social, political and economic dominance, resulting in a historical legacy of
systematic racial inequality that persists to the present day (American Sociological Association,
2003; Williams, Priest, & Anderson, 2016). In 2016, the rate of poverty among AAs was more
than double that of non-Hispanic Whites; the median income for AAs was $39,490 compared to
$65,041 for non-Hispanic Whites (Proctor, Semega, & Kollar, 2017). The enduring effect of
historical disenfranchisement is persistent; for example, one recent study demonstrated that
geographic segregation in the 1880s was associated with less social mobility in the 1980s
(Andrews, Casey, Hardy, & Logan, 2017).

Smoking and smoking-related health disparities are maintained by a complex network of
intrapersonal, interpersonal, community, social and policy factors (Moolchan et al., 2007;
National Cancer Institute, 2017), which has developed out of historical processes of cumulative
disadvantage. For example, the net effect of historical disenfranchisement is the development
communities of lower socioeconomic status, where AAs are more likely to reside. Higher
poverty communities are more likely to have higher densities of tobacco retailers (Yu, Peterson,
Sheffer, Reid, & Schnieder, 2010). Higher community density of tobacco retailers is associated
with greater rates of uptake of youth smoking (Novak, Reardon, Raudenbush, & Buka, 2006).

The experience of living in disenfranchised and marginalized communities promotes
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discrimination, which is known to be associated with smoking and nicotine dependence (Borrell

et al., 2010; Reitzel et al., 2012).

African Americans experience disparities in health care access and health outcomes
(Bailey et al., 2017). With respect to tobacco treatment specifically, low socioeconomic status
influences whether an individual uses smoking cessation pharmacotherapy (Shiffman,
Brockwell, Pillitteri, & Gitchell, 2008) and is associated with a lower likelihood of receiving
smoking cessation advice from a healthcare provider (Houston, Scarinci, Person, & Greene,
2005). African American smokers are less likely than White smokers to use cessation
pharmacotherapy, even after accounting for markers of socioeconomic status (Fu et al., 2008).
African American smokers are more likely to hold historically-informed negative beliefs about
smoking cessation pharmacotherapy; namely, that the development and regulation of
medications by the government and pharmaceutical industries is dictated by private interests
(Carpenter, Ford, Cartmell, & Alberg, 2011). Thus, sociodemographic differences and historical
experience likely influence the extent to which AA smokers engage in smoking cessation
treatment, which thereby contributes to disparities in the burden of smoking.

There are numerous other complex pathways by which the historical disenfranchisement
has influenced the socioeconomic position of AAs, which thereby contributes to smoking and
smoking-related health disparities in the U.S. (National Cancer Institute, 2017). Given the
insidious influence of the historical legacy of racism on health generally (Williams et al., 2016),
the sociohistorical context of disparities in smoking must serve as the general frame within
which to understand racial differences in smoking outcomes.

Race and Sex Differences in Smoking Related Health and Cessation Related Outcomes
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Morbidity and mortality. Cigarette smoking is responsible for 467,000 deaths annually

in the United States (Danaei et al., 2009). Smoking accounts for a significant proportion of all
cancer deaths; in 2014, 29% of all cancer deaths in the United States could be attributed to
smoking (Lortet-Tieulent, Goding Sauer, Siegel, & et al., 2016). Smoking causes many chronic
diseases including diabetes, stroke, heart disease, chronic obstructive pulmonary disease (COPD)
and rheumatoid arthritis (USDHHS, 2014). The health consequences of smoking differ by sex.
Females experience unique health consequences as smoking during pregnancy causes premature
birth, low birth weight and increases risk of still birth (WHO, 2010). African American smokers
suffer from smoking-related morbidity and mortality at higher rates than White smokers (Harris,
Zang, Anderson, & Wynder, 1993). The smoking-related health consequences are particularly
dire for AA females, who generally exhibit the highest rates of rates of diabetes, breast and
cervical cancer and heart disease (Belgrave & Abrams, 2016).

Across the continuum of cigarette consumption from heavy to light smoking, White
smokers have 27-55% lower relative risk of incident smoking-related lung cancer compared to
AA smokers (Haiman et al., 2006). In the state of Missouri from 2003-2007, the Centers for
Disease Control (CDC) (2010) observed that the smoking-attributable mortality rate was 18%
higher among AA than White smokers. For both AA and White smokers, males had higher rates
of smoking-related mortality than females. African American males had a 28% higher rate of
smoking-attributable mortality relative to White males, while AA females had an 11% higher
rate of smoking attributable mortality compared to White females (CDC, 2010).

Rates of smoking, quit attempts and cessation. From 2005 to 2015, the prevalence of
current smoking in the US population decreased from 20.9 to 15.1% (Jamal et al., 2016).

Historically, smoking has been more prevalent among African Americans; however, by the
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1990s, these rates began to converge (Kulak et al., 2016). By 2015, 16.6 and 16.7% of White and

AA adults reported current smoking, respectively (Jamal et al., 2016). In 2015, AA males had
higher rates of current smoking (20.9%) compared to White males (17.2%) and AA females
(13.3%). White females had a higher rate of smoking than AA females (16%). Importantly, the
prevalence of smoking varies markedly by socioeconomic status. In one study of AA smokers
residing in the 39 poorest census tracts in Detroit, the overall prevalence of smoking was 42%,
with AA males having higher rates of smoking than AA females (59% vs. 41%, respectively)
(Delva et al., 2005). These findings are consistent with observed disparities in smoking
prevalence among adults of lower versus higher socioeconomic status in the general population
(USDHHS, 2014). Although current rates of smoking in the general population are nearly
equivalent among AA and White smokers, differences exist with respect to interest in quitting
and annual quit attempts.

Research using population and community-based samples demonstrates that AA smokers
are more likely to be interested in quitting and more likely to make a quit attempt in a given year
than White smokers (Babb et al., 2017; Keeler et al., 2017; Trinidad et al., 2015). In 2015, 63%
of AA smokers reported a past-year quit attempt compared to 53% of White smokers (Babb et
al., 2017). Race X sex interactions are evident with respect to quit attempts. Data from the 2000
NHIS demonstrated that although AA smokers were more likely to attempt to quit versus White
smokers (48.5 vs. 43.7%), AA males and AA females attempted to quit at nearly equivalent rates
(49 vs. 48%) whereas White females attempted to quit at higher rates than White males (46 vs.
43%) (Barbeau, Krieger, & Soobader, 2004). Thus, AA smokers, on average, appear to be highly

interested in quitting smoking and regularly attempt to do so.



Despite the increased likelihood of making a quit attempt in a given year, the rate of
annual cessation among AA smokers during 2000-2015 was 4.9 % compared to a cessation rate
of 7.1% rate for White smokers (Babb et al., 2017). In addition to annual cessation rates, studies
adjusting for potential confounders such as age, education, income and ND have observed that
AA smokers are 43 - 49% less likely to maintain continuous abstinence than White smokers
(Caraballo et al., 2014; Trinidad et al., 2011). From 1990 - 2000, the simultancous examination
of race and sex on successful quit ratio (number of smokers reporting to have quit for at least 12
months/number of ever smokers) revealed lower successful quit ratios for AA males and AA
females compared to White male and White female smokers with evidence of a slight
comparative disadvantage for AA females compared to AA males (King, Polednak, Bendel,
Vilsaint, & Nahata, 2004). Thus, evidence at the population and community level is clearly
indicative of disparities in smoking cessation among AA smokers.

Disparities in the use of cessation treatments and other environmental factors likely
contribute to disparities in cessation (Cokkinides, Ward, Jemal, & Thun, 2005; Fu et al., 2008).
However, disparities in cessation remain evident in efficacy trials, where the provision of
cessation resources is constant and some environmental influences may be mitigated. In a
placebo controlled randomized controlled trial (RCT) (mean CPD = 20.2) of nicotine
replacement therapy (NRT) and bupropion mono/combination therapy, AA smokers were
significantly less likely than White smokers to be abstinent at 7 days, 8 weeks and 6 months
post-quit day. Notably, these differences were evident in the placebo group and the treatment
arms despite AA and White smokers having similar levels of treatment adherence (Piper et al.,
2010). In a randomized 2 x 2 factorial experiment of counseling and NRT/pharmacotherapy, AA

smokers were significantly less likely to maintain continuous abstinence from weeks 6 to 52 of
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follow-up (Gariti et al., 2009). These findings are also consistent with a placebo-controlled RCT

of bupropion in an AA sample that found that the rate of abstinence at 26 weeks in the treatment
arm (21%) was lower than that observed in comparable trials with samples comprised
predominantly White, middle class smokers (25 — 27%) (Ahluwalia, Harris, Catley, Okuyemi, &
Mayo, 2002). The observation of cessation-related disparities in efficacy trials suggests that AA
smokers have significant difficulty quitting, even within the more controlled context of the RCT.
Understanding the factors underlying this disparity is imperative to increasing rates of cessation
in the AA smoker population.

Summary. African American smokers are particularly vulnerable to smoking related
morbidity and mortality. Data from epidemiological and clinical studies suggest that AA
smokers are highly motivated to quit and actively attempt to do so, but struggle to succeed at
rates comparable to White smokers. The examination of smoking-related health outcomes and
cessation-related outcomes suggest that AA females may suffer particular disadvantage. This is
highlighted by the fact that AA females have the lowest rates of current smoking but have higher
smoking-related mortality than White females (Mickens et al., 2010). Furthermore, the finding
that AA females smoke at lower rates than AA males but attempt to quit at almost identical rates
suggest that AA females may have particular difficulty quitting. Disparities evident in clinical
trials for smoking cessation and in the population suggest that racial and sex disparities in
smoking cessation are not artifacts of sampling biases inherent in clinical and observational
research. Racial and sex differences in levels of cigarette consumption, cigarette type smoked,
metabolism, withdrawal, craving, cue reactivity and outcome expectancies may underlie

heterogeneity in ND and disparities in cessation.
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Nicotine dependence (ND) is the construct hypothesized to underlie persistent smoking

that occurs despite deleterious consequences and the desire to quit (APA, 2013; NIDA, 2012;
Piasecki et al., 2010b). Nicotine dependence is a syndrome, meaning it is a collection of
physical, cognitive, affective and motivational symptoms (APA, 2013; Shadel, Shiffman, Niaura,
Nichter, & Abrams, 2000). Nicotine dependence is hypothesized to exist on a continuum of
severity and the mechanisms underlying it are theorized to change over the course of one’s
smoking history (George & Koob, 2017; Koob, 2013; Tiffany, Conklin, Shiffman, & Clayton,
2004).

Shadel and colleagues (2000) delineated the features of nicotine dependence, which
include the elicitation of pleasurable cognitive, affective, physical and motivational states
through use; a decreased response to drug use and the need for larger doses to achieve an
equivalent response (i.e., tolerance); the presence of aversive affective, physical and cognitive
states when drug is no longer administered or the dose is reduced (i.e., withdrawal); subjective
‘need’ for drug use and a concomitant urge to use that is often under the control of cues (i.e.,
craving); compulsive drug administration; being in a state of ambivalence regarding continued
use; and, the use of substances to manage negative emotional states. An important implication of
the conceptualization of ND as a syndrome is that individuals vary in the expression of ND and
that there may be inter-individual differences in the salience of particular ND symptoms. Racial
and sex differences are observed with respect to ND related factors including cigarette
consumption, nicotine metabolism, withdrawal, reactivity to smoking cues and use of smoking to
regulate affective states. By reviewing how these factors vary by race and sex, it may be possible
to better understanding how smoking is differentially maintained.

Racial and Sex Differences in Nicotine Dependence Related Factors
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Nicotine exposure, metabolism and menthol. Nicotine is the psychoactive substance

absorbed from cigarette smoke that is largely responsible for the addictive potential of cigarettes
(Niaura, 2013). The pharmacological response of the binding of nicotine to nicotinic
acetylcholine receptors is the release of dopamine through the activation of the mesolimbic
dopamine reward pathway as well the modulation of other neurotransmitters, including
serotonin, acetylcholine, glutamate and y-Aminobutyric acid (GABA) (Balfour, 2004; Benowitz,
2008a, 2010). The resulting subjective effects including pleasure, tension reduction and
increased concentration contribute to the subjective reinforcement value of smoking (Benowitz,
2008a). For a given smoker, blood levels of nicotine fluctuate from cigarette to cigarette, causing
smokers to self-titrate nicotine levels to maintain the desired effect and to avoid the aversive
symptoms of nicotine deprivation (Benowitz, 2008a). Over time, prolonged exposure to nicotine
results in the desensitization of nicotinic receptors and their subsequent upregulation, resulting in
tolerance and withdrawal (Benowitz, 2008b; Wang & Sun, 2005).

Persistent and escalating drug consumption is the paradigmatic symptom of drug
dependence (MacKillop & Murphy, 2013). Over time, regular and increasingly frequent smoking
may become highly overlearned, resulting in smoking characterized by automaticity and
compulsivity (Tiffany, 1990). The degree of cigarette consumption is measured using average
cigarettes per day (CPD). Cigarettes per day is used as both a proxy measure of nicotine
exposure and a measure of ND, insofar that it is an index of smoking ad libitum (Fagerstrom &
Schneider, 1989; USDHHS, 2010).

Despite evidence of poorer cessation outcomes, research reliably demonstrates that AA
smokers smoke fewer CPD and are more likely to be light (< 10 CPD) or non-daily smokers than

White smokers (Branstetter, Mercincavage, & Muscat, 2015; Cubbin, Soobader, & LeClere,
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2010; Perez-Stable, Herrera, Jacob, & Benowitz, 1998). Trinidad and colleagues (2009) found

that 37% of AA smokers were light smokers compared to 19% of White smokers. African
American females smoke fewer CPD than AA males (Okuyemi et al., 2001; Trinidad et al.,
2009). Furthermore, both AA males and females begin smoking regularly at older ages than their
White counterparts (Roberts, Colby, Lu, & Ferketich, 2016). The combination of lower CPD and
shorter duration of regular smoking suggests that AA smokers experience less cumulative
exposure, as measured using pack-years (Holford, Levy & Meza, 2016). However, this does not
translate to a comparative advantage for quitting.

African American smoke cigarettes more efficiently than White smokers. Across all
levels of CPD, AA smokers have higher levels of serum cotinine and nicotine per cigarette than
White smokers (Caraballo et al., 1998; Perez-Stable et al., 1998; Rostron, 2013). The absorption
of greater levels of nicotine per cigarette among AA smokers suggests that smoking may be
reinforced at lower levels of CPD. When stratified by sex and controlling for CPD and other
covariates, serum cotinine levels are significantly lower among women than men (Gan, Cohen,
Man, & Sin, 2008). These findings suggest that the relationship between CPD and nicotine
exposure is complicated by differences in absorption by race and sex. These differences suggest
that differences in metabolism may play a role in influencing nicotine exposure and ND.

Nicotine is primarily metabolized by the cytochrome P450 2A6 enzyme (CYP2AO6) in the
liver and is converted to its metabolite cotinine, which is further metabolized to trans-3’-
hydroxycotinine (3HC) (Benowitz, Hukkanen, & Jacob, 2009). The ratio of 3HC/cotinine, or
nicotine metabolite ratio (NMR), is used as an index of CYP2A6 activity (Benowitz et al., 2009).
African American smokers are more likely than White smokers to be slow metabolizers, thus

providing one hypothesis for higher serum cotinine among AAs (Kandel, Hu, Schaffran, Udry, &
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Benowitz, 2007). Results from a large clinical trial found that 42% of AA smokers were in the

slowest metabolizing quartile versus 15% in the fastest metabolizing quartile. In contrast, 16% of
White smokers were in the slowest metabolizing quartile and 30% were in the fastest
metabolizing quartile (Schnoll et al., 2014). Females have higher rates of nicotine metabolism
than males, thus providing an explanation for lower average serum cotinine levels among
females (Ho et al., 2009; Schnoll et al., 2014). Rates of nicotine metabolism may differ by race
and sex and may thereby influence smoking behavior and aspects of ND.

Slow metabolizers are more likely to be lighter smokers, experience less abstinence-
induced craving and withdrawal and are more likely to quit smoking (Kaufmann et al., 2015;
Kubota et al., 2006; Ray, Tyndale, & Lerman, 2009). Faster metabolizers may clear nicotine at
higher rates and thus keep lower concentrations of nicotine. Consequently, this may result in
more rapid nicotinic receptor inactivation and greater withdrawal and craving symptoms.
However, the association between NMR and withdrawal has been observed inconsistently
(Kubota, et al. 2006, p. 118). Although NMR has a plausible relationship with ND, it appears to
be more reliably associated with markers of smoking intensity (i.e., CPD) than measures of ND,
such as the Fagerstrom Test of Nicotine Dependence (FTND) (Allenby, Boylan, Lerman, &
Falcone, 2016; West, Hajek, & McRobbie, 2011). Variability in the rate of nicotine metabolism
in the AA smoker population suggests that it may contribute to intra-population heterogeneity in
the manifestation of ND. Although differences in metabolic rates of nicotine may partially
explain intra-population heterogeneity in cessation, it is presently unclear why quit rates among
AA smokers are as low as they are relative to White smokers given the relatively high rates of

slow metabolizers in this smoker population.
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Menthol smoking. Menthol is a flavor additive that produces a cooling sensation when

smoked and anesthetizes the throat to irritation triggered by cigarette smoke (Lawrence, Cadman,
& Hoffman, 2011). African American smokers are far more likely to smoke menthol cigarettes
than White smokers (Caraballo & Asman, 2011; Cubbin et al., 2010). In the U.S., 82% of AA
smokers reported smoking menthol cigarettes compared to 23% of White smokers (Rock et al.,
2010). Among both AA and White smokers, females are significantly more likely to smoke
menthol cigarettes than males (Rock et al., 2010; Caraballo & Asman, 2011). Menthol cigarette
smoking is associated with lower odds of cessation, particularly among AA smokers (Foulds,
Hooper, Pletcher, & Okuyemi, 2010; Stahre, Okuyemi, Joseph, & Fu, 2010). A large
longitudinal study found that in addition to menthol smoking being associated with lower odds of
cessation, AA menthol smokers were 45% less likely to achieve 6-month abstinence than White
menthol smokers. Sex moderated this effect, such that AA female menthol smokers were
significantly more likely to not quit than White female menthol smokers while AA male and
White male menthol smokers had similar odds of cessation failure (Smith, Fiore, & Baker,
2014).

Multiple mechanisms may account for the association between menthol cigarette
smoking and difficulty quitting (Wickham, 2015). Menthol cigarette smoking has been found to
decrease CYP2AG6 activity, suggesting that menthol smokers obtain greater amounts of nicotine
per cigarette, although this effect may not survive when accounting for race (Benowitz, Herrera,
& Jacob, 2004; Caraballo & Asman, 2011; Fagan et al., 2016; Jones, Apelberg, Tellez-Plaza,
Samet, & Navas-Acien, 2013). Although menthol smokers may smoke more efficiently, menthol
smoking has not been consistently associated with measures of physical ND, such as the FTND

(FDA, 2013). This suggests that facets of menthol smoking other than its more efficient delivery



of nicotine may mediate the association of menthol cigarettes and greater difficulty quitting
smoking.

The minty flavor and cooling sensation induced by menthol may function as a sensory
cue for smoking in that the sensations associated with menthol are conditional upon smoking
(Ahijevych & Garrett, 2010; Wickham, 2015). Habitual menthol cigarette smokers reported less
satisfaction from non-menthol cigarettes than menthol cigarettes with comparable levels of
nicotine and tar (Rose & Behm, 2004). In a behavioral study using rats, the presentation of a
menthol cue elicited nicotine self-administration at greater rates than control cues and reinstated
nicotine self-administration after extinction, providing a possible animal model for relapse
(Wang, Wang, & Chen, 2014). In sum, the sensations elicited by menthol may pose as potent
behavioral cues for smoking and may be associated with relapse.

Withdrawal. Withdrawal is a core symptom of the ND syndrome and refers to the
collection of affective (e.g., dysphoria, irritability, anhedonia), physical (e.g., lower heart rate),
cognitive (e.g., reduced concentration) and motivational/appetitive (e.g., craving) symptoms that
develop in response to nicotine levels dropping below a certain level (Kassel, Veilleux, Heinz,
Braun & Weber, 2013, p. 285; Piper, 2015). The affective features of withdrawal are robustly
associated with relapse and serve to bias information processing and narrow motivational and
behavioral repertoires, resulting in reinstated smoking (Baker, Piper, McCarthy, Majeskie, &
Fiore, 2004; Piasecki et al., 2000). Thus, withdrawal may contribute to continued smoking and
may trigger relapse through negative reinforcement.

Little research exists on racial differences in withdrawal. Two laboratory-based
experiments tested for racial differences in abstinence-induced changes in withdrawal symptoms

(Bello et al., 2016; Robinson, Pickworth, Heishman, & Waters, 2014). Both studies utilized an

15
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experimental design in which one group of smokers was instructed to smoke ad libitum prior to

the session and another group in which smokers were required to be abstinent for 12-16 hours
prior to the session. Assessments of withdrawal symptoms were obtained at both sessions and the
difference between the scores served as an index of abstinence-induced changes in symptoms. In
one study, AA smokers had smaller abstinence induced changes in withdrawal-induced hunger,
cigarette craving, negative affect, positive affect and attentional bias toward smoking cues, but
effect sizes were small- to-moderate and many did not survive correction (Robinson et al., 2014).
In the other study, no significant differences in abstinence-induced withdrawal were observed
between AA and White smokers (Bello et al, 2016).

Evidence from observational studies suggest that AA smokers are less likely to
experience withdrawal symptoms than White smokers (Breslau, Kilbey, & Andreski, 1992;
Riedel, Robinson, Klesges, & McLain-Allen, 2003; Weinberger, Platt, Smith, & Goodwin,
2017). In a representative sample of U.S. smokers, AA smokers indicated experiencing nearly all
withdrawal symptoms less frequently than White smokers. In addition, White smokers were
more likely to report a withdrawal-related relapse in the past year. In a regression analysis, total
number of withdrawal symptoms was associated with continued smoking at study follow-up,
however the association was moderated by race such that withdrawal symptoms were more
robustly associated with continued smoking among White smokers (OR = .89) than among AA
smokers (OR = .94) (Weinberger et al., 2017). Lower rates of self-reported, abstinence-induced
withdrawal symptoms among AA smokers have also been observed in smaller community-based
samples of adult (Breslau et al., 1992) and adolescent smokers (Riedel et al., 2003).

Evidence from interventions and epidemiological studies demonstrates that females are

more likely to relapse to smoking than males (Smith, Bessette, Weinberger, Sheffer, & McKee,
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2016). Experimental and epidemiological research have shown that females evidence greater

abstinence-induced increases in self-reported negative affect relative to males, whereas sex
differences in changes in physical symptoms, objective measures of cognitive performance,
urges and positive affect are not consistently observed (Leventhal et al., 2007; Weinberger, Platt,
Shuter, & Goodwin, 2016; Xu et al., 2008). Importantly, abstinence-induced increases in
negative affect have been found to mediate the association of sex and a behavioral measure of
motivation to delay smoking, suggesting a plausible mechanism underlying the increased
likelihood of relapse among females (Pang & Leventhal, 2013).

Racial differences in physiological dimensions of ND, including withdrawal and nicotine
metabolism, are apparent; however, their significance to disparities in cessation among AA
smokers is unclear. Differences in psychosocial dimensions of ND including weight control
expectancies, negative affect and cue reactivity also contribute to both inter-population and intra-
population heterogeneity in ND.

Weight control expectancies. Outcome expectancies, subsequently denoted as
expectancies, refer to the anticipated effects of using a drug and/or the effects of abstaining from
its use (Metrik & Rohsenow, 2013). Expectancy is a construct derived from cognitive and social
learning theories of dependence, which posit that cognitive representations that routinize and
perpetuate drug use develop from learning that either occurs through one’s experience or
vicariously (Brandon, Herzog, Irvin, & Gwaltney, 2004; Metrik & Rohsenow, 2013) Though not
a symptom of ND per se, expectancies may underlie many of the perceived costs and benefits of
quitting that may sustain smokers’ ambivalence toward abstinence.

Weight control expectancies refer to beliefs that smoking facilitates weight management

and appetite suppression and that cessation leads to compensatory weight gain. Weight control
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expectancies also overlap with related constructs including weight gain concern and post-

cessation weight control self-efficacy (Germeroth & Levine, 2018). Concerns regarding post-
cessation weight gain may be particularly salient for AA females, given that they are at the
greatest risk for post-quit weight gain and have among the highest rates of obesity (Klesges et al.,
1998; Ogden, Lamb, Carroll, & Flegal, 2010; Sanchez-Johnsen, 2005; Williamson et al., 1991).
Compared to overweight and normal weight smokers, obese female AA smokers and obese
smokers generally report greater concern regarding smoking related weight-gain (Beebe & Bush,
2015; Levine, Bush, Magnusson, Cheng, & Chen, 2013) and less self-efficacy for post-quit
weight control (Levine et al., 2013).

Females report greater weight control expectancies, cessation-related weight concern and
less post-cessation weight control self-efficacy than males (Aubin, Berlin, Smadja, & West,
2009; Germeroth & Levine, 2018; Hendricks et al., 2014; Sanchez-Johnsen, Carpentier, & King,
2011; Thomas et al., 2008). Weight control expectancies and weight gain concerns are
inconsistently related to cessation among AA smokers (Germeroth & Levine, 2018; Thomas et
al., 2008). However, studies have associated low levels of post-cessation weight control self-
efficacy with faster time to relapse and lower odds of cessation at follow-up among AA smokers
(Faseru et al., 2013; Levine, Marcus, Kalarchian, Houck, & Cheng, 2010). Thus, the association
between weight control expectancies and cessation outcomes among AA smokers may be
conditional upon the specific weight control expectancy construct assessed.

Negative affect. Negative affect, including depression, anxiety, depression, specific
stress and general stress, has long been hypothesized to contribute to the maintenance of
smoking and relapse through negative reinforcement (Kassel, Stroud, & Paronis, 2003). Stress

reduction and relaxation are the most commonly cited reason for smoking among AA smokers
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(Ahluwalia, Resnicow, & Clark, 1998). The motivation to smoke as a means to reduce negative

affect may be particularly salient among low-income urban AA smokers, who may experience a
greater burden of exposure to stressors resulting from living in unsafe neighborhoods, trauma
exposure and unequal access to resources (Hatch & Dohrenwend, 2007; Slopen et al., 2012).
However, two studies using nationally representative data found that race moderated the
relationship between symptoms of anxiety and depression and current smoking, such that the
relationship was non-significant for AA smokers but was significant for White smokers (Ellis,
Orom, Giovino, & Kiviniemi, 2015; Kiviniemi, Orom, & Giovino, 2011). In contrast, a large
study of non-treatment seeking AA smokers found that after controlling for sociodemographic
characteristics, specific situational stressors including relationship stress and perceived
neighborhood safety were associated with increased odds of self-reported current smoking
(Slopen et al., 2012). These conflicting results suggest that among AA smokers, situational
stressors may have more validity or weight than inventories of anxiety and depressive
symptomology and reflect the affective states most closely associated with smoking.

African American female smokers may be motivated to smoke to relieve negative affect
to a greater extent than AA males (Pulvers et al., 2004). Consistent with subjective report,
experiments have found that females report greater craving, take in more smoke and report
greater liking of smoking following negative mood induction than males (Perkins, Giedgowd,
Karelitz, Conklin, & Lerman, 2012; Perkins, Karelitz, Giedgowd, & Conklin, 2013). Smoking
may be a mediator of the relationship between cumulative stressors from social and economic
discrimination and premature health declines among AA adults. Compared to AA males and
White females, AA females may shoulder a disproportionate physiological burden from such

stressors (Geronimus, Hicken, Keene, & Bound, 2006). Consistent with this idea, among AA
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females of low socioeconomic status, a diverse set of stressors including low perceived

neighborhood cohesion, neighborhood disorder, exposure to violence and discrimination are
associated with current smoking (Andrews et al., 2014; Mickens et al., 2010). Thus, the
combination of a predisposition to reactivity to negative mood states and environmental and
social stresses suggests that persistent smoking among AA females may be influenced by the
motivation ameliorate stress.

Cue reactivity. Cue reactivity refers to the extent to which stimuli that are paired with
drug use elicit subjective craving, autonomic activation and drug seeking behavior (Carter &
Tiffany, 1999). Cue reactivity is often tested in the laboratory using paradigms that
operationalize smoking cues using a diverse set of stimuli including cigarettes, other smoking
paraphernalia, individuals who are smoking and places/situations associated with smoking
(Reynolds & Monti, 2013). However, more recently, in vivo cue reactivity has been assessed
naturalistically using ecological momentary assessment (EMA).

As discussed above, AA smokers are more likely than White smokers to be light or
intermittent smokers (LITS). Unlike heavier smokers, LITS do not evidence marked symptoms
of withdrawal, even after periods of prolonged abstinence (Ahluwalia et al., 2006; Shiffman,
Paty, Gnys, Kassel, & Elash, 1995). Shiffman and colleagues (2006) hypothesized that the
smoking of LITS is governed by situational cues whereas the smoking of heavier smokers is
independent of external cues. Heavier smoking is theorized to be under the control of largely
unconscious interoceptive cues related to withdrawal, resulting in the maintenance of steady-
state nicotine levels (Shiffman & Paty, 2006). Using EMA to assess the extent to which smoking
is under the control of situational cues, studies have demonstrated that compared to heavier

smokers, both LITS are more likely to smoke when away from home, when drinking alcohol, in
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social contexts with other smokers and smoking while drinking caffeinated drinks (Ferguson,

Shiffman, Dunbar, & Schuz, 2016; Shiffman et al., 2014; Shiffman & Paty, 2006). This pattern
of smoking has been labeled, ‘indulgent smoking’; the cues associated with indulgent smoking
likely acquire their incentive value in that smoking potentiates the reward of these naturally
rewarding situations (Shiffman & Paty, 2006). Importantly, a limited number of studies using
laboratory cue reactivity paradigms have found that lighter smokers are more reactive to
smoking cues than heavier smokers (Hogarth, Mogg, Bradley, Duka, & Dickinson, 2003;
Watson, Carpenter, Saladin, Gray, & Upadhyaya, 2010). Given that LITS comprise a large
proportion of AA smokers, it is likely that there is significant variability with respect to the
degree to which smoking is under stimulus control among AA smokers.

Although no studies specifically assessing sex differences in cue reactivity among AA
smokers have been conducted, females are generally less sensitive than males to the rewarding
and reinforcing effects of nicotine (Perkins, 2001; Perkins, Jacobs, Sanders, & Caggiula, 2002).
To account for disparities in cessation among females and the evidence that they may be less
sensitive to the rewarding effects of nicotine, it has been hypothesized that females may be
particularly sensitive to the non-nicotine reinforcers of smoking, namely cues (Perkins, 2009).
However, laboratory and in vivo cue exposure studies using EMA testing this hypothesis have
obtained inconsistent results with regard to sex differences in cue reactivity. Whereas laboratory
studies have observed evidence of greater cue reactivity among female smokers (Doran, 2014;
Field & Duka, 2004), studies of in vivo cue exposure using EMA have not (Ferguson, Frandsen,
Dunbar, & Shiffman, 2015; Wray et al., 2015). Thus, sex differences in cue reactivity provide an

important theoretical basis to explain treatment outcome disparities for female smokers, however
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more research is needed to reconcile the discrepant results observed between laboratory and

naturalistic cue exposure studies.

Summary. The above review highlights that mechanisms underlying ND may be
differentially influential among AA and White smokers. African American smokers smoke
cigarettes more efficiently than White smokers resulting from higher rates of genotypic
variations that promote slower metabolism of nicotine. In combination with higher rates of
menthol smoking, AA smokers require fewer CPD in order to achieve desired nicotine levels.
One consequence of this may be that AA smokers may spend less time smoking, resulting in
smoking that may be less compulsive and automatic in nature. Given the higher rates of light
smoking among AA smokers, it may be that indulgent smoking and stimulus control may be
more salient mechanisms of ND among AA than among White smokers. In addition,
predominately AA neighborhoods have greater density of tobacco advertising compared to
predominately White neighborhoods, providing further suggestion of a robust role for stimulus
control among AA smokers (Robinson et al., 2015).

It is apparent from the literature that sex is an important source of heterogeneity within
the AA smoker population. While AA smokers are on average slower metabolizers than White
smokers, female smokers are faster metabolizers than male smokers and experience greater
withdrawal than males. Furthermore, female smokers may be less sensitive to the reward of
nicotine and may be more sensitive to non-nicotine cues to smoke including negative mood.
Menthol smoking may also have a particularly deleterious effect on the ability of AA females to
quit smoking. This may be attributable to the formidable combination of sensitivity to
withdrawal coupled with the presence of sensory cues inherent in menthol smoking. Gender roles

may also inform mechanisms of among AA females relative to AA males. African American
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females may smoke to control weight and appetite and avoid quitting to avoid weight dyscontrol

to a greater extent than AA males do. Additionally, AA females may assume the “superwoman
role”, in which they feel the responsibility to exude emotional and physical strength and act
selflessly (Woods-Giscombé, 2010). Role specific stresses in addition to neighborhood factors
and higher sensitivity to nicotine withdrawal may mean that AA females smoke to alleviate
negative affect to a greater extent than AA males do.

Nicotine dependence is subserved by the same mechanisms among AA and White
smokers, however the influence of these mechanisms likely differs both between and within
these populations. Assessments of ND thus should reflect the multi-determined and
multidimensional nature of the construct; however, this has not historically been undertaken until
recently. The Wisconsin Inventory of Smoking Dependence Motives (WISDM) is a theory-
informed, multidimensional measure of the motivational processes that underlie dependent
smoking. Though the WISDM provides insight into the motivational mechanisms underlying
persistent smoking across the continuum of smoking intensity, the extent to which it is valid for
AA smokers is unclear.

Measures Used to Assess Nicotine Dependence in African American Smokers

Nicotine dependence is generally assessed using self-report measures; these measures
vary considerably in scope, ranging from single items to multidimensional questionnaires
(Colby, Tiffany, Shiffman, & Niaura, 2000). The heterogeneity among measures of ND reflects
the absence of a gold standard of measurement of the construct. Although many measures of ND
exist, the majority of studies assessing ND among AA adult smokers utilize the Fagerstrom Test
for Nicotine Dependence (FTND; Heatherton, Kozlowski, Frecker & Fagerstrom, 1991),

whereas a growing number are using the Wisconsin Inventory of Dependence Motives (WISDM;
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Piper et al., 2004). Multiple versions of the Diagnostic and Statistical Manual of Mental

Disorders (DSM) have also been used to classify AA smokers as nicotine dependent,
predominately in epidemiological studies. The DSM has limited utility in the assessment of ND
in that it is atheoretical and uninformative regarding the mechanisms of ND; some of the
substance dependence criteria may not apply to nicotine dependence; and, the DSM criteria have
poor predictive validity with respect to smoking outcomes (Hughes, 2006; Hughes, Baker,
Breslau, Covey, & Shiffman, 2011; Piper, McCarthy, & Baker, 2006).

The valid assessment of ND among AA smokers is an important for ultimately redressing
disparities in smoking cessation outcomes. However, the insensitivity of measures of ND,
particularly the FTND, to racial differences in smoking behavior and other factors may
undermine the validity of commonly used measures of ND for AA smokers (Moolchan et al.,
2007). The present section will review the FTND and WISDM with respect to their content, their
dimensionality and their assessment race and sex differences in ND.

Fagerstrom Test for Nicotine Dependence (FTND). The FTND was derived from its
parent measure, the Fagerstrom Tolerance Questionnaire (FTQ; Fagerstrom, 1978) and was
created in order to improve upon the psychometric limitations of the FTQ (Heatherton et al.,
1991). The FTND is a six-item measure that indexes physical dependence or, from a dependence
motive perspective, withdrawal-induced motivation to smoke (Fagerstrom, 1978; Heatherton et
al., 1991; Piper et al., 2006). The first item, known as Time to First Cigarette (TTFC), (“How
soon after your first cigarette do you smoke?”’) and the fourth item, cigarettes per day (CPD),
(“How many cigarettes per day do you smoke?”’) of the FTND are the most influential items
from the measure insofar that they are often used as single-item indicators or as a two-item

measure of ND known as the Heaviness of Smoking Index (HSI) (Heatherton, Kozlowski,
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Frecker, Rickert, & Robinson, 1989). Despite its narrow focus on physical dependence, the

FTND and its constituent measures are nearly ubiquitous in smoking cessation research.

Psychometric performance of the FTND. Although the FTND was developed in order to
compensate for the multifactorial structure and low internal consistency of the FTQ, the FTND
possesses similar psychometric deficiencies. Internal consistency of the FTND is low by
common standards (a > .80), ranging from .56 - .64 (Etter, Duc, & Perneger, 1999). Many factor
analytic studies have observed that the FTND is multidimensional, with a 2-factor model
commonly providing the better fit than a 1-factor model (e.g., Chabrol, Niezborala, Chastan,
Montastruc & Mullet, 2003; Johnson, Morgan-Lopez, Breslau, Hatsukami & Bierut, 2008;
Korte, Capron, Zvolensky & Schmidt, 2013; Radzius et al., 2003). Despite its well-replicated
multifactorial structure, the FTND is typically represented by a sum of the six items, which may
not yield a meaningful total score.

Insensitivity to dependence at low levels of smoking. Among light smokers, it has been
observed that the FTND and HSI suffer from floor effects and that neither measure demonstrates
incremental predictive validity over CPD (Etter et al., 1999). In one study, 90% of smokers with
FTND scores of zero reported at least some degree of self-reported loss of autonomy over
smoking, suggesting that features of ND are present even in the absence of marked physical
dependence (Wellman et al., 2006). Given that AA smoke more efficiently than White smokers
(i.e., achieve greater nicotine exposure per cigarette), it is possible that the FTND underestimates
dependence in this population of smokers (Ahluwalia et al., 2002).

Despite these limitations, the FTND and its constituent measures have clear predictive
validity. A meta-analysis of clinical trial data of adult smokers observed that the FTND and HSI

are equivalently predictive of smoking cessation failure (Fagerstrom, Russ, Yu, Yunis, & Foulds,
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2012). However, there is evidence to suggest that TTFC may be a particularly robust predictor of

smoking cessation outcomes and that the other items of the FTND have little incremental validity
beyond it (Baker et al., 2007). Despite having strong predictive validity, the reliance upon the
FTND and TTFC provides little opportunity for the multidimensional characterization of ND.
Though able to convey information about risk of cessation failure, the FTND and its constituent
measure do little to provide insight into the nature of ND.

Wisconsin Inventory of Dependence Motives (WISDM). The WISDM is a
multidimensional measure of the motivational processes that contribute to the development of
ND. In contrast to measures of ND such as the FTND that asses the ‘end-states’ of ND, the
WISDM is a measure intended to assess “the motivational press to use drugs in a dependent
manner” (Piper et al., 2004; Piper et al., 2006, p. 348). The full-length WISDM (WISDM-68;
Piper et al., 2004) is comprised of 68 items and 13 subscales. Each subscale and its constituent
items operationalizes a different theory of drug-use motivation. For example, items on the
Positive Reinforcement subscale assesses the degree to which a smoker is motivated to smoke
based upon the hedonic effects of smoking (e.g., item 3: “Smoking makes a good mood better”).
The Brief WISDM (B-WISDM; Smith et al., 2010) is comprised of 37 items and 11 subscales.
The B-WISDM excludes one of the original subscales of the WISDM (Behavioral Choice-
Melioration) due to its poor predictive validity and condensed two of the original subscales
(Positive Reinforcement and Negative Reinforcement) into a single subscale (Affective
Enhancement) (Smith et al., 2010). Each subscale from the B-WISDM is listed and described in
the Appendix.

The WISDM has been used to identify distinct profiles of dependence motivation. Using

Latent profile analysis (LPA) and cross-validation in multiple samples, Piper and colleagues
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(2008) used mean scores from each of the 13 subscales of the WISDM-68 to empirically derive

motive profiles in order to discern “obligatory and non-obligatory” motivational features of ND
(Piper et al., 2008, p.750). Latent profile analysis attempts to empirically derive discrete
subpopulations of observations based on their patterns of scores across a set of variables
(Vermunt & Magidson, 2002). Piper and colleagues (2008) found that across four independent
samples, a 5-profile model provided optimal fit and interpretive clarity. Four out of the five
profiles were indicative of quantitative difference in the extent of motive endorsement. In other
words, when plotted with each motive on the x-axis and the mean score for each motive on the y-
axis, the lines indicative of mean scores across the profiles were roughly parallel. The fifth
profile (17% of the total sample), labeled as the Automatic-Atypical profile, was qualitatively
different from the other four. This profile had elevated scores on the automaticity, craving,
tolerance and loss of control subscales with relatively low scores on the remaining six subscales.
Subsequent analyses have found that this group of dependence motives, known
collectively as the Primary Dependence Motives (PDM), to be uniquely associated with
measures reflecting heavy, compulsive smoking and physical dependence including FTND score,
TTFC, CPD, withdrawal and nicotine self-administration (Piasecki, Piper, & Baker, 2010a;
Piasecki, Piper, Baker, & Hunt-Carter, 2011; Tarantola, Heath, Sher, & Piasecki, 2017). The
other seven subscales (Affiliative Attachment, Behavioral-Choice Melioration, Cognitive
Enhancement, Cue exposure, Negative Reinforcement, Positive Reinforcement, Taste/Sensory
Processes) have been labeled as Secondary Dependence Motives (SDM) and have been
characterized as motivations for smokers who are not physically dependent and reflect
instrumental motivations for smoking (Piasecki et al., 2010b). This distinction has been

confirmed with respect to daily smokers and intermittent smokers. One study comparing
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intermittent smokers (mean CPD = 3.3) and daily smokers (mean CPD = 15) found that after

centering each participant’s scores relative to their total score across all WISDM subscales, daily
smokers had significantly greater mean scores on all PDM subscales compared to intermittent
smokers. The majority of SDM subscales were significantly higher among intermittent compared
to daily smokers (Shiffman, Dunbar, Scholl, & Tindle, 2012). Thus, the subscales of the PDM
and SDM provide insight into the different motivational processes sustaining persistent smoking
among lighter and heavier smokers.

Factor analyses of the B-WISDM. The B-WISDM is more widely used than the
WISDM-68 and thus has been subjected to more confirmatory studies of its dimensionality.
Validation studies of the dimensionality of the B-WISDM have found that the factor structure is
generally satisfactory, however potentially to a lesser degree among AA smokers. In the original
derivation of the B-WISDM, Smith and colleagues (2010), model fit was found to be satisfactory
in both a predominately White clinical sample (RMSEA = .042, 95% CI [.04, .05], TLI = .95)
and a small AA clinical sample (RMSEA = .06, 95% CI [.056, .064], TLI = .91) although, the fit
was lower in the AA smoker sample. In another study of heavy smokers (mean CPD for White =
28, mean CPD for AA = 26), model fit of the 11-factor B-WISDM was poor for both White
smokers and AA smokers. Given that heavy smoking is not characteristic of the average AA
smoker in the population, it is unclear how informative this analysis is with respect to how the B-
WISDM performs among AA smokers (Ma et al., 2012). Confirmatory factor analyses in
predominately White samples and European samples have found that the 11-factor structure of
the B-WISDM fit adequately (Adkison, Rees, Bansal-Travers, Hatsukami, & O'Connor, 2016;

Pancani et al., 2015; Vajer, Urban, Tombor, Stauder, & Kalabay, 2011).
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Latent Profile Analysis of B-WISDM. Only one study has empirically derived

dependence motive profiles using the B-WISDM. Pancani and colleagues (2015) used k-means
cluster analysis, a methodology similar to LPA, in a non-clinical sample of Italian young adults
(mean CPD = 10). A five-cluster solution was obtained that was characterized by two
qualitatively distinct subgroups. In Group A (clusters 1, 2 and 3), clusters had higher mean
scores on the SDM subscales compared to the PDM subscales; the clusters within this group
differed quantitatively. In Group B (clusters 4 and 5), mean scores on the PDM and SDM
subscales were roughly equivalent; within the group, clusters 4 and 5 differed in degree only.
This study found that clusters with the lowest scores on the PDM subscales (clusters 1 and 2)
could be differentiated from clusters with intermediate and high scores on the PDM subscales
using CPD and FTND.

Racial and sex differences in dependence motives. Little research has been conducted
on racial and sex differences in ND motives. In one study of a combined sample of two large
clinical trials (overall mean CPD = 22), AA and White smokers had nearly equivalent scores on
the FTND while significant scores were evident across multiple WISDM-68 subscales. African
American smokers scores were lower on all subscales except one (Tolerance), with statistically
significant differences for Loss of Control, Cognitive Enhancement and Cue Exposure subscales
(Piper, McCarthy, et al., 2008). In a study of non-treatment seeking heavy smokers, subscales
scores on the WISDM were nearly equivalent across all 13 subscales (Ma et al., 2012).

Three studies have assessed sex differences in ND motives. Results among the studies are
inconsistent. Consistent with sex differences in ND, females in one study had significantly
greater mean scores on Affiliative Attachment, Cue Exposure, Negative Reinforcement and

Weight Control dependence motives (Piper, McCarthy, et al., 2008). However, in a study of sex



differences in ND motives in a multiethnic sample, no differences in any of the 11 subscales of
the B-WISDM were observed among male and female daily smokers. Mean scores on all of the
ND motive subscales except Weight Control were significantly lower among female non-daily
smokers compared to male non-daily smokers(Allen, Scheuermann, Nollen, Hatsukami, &
Ahluwalia, 2016). Lastly, in a study of light AA smokers that used a preliminary version of the
B-WISDM, females had higher mean scores on the Social Goads subscale only (Bronars, 2011).
Summary. The FTND and its constituent measures have utility insofar that they convey
information on the risk of cessation failure, however they are hampered by psychometric
concerns and limited scope to describe ND. The WISDM and its PDM and SDM subscales
describe dependence motivations related to compulsive and elective smoking, respectively
(Piasecki et al., 2010b). The existing literature on racial and sex differences in ND motives is
presently inconclusive. The finding that female smokers have higher scores on dependence

motives related to cue exposure and negative reinforcement is consistent with what is known
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about sex differences in sensitivity to non-nicotine cues and withdrawal. However, more research

is needed. The WISDM may be particularly valuable for the description of ND among AA
smokers and AAF, in particular, who are especially light smokers. However, the utility of the
WISDM for the assessment of ND among AA is predicated upon its validity for the population,

of which there is limited and inconsistent evidence.
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Specific Aims

The literature review demonstrates that racial differences in cigarette consumption and
menthol cigarette use, withdrawal, outcome expectancies and cue reactivity may contribute to
differences in ND among AA and White smokers. Moreover, within the AA smoker population,
there are multiple sources of heterogeneity that likely influence the manifestation of ND.
Systematic differences in facets of ND may be observed with respect to sex and factors that
covary with sex, including light smoking, menthol smoking use and stress. The WISDM
measures ND motives, that is the motivational processes underlying ND. Given that
heterogeneity exists with respect to the expression ND among AA smokers, it is likely that
heterogeneity also exists with respect to ND motives. The application of subgroup analyses (i.e.,
LPA and cluster analysis) to the WISDM have resulted in the derivation of qualitatively and
quantitatively distinct ND motives profiles and the PDM/SDM analytic distinction. To date,
subgroup analyses of the WISDM have utilized samples predominately White and European
samples, leaving open the question of whether results from these analyses generalize to AA
smokers.

This study has three aims. The first aim is to conduct a confirmatory factor analysis
(CFA) of the factor structure of the B-WISDM. As described above, conflicting evidence exists
regarding the adequacy of the B-WISDM’s factor structure for AA smokers. The factor structure
of the B-WISDM is a statistical model that describes how the set of hypothesized ND motives
(i.e., latent variables, or factors) account for covariation among the items (Brown, 2006). Results
from the CFA will provide further information on the viability of the model implied by the B-

WISDM for AA smokers and will inform whether the specific factors are appropriate for use in
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the LPA. The hypothesis for Aim 1 is that the proposed factor structure of the WISDM will

adequately fit this sample of AA smokers.

The second aim of this study is to empirically derive ND motive profiles using LPA.
Consistent with previous research, it is hypothesized that a five-profile solution will provide the
best model fit and that a qualitative distinction suggestive of the PDM and SDM will be evident
in the profile solution. Lastly, the third aim is to use covariates to validate and characterize the
obtained latent profiles. Figure 1 represents the statistical model that will be tested. Profiles with
higher mean scores on the PDM are hypothesized to be associated with higher scores on the
PROMIS Nicotine Dependence-short form, heavier smoking, being male, menthol cigarette use
and beginning to smoke regularly at a younger age. Profiles with higher scores on the SDM are
hypothesized to be associated with lower PROMIS Nicotine Dependence scores, female sex,
stress and light smoking.

Results from this study will make three contributions to the literature. First, this study
will provide additional information regarding the dimensionality of the WISDM for AA
smokers. Second, this is first to model heterogeneity in ND motives among AA smokers and will
validate the PDM/SDM distinction in a non-White/European sample. Lastly, the validation and
characterization of these ND motive profiles may provide information useful for the

development of tailored interventions for subgroups of AA smokers.
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Methods

Participants and Procedures

The proposed study will use the baseline survey data from the Kick-It-at-Swope IV (KIS-
IV) study, a randomized, double-blind placebo controlled trial testing the efficacy of varenicline
for smoking cessation among AA daily smokers. Participants were recruited in the Kansas City,
Missouri and Kansas City, Kansas areas using multiple means including radio and television
advertisements, referrals from local hospitals and primary care clinics, community health fairs,
local churches and other community resources. Participant eligibility was determined in three
steps involving an initial telephone screening, a brief medical evaluation from a study provider
and a final eligibility survey at the beginning of the baseline study visit. Study inclusion criteria
included self-identification as African American or Black, being 18 years or older, smoking 1 or
more CPD, smoking for 25 or more days out of the past 30, having interest in quitting and being
willing to complete all study visits and to take study medication. Race was assessed by the open-
ended question, “How would you describe your race or ethnicity?” Participants self-identifying
as “Black”, “African American” or any variants of these terms (e.g., “Black American”) were
included in the study.

Exclusion criteria included renal impairment, history of allergy to varenicline, history of
alcohol or drug treatment in past year, history of major depression requiring treatment in past
year, use of other tobacco products in past 30 days, use of smoking cessation pharmacotherapy in
month prior to enrollment, pregnant (current or planning to be in next six months) or breast
feeding, planning to move from Kansas City area in next six months or living with another study

participant. Five-hundred participants were randomized to receive either varenicline (n = 300) or
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placebo (n =200) for 12-weeks, along with individualized health education counseling for both

treatment arms. The primary study outcome was biochemically verified abstinence at 26 weeks.

Baseline assessment was conducted in person by a study research assistant following the
determination of final eligibility and informed consent. Questions from the baseline assessment
were read to the participant and Likert responses were visually displayed in order to
accommodate different levels of literacy among participants.

Measures

Sociodemographic variables. Age, education and sex and number of participants with
monthly family income < 200% of the federal poverty level will be reported for the sample.

Brief Wisconsin Inventory of Dependence Motives (B-WISDM). The B-WISDM is a
theory-informed measure of drug-use motivation (Smith et al., 2010). The B-WISDM has 37-
items that comprise 11 subscales, or factors. Each subscale assesses a theoretically distinct ND
motive. The items on the B-WISDM are scored on a 7-point Likert scale ranging from 1 (Not
true of me at all) to 7 (Extremely true of me).

PROMIS Nicotine Dependence-short form. The Patient Reported Outcomes
Measurement Information System (PROMIS) Nicotine Dependence-short form (PROMIS-ND)
is a 4-item measure of ND (Shadel et al., 2014). The PROMIS Possible total scores range from 0
-16. Items are scored on a five-point Likert scale ranging from 0 (Not at all) to 4 (Very much).
The measure is intended to be a brief measure of ND that samples the different facets of ND. The
item pool for the initial measure derivation was sampled from existing measures including the
FTND and the full-length WISDM (WISDM-68; Piper et al., 2004) (Edelen, Tucker, Shadel,

Stucky, & Cai, 2012).
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Smoking-related variables. Light smoking is derived from average cigarettes per day

(CPD). Smokers reporting smoking less than 11 CPD were classified as a light smoker (Trinidad
et al., 2011). Menthol-cigarette smoking status was assessed using self-report (“Do you
currently smoke menthol or non-menthol cigarettes?”). Self-reported age at initiation of regular
smoking (How old were you when you started smoking regularly?) is an index of persistent
smoking, with earlier age of onset associated with greater odds of continued smoking, however
this pattern may not hold for AA smokers (Roberts et al., 2016).

Stress. The Perceived Stress Scale (PSS) is a 4-item measure of past-month general
distress designed for individuals residing in the general population (Cohen, Kamarck, &
Mermelstein, 1983). Possible scores on the PSS range from 0 to 16. Items are scored on a five-
point Likert scale from 0 (Never) to 4 (Very often). The PSS has been associated with smoking
cessation outcomes and has been validated for use among community-dwelling African
Americans (Sharp, Kimmel, Kee, Saltoun, & Chang, 2007). The total score from this measure
will be used.

Analysis Plan

Data analysis will be conducted in R, version 3.3.1 and in Mplus, version 7 (Muthen &
Muthen, 1998-2012; R Core Team, 2018). Descriptive statistics for variables of interest will be
presented with respect to the total sample and stratified by sex. For each item on the B-WISDM,
the proportion of responses endorsing each point on the 7-point Likert scale along with skewness
and kurtosis will be reported to characterize response patterns on the individual items.

Aim 1: Assessing the Dimensionality of the B-WISDM. Confirmatory factor analysis
(CFA) will be used to assess the adequacy of the 11-factor measurement model of the B-

WISDM. In accordance with recommendations on the selection of model estimator when using
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ordinal response data with seven response categories, the robust maximum likelihood (MLR)

estimator will be used (Rhemtulla, Brosseau-Liard, & Savalei, 2012). Model fit will be assessed
using the chi-square test of absolute fit, root mean squared error of approximation (RMSEA,
acceptable fit <.08), the standardized root mean square residual (SRMR, fit <.08), the
comparative fit index (CFI, acceptable fit > .90) and the Tucker Lewis Index (TLI, fit >.90)
(Little, 2013). Should estimation difficulties arise (e.g., non-positive definite matrix) out-of-
bounds values be evident in the model output, individual measurement models will be estimated
to try to identify problematic items or factors. Should there be poor model fit, modification
indices and the standardized residual variance-covariance matrix will be consulted to locate
specific sources of model miss-fit (Brown, 2006).

Alternative models will also be tested relative to the 11-factor model and will use chi-
square difference tests with the Satorra-Bentler correction for nested model comparison (Satorra
& Bentler, 2010). The 11 factors correspond to the subscales described in the Appendix. The
alternative models include a 1-factor model, a model with the hypothesized 11 factors plus four
error covariances that were observed in the original validation study of the B-WISDM and a
model with two higher-order factors corresponding to the PDM and SDM constructs (Smith et
al., 2010). A non-significant chi-square difference test indicates that the estimation of additional
parameters in the less restrictive model does not contribute appreciable model miss-fit compared
to the more restrictive model. McDonald’s omega will be calculated to estimate the reliability of
each factor of the B-WISDM. Omega is a preferable estimate of internal consistency to
Cronbach’s alpha because it is does not assume tau-equivalence and is thus not susceptible to

bias (Dunn, Baguley, & Brunsden, 2014). Point estimates of omega and their 95% confidence
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intervals will be estimated using a function found in the R package, MBESS (Dunn et al., 2014;

Kelley & Lai, 2018).

Aim 2: Derivation and Validation of Dependence Motive Profiles. Latent profile
analysis (LPA) will be used to empirically derive dependence motive profiles. Latent profile
analysis belongs to a family of statistical models known as mixture models. Mixture models are
person-centered analyses, meaning that they describe unobserved subpopulations that comprise a
heterogeneous parent population. This is in contrast to variable-centered approaches (e.g., factor
analysis, regression), which describe the relationship among variables (Wang & Wang, 2012).
Like CFA, LPA is latent variable model. However, unlike CFA, the scale of the latent variable is
unordered categorical rather than continuous (Lubke & Muthen, 2005). Latent profile analysis
often uses observed variables as model indicators. Because the indicators for the proposed LPA
are subscales of the WISDM, the present study will use latent variable latent profile analysis
(LPA; Lubke & Muthen, 2005). This model is a factor mixture model with the within-profile
covariance matrix constrained to zero. Rather than use the arithmetic means of the subscales as
indicators for the LPA, this model will use the factors corresponding to the B-WISDM subscales
(Piper et al., 2008; Pancani et al., 2015). The advantage of this approach is that it accounts for
measurement error, which is not the case when subscale means are utilized. Two sets of LPAs
will be run. The first will constrain all item residual variances to equality across profiles (i.e.,
assumption of strict invariance) while the second will remove the assumption of equivalent item
residual variances, allowing all item residual variances to be uniquely estimated in each profile.
The use of these two models allows for the examination of the extent to which non-normality
(e.g., bimodal distributions) in the response distributions for individual items influences the

derivation of the latent profiles.
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Latent profile analyses are modeled iteratively; models with 1 to & profiles are estimated

and compared with respect to model fit and interpretability. The previous LPA and cluster
analysis of the WISDM derived models with five profiles. Thus, the present analysis will
hypothesize that a five profile model will provide optimal fit. In accordance with the
recommendation of Ram and Grimm (2009), models with 1 to 6 profiles will be estimated in
order to provide statistical evidence that the five-profile model is optimal. Fit statistics for the
present analysis will include the AIC, BIC and the sample-size adjusted BIC (aBIC). Smaller
values on these fit indices indicate better fit. For the AIC, BIC and aBIC, smaller values
represent better model fit. Entropy (range = 0 -1) will be used to assess the extent of profile
separation, with larger values representing greater profile separation. Lastly, Vuong-Lo-Mendell-
Rubin ratio test (VLMR-RT) and bootstrap likelihood ratio test (BLRT) will be used to compare
to relative fit of a model with &k and &-1 profiles. A significant test (p <.05) on either the VLMR-
RT or the BLRT means that the model with k profiles should be chosen over the -1 profile
model (Ram & Grimm, 2009). Analysis steps outlined by Asparouhov and Muthén (2012) were
followed to minimize the runtime required to estimate the LPA models.

Following the derivation of the final model, the latent profiles will be characterized in
two steps. First, descriptive statistics for age of beginning to smoke regularly, sex, total PROMIS
ND score, menthol cigarette use, light smoking (< 10 CPD) and the total score on the Perceived
Stress Scale (PSS) stratified by profile will be presented. The statistics will be estimated using
the “(e)” AUXILIARY variable option in Mplus (Muthen & Muthen, 1998-2012). The
descriptive statistics are estimated such that uncertainty in the classification of individual
observation to particular profiles is accounted for. In order to further validate and characterize

the observed latent profile, the categorical latent variable will be regressed on the set of clinical
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characteristics using multivariate multinomial logistic regression account for covariation among

the variables. This step will be conducted using the corrected 3-step method (R3STEP)

(Asparouhov & Muthén, 2013).
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Results

Sample Characteristics

The individual and clinical characteristics of the sample are presented in Table 1. On
average, the sample smoked approximately 13 CPD. More than half of the sample (52%)
reported being light smokers (< 10 CPD). Nearly 86% of the sample reported smoking menthol
cigarettes. Females smoked significantly fewer cigarettes per day, were more likely to be light
smokers and started to smoke at a later age than male smokers.
Brief WISDM Item Response Characteristics

Figure 2 and Table 2 visually and numerically characterize the response distributions of
the B-WISDM items. Notably, the majority of the 37-items were characterized by large
proportions of responses at either, or both, extremes of the 7-point Likert scale. High frequencies
of responding at the maximum value of the Likert-scale was observed most among PDM,
particularly the Tolerance (TOL) and Loss of Control (LOC) subscales. For example, on item 31
of the TOL subscale, 52% of the sample reported that smoking within 30 minutes of waking was
extremely true of them. On item 21 of the LOC subscale, 49% of the sample reported that being
“really hooked on cigarettes” was extremely true of them. In contrast, multiple items of subscales
comprising the SDM exhibited high frequencies of responding on the least extreme end of the
Likert scale, particularly with respect to the Weight Control (WGHT) and Affiliative Attachment
(AFF) subscales. On item 19 of WGHT, 64% of the sample reported that smoking to control
weight was not a reason for smoking at all. Large numbers of responses at both ends of the
Likert scale were observed for items on the Cue Exposure/Associative Processes (CUE) and
Social and Environmental Goads (GOAD) subscales.

Confirmatory Factor Analysis of Brief WISDM
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Confirmatory factor analysis (CFA) was conducted to assess the degree fit of the

measurement model implied by the B-WISDM to the sample variance-covariance matrix. The fit
statistics for each model are reported in Table 3. The schematic diagram for each model in Table
3 is depicted in Figure 3. As expected, the 1-factor model (Model 1) fit the observed data poorly
(RMSEA [95% CI]=0.11[0.10, 0.11], CFI = 0.64, TLI = 0.62). The absolute and relative fit of
the 11-factor measurement (Model 2) model was markedly improved compared to the 1-factor
model (RMSEA [95% CI] = 0.06 [0.05, 0.06], CFI =0.91, TLI = 0.90) and resulted in a
statistically significant chi-square difference test (Ax2(55) =2672.1, p <.001). The modification
indices for Model 2 suggested that the estimation of the 4 pairs of error covariances identified by
Smith and colleagues (2010) would result in improved model fit.

The 11-factor model with the four pairs of error-covariances (Model 3) was estimated
and resulted in improved fit compared to Model 2. However, examination of the standardized
parameter estimates revealed that the correlation between the Tolerance (TOL) and Loss of
Control (LOC) latent variables was greater than one (» = 1.01, p <.001). The significance of this
out-of-bounds parameter is that the solution for Model 3 could not be regarded as valid (Brown,
2006). Extreme multicollinearity among latent variables is addressed by either constraining the
out-of-bounds latent variable correlation to be less than one, removing it from the model or by
combining it with another latent variable (Brown, 2006). The imposition of model constraints
was judged to be an unsatisfactory solution because doing so obscures the poor discriminant
validity among the latent variables implied by multicollinearity (Grewal, Cote, & Baumgartner,
2004).

To inform whether TOL would be eliminated or combined with LOC, TOL was

estimated separately as an independent measurement model to assess the viability of the factor.
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The fit for TOL was poor (RMSEA [95% CI] = 0.53 [0.48, 0.58], CFI = 0.49, TLI = -0.54)
suggesting that the measurement model implied by the TOL factor fit the observed data poorly.
Thus, to ensure that the measurement model would be appropriately specified and yield valid
parameter estimates while maintaining the meaning of the other latent variables, it was decided
that TOL would be eliminated from the measurement model and subsequent analyses.

The measurement model excluding TOL (Model 4) was estimated and resulted in
satisfactory fit. Model 5 was identical to Model 4 with the addition of the error covariance from
Smith (2010) that remained following the removal of TOL. Model 5 fit the observed data well
(RMSEA [95% CI] = 0.04 [0.04, 0.05], CFI = 0.95, TLI = 0.94). All of the standardized factor
loadings for Model 5 were greater than 0.60 and statistically significant. The inclusion of the
error covariance in Model 5 resulted in significantly improved fit in comparison to Model 4
(A1) =72, p <.001).

The measurement model with two higher-order latent variables corresponding to PDM
and SDM was estimated (Model 6). Although the fit for Model 6 was satisfactory, Model 5 fit
significantly better (AX2(33) =136.6, p <.001) suggesting that measurement model in which
higher-order factors explained the covariance among the latent variables did not fit as well as the
measurement model in which the covariation among the latent variables was estimated. In
addition, higher-order PDM and SDM latent variables were highly correlated (» = 0.82, p <
.001).

Brief WISDM Subscale Characteristics

The latent variable correlation matrix is presented in Table 4 and is also represented as a

heatmap to facilitate visual inspection in Figure 4. With respect to the bivariate correlations, the

PDM latent variables (range: » = 0.78 — 0.93) were generally more highly correlated than those
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of the SDM (range: » = 0.19 — 0.92). Among the PDM, the correlation of LOC and CRAV was

close to one (» = 0.93). The Automaticity (AUTO) and CRAV latent variables were also highly
correlated (» = 0.85). Among the SDM, robust inter-correlations among the Affective
Enhancement (AE), Cognitive Enhancement (COG) and Affiliative Attachment (AFF) subscales
(range: r = 0.79 — 0.92) were observed.

A number of robust bivariate associations were observed between PDM and SDM latent
variables. The correlation between CRAV and CUE (r = 0.85) was equivalent to the correlation
of LOC and AUTO (r = 0.85), both of which are PDM latent variables. In addition, the
correlation between CRAV and Affective Enhancement (» = 0.80) was slightly greater than the
correlation among the two PDM, AUTO and CRAV (r = 0.78).

The large correlations existing between PDM and SDM latent variables also explain the
finding of a large correlation between the SDM and PDM higher order latent variables (Model
6). The presence of large correlations between PDM and SDM latent variables also explain why
Model 6 may not have fit as well as Model 5. In Model 6, only the factors hypothesized to
belong to the PDM loaded onto the PDM higher-order latent variable and only the SDM
subscales hypothesized to belong to the SDM loaded onto the SDM latent variable. No cross-
loadings were estimated. Consistent with this idea, relatively large modification index values
were observed for the factor loading of LOC on SDM (Ay’1y= 40.7) and CUE on PDM (Ay’1y=
44.9). In other words, these modification index values suggest that model fit for Model 6 would
have improved with LOC was allowed to load on SDM and if CUE was allowed to load on

PDM.
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The subscale means and reliability estimates are presented in Table 4. The subscales of

the 10-factor B-WISDM demonstrated adequate reliability, based on the estimates of
McDonald’s .
Latent Profile Analysis

Determination of final model. Factor-mixture latent profile analysis (LPA) of the 10-
factor measurement model was conducted to empirically derive dependence motive profiles. The
fit statistics for the LPA models are presented in Table 5. A visualization of the changes in AIC,
BIC and aBIC by model are presented in Figure 5 to facilitate understanding of how model fit
changed as function of model complexity. Smaller AIC, BIC and aBIC values are indicative of
better model fit.

Relative to the 1-profile model, model fit improved markedly with the estimation of 2-
profile and 3-profile models. The gains in model fit resulting from the estimation of the 4-profile,
5-profile and 6-profile models were comparatively modest to that observed for the previous three
models. The marginal improvement in model fit gained from the estimation of the four to six
profile models is reflected in the results from VLMR tests (Table 5). Specifically, the VLMR test
comparing the gain in fit when estimating the 4-profile model versus the 3-profile indicated that
the improvement in model fit relative to the increase in model complexity was non-significant (p
=0.12). Similarly, the VLMR test comparing the increase in model fit of the 6-profile model
versus the 5-profile model showed that increasing model complexity did not appreciably improve
fit (p = 0.37). A similar result was evident in the VLMR test comparing the 4-profile and 5-
profile models was evident, however the results of this test were not considered trustworthy
because the k-1 model loglikelihood value could not be replicated. With respect to the BLRT

(Table 5), none of the p-values were deemed trustworthy because the k-1 model loglikelihood
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could not be replicated for any of the models. Thus, the BLRT could not be used as a criterion to

inform model selection in this analysis.

Differences in the precision of parameter estimates across models also factored into
deciding upon a final profile model. With increased model complexity resulting from the
estimation of each additional profile, estimates of the latent means became increasingly
imprecise and unstable. This pattern became most extreme in the 5-profile and 6-profile models.
For example, the latent mean for the AFF subscale in the 5-profile model was numerically large
(aarr = 16.04, p = 0.13), yet not significantly different from zero, suggesting a high degree of
uncertainty in the estimation of this parameter. In the 6-profile model, the instability for the same
latent variable mean had become more extreme (aarr = 40.81, p = 0.13). Because of the
instability of some of the estimated latent means and the lack of evidence of incremental fit in
the 5-profile and 6-profile models, these models were ruled out as final models.

The remaining possible models for selection were the 3-profile and 4-profile models. The
3-profile and 4-profile were generally similar with respect to the pattern of latent means within
each models’ respective profiles. Compared to the 3-profile model, however, the 4-profile model
had profiles that were highly parallel with profile means that did not appear appreciably different
from one another. The presence of relatively indistinct profiles, coupled with the fact that the
improvement in fit observed when estimating the 4-profile versus the 3-profile model was not
statistically significant using the VLMR test lent evidence of the 3-profile model as the optimal

model for this sample.”

* The estimation of a set of LPA models with the assumption strict invariance relaxed was planned to ascertain the
effect of free item residual variances on the model profile solutions. However, this set of models could not be
estimated with this constraint relaxed due to estimation difficulties and thus this part of the analysis plan could not
be completed.
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Characterization of final model. The profile plot for the 3-profile model is presented in

Figure 6. The estimated latent mean is depicted on the y-axis and the label for each B-WISDM
subscale is on the x-axis. Each line corresponds to one of the three profiles. The three profiles
were uniformly differentiated by the subscales comprising the PDM, namely Automaticity
(AUTO), Loss of Control (LOC) and Craving (CRAV). The model implied posterior
probabilities of membership in each profile was 22.5% (113/500) for the High PDM profile,
43.5% (217/500) for the Medium PDM profile and 34% (170/500) for the Low PDM profile.

In addition to the PDM subscales, the three profiles could be differentiated by the pattern
of latent means of the seven subscales comprising the SDM. Compared to the High PDM profile,
the Low PDM profile had lower latent means on the Cognitive Enhancement (COG), Cue
Exposure/Associative Processes (CUE), Social Goads (GOAD), Weight Control (WGHT) and
Affective Enhancement (AE) factors, but higher mean scores on the Affiliative Attachment
(AFF) and Taste (TAST) factors. The Medium PDM profile was largely intermediate between
the Low PDM and High PDM profiles.

Descriptive statistics for the set of clinical characteristics used to characterize the latent
profiles is presented in Table 6°. Study participants classified in the Low and Medium PDM
groups started smoking regularly at significantly older ages than those in the High PDM group.
Participants in the Low PDM group were significantly more likely to be light smokers than
participants in the Medium PDM group (73% vs. 48%, p <.001) and the High PDM group (73%
vs. 29%, p <.001). With respect to the PROMIS-ND and PSS-4, scores increased in a stepwise

fashion from the Low PDM to the High PDM groups.

? The prevalence of menthol smoking in each group was estimated. However, parameter estimates were outside of
the range of possible values due to large standard errors and thus are not reported. This is likely attributable to the
low rates of non-menthol smoking in the present sample.
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Multivariate multinomial logistic regression was used to test the degree of association of

the variables in Table 6 with class membership (Table 7). The results of the multinomial logistic
regression, with membership in the Low PDM profile relative to the High PDM profile as the
outcome variable, demonstrated that light smokers were more likely to be in the Low PDM
profile relative to the High PDM profile (OR = 2.44, p = 0.02). Participants with greater levels of
nicotine dependence, as measured using the PROMIS-ND, and stress were significantly more
likely to belong to the High PDM profile than the low PDM profile. With respect to membership
in the Medium PDM profile relative to the High PDM profile, higher scores on the PROMIS-ND
were associated with significantly greater odds of being in the High PDM profile (OR = 0.75, p <

0.01).
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Discussion

The present study aimed to validate the psychometric adequacy of the B-WISDM in a
sample of AA daily smokers and to empirically derive and characterize dependence motive
profiles. Similar to other confirmatory analyses, this study largely confirmed the factor structure
of the B-WISDM. However, limited differentiation was observed among many of the B-WISDM
factors, suggesting little discriminant validity among particular pairs of subscales. With respect
to the factor mixture latent profile analysis (LPA) of the B-WISDM, a novel 3-profile model
proved to be the best fitting relative to model complexity and was characterized using a set of
clinical characteristics.

Factor Structure and Psychometric Performance of the B-WISDM

This analysis of the dimensionality of the B-WISDM found that a 10-factor measurement
was the best fitting model that resulted in no invalid parameter estimates. The original 11-factor
model with estimated error covariances was the optimal measurement model in two previous
studies (Smith et al., 2010; Vajer et al.,2011), but resulted in an improper solution due to the
correlation between the Loss of Control (LOC) and Tolerance (TOL) factors in the present study.
Similar to the results presented in this analysis, Adkison et al. (2016) found that the 11-factor
model plus error covariances did not estimate normally, potentially due to a large latent
correlation between TOL and LOC (» = 0.92). Notably, although the 11-factor model with
estimated error covariances ostensibly estimated normally in the study by Vajer and colleagues
(2011), the reported latent correlation between LOC and TOL was close to one (= 0.91).

Beyond the lack of differentiation among TOL and LOC, this study observed correlations
approaching one for factors among the SDM, namely Cognitive Enhancement (COG) and

Affective Enhancement (AE), suggesting that these factors may represent a general state-
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enhancement dependence motive. From a neuropsychopharmacological perspective, the high

degree of overlap between AE and COG is not unexpected given that the acutely positively
reinforcing effects of nicotine, including mild euphoria and increased arousal, are largely
mediated by a common midbrain dopamine reward pathway of the ventral tegmental area
(Watkins, Koob, & Markou, 2000).

Correlations greater than 0.80 were also observed with respect to factors spanning the
SDM and PDM distinction, including Craving (CRAV) and Cue Exposure/Associative
Properties (CUE) and CRAV and Affective Enhancement (AFF). The robust association between
CRAYV and CUE is also not unexpected given the well-documented association between the
presence of smoking related stimuli and the elicitation of subjective and objective states
indicative of craving (Carter & Tiffany, 1999). The large degree of association between the PDM
and SDM higher-order latent variables that was observed in this analysis and a previous analysis
(Pancani et al., 2015) is expected given the robust correlations between specific lower-order
PDM and SDM factors.

A noteworthy finding in this study was the evidence of the misspecification of the TOL
subscale. Four pairs of error covariances (item 3 with item 31, item 2 with item 16, item 35 with
item 36, item 28 with item 36) were estimated in the original derivation of the B-WISDM
because they improved model fit of the 11-factor measurement model (Smith et al., 2010). Three
out of the four error covariances estimated by Smith (2010) involved items from the TOL factor
(items 3, 28, 31, 36) and two out of the four concerned TOL items exclusively.

Error covariances are typically estimated to account for systematic measurement error
that occurs due to a common item characteristic (e.g., similar wording and/or meaning) (Byrne,

2016). Item 3 (“T usually want to smoke right after I wake up”) and Item 31 (“I smoke within the
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first 30 min of awakening in the morning”) measure Time to First Cigarette whereas item 28

(““Other smokers would consider me a heavy smoker”) and item 36 (“I consider myself a heavy
smoker”) assess identification as a heavy smoker. These items comprising the TOL factor
represent two qualitatively distinct subsets of items, that when estimated as a single factor
without accounting for the shared meaning among its constituent items, did not fit the observed
data. The fact that the out-of-range latent variable correlation was present in Model 3 (with error
covariances), but not Model 2 (no error covariances) may imply that once the common error
variance among the items of the TOL factor was accounted for in Model 3, there was no variance
in remaining in TOL that was distinct from LOC. Thus, the operationalization of the TOL factor
should be revisited.

Implications. The importance of the lack differentiation among select B-WISDM
subscales is that it implies that the number of subscales may be able to be reduced, thus making
the measure faster to administer and more tractable to use in structural equation modeling. The
AE and COG subscales and the CUE and LOC subscales may be candidate pairs of subscales for
combination. Importantly, given the conceptual linkages among these pairs of latent variables, it
is likely that the number of factors could be reduced in a theoretically driven manner.

There is evidence that the distinction between SDM and PDM is both analytically and
theoretically useful (Piasecki et al., 2010b). However, this study along with other confirmatory
factor analyses of the B-WISDM provide evidence that both individual SDM and PDM subscales
and the SDM and PDM higher-order latent variables are relatively indistinct. Studies (e.g.,
Tarantola, Heath, Sher, & Piasecki, 2017) have used PDM and SDM subscales rather than the
individual factor subscales to examine the discriminant validity of these general categories of

dependence motives. The present results offer reasons to be cautious in this practice. The Loss of
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Control factor was as highly correlated with the CUE factor as it was the CRAV factor. The LOC

factor was more highly correlated with AE than AUTO. In addition, the Higher-Order CFA
model had relatively large modification indices, suggesting that model fit would have improved
if LOC was allowed to load on the SDM factor and if CUE was allowed to load on the PDM
factor. Although there is a well-developed theoretical basis to classify the subscales as they are in
the WISDM (Piper et al., 2004), the empirical associations observed among the latent variables
in this analysis do not support the use of PDM and SDM as subscales as they are currently
specified.
Dependence Motive Profiles among African American Smokers

The LPA conducted in the present analysis exhibited similarities and differences
compared to the two other profile analyses of the B-WISDM. Consistent with the present
analysis, the two previous analyses of dependence motive profiles demonstrated that the profiles
could be differentiated by uniform differences across the PDM (Pancani et al., 2015; Piper et al.,
2004). As in the present analysis, the SDM did not differentiate the profiles in a uniform fashion
in the other analyses. For example, in Piper (2008), the distribution of mean scores across the
SDM for each profile were roughly parallel, with the exception of Cue Exposure/Associative
Properties and Social/Environmental Goads. Commonalities were also observed with respect to
the characterization of the latent profiles. Like the study by Pancani and colleagues (2015), and
consistent with the relationship hypothesized in this analysis, profiles with higher PDM scores
were associated with measures of nicotine dependence and a greater degree of cigarette
consumption.

Despite these general similarities, a number of key differences were observed in the

present analyses that were different from the others. Contrary to expectation, this best fitting
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model had fewer profiles than that of the other analyses. The present analysis derived three
profiles whereas the other two studies derived five. Although larger sample sizes are generally
known to be conducive to the observation of greater numbers of groups in mixture models
(Cudeck & Henly, 2003), the sample size in Pancani (2015) and three out of five of the cross-
validation samples in Piper (2004) were smaller than in the present study. Thus, sample size was
likely not the determinative difference. It may be that the shape of multivariate parent
distribution from which the profiles were derived in this study supported fewer groups relative to
the distributions in the other two studies.

The LPA by Piper and colleagues (2004) observed the “Automatic-Atypical” profile,
which was characterized by elevated mean scores across the four PDM and relatively low scores
across all of the SDM. From this analysis and the body of literature proceeding it, evidence has
suggested that the four PDM alone may be “sufficient for dependence manifestation” (Piper et
al., 2004, p. 758). Of note, the four samples used for cross-validation in this study were
comprised by a majority of White participants (68.5 — 89.4%) and relatively low rates (5.4 -
24.9%) and absolute numbers (ns = 25 — 130) of AA participants. Thus, although this study has
provided greater knowledge regarding dependence motive phenotypes, how generalizable these
findings are to AA smokers has been unclear.

A profile consistent with the Automatic-Atypical profile was not observed in this
analysis. Like the Automatic-Atypical Profile, the High PDM profile had relatively high PDM
scores compared to the other profiles. However, the High PDM profile in this analysis also had
elevations on the CUE, COG, GOAD and AE subscales. The Low and Medium PDM profiles in

the present analysis do not have clear analogues to the other profiles presented in Piper (2004) or
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Pancani (2014). This does not imply that the Automatic-Atypical profile does not exist among

AA smokers, rather it was not evident in this sample.

Beyond uniform differences across the PDM, this analysis showed that subgroups of
smokers could be differentiated based upon select SDM, in particular TAST, COG, AFF and AE.

Taste and Sensory Dependence Motives. Consistent with previous research (Shiffman
et al., 2012), mean scores for the TAST subscale were highest in the groups with lower levels of
cigarette consumption, namely the Low PDM and Medium PDM profiles. These two profiles,
and particularly the low PDM profile, were the lightest smoking profiles. Of note, menthol
smokers smoke fewer CPD on average than non-menthol smokers and have more difficulty
quitting potentially due to menthol’s potentiation of the reinforcing effects of nicotine (Biswas et
al., 2016; Jones et al., 2013; Smith, Fiore, et al., 2014). Despite the robust association of menthol
smoking with difficulty quitting, the association of menthol smoking with measures of ‘physical
dependence’ (e.g., TTFC, FTND) has been observed in some studies (Fagan et al., 2010), but not
others (Hyland, Garten, Giovino, & Cummings, 2002; Jones et al., 2013; Muscat et al., 2009). In
addition, AA smokers smoke menthol cigarettes at much higher rates than White smokers, but
are less likely to experience symptoms of withdrawal (Weinberger et al., 2017). In addition,
although nearly 86% of the sample reported smoking menthol-cigarettes, only approximately
22% of participants were in the high PDM group.

The independent reinforcing effects of the sensory qualities of menthol have been known
to tobacco companies for decades according to internal industry documents (Yerger, 2011) and
have been demonstrated in experimental research not affiliated with industry (Rose & Behm,
2004). The TAST subscale of the WISDM has been found to discriminate taster phenotypes for

bitter compounds among smokers, suggesting it is a valid measure of dependence motivation
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governed by the sensory qualities of smoking (Cannon et al., 2005). In the study by Cannon and

colleagues (2005), mean scores on the TAST subscale were significantly lower among smokers
with ‘non-taster’ versus ‘taster’ haplotypes. The Low and Medium PDM profiles are indicative
of subgroups within the present sample that are relatively driven by the sensory qualities of
smoking. Understanding the systematic sources of heterogeneity in sensitivity to the sensory
reward of menthol would help explain the present findings and would be clinically valuable. One
such factor, female sex, did not discriminate membership in the Low PDM or Medium PDM
profiles from the High PDM profile. This was contrary to what was hypothesized for this
analysis and to what would be expected given findings of sex differences in sensitivity to the
sensory properties of smoking (Perkins, 2009; Perkins et al., 2002). However, none of the
previous studies of sex differences in dependence motives to date have observed greater taste
dependence motivation among females compared to males (Allen et al., 2016; Bronars, 2011;
Piper et al., 2006).

Clinical implications. Given the independently reinforcing sensory features of menthol
cigarettes, treatment strategies that specifically address this dimension of the reward of smoking
may be particularly important among subgroups of smokers who are particularly sensitive to the
non-nicotine smoking stimuli. Laboratory evidence suggests that switching habitual menthol
smokers to non-menthol cigarettes reduces the subjective reward of smoking (Rose & Behm,
2004). In one study, the majority of habitual menthol smokers who switched to non-menthol
cigarettes reported them as having an unpleasant aftertaste, unpleasant smell, causing throat
irritation and being overall less enjoyable than menthol cigarettes (Watson et al., 2017). Thus,

switching from menthol to non-menthol cigarettes over a prolonged period of time may be a
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means to reduce to the reward of smoking or aid in reduction. To this author’s knowledge, no

clinical intervention has tested this hypothesis.

Rose and Behm (2004) showed that switching from menthol to non-menthol cigarettes
that occurs simultaneously with the administration of NRT or medication that blocks the reward
of nicotine results in no reduction in the subjective reward of smoking. The authors hypothesized
that because the menthol cue is no longer present, the learned conditional association between
the sensory effect of menthol and nicotine administration cannot be extinguished. Thus, it may
be important for menthol smokers who use cessation medication to utilize pharmacotherapy that
also features aspects of the sensory stimuli inherent in menthol, for example mint flavored
nicotine gum or lozenges.

Enhancement and Affiliative Attachment Dependence Motives. The profiles
comprising the final LPA model in the present analysis could be differentiated by means scores
on the COG, AE and AFF subscales. The High PDM subscales had higher COG and AE scores
relative to the Low and Medium PDM profiles. The Low and Medium PDM profiles had higher
scores on the AFF subscale compared to the High PDM profile. This configuration of
dependence motive scores can be understood through a developmental perspective regarding
substance dependence. As dependence progresses, the motivational mechanisms underlying
persistent substance use shift gradually from positive reinforcement due to the hedonic qualities
of substance to negative reinforcement to ameliorate the aversive affective, cognitive and
physiological states caused by withdrawal (Koob, 2013). Nicotine withdrawal is comprised of
multiple symptoms, including anxiety, dysphoria and difficulty concentrating (APA, 2013).
Thus, it is possible that the elevated COG and AE scores in the High PDM group reflect smoking

to alleviate the cognitive and affective symptoms of withdrawal. Although symptoms of
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withdrawal may be less common among AA smokers generally, the fact that the High PDM

group was associated heavier smoking, higher scores on the PROMIS-ND and earlier age of
smoking initiation may suggest that this subgroup of participants may have been more likely to
experience withdrawal than smokers in the Medium and Low PDM profiles.

The configuration of scores among the latent profiles also suggests that dependence
motives described by the AFF subscale may be influential of persistent smoking in the absence
of significant compulsivity or heavy smoking. The Affiliative Attachment (AFF) dependence
motives are grounded in the observation that some smokers experience their cigarettes as an
“attractive social stimuli” and that quitting smoking entails an experience of personal loss (Piper
et al., 2004, p. 151). Previous research has demonstrated that AFF mediates the relationship
between social anxiety and nicotine dependence and has also been shown to be related to
depressive symptoms above and beyond AE (Buckner & Vinci, 2013; Vinci, Copeland, &
Carrigan, 2012). Thus, it may be that AFF describes affectively driven motivational processes to
smoke in response to loneliness and perceived isolation whereas AE represents the motivation to
smoke driven by the need to regulate the autonomic stress response and cognitive disturbance
promoted by physiological withdrawal (Koob, 2013).

Many of the participants in this study resided in high poverty and high crime areas of
Kansas City, Kansas and Kansas City, Missouri. Approximately one third of the sample had
incomes greater than 200% of the federal poverty limit. Previous studies of AA smokers have
demonstrated that greater perceived discrimination and neighborhood threat are associated with
both SDM and PDM WISDM scale scores (Kendzor et al., 2014; Reitzel et al., 2012). These
ecological stressors may contribute to the maintenance of smoking to the extent that individuals

smoke to cope with the negative affect resulting from these ecological stressors, such as
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perceived discrimination and neighborhood dangerous. The distinction between the prominence

of AFF in the Low and Medium PDM profiles and COG and AE in the High PDM profiles
suggest that ecological stressors may motivate sustained smoking differently for heavier and
lighter AA smokers. Among lighter smokers, smoking in response ecological stressors may be
motivated by the desire reduced perceived loneliness or alienation. For heavier smokers, the
aversive affective state stemming from ecological stressors may induce craving and smoking
through conditioned withdrawal (Oleson, Cachope, Fitoussi, & Cheer, 2014).

Clinical implications. Though both AE and AFF are affect-related dependence motives,
they likely influence the maintenance of smoking in different ways and thus require different
treatment approaches in order to facilitate cessation. Insofar that AE is a motivation that
develops in response to nicotine withdrawal, the treatment of withdrawal may subdue this
motivation to smoke. Nicotine replacement therapy reduces the symptoms of acute nicotine
withdrawal (Shiffman, Ferguson, Gwaltney, Balabanis, & Shadel, 2006). In addition,
mindfulness and lowering of affective volatility may be important components of future
cognitive-behavioral interventions that could address the affective dimensions of acute
withdrawal (Adams et al., 2014).

Specific interventions concerned with the barriers to quitting posed by Affiliative
Attachment are not known. Subgroups of smokers who are strongly motivated to remain
smoking due to affiliative attachment may hold negative outcome expectancies regarding
quitting. Challenging expectancies is an evidenced-based practice for smoking relapse
prevention (Shiffman, Kassel, Gwaltney, & McChargue, 2005). Theories of health behavior,
particularly the Theory of Planned Behavior, also posit that attitudes are important to the

formation of intentions for behavior change (Ajzen, 1991). Thus, empathetically challenging
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cognitions associated with affiliative attitudes may be one clinical strategy to address
dependence motivations consistent with the AFF subscale. In addition, other cognitive-
behavioral strategies such as graded exposure may be helpful for subgroups of smokers
concerned with their ability to tolerate the perceived loss of giving up smoking.

Limitations. This study had multiple limitations related to the sample, construct
measurement and analytical methodology used. The sample included in the present analysis was
treatment seeking. It is well established that treatment seeking smokers differ from smokers in
the general population with respect to demographic and clinical characteristics (Gilbert, Sutton,
& Sutherland, 2005; Hughes, Giovino, Klevens, & Fiore, 1997). With respect to AA smokers in
particular, the present study excluded smokers who smoked non-cigarette tobacco products
(cigars, cigarillos, Black & Milds, blunts). Rates of polytobacco use among AA smoker are
particularly high (Corral, Landrine, Simms, & Bess, 2013). Polytobacco use presents a
potentially important source of heterogeneity in nicotine dependence that is not captured by the
sample of smokers in this study. An important extension of the present study would be the
replication of the present analysis using a sample of non-treatment seeking smokers.

With respect to the B-WISDM itself, the measure was constructed to measure
dependence motives along a continuum (Piper et al., 2004) and was not constructed with the
intention of assessing groups® (Templin & Jiao, 2012). The potential of consequence of the
mismatch between the latent scale of the measure and the goal of recovering groups is that one is
effectively breaking a continuous scale into finite components, which has the potential of

introducing error into classification (MacCallum, Zhang, Preacher, & Rucker, 2002).

4 Dr. Jonathan Templin is credited with suggesting this point.
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There are several limitations related to the factor mixture LPA that deserve comment.

First, it was not possible to estimate LPA models with the assumption of strict invariance relaxed
due to estimation difficulties. It is possible that a better fitting model would have been derived
with the relaxation of strict invariance. This limitation is indicative of a more general limitation
of the current study. The LPA is a constrained permutation of the family of factor mixture
models, which can achieve a very high degree of model flexibility (Clark et al., 2013; Lubke &
Muthen, 2005). Given the previous use of LPA in studies of the B-WISDM, the computational
complexity of the estimation of factor mixture models and the size of the B-WISDM
measurement model relative to the study sample size, the LPA was deemed an appropriate
statistical model for the present study. However, the relaxation of any number of parameter
constraints can lead to different model results (Masyn, 2013). Therefore, it is possible that a less
constrained factor mixture model could yield different results.

Lastly, a word of caution is necessary regarding the interpretation of mixture models
generally. The derived groups observed in mixture models can be interpreted as qualitatively
distinct subgroups within a population or as the simplified individual components, or
“landmarks,” of an unknown multivariate parent distribution (Bauer & Shanahan, 2007, p.270).
The decision of how to interpret the model cannot be informed by the estimated model, but rests
with the researcher (Bauer & Curran, 2003). Thus, theories of population heterogeneity are
necessary to better appreciate the plausibility of the interpretation of mixture models as
representative of discrete subpopulations (Bauer & Curran, 2003).

Conclusions
The goal of this study was evaluate the adequacy of the B-WISDM to assess dependence

motivation among AA smokers and to apply the measure to better understand how dependence
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motivation varies within the AA smoker population. The present study found that the B-WISDM

demonstrated general psychometric adequacy for the assessment of dependence motives for AA
smokers. The analysis also observed correlations approaching one for several pairs of latent
variables and found that the TOL factor did not fit the observed data, likely due to the
misspecification of the factor. The highly collinear latent variables in the B-WISDM occurred
both among the PDM and SDM dependence motives and between individual PDM and SDM
latent variables. This finding suggests that the use of the PDM and SDM as higher-order
subscales should be done with caution and that the PDM and SDM distinction may be of value as
a heuristic only.

The factor mixture LPA of the B-WISDM yielded a model that differed from previous
profile analyses of the B-WISDM and provides additional insight into how dependence
motivation may vary within the AA smoker population. The 3-profile model obtained in this
analysis was not comprised of a factor suggestive of the sufficiency of the PDM alone to
manifest nicotine dependence. Smokers in the lowest PDM group were the lightest smokers and
evidenced marked elevations in dependence motives related to the sensory reward of smoking
and social reward due to perceived affiliation with cigarettes and the act of smoking itself. In
contrast, the High PDM group was characterized greater scores across all PDM subscales and
dependence motives indicative of smoking motivated by the drive undo the aversive cognitive
and affective sates created by physiological dependence. Thus, this study provides greater
understanding of the complex of interplay of sensory and affective motivational processes that

may maintain smoking among AA light smokers.
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Table 1. Sample Descriptive Statistics

Female Male Total Sample
Age, mean (SD) 5149 (11.36) 52.43 (11.7) 5194 (11.52)
Education > HS, n (%) 229 (87.4) 202 (84.87) 431 (86.2)
Income > 200% FPL, n (%) 85 (33.33) 76 (33.93) 161  (33.61)
CPD, mean (SD) 11.65 (6.21) 13.65 (6.92)*** 12.6 (6.63)
Smokes < 10 CPD, n (%) 150 (57.3) 110 (46.2)* 260 (52)
Age started smoking, mean (SD) 19.58 (6.51) 17.81 (5.82)** 18.74 (6.25)
Menthol smoker, n (%) 229 (87.4) 200 (84.03) 429 (85.8)
PROMIS ND total, mean (SD) 8.21 (4.13) 7.64 (4.02) 7.94 (4.08)
PSS-4 total, mean (SD) 4.06 (3.18) 4.2 (3.11) 4.13 (3.14)

Note. FPL = federal poverty limit; CPD = average cigarettes per day; PROMIS ND = PROMIS nicotine
dependence; PSS — 4 = Perceived stress scale.
p<0.05, p<0.01, p<0.001
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Table 2. Response Distributions for Brief WISDM Items

It Me SD Ske Kurto Cou Prop Cou Prop Cou Prop Cou Prop Cou Prop Cou Prop Cou Prop
em an w sis ntl 1 n2 2 n3 3 nt4 4 nt5 5 nt6 6 nt7 7

Often_il 45 23 -02 16 72 01 52 01 73 02 51 01 50 01 32 0.1 170 0.3
Control i2 34 22 04 1.8 153 03 58 01 68 01 62 01 54 01 36 01 69 0.1
Wake i3 48 23 -05 1.7 63 01 50 01 46 0.1 50 01 43 01 37 0.1 211 04
Urge_i4 47 20 -03 20 43 01 39 01 62 01 8 02 8 02 52 0.1 138 03
Flavor_i5 42 21 -01 1.7 69 01 62 01 69 01 63 01 73 02 45 0.1 119 0.2
Focused 16 34 2.1 04 19 135 03 73 02 62 01 72 01 64 01 27 01 67 0.1

Eating_i7 27 21 10 26 236 05 68 0.1 52 01 41 01 29 01 24 01 50 0.1

Reminders i
8

Feel
better 19

Decide_i10 42 22 -01 1.6 87 02 53 01 57 01 62 01 68 01 46 0.1 127 03
Friend il1 34 23 04 16 174 04 60 01 46 0.1 51 01 42 01 27 0.1 100 0.2
Smells i12 3.7 23 02 16 143 03 61 01 45 01 59 01 55 01 39 01 98 02

Focused i13 3.0 2.0 0.7 22 18 04 70 0.1 73 02 57 0.1 42 01 26 01 52 0.1
Thinking il
4

Taste
good il5
Rule i16 36 24 03 15 157 03 63 0.1 41 01 53 01 41 01 35 01 110 0.2
Crave il17 4.6 20 -02 1.8 44 01 48 01 71 01 78 02 76 02 46 0.1 137 03
People 118 3.7 23 02 16 129 03 63 01 49 0.1 70 0.1 52 0.1 32 0.1 105 0.2

Weight i19 22 19 15 40 321 06 42 0.1 33 01 35 01 17 00 6 00 46 0.1
Taste

31 21 06 20 168 03 77 02 65 01 54 01 49 01 28 01 59 0.1

37 21 02 18 117 02 55 01 8 02 66 0.1 58 01 39 01 82 02

41 23 00 15 106 02 59 01 57 01 54 01 53 01 43 0.1 128 0.3

39 21 01 17 8 02 69 01 75 02 79 02 53 01 43 01 98 02

39 22 01 1.7 98 02 69 01 58 01 &8 02 52 01 44 01 98 02

great 120
Hooked i21 55 19 -1.0 28 22 00 30 0.1 31 01 52 01 57 01 64 0.1 244 0.5
Bgst . 30 22 07 20 212 04 61 01 44 01 45 01 39 01 26 01 73 02
friend 122

Urges_i23 44 21 -02 1.8 60 01 53 01 65 01 77 02 68 0.1 50 0.1 127 03

Seeing i24 44 22 -02 17 8 02 45 01 53 01 62 01 75 02 54 0.1 129 03
Reaching i2
5

Alone i26 29 2.1 0.8 22 223 05 56 01 58 01 39 01 42 01 25 01 57 0.1

Family 27 3.7 23 02 15 135 03 71 01 43 01 57 01 48 01 36 0.1 110 0.2

Heavy i28 3.8 23 02 16 118 02 62 01 63 0.1 63 0.1 43 01 48 0.1 103 0.2

Intolerable i
29

Friends 130 3.7 23 02 16 134 03 63 01 55 01 60 01 45 01 33 0.1 110 0.2

Awake30_i3
1

Think 132 3.0 2.1 07 22 178 04 77 02 59 01 65 0.1 38 01 25 01 58 0.1

42 23 -01 15 111 02 51 01 48 01 45 01 65 0.1 45 0.1 135 03

38 21 02 17 109 02 60 0.1 69 01 70 0.1 73 02 35 01 84 02

52 23 -08 20 69 01 44 01 29 01 16 00 33 01 51 0.1 258 05



Feel 33 21 05 1.8 151 03 70 0.1 65 0.1 58 01 55 01 31 0.1 70
better 33
gfreatmg— 26 22 10 25 262 05 61 01 35 0.1 28 0.1 33 01 20 00 6l
Outof © 56 22 06 19 65 01 35 01 37 01 50 01 59 01 39 01 215
control i35
Heavy 48 23 .05 17 77 02 44 01 27 01 58 01 46 01 57 01 191
smoker i36
Feel 36 23 03 1.6 141 03 72 0.1 56 0.1 45 0.1 52 0.1 40 0.1 94
better 137

0.1

0.1

0.4

0.4

0.2
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Note. Columns to the right of the kurtosis column contain the count and proportion of the sample endorsing a
particular Likert response (1-7) for a particular item.



Table 3. Model Fit Statistics for Confirmatory Factor Analyses
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RMSEA

Model AIC BIC 2 df [95% CI] CFI TLI SRMR
1-factor 73275.74 73743.56 4130.01 629 0.11 [0.10,0.11] 0.64 0.62 0.09
11-factor 69960.22 70659.84 1457.92 574 0.06 [0.05,0.06] 0.91 0.90 0.05
" 11factor+ Covariances. 69494.15 70210.63 1070.15 570 0.04 [0.04,0.05] 0.95 0.94 0.04
10-factor 62195.43 6280233 928.63 450 0.05 [0.04,0.05] 0.94 0.93 0.04
10-factor + Covariances  62110.33 62721.45 856.63 449 0.04 [0.04,0.05] 0.95 0.94 0.04
10-factor Higher Order ~ 62219.06 62691.1  993.23 482 0.05 [0.04,0.05] 0.94 0.93 0.05

Note. AIC = Akaike Information Criteria, BIC = Bayesian Information Criteria, df = Degrees of Freedom, RMSEA
= Root Mean squared error of approximation, CFI = comparative fit index
TModel yielded out-of-bounds parameter estimate and therefore model results cannot be considered valid.
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Table 4. Subscale Descriptive Statistics, Reliability and Latent Variable Correlation Matrix

Mean
(SD) o [95% CI] 1 2 3 4 5 6 7 8 9 10
1. AUTO 42 (2) 09 [0.89,092]] 1
2. CRAV 43 (1.7) 0.9 [0.84,0.88]| 0.78 1
3.LOC 44 (1.7) 0.8 [0.79,0.84]| 0.84 0.93 1
4. COG 3.1 (1.8) 0.8 [0.8,0.87] | 0.57 0.66 0.59 1
5.CUE 3.7 (1.8) 0.7 [0.69,0.77]| 0.69 0.84 0.75 0.69 1
6. GOAD 3.7 (2.1) 0.9 [0.89,0.93]| 0.3 036 033 029 0.46 1
7. TAST 4 (1.9) 0.8 [0.84,0.89]|0.47 0.62 047 0.5 0.53 0.28 1
8. AFF 31 (2) 09 [0.83,0.89]| 0.64 0.71 0.67 0.78 0.7 0.29 0.58 1
9. WGHT 25 (1.7) 0.8 [0.75,0.84]] 039 047 038 0.62 0.57 0.19 039 0.58 1
10. AE 35 (1.9 0.8 [0.78,0.85]] 0.67 0.8 0.73 0.89 0.76 0.38 0.65 0.92 0.63 1

Note. All bivariate correlations were statistically significant at p < .05.

AUTO = Automaticity; CRAV = Craving; LOC = Loss of control; COG = Cognitive enhancement; CUE= Cue
reactivity/associative processes; GOAD = Social/environmental goads; TAST = Taste; AFF = Affiliative
attachment; WGHT = Weight control; AE = Affective enhancement
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Table 5. Fit Statistics for Factor-Mixture Latent Profile Models

Model

1-Profile

2-Profile

3-Profile

4-Profile

5-Profile

6-Profile

LL
323;35.7
3 14-56.9
3 10-67.4
309-75.1
308_74.9

30821.9

AIC

64971.4

63135.8

62378.9

62216.3

62037.7

61953.5

BIC

65392.9

63603.6

62893.1

62776.8

62644.6

62607

aBIC

65075.5

63251.3

62505.8

62354.7

62187.6

62115

Entropy

0.92
0.91
0.87
0.89

0.87

VLMR
Test
Value

1830.8

767.7

181.9

201.6

104.5

p_
value

0.00
0.00
0.15
0.12"

0.37

BLRT Test
Value

1857.6

778.9

184.6

204.6

106

p- 3
value'

0.00
0.00
0.00
0.00

0.00

Note. LL = log-likelihood; AIC = Akaike Information Criteria; BIC = Bayesian Information Criteria; aBIC =
sample size adjusted BIC; VLMR = Vuong-Lo-Mendell-Rubin; BLRT = Bootstrapped Likelihood Ratio Test
" Due to estimation difficulties, the k-1 log-likelihood could not be replicated, thus the p-value for the BLRT may
not be accurate.
"Due to estimation difficulties, the k-1 log-likelihood could not be replicated, thus the p-value for the VLMR for
the 5-profile model may not be accurate.
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Table 6. Model Implied Descriptive Statistics for the 3-Profile Model

Low PDM Medium PDM High PDM
Female, % (SE) 47.2 (0.04) 56.7 (0.04) 51.9 (0.05)
Age initiated smoking, mn (SE) 19.51 (0.51) 18.84° (0.47) 17.37° (0.42)
Light smoker, % (SE) 72.7° (0.04) 47.8° (0.04) 28.6° (0.04)
Menthol * * * * * *
PROMIS, mn (SE) 4.65° (0.24) 8.65° (0.23) 11.55° (0.30)
PSS-4, mn (SE) 3.14° (0.23) 4.49 (0.22) 4.92° (0.32)

“Low vs. Medium PDM, p < .05; " Medium vs. High PDM, p < .05; ¢ Low vs. High PDM, p < .05.

Note. SE = Standard Error; PDM = Primary Dependence Motives

* Because of low numbers of non-menthol smokers in this sample, the estimates for the Menthol variable could
not be computed with precision and are thus not reported.



Table 7. Predictors of Profile Membership

Low PDM vs. High PDM*

Female

Age of Initiated Smoking
Light Smoking

Menthol

PROMIS-ND

PSS4

Medium PDM vs.
Female
Age of Initiated Smoking
Light Smoking
Menthol
PROMIS-ND
PSS4

OR b
0.69 -0.37
1.06  0.06
244  0.89
115 0.14
0.51 -0.67
0.83 -0.18
High PDM*
1.21  0.19
1.04  0.04
136 0.31
0.95 -0.05
0.75 -0.29
0.96 -0.04

SE  p-value
0.37 0.31
0.04 0.11
0.38 0.02
0.50 0.78
0.08 0.00
0.07 0.01
0.27 0.48
0.03 0.10
0.30 0.30
0.38 0.89
0.05 0.00
0.04 0.31

Note. PROMIS-ND = PROMIS Nicotine Dependence; PSS4 = Perceived Stress
Scale-4; OR = odds ratio; b = coefficient on logit scale; SE = standard error
*For each multinomial logistic regression model, the High PDM profile is the

reference group.
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Figure 1. Latent Profile Model Diagram

Automaticity
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Regularly
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Control
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Cognitive

Note. nc = Categorical latent variable; Squares = observed variables; Circles = latent variables.
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Figure 2. Brief WISDM Item Response Distributions
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Note. The heading in all capital letters for each histogram corresponds to the B-WISDM subscale that each item
belongs to. The other heading refers to the core theme of each item and the number of the item.
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Figure 3. Schematic Diagrams of Confirmatory Factory Analytic Models

Single Factor Model Multi-Factor Model
Model 1 Models 2 & 4

Il == m 137

[11]

Higher-Order Factors

Multi-Factor + Error Covariances Model 6
Models 3 & 5

% SORAA

Note. Circles denote latent variables (or factors) and rectangles denote items. Single headed arrows from the circles
to rectangles denote factor loadings. Double-headed arrows between circles represent latent variable correlations.
Double-head arrows between rectangles denote correlated item residual variances, or error covariances.

The figure visually depicts the factor structures implied by the CFA models reported in Table 4. The names of the
models that correspond to the models described in Table 4 are in italics. Of note, what differentiates Model 2 from 4
and Model 3 from 5 is the number of latent variables included in each model. This is why the subscript % is used and
not the number of factors, or subscales, implied by the Brief WISDM.
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Figure 4. Latent Variable Bivariate Correlation Heatmap Plot

AE 0.672 0.798 0.727.0.758 0.378 0.652. 0.63 .

WGHT 0.388 0.474 0.375 0.618 0.572. 0.39 0.58 .

AFF 0.645 0.71 0.668 0.78 0.698 0.288 0.58

Latent Variable
TAST 0.471 0.618 0.473 0.502 0.526 0.276 Correlation
- 1.00
GOAD 0.298 0.361 0.329 0.287 0.465. 075

CUE 0.693

. 0.75 0.693. 0.50
! 0.25
0.00

COG 0.575 0.662 0.587
LOC
CRAV
AUTO

O N O & & L

Note. Auto = Automaticity; LOC = Loss of control; CRAV = craving COG = Cognitive enhancement; CUE = Cue
Exposure/Associative Processes; GOAD = Social goads; TAST = Taste; AFF = Affiliative Attachment; WGHT =
Weight control; AE = Affective Enhancement. All correlations are statistically significant at p < 0.05.



Figure 5. Plot of Latent Profile Model Fit Statistics
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Note. AIC = Akaike Information Criteria; BIC = Bayesian Information Criteria; aBIC = sample size adjusted BIC



Figure 6. Profile Plot for 3-Profile Model
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Note. Auto = Automaticity; LOC = Loss of control; CRAV = craving COG = Cognitive enhancement; CUE = Cue
Exposure/Associative Processes; GOAD = Social goads; TAST = Taste; AFF = Affiliative Attachment; WGHT =
Weight control; AE = Affective Enhancement; PDM =Primary dependence motives; SDM = Secondary dependence
motives. Model implied posterior probabilities of profile membership were 34% for the Low PDM profile, 43.5%
for the Medium PDM profile and 22.5% for the High PDM profile.

*The scale for the y-axis is arbitrary due to latent variables serving as indicators fo r the LPA rather than observed
indicators. The scale was determined by setting the latent variable means for profile 3 to the latent means for each
latent variable from the overall sample.

107



108

Loss of Control
(LOC)

Craving
(CRAYV)

drug, results in the ability to tolerate greater
doses of a drug without toxic effects and the
requirement of greater amounts of a drug to
achieve a desired effect. This subscale
overlaps with the FTND and incorporates
TTFC and indexes withdrawal-induced
motivation to smoke and habitual smoking,
Although not exactly a motivation to smoke,
the subjective loss of control over smoking is
considered to be indicative of compulsive
drug use (DiFranza et al., 2002).

This subscale refers to smoking in order to
alleviate a craving or urge to smoke.

Appendix
Brief WISDM Subscales and Descriptions

Subscale Description Example Item

Primary Dependence Motives (PDM)
Automaticity This scale is informed by Tiffany’s (1990) “I often smoke without thinking
(AUTO) Automaticity Theory, which posits that over about it.”

time drug use becomes an overlearned and

largely automatic behavior. In this theory,

use is not governed by craving, rather

subjective craving occurs only when

automatic use is blocked.
Tolerance Tolerance refers to the upregulation of “I smoke within the first 30 minutes
(TOL) receptors in response to increasing doses of a of awakening in the morning.”

“Cigarettes control me.”

“It’s hard to ignore an urge to
smoke.”

Secondary Dependence Motives (SDM)

Cognitive Enhancement
(COG)

Cue Exposure/Associative
Processes
(CUE)

Social/Environmental Goads
(GOAD)

Taste
(TAST)

Affiliative Attachment
(AFF)

Weight Control
(WGHT)

Affective Enhancement
(AE)

Smoking enhances concentration, as
indicated by cognitive testing and self-
report. This subscale indexes the motivation
to smoke in order to improve concentration.
Because smoking and withdrawal occur
within myriad cue rich environments,
associative learning is a formidable
mechanism underlying nicotine dependence.
This subscale reflects the motivation to
smoke in relation to cues.

During the maintenance of smoking, social
environments contribute to persistent
smoking through the provision of cues and
permissive beliefs regarding smoking.

The taste of cigarette is a reinforcing stimuli
component of smoking for uninitiated and
initiated smokers alike. This subscale
assesses the extent to which smokers are
motivated to smoke by the taste of cigarettes.
Nicotine activates neural systems related to
affective responses to social stimuli. The
items of this subscale reflect the tendency for
smoking to be motivated by the social
satisfaction of smoking itself.

Smokers frequently smoke to control weight
and appetite. This subscale reflects this
motivation to smoke.

Smokers report smoking to enhance and
affect and/or alleviate dysphoria resulting
from withdrawal. This subscale reflects this
motivation to smoke.

“I frequently smoke to keep my
mind focused.”

“My life is full of reminders to
smoke.”

“Most of the people I spend time
with are smokers.”

“The flavor a cigarette is pleasing.”

“Cigarettes keep me company, like
a close friend.”

“I rely upon smoking to control my
hunger and eating.”

“Smoking helps me feel better in
seconds.”

Sources: Piper et al., 2004, p. 151; Smith et al., 2010



