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Background: Nicotine dependence is associated with consid-
erable morbidity and mortality. Two predominant classifca -
tion systems, the Diagnostic and Statistical Manual (DSM-IV)
and Fagerstrom Test for Nicotine Dependence (FTND), have
been used to measure liability to nicotine dependence, yet few
studies have attempted to simultaneously examine both sets of
criteria.

Methods: Using a sample of 624 regular smoking individuals
who are offspring of Vietnam Era Twin fathers ascertained for
an offspring of twin study, we applied latent class analysis to the
7 DSM-IV and the 6 FITND criteria to classify individuals by
their nicotine dependence symptom profles. Post-hoc across-
class comparisons were conducted using a variety of smoking-
related variables and aspects of psychopathology. Whether a
single class identifed offspring at high genetic and environmental
vulnerability was also investigated.

Results: The cross-diagnosis kappa was .30. A 4-class solution
ft these data best. The classes included a low DSM-low FIND
class and a high DSM-high FTND class; a moderate DSM-
moderate FIND class, which was distinguished by moderate
levels of smoking and intermediate levels of comorbid psycho-
pathology; and a light smoking—moderate FTND class consist-
ing primarily of lighter smokers with a more recent onset of
regular smoking. High genetic and environmental vulnerability
to nicotine dependence was noted in all classes with no statisti-
cally signifcant across-class differences.

Conclusions: In general, the DSM-IV and FTND criteria
performed similarly to defne a continuum of risk for nicotine
dependence. The emerging class of light smokers should be fur-
ther investigated to assess whether they transition to another
class or remain as such.

doi: 10.1093/ntr/ntr105

Introduction

Nicotine dependence is strongly correlated with persistent
smoking, the leading contributor to preventable death in the
United States (Centers for Disease Control, 2002). While the
public health implications of nicotine dependence are clear
(Mackay, Eriksen, & Shafey, 2006), the measurement of liability
to nicotine dependence is actively debated (Hughes, 2006).
Several diagnostic tools for the measurement of nicotine depen-
dence exist—the most widely used are the Fagerstrom Test for
Nicotine Dependence (FTND; Heatherton, Kozlowski, Frecker, &
Fagerstrom, 1991) and the Diagnostic and Statistical Manual
(DSM-IV; American Psychiatric Association, 1994) criteria for
nicotine dependence.

The FTND consists of six items assessing aspects of smoking
during the period of heaviest smoking, such as smoking when ill
or smoking in places where it is prohibited. Two FTND items,
time to frst cigarette and cigarettes per day (CPD), comprise a
subscale known as the Heaviness of Smoking Index (Heatherton,
Kozlowski, Frecker, Rickert, & Robinson, 1989). The FTND
was adapted from the Fagerstrom Tolerance Questionnaire
(Fagerstrom, 1978) and has been shown to correlate highly with
biochemical dependence. A score of 4 (from a scale ranging
from 0 to 10) or greater on the FTND is considered to be indic-
ative of nicotine dependence.

Nicotine dependence is assessed using seven criteria in the
DSM (version IV)—these criteria are generically applied
across all drug classes (e.g., alcohol, cannabis) with some
smoking-related specifcity as needed (e.g., chain smoking as an
indicator of spending a great deal of time using the substance).
The DSM-IV defnition of nicotine dependence requires the
endorsement of three or more of seven criteria clustering
within a 12-month period.
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A latent class analysis of DSM-IV and FTND criteria

A conceptual challenge in the measurement of nicotine
dependence is that FTND and DSM-IV nicotine dependence do
not overlap to a signifcant extent—individuals with DSM-IV
nicotine dependence do not uniformly meet criteria for FTND-
based nicotine dependence or vice versa (Hughes et al., 2004).
In the general population (Brook, Koppel, & Pahl, 2009; Hughes
et al., 2004) and in enriched/clinic samples (Moolchan et al.,
2002; Strong, Brown, Ramsey, & Myers, 2003), this low concor-
dance is refected by kappas of .3 and lower. Furthermore, stud-
ies show that DSM-based assessments of nicotine dependence
more frequently correlate with psychopathology, such as major
depression (Breslau & Johnson, 2000), while the FTND is more
closely related to tobacco liking (Moolchan, Aung, & Henning-
feld, 2003; Strong et al., 2003).

Despite the limited overlap across these two popular assess-
ments, few studies have attempted to simultaneously analyze
DSM-1V and FTND criteria to examine whether they characterize
smokers in a similar or different manner. As noted, individuals
with DSM-IV nicotine dependence do not systematically meet
criteria for FTND-based nicotine dependence (and vice versa).
By examining both sets of criteria simultaneously we can better
understand endorsement of criteria across these two constructs.
Importantly, this can demonstrate the synergy across the two
assessments in providing comprehensive information on how
common and specifc aspects of the two assessments work in
tandem to produce vulnerability to nicotine dependence. Thus,
the goals of this study are (a) to utilize self-reported DSM-IV
and FTND criteria to classify individuals using latent class
analysis; (b) to examine sociodemographic, smoking-related,
and other psychiatric correlates of each class; and (c) to con-
trast the latent classes in terms of latent genetic and environ-
mental vulnerability.

Materials and Methods

Sample

Data for this study come from 624 adolescent/young adult
offspring of Vietnam Era Twins who were regular cigarette
smokers. Fathers were members of the Vietnam Era Twin Reg-
istry (VETR; Eisen, True, Goldberg, Henderson, & Robinette,
1987; Goldberg, True, Eisen, Henderson, & Robinette, 1987;
Henderson et al., 1990), which is a national registry of male
like—sex twin pairs in which both cotwins served in the military
during the Vietnam Era (1965-1975). Construction of the regis-
try and method of determining zygosity have been previously
reported (Eisen et al., 1987). In 1987, twins were frst surveyed
about their general health including number of offspring fa-
thered by them. In 1992, twins were interviewed by telephone
with the Diagnostic Interview Schedule (Robins, Helzer,
Cottler, & Goldring, 1988). In 2001 and 2004, respectively,
data collection was initiated for two offspring of twins (OOT)
studies, which aimed to examine outcomes in the children of
VETR twin fathers who (a) were concordant or discordant for
alcohol dependence (AD, Project 1) or (b) were concordant or
discordant for illicit drug dependence (DD, Project 2), along
with (c) unaffected control twin pairs. Both OOT projects
used an adaptation of the Semi-Structured Assessment for the
Genetics of Alcoholism (Bucholz et al., 1994) to collect data
from mothers and offspring. For both projects, biological or
custodial mothers (e.g., step mothers) were eligible to participate

if twins provided permission to contact them. Offspring were
eligible to participate if the VETR twin father and biological
and/or custodial mothers gave permission to contact them
(In Project 2, permission was granted by the VETR twin
father). Parents provided written consent for their minor-
aged offspring to be interviewed. Due to the nature of data
collection, there was some overlap of participants across the
two studies—for these participants, the more recently con-
ducted Project 2 data were used.

Experienced staff from the Institute for Survey Research
at Temple University conducted data collection. Interviewers
were blind to the substance use history of twin father respon-
dents and gave equal effort to recruitment of all respondents.
All participants gave verbal consent prior to being inter-
viewed, as approved by the institutional review boards at the
participating institutions. Descriptions of survey contents,
response rates, and predictors of nonresponse have been pre-
viously published (Duncan et al., 2008; Jacob et al., 2003;
Scherrer et al., 2004). A total of 1,919 offspring aged 12-32
years completed the interviews. Of these, 32.5% (N = 624,
aged 14-31 years) reported regular smoking (self-report of
having smoked 21 or more cigarettes over the lifetime and
smoking 3 or more times per week for a minimum of three
weeks).

Measures

Latent class analyses (LCA) were conducted on the seven DSM-IV
nicotine dependence criteria (tolerance, withdrawal, larger/longer,
persistent desire/inability to quit/cut back, great deal of time
spent, give up activities, and continued use despite physical/
psychological problems) and on the six FTND criteria (time to
frst cigarette, CPD, smoking where prohibited, hate to give up

frst cigarette of the day, smoking when ill in bed, and smoking

more within the frst hour of waking). FIND criteria were

specifcally assessed for the period when the respondent was

“smoking the most,” while DSM-IV criteria were assessed
across the lifetime. With the exception of time to frst cigarette

and CPD, all other criteria were coded dichotomously. In the
FTND, time to frst cigarette is coded as 0 = after 60 min, 1 =
31-60 min, 2 = 6-30 min, and 3 = within 5 min of waking, while
CPD is coded as 0 = 10 or less, 1 = 11-19, 2 = 20-25, and 3 = 26
or more. As LCA can accommodate categorical measures and
they increase our ability to disentangle classes of individuals, we
retained these two measures in their ordinal form. However, for
illustrative purposes, only the highest category is depicted in
some instances.

Note that our defnition of DSM-IV tolerance does include
elements of CPD—however, our defnition of tolerance was
broader (including items on smoking a lot more in order to get
what you wanted out of smoking or smoking 20 or more CPD
during lifetime). Hence, both tolerance and CPD were included
in analyses, although all participants who did not report toler-
ance were also missing for CPD >2.

Correlates

Several sociodemographic and psychiatric measures were used
along with measures related to smoking to examine differences
between the classes identifed in the LCA. These measures are
described in Table 2.
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OOT Study Design

The original studies selected cases on the basis of the twin
father’s alcohol or DD status. According to this design, offspring
were designated to be at:

e High genetic and high environmental risk if the father of the
offspring had AD or DD.

e High genetic and low environmental risk if the father of the
offspring was unaffected, but his identical cotwin (who
shares 100% of his genes identical-by-descent) had a diagno-
sis of AD or DD.

¢ Intermediate genetic and low environmental risk if the father of the
offspring was unaffected, but his fraternal cotwin (who shares 50%
of his genes identical-by-descent) had a diagnosis of AD or DD.

e Low genetic and low environmental risk, where irrespective
of zygosity, both the father and his cotwin are unaffected.

From the baseline interviews, coded using DSM-III-R
(American Psychiatric Association, 1987) criteria, a diagnosis of
nicotine dependence (ND) was made for the father and his cotwin.
While the study was not ascertained for nicotine dependence
risk, based on the nicotine dependence diagnoses in the father
and uncle, a comparable nicotine four-group variable was also
created and used. Thus, if the biological father (irrespective of
whether he was part of the AD or DD project) met criteria for
DSM-III-R ND, then the offspring was classifed to be at high
genetic and high environmental risk. Likewise, if the father was
unaffected but the MZ (Monozygotic, identical) uncle met
criteria for DSM-III-R ND, then the offspring was classifed to
be at high genetic and low environmental risk and so on.

Latent Class Analyses

Latent class analysis (McCutcheon, 1987), a form of nonpara-
metric cluster analysis, can be used to identify classes of individ-
uals with similar phenotypic profles. LCA utilizes responses to
categorical data to empirically assign class membership to indi-
viduals. Individuals are assigned to the most likely class, and
results are characterized by (a) the prevalence of each class and
(b) the probability that an individual in a certain class will
endorse a certain item (“conditional probability”). The modeling
strategy assumes conditional independence (i.e., no additional
covariation across items except that attributable to the latent
classes); however, methods for relaxing this assumption exist.
We used MPlus (version 5.1; L. K. Muthen & Muthen, 2007) to
conduct LCA (under the assumption of conditional indepen-
dence) in the 624 regular smokers. As some of the offspring
were related, the robust maximum likelihood estimator was
used to adjust standard errors. Selection of the number of latent
classes that optimally described our data was done using the
Bayesian information criterion (BIC; Raftery, 1995) along with
entropy. BIC was preferred over other ft indices as it is particu -
larly suited to LCA (B. O. Muthén & Muthén, 2000). Resulting
assignments to latent classes were extracted and analyzed, post-
hoc, in SAS (SAS Institute, 1999) and STATA (Stata Corp,
2003). As we were interested in examining the extent to which
offspring at high genetic and/or high environmental risk (due to
the OOT design) were represented in each class, the LCA were
not adjusted for study design.

Characterizing Individuals in Classes
Multinomial logistic regression in STATA, with a robust vari-
ance estimator, was used to examine the association between
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latent class membership and sociodemographic, psychiatric,
and other smoking-related measures. The class representing
least risk was used as the reference class, and a Wald chi-square
comparison was conducted to examine differences across the
remaining classes. SAS was used to process data and to compute
frequencies. To avoid any confounding effects of the study
design (described above), all multinomial logistic models were
adjusted for dummy variables representing the study design, with
separate variables representing drug- and alcohol-related risk.

Characterizing Genetic and
Environmental Risk Across Classes

A four-group variable representing genetic and environmental
risk attributable to a paternal history of nicotine dependence was
examined to identify whether members of any class showed an
over-representation of high genetic and/or environmental risk.

Simply cross-tabulating a DSM-IV diagnosis of nicotine depen-
dence (three or more criteria clustering in a 12-month period)
with an FTND (four or more symptoms) diagnosis resulted in a
correlation of .50 ( =.30).

Latent Class Analysis

Using the BIC ft indices, a four-class solution ft these data well

(Akaike’s information criterion [AIC] = 9729.1, BIC = 10044.1,
and Entropy = .80). The three-class (AIC = 9846.2, BIC =
10081.3, and Entropy = .81) and fve-class solution (AIC =
9679.3, BIC = 10074.06, and Entropy = .80) did not ft as well
as the four-class solution. Figure 1 illustrates the pattern of
endorsement probabilities and prevalence of each of the four
classes.

High DSM-High FTND

This class included 28% of the participants (N = 177), all
of whom reported high endorsement probabilities for both
DSM-IV and FTND criteria.

Low DSM-Low FTND

This class included 26% of the participants (N = 163). This class
was distinguished by very high endorsement of the DSM-IV
criteria of quit/cut back but fairly low endorsement likelihood
across all other DSM-IV and FTND criteria.

Moderate DSM-Moderate FTND

This class (27% of participants, N = 167) is distinguished by
moderate to high endorsement probability of the DSM-IV crite-
ria of tolerance, larger/longer and time spent, and moderate
endorsement probability of the FIND criteria. Individuals in
this class are most likely to endorse smoking 11-25 CPD. These
individuals are, therefore, likely to be moderate smokers with
tolerance to nicotine and dependence problems indexed more
distinctly by DSM-IV criteria.

Light Smokers-Moderate FTND
This class included 19% of the regular smokers (N = 117) and
was distinguished by a very low endorsement probability for
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Figure 1.

Endorsement probabilities of DSM-IV and FTND criteria in 624 regular smokers. HDHF = high DSM-high FTND; MDMF = moderate

DSM-moderate FTND; LDLF = low DSM-low FTND; and LSMF = lighter smokers—moderate FTND (or low tolerance—moderate FTND). Note that
for ordinal measures of time to frst cigarette and cigarettes per day, the endorsement probability for the highest threshold is shown.

tolerance and moderate endorsement probabilities for the
FTND criteria (smoking where not allowed, hate to give up frst

cigarette, smoking more within the frst hour of waking, and

smoking when ill in bed) as well as for the DSM-IV criteria of
withdrawal, larger/longer, and quit/cut back. Individuals in this
class tended to be more likely to endorse smoking within 6-60
min of waking but were less likely to be heavy smokers as
indexed by higher endorsement of CPD =1 (i.e., 11-19 CPD).
Hence, for ease of interpretation, we label this group as lighter
smokers with moderate FTND (LSMF).

Table 1 shows the prevalence of individual criteria for and
diagnosis of DSM-IV— and FTND-based nicotine dependence
across the four classes. These post-hoc comparisons revealed
that members of the low DSM-low FTND (LDLF) class had uni-
formly the lowest prevalence of DSM-IV and FIND criteria
with only 5.5% meeting criteria for a DSM-IV diagnosis and
none meeting criteria for FIND-based nicotine dependence. In
contrast, 57.1% and 100% of those in the high DSM-high FTND
(HDHF) class met criteria for nicotine dependence via DSM-IV/
and FTIND criteria, respectively. Interesting differences across

Table 1. Prevalence of Individual Criteria and Diagnosis of Nicotine Dependence From

the DSM-IV and the FTND in 624 Regular Smokers

High DSM-high ~ Moderate DSM-moderate  Lighter smokers-moderate ~ Low DSM-low
FIND (N=177)  FIND (N=167) FIND (N = 117) FTND (N = 163)
DSM-IV ND diagnosis 57.1 443 18.0 5.5
Tolerance 100 100 4.3 0.6
Withdrawal 76.3 455 47.9 19.6
Larger/longer 94.4 78.9 76.1 43.6
Persistent desire or inability to quit/cutback ~ 88.1 81.6 89.2 88.0
Time spent 24.3 19.8 6.8 1.8
Give up 19.2 3.0 10.3 0.00
Problems 69.5 34.7 38.5 11.1
Range of DSM-IV criteria 2-7 1-6 0-5 0-4
FTND of four or more 100 46.1 51.3 0
Time to frst = 1 (>60 min) 1.1 37.7 14.5 75.5
Time to frst = 1 (31-60 min) 13.6 27.0 36.8 16.0
Time to frst = 2 (6-30 min) 40.7 25.8 31.6 8.6
Time to frst = 3 (within 5 min) 44.6 9.6 17.1 0.0
Smoke where prohibited 67.2 10.2 333 1.2
Hate to give up frst cigarette of day 65.3 253 56.4 12.3
CPD =0 (<11 cigarettes) 5.1 16.8 4.7 76.7
CPD =1 (11-19 cigarettes) 16.4 21.0 57.3 23.3
CPD = 2 (20-25 cigarettes) 37.9 437 0.00 0.00
CPD = 3 (26 or more cigarettes) 40.7 18.6 0.00 0.00
Smoke more in frst hour of waking 39.0 1.8 23.1 1.2
Smoked when ill in bed 71.8 21.6 333 0.00
Range of FTND criteria 4-10 0-7 1-8 0-3

Note. CPD = cigarettes per day; DSM-IV = Diagnostic and Statistical Manual; FTND = Fagerstrom Test for Nicotine Dependence.
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the remaining two classes (moderate DSM-moderate FTND
[MDMEF] and LSMF) are underscored by the prevalence of cri-
teria and diagnoses in Table 1. For instance, while approximately
equal numbers of individuals in the MDMF class met criteria
for an ND diagnosis using DSM-IV and/or FTND (44%—-46%),
the prevalence of FTND-based ND (51%) exceeded DSM-IV
ND (18%) in the LSMF class. While DSM-IV ND was more
common in the MDMF versus LSMF class, the prevalence of
FTND-based ND could be equated across these two classes.
Also, all members of the MDMF class but only 4% of those in
the MDMF class reported tolerance. In contrast, 10% of the
members in the LSMF class reported giving up activities to
smoke, while only 3% of those in the MDMF class reported it.
Variations in FTND criterion endorsement across these classes
were also pronounced with members of the LSMF class, overall,
endorsing signifcantly more FIND items than those in the
MDMF class (e.g., 23% of LSMF members endorsed smoking
within the frst hour of waking, while only 1.8% of MDMF
members endorsed this item). Despite the higher preponder-
ance of FTND items endorsed in the LSMF class, the smokers in
this group smoked considerably fewer cigarettes (i.e., no one
endorsed 20 or more CPD).

To further characterize these classes, the association be-
tween a host of other smoking-related, other psychiatric, and
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sociodemographic measures were examined. As shown in Table 2,
age at interview was not associated with class membership,
and while being male was associated with not being in the
LDLF, it did not distinguish between members in the three
other classes. For the other smoking-related measures, the
HDHEF class showed the greatest aggregation of current smokers
with the highest number of DSM-IV and FTND criteria. These
smokers were also most likely to report craving. However,
their maximum number of cigarettes smoked and peer smoking
did not differ from those reported by members of MDMF
class.

A majority of the psychiatric covariates were more com-
monly reported by those in the HDHF and the MDMF class
relative to members of the LDLF and the LSMF classes, with
rates of psychopathology being more pronounced in the
HDHF group. Only conduct disorder and Attention-Defcit
Hyperactivity Disorder (ADHD) problems were associated
with membership in the LSMF class. Additionally, compared
with those in the HDHF and the MDMF classes, those in the
LSMF class were more likely to be recent regular smokers.
Those in the LSMF class, as well as those in the LDLF class,
had begun smoking regularly, on average, about 5.5 years ago
compared with those in the HDHF and MDMEF class who had
become regular smokers 6-8 years prior to the interview.

Table 2. Multinomial Odds Ratios and Mean Differences Showing the Association
Between Sociodemographic, Psychiatric, and Smoking-Related Measures Across Classes

of Individuals (using the low DSM-low FTND class as the reference class) Identifed Using
DSM-1IV and FTND Criteria for Nicotine Dependence

High DSM-high
FIND (N=177)

Moderate DSM-moderate  Lighter smokers-moderate
FIND (N = 167) FIND (N=117)

Sociodemographics
Age <22 years

Caucasian
Smoking-related outcomes
Onset of smoking prior to 13 years (
DSM-IV symptom count (0-7) (across-class difference)® (
DSM-IV nicotine dependence 23.01 (
FTND symptom count (0-11) (across-class difference)® (
Current smoking (including smoking a cigarette in the past (
month)

0.72 (0.46-1.11)
Male 2.20 (1.42-3.41)*
1.28 (0.64-2.57)

3.45 (2.06-5.80)**
6.15 (5.76-6.54)*

3.13 (2.84-3.42)*

(

(
11.01-48.15)*  13.78 (6.58-28.88)*
(

2.66(0.98-7.23) (

0.67 (0.43-1.05)
2.50 (1.61-3.91)**
1.15(0.57-2.33)

1.11 (0.68-1.80)
2.63 (1.61-4.30)*
1.40 (0.62-3.20)

2.14 (1.20-3.82)*2®
2.84(2.40-3.27)*

1.88 (1.10-3.22)* )
)

3.80 (1.67-8.64)*
)
)

2.59(2.19-2.98)*

2.12 (1.83-2.42)%
1.60 (0.68-3.76)

1.14 (0.81-1.46)**
1.32(0.54-3.27

Years since onset of regular smoking (across-class difference)*  2.36 (1.38-3.37)** 1.40 (0.41-2.40)*® 0.14 (—0.95-1.23)
Maximum cigarettes smoked in 24 hr (across-class difference): 21.91 (18.53-25.30)**  20.14 (16.71-23.58)** 4.81 (1.03- 8.59)*
Strong urge or craving after stopping or cutting down smoking ~ 1.81 (1.58-2.07)* 1.36 (1.20-1.55)** 1.38 (1.20-1.59)**
Respondent report of current peer smoking 2.45 (1.80-3.32)* 1.90 (1.42-2.56)*® 1.26 (0.92-1.71)
Other psychopathology
Conduct disorder (self-report) 4.77 (2.79-8.17)* 1.80 (1.02-3.19)*® 2.17 (1.19-3.95)*2
ADHD problems (via maternal report) 2.16 (1.16-4.02)*® 1.34(0.70-2.59) 2.18 (1.12-4.25)*¢
DSM-1V alcohol abuse/dependence 1.85(1.51-2.27)*® 1.63 (1.32-2.00)*® 1.18 (0.93-1.47)
DSM-IV marijuana abuse/dependence 1.63 (1.26-2.11)* 1.28 (0.98-1.69) 1.11 (0.83-1.51)
Major depressive disorder 1.21 (1.08-1.36)** 1.14 (1.01-1.28)*® 0.98 (0.85-1.13)
Generalized anxiety disorder 1.88 (0.94-3.76) 0.77 (0.33-1.76) 0.61 (0.22-1.67)
Panic disorder 1.81(1.24-2.59)* 1.13(0.75-1.71) 1.12(0.71-1.77)

Note. ** odds ratios with the same alphabetical superscript could be equated to each other (across the columns/classes only). DSM-1V =
Diagnostic and Statistical Manual; FTND = Fagerstrom Test for Nicotine Dependence.

*Statistically signifcant at p < .05.
“Tested using analysis of variance.
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We also examined whether those who were at varying levels
of genetic (high, intermediate, and low) and environmental
(high, low) risk, due to a paternal history of nicotine depen-
dence, were over-represented in any one of these classes. As
shown in Table 3, no one class showed a statistically signifcant
over-representation of those at high genetic or high environ-
mental risk for nicotine dependence. A majority of the sample,
irrespective of class membership, could be classifed as individ -
uals at high genetic and high environmental risk for nicotine
dependence. This may be attributed to this sample being
restricted to regular smokers alone (i.e., the effect of parental
history on the earlier stage of regular smoking was partialled out).

We sought to examine whether DSM-IV and FTND criteria of
nicotine dependence could be used to identify subgroups of
individuals with distinct patterns of endorsement of these criteria
and consequent variations in risk for nicotine dependence and
other comorbid psychopathology.

LCA results can shed light on two underlying patterns of
data. Either underlying all nicotine dependence criteria is a
common unifying dimension (e.g., smoking quantity) or sets of
criteria are etiologically distinct and oblique to each other
resulting in subtypes of individuals. In the frst instance, where
endorsement of a set of criteria largely indexes a severity contin-
uum, plotting the endorsement probabilities (as done in Figure 1)
would result in a series of lines that are largely parallel to each
other but have varying positions (i.e., index severity) along the
y-axis. On the other hand, if distinct subtypes are identifed,
these lines would be expected to intersect, such that one class of
individuals would be characterized by high endorsement prob-
ability on a series of criteria, while another class would show low
endorsement probabilities for those criteria with a correspond-
ing increase in endorsement probability for another set of crite-
ria. In our sample of regular smokers, four groups of individuals
were identifed—those with low endorsement of all criteria,
those with high endorsement of all criteria, those with interme-
diate endorsement of FTND and DSM-1V, with particularly
high levels of tolerance, and a class of individuals with interme-
diate endorsement of FTND criteria but only modest endorse-
ment of DSM-IV-based dependence criteria. Thus, while our
fndings primarily refect a severity continuum (high endorse -
ment vs. low endorsement of all criteria—in Figure 1, the lines
denoting the HDHF, MDMF, and LDLF classes are nearly parallel),

there is possible and suggestive support for a subgroup (LSMF
class) of smokers. This latter grouping is demonstrated by the
intersection of endorsement probabilities for the DSM-IV
tolerance criterion across the MDMF and LSMF classes (with a
corresponding reversal of endorsement probabilities for some of
the FTND criteria across these classes (e.g., higher endorsement
of hate to give up frst cigarette in the LSMF class).

The MDMEF class may be viewed as an intermediate risk class,
and while the LSMF class appears to index similar vulnerability
to the MDMF class, it is distinguished by a contrasting low
endorsement of tolerance and a corresponding high endorse-
ment of smoking less than 20 CPD. Furthermore, examination
of the psychiatric covariates that aggregate with the classes
highlights two key observations. First, compared with those in
the LDLF class, those in the LSMF class are more likely to be
male, initiate smoking prior to age 13, report greater DSM-IV
and FTND symptoms, report craving, and meet criteria for a
lifetime history of DSM-IV conduct disorder and ADHD prob-
lems. Thus, while these individuals are lighter smokers, they
demonstrate increased vulnerability to some psychopathology.
Second, despite this increased risk, relative to those in the
HDHF and MDMF class, the individuals in the LSMF class
report the same levels of, if not signifcantly less, psychopathology.
For instance, while membership in LSMF class is associated
with a 2.2-fold increased likelihood of conduct disorder, mem-
bership in the MDMF class is associated with a statistically
comparable 1.8-fold increased risk. Furthermore, rates of
neither AD nor major depressive disorder appear to be elevated
in the LSMF class, while those in the MDMF class are 1.1-1.6
times more likely to meet criteria for a lifetime history of these
disorders.

In addition to the marked difference in endorsement of
tolerance, the apparent distinction between the MDMF and
LSMEF class is largely attributable to levels of smoking and recen-
cy of becoming a regular smoker. Fifty-seven percent of those
in the LSMF class reported smoking 11-19 CPD (with the
remainder smoking less than 11 CPD), while an overwhelming
62% of those in the MDMEF (also 79% of those in the HDHF
class) report smoking more than 19 CPD. Additionally, indi-
viduals in the LSMF group were more recent regular smokers,
perhaps indicating that they were in the early stages of their
smoking trajectories. This variation in smoking may also have
contributed to the extreme discordance (0% vs. 100%) in
endorsement of DSM-IV tolerance, which incorporates elements
of CPD.

Table 3. Percentage of Individuals in Each Latent Class That Are at Varying Degrees of

Genetic and Environmental Risk Attributable to the Biological Father or His Cotwin's

DSM-III-R Nicotine Dependence Status

High DSM-high Moderate DSM-moderate Lighter smokers—moderate Low DSM-low
FIND (N = 177) FIND (N = 167) FIND (N=117) FTND (N = 163)
High G, high E 53.1 52.2 59.9 58.1
High G,low E 9.0 9.8 7.2 2.6
Intermediate G,low E 11.9 8.0 7.2 12.8
Low G,low E 26.0 30.0 257 26.5

Note. No statistical differences noted. FTND = Fagerstrom Test for Nicotine Dependence.
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However, this raises the question of whether nicotine
dependence and its correlated impediment of successful smoking
cessation is even a concern in lighter smokers. Our results show
that despite lower CPDs, nearly half the individuals in the LSMF
class reported withdrawal or withdrawal relief, which is a key
predictor of failed cessation (Madden et al., 1997; Rubinstein,
Benowitz, Auerback, & Moscicki, 2008, 2009; Xian et al., 2005).
Several studies have demonstrated that light smoking, even
less than 10 CPD, can be associated with diminished autonomy
over smoking, persistent smoking, and nicotine dependence
(Coggins, Murrelle, Carchman, & Heidbreder, 2009). Further-
more, studies have found light smoking (defned variously;
Husten, 2009) to be somewhat unstable with the social context
of smoking (e.g., peers), as well as cooccurring alcohol use and
psychopathology, contributing to escalation of smoking quan-
tity and frequency in lighter smokers (Hukkinen, Kaprio,
Broms, Koskenvuo, & Korhonen, 2009; Levy, Biener, & Rigotti,
2009; White, Bray, Fleming, & Catalano, 2009). Furthermore,
all groups reported persistent desire and repeated unsuccessful
attempts to cut back or quite smoking—in fact, this criterion
failed to provide any discriminative utility across classes. There-
fore, measurement of nicotine dependence in light smokers is
necessary for research and practice.

A related and growing concern is that rates of daily light
smoking (as well as light and intermittent smoking/LITS) have
increased, particularly, in the United States. Some argue that the
surge in lighter smoking patterns is attributable to greater social
sanctions and prohibitions imposed on smoking (Shiffman,
2009). In our data as well, the FTND criteria of smoking where
prohibited along with giving up important activities were con-
siderably elevated in the LSMF class, even though these indi-
viduals smoked 19 or fewer CPD. With increasing
denormalization of smoking, lighter smokers may continue to
grow in numbers, making their characterization a priority.

The LSMF group requires further study. While they appear
unique to this sample, none of the covariates tested were
successful in distinguishing these individuals from other groups.
It is possible that these individuals will eventually transition to
the MDMF or HDHF class, and longitudinal data will be
extremely informative in confrming whether this is the case. In
contrast, as the individuals in this group smoke less than those
in the MDMF group, longitudinal data can also be used to
determine whether this group will experience successful smoking
cessation, making this group a prime target for treatment and
interventions. This will be examined in subsequent studies.
However, the current data failed to successfully distinguish this
group from the others based on post-hoc covariate analyses.
Given the methodological caveats discussed below, we cannot be
certain that this group is of substantive relevance until further
characterized.

There are some key methodological caveats that should also
be considered when viewing these fndings. In some instances,
such as when there is only partial conditional independence
(i.e., sets of observed variables are correlated over and above
their relationship via the latent classes), overextraction of classes
can occur. In such cases, factor mixture models (where factors
are nested within classes and where endorsement probabilities
refect changes in factor loadings and thresholds) have been
shown to facilitate superior interpretation of data. Because of
this, and also due to the strong observed support for the latent
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classes refecting a severity continuum, we conducted an explor -
atory factor analysis of these data. The three factor solution ft
best with the frst factor loading well on all the DSM-IV criteria
as well as the FTND criteria of diffculty smoking where prohib -
ited and smoking when ill; the second factor loading primarily
on the FTND criteria, particularly time to frst cigarette, hate to
give up frst cigarette of the day, and smoking within the frst
hour of waking; and the third factor showing very high loadings
on DSM-IV tolerance (0.997) and the FTND criterion of CPD
(0.996), which are key to the LSMF class. Thus, while a factor
mixture model may provide an alternate interpretation of these
data, a model that accounts for the complexity of both factors
and classes is somewhat intractable for this situation (particu-
larly with this sample size, as several complex models failed due
to empty cells in the joint distribution). We performed modi-
fed LCA using latent class factor analysis (where a single factor
is allowed to have varying means across classes) and also par-
tially relaxed the assumption of conditional independence (e.g.,
a factor with loadings on tolerance and CPD) but neither of
these produced any signifcant improvement in model ft.
Additionally, we performed these LCA by dichotomizing the two
ordinal FTND measures of time to frst cigarette (dichotomized
as either <6 min or 6 min and longer) and CPD (dichotomized as
26+ CPD or less)—this eliminated the LSMF class resulting in a
severity continuum of LDLF, MDMF, and HDHEF that indicates
that the identifcation of the LSMF class is reliant on jointly mod -
eling tolerance with an indicator of light smoking (e.g., CPD >
11 or CPD = 11-19).

Latent mixture models, such as LCA, do not directly address
the relative utility and relevance of individual DSM and FTND
criteria in the diagnosis of nicotine dependence. From a statisti-
cal perspective, approaches such as factor analysis (or item
response modeling) are best suited to such interpretations.
Several such factor analyses have been conducted. For instance,
Saha et al. (2010) found that all DSM-IV nicotine dependence
criteria loaded well on an underlying unidimensional construct.
In contrast, B. O. Muthen and Asparouhov (2006) have argued
that DSM-IV nicotine dependence is best conceptualized as a
factor mixture model with three classes (including a zero class)
and a single factor nested across the two nonzero classes. For
FTND, both one- and two-factor (smoking pattern and morning
smoking) solutions have been suggested (Haddock, Lando,
Klesges, Talcott, & Renaud, 1999). However, across these studies,
tolerance and CPD have been observed to have robustly high
factor loadings, suggesting that they are central to the diagnosis
of nicotine dependence.

We did not fnd evidence for increased genetic vulnerability
or risk attributable to environmental infuences of parental
smoking to be over-represented in any class. Two possible
explanations exist—frst, sample size may have limited our
statistical power to distinguish across these groups and second,
excluding nonregular smokers may have accounted for a majority
of heritable infuences and the prominent role of rearing envi -
ronment. This latter theory is somewhat supported by the
increased numbers of members across all four classes in the high
genetic (and environment) risk categories (Table 3). Addition-
ally, multiple twin studies (Heath, Martin, Lynskey, Todorov, &
Madden, 2002; Kendler et al., 1999; Lessov et al., 2004;
Madden, Pedersen, Kaprio, Koskenvuo, & Martin, 2004; Pergadia,
Heath, Martin, & Madden, 2006) show that after accounting for
the genetic overlap between regular smoking and nicotine
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dependence (and persistence), most of the variation in liability
to dependence/persistence is individual specifc ( Rose, Broms,
Korhonen, Dick, & Kaprio, 2009). These studies also note that
while familial environment plays a role in smoking initiation,
after accounting for these early stages, there may not be addi-
tional specifc shared environmental factors that impact depen -
dence alone (Broms, Silventoinen, Madden, Heath, & Kaprio,
2006; Madden et al., 2004; Maes et al., 1999, 2006).

Finally, it is important to note that time to frst cigarette
played an important role in class membership—those in the
MDMEF class were more likely to endorse smoking their frst
cigarette over an hour after waking (37.6%) compared with
only 14.5% of those in the LSMF class. Recent studies (Baker
etal., 2007; Haberstick et al., 2007; Muscat, Stellman, Caraballo, &
Richie, 2009; Niaura, Shadel, Goldstein, Hutchinson, &
Abrams, 2001) have begun to focus on the salience of time to
frst cigarette as a marker of phenotypic and genetic vulnerability
to problematic smoking, and our analyses underscore the need
for studies focused on this aspect of the FTND.

Some limitations of this study are noteworthy. First, this is
an OOT study with a unique sampling design—to what extent
these classes would generalize to other populations remains to
be seen. However, a considerable strength of this sample is the
availability of both DSM-IV- and FTND-based criteria on a
large cohort of adolescents and young adults. Second, while the
mean age of the sample is 21.4 years, it is likely that some indi-
viduals may not be past the period of risk for the emergence of
nicotine dependence symptomatology. However, as likelihood
of class membership was invariant with age, this sample charac-
teristic did not infuence class assignment. Third, despite the
considerable wealth of data, some measures (e.g., social context
of smoking) were absent. Fourth, some distinctions across
classes were attributable to levels of CPD—to what extent indi-
viduals can reliably distinguish between smoking 11-19 ciga-
rettes versus smoking 20-25 cigarettes, or more than 25
cigarettes, may have contributed to the results. Fifth, other in-
struments exist for the assessment of nicotine dependence, such
as the Nicotine Dependence Syndrome Scale (Shiffman, Waters,
& Hickcox, 2004), the Hooked on Nicotine Checklist (DiFranza
& Wellman, 2005; Wellman et al., 2005), and the Wisconsin
Inventory of Smoking Dependence Motives (Piper et al., 2004)
as well as others. Psychometric comparisons of these scales with the
DSM-IV and FIND exist (e.g., Wellman et al., 2006)—however,
our interview did not include these assessments.

As we approach the new era of DSM-V, our fndings suggest
that while measurement and diagnosis of liability to problematic
smoking may vary, a combination of assessment instruments,
when possible, may afford the most accuracy. In our study, using
both DSM-IV and FTND criteria provided a more comprehen-
sive overview of vulnerability to nicotine dependence. While each
instrument may capture different aspects of nicotine dependence,
our analyses suggest that the DSM-IV and FTND criteria work
synergistically and where possible should be used in tandem to
provide a fner-grained view of cigarette smoking behavior.
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