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a b s t r a c t

Nicotine dependence (ND) and major depression (MD) are highly prevalent disorders that frequently co-
occur. Less is known about which aspects of ND are most strongly associated with MD. The present study
was designed to determine if subtypes of smokers exist and differ in their risk of MD and lifetime MD
symptoms. Latent class analysis was used to identify profiles of DSM-IV ND criteria for 8,842 daily smokers
drawn from the larger 2001–2002 National Epidemiologic Survey on Alcohol and Related Conditions
(NESARC). We found evidence for 4 distinct subtypes of smokers mainly characterized by increasing
levels of ND severity, by number of criteria endorsed. We found a dose–response relationship between
classes by increasing ND severity and odds of past-year MD and lifetime depression criteria. Class 2
was characterized by higher symptom endorsement probabilities (SEPs) for wider range of ND criteria
ajor depression
sychiatric epidemiology

and a higher odds of MD (OR = 3.66) compared to class 3, which was characterized by higher SEPs for
physiological ND criteria, higher prevalence of ND (class 2, 71.50% vs. class 3, 81.57%), and a lower odds
of MD (OR = 2.15). A post hoc contrast showed these two distinct classes of respondents with mild to
moderate ND significantly differed in their likelihood of MD comorbidity (F = 12.25, 1 df, p = 0.0008). ND
severity mainly characterized the classes, but unique differences may exist between smokers with mild to
moderate ND. Individuals with symptom profiles not characterized by physiological dependence endorse

a and
wider range of ND criteri

. Introduction

The frequent co-occurrence of nicotine dependence (ND) and
ajor depression (MD) over the life-span has been well established

Grant et al., 2004; Jorm, 1999; Kessler et al., 2005). The national
stimate from the NESARC of current MD among those with current
D is 30.01% (Grant et al., 2004), which is much higher than the esti-
ated prevalence (5.8%) of current MD in the general population

Hasin et al., 2005). Despite a large literature on the co-occurrence
f ND and MD, the etiologic relationship between these disorders

emains under investigation and the precise nature of this comor-
idity has not been agreed upon by researchers. Elucidation of this
onnection is crucial for developing effective strategies for preven-
ion efforts and interventions.

∗ Corresponding author at: Department of Psychiatry and Internal Medicine, Uni-
ersity of Groningen, Hanzeplein 1, Gebouw 32, PO Box 30.001, 9700 RB Groningen,
he Netherlands. Tel.: +31 50 361 3623; fax: +31 50 361 9722.

E-mail address: m.j.manley@med.umcg.nl (M.J. Manley).

376-8716/$ – see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.drugalcdep.2009.04.013
have a higher likelihood of MD.
© 2009 Elsevier Ireland Ltd. All rights reserved.

The present analysis was designed to explore the association
between ND and MD by examining the criteria for each disorder, in
order to identify which aspects of ND are most strongly associated
with MD. DSM-IV defined ND and MD (APA, 1994) are syndromal
disorders and individuals who meet criteria for these disorders can
have unique symptom configurations. As such, there may be spe-
cific ND symptom profiles that increase the odds of MD and the
likelihood of experiencing specific MD symptoms. While this has
not been empirically established, related research points to possible
explanations for symptom level associations between the disorders
(Madden et al., 1997; Xian et al., 2007, 2005).

First, it may be the behavioral symptoms of DSM-IV defined ND
that underlie the well-established association between ND and MD
(Breslau and Johnson, 2000). Breslau and Johnson (2000) found that
the association between ND and MD differed for ND as defined by

the Fagerstrom Test for Nicotine Dependence (FTND) (Heatherton et
al., 1991) and the DSM-III-R, finding a three-fold risk for depression
among dependent persons using DSM-III-R criteria, but no associa-
tion using the FTND criteria. The two measures differ on symptom
emphasis and may diagnose different types of smokers (Moolchan

http://www.sciencedirect.com/science/journal/03768716
http://www.elsevier.com/locate/drugalcdep
mailto:m.j.manley@med.umcg.nl
dx.doi.org/10.1016/j.drugalcdep.2009.04.013
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t al., 2002); the FTND highlights symptoms of physiological depen-
ence, whereas 6 of the 9 DSM-III-R criteria (definition assessed in
he 2000 Breslau & Johnson study) are behavioral and focused on
sychological indicators of diminished control over smoking. While
he physiological and behavioral symptoms cannot be examined
eparately, latent class analysis (LCA) allows for the investigation
f which configurations of ND symptoms are most strongly associ-
ted with MD. Using LCA, empirically derived distinct subgroups
f smokers are formed based on common configurations of ND
ymptoms; these subgroups may have different associations with
D.
Rather than being characterized qualitatively by behavioral

ymptoms, it is also possible that the association between ND
nd MD is quantitatively characterized by increasing severity; with
ncreasing ND severity comes an increase in the likelihood of MD
omorbidity. Previous latent class analyses of ND have found 3
nd 4 class solutions characterized by a quantitative continuum
f increasing severity (Storr et al., 2004a,b; Xian et al., 2007), with
everity defined by number of criteria endorsed. The results of these
tudies suggest that there are identifiable latent subtypes of ND and
hat these can be characterized quantitatively by a severity index,
ith one class representing those endorsing almost no dependence

riteria and the third or fourth class representing those endorsing
ll seven DSM-IV dependence criteria. The only study that we are
ware of that examined the association between classes of lifetime
ependence criteria and MD found a dose–response relationship
etween 4 classes of increasing ND severity and MD (Xian et al.,
007). The samples for these past studies were comprised of young
dults or middle-aged men; it is unknown whether this quantitative
lass characterization exists for the broader U.S. adult population.

Past-year DSM-IV ND criteria data for past-year smokers who
eported ever smoking daily from the 2001–2002 NESARC sample
n = 8,842) were utilized for the analyses. The NESARC data allow
or the construction of DSM-IV diagnoses and contains detailed
nd extensive tobacco use (including ND symptoms) and low mood
ections (including MD symptom assessment). These data allowed
s to explore the following research questions on the relationship
etween DSM defined ND and MD: (1) do empirically derived and
eaningful subtypes of smokers exist? (2) If so, are these classes

haracterized quantitatively, by increasing severity, or do they dif-
er qualitatively, with different configurations of ND criteria? To
xplore the concurrent and predictive validity of these subtypes of
mokers, we asked: (3) do respondents in these latent classes differ
ith respect to prevalence of MD and ND and related characteris-

ics? And, (4) do certain classes have higher odds of MD and lifetime
D criteria?

. Method

.1. Study population and data collected

The 2001–2002 National Epidemiologic Survey of Alcohol and Related Con-
itions (NESARC) consists of cross-sectional data obtained through a survey
dministered to a nationally representative sample of 43,093 U.S. adults. The NESARC
as sponsored and conducted by the National Institute on Alcohol Abuse and
lcoholism (NIAAA) and has detailed assessments of alcohol use disorders, other
ubstance abuse and dependence, and a wide range of Axis I and II psychiatric
isorders.

The target population for the NESARC sample was the civilian non-
nstitutionalized population, aged 18 years and older, residing in the United States
nd District of Columbia (including Alaska and Hawaii). Additionally, the following
on-institutional group quarters housing units were included as part of the sam-
le: boarding houses, rooming houses, non-transient hotels and motels, shelters,

acilities for housing workers, college quarters, and group homes. Blacks and His-

anics were oversampled so that there were sufficient sample sizes from which
o form national estimates of groups defined by race and ethnicity. Young people
ged 18–24 were also oversampled for the NESARC survey, as accurate estimates
rom this demographic group were of particular interest and this population is par-
icularly vulnerable with respect to alcohol use and abuse/dependence. The study
opulation for the present analyses is a subpopulation of the whole NESARC sample,
ependence 104 (2009) 126–132 127

i.e. respondents who reported having ever smoked daily, having smoked cigarettes
in the past year, and had no missing data on any ND and MD criteria (N = 8,842).
We limited the analyses to past-years smokers and analyzed past year diagnoses for
ND and MD in order to make the smoking behavior and diagnoses for ND and MD
time-congruent.

2.2. Assessment and measures

This survey employed a multi-stage sampling design to yield data for establish-
ing national estimates for mental and physical health conditions and risk factors.
The NESARC data were collected over a 2-year period via computer assisted per-
sonal interviewing (CAPI), and the survey software included built-in skip patterns
and logic and consistency checks. The overall response rate for the NESARC was 81%.
Additional information about the sampling methodology and administration of the
NESARC has been reported elsewhere (Grant et al., 2003b).

The survey instrument for the NESARC is the Alcohol Use Disorder and Associ-
ated Disability Interview Schedule—DSM-IV version (AUDADIS-IV). The AUDADIS-IV
utilizes DSM-IV diagnostic criteria to identify a wide range of Axis I and II disorders.
To receive a formal DSM-IV diagnosis of ND or MD a respondent needed to endorse
a requisite number of criteria for the disorders and, for MD, report the presence
of social and/or occupational dysfunction. In addition to diagnostic variables for
the two disorders of primary interest, the AUDADIS-IV contains extensive data on
tobacco use. All respondents answered questions in these sections, and none were
‘screened out’, as is the practice with some similar surveys (Kessler et al., 2004).

The test–retest reliability of the AUDADIS-IV was examined in a sub-sample
of 2657 NESARC respondents in groups of 400 respondents for each test (Grant
et al., 2003a). The reliability was found to be excellent for alcohol and other sub-
stance use, abuse and dependence (kappa = 0.74) assessment. Tobacco use items had
good to excellent reliability with high intraclass correlation coefficients (ICC range:
0.60–0.92), and the tobacco dependence diagnoses for lifetime (kappa = 0.60) and
past year (kappa = 0.63) were somewhat lower. The reliabilities associated with past
year and lifetime withdrawal and dependence criteria were very good, with intr-
aclass correlation coefficients ranging from 0.75 to 0.77 (Grant et al., 2003a). The
reliability of DSM-IV MD diagnoses was similar, with good reliability for lifetime
(kappa = 0.65) and past year (kappa = 0.59) diagnoses.

The central dependent variables of interest for multivariate analyses were cur-
rent (i.e. past-year) MD and lifetime MD symptoms; these are represented as
dichotomous presence/absence variables, allowing us to explore the association
between the empirically derived latent classes of ND and facets of MD. We uti-
lized the hierarchical MD diagnosis for analyses, which excluded depression that
was substance-induced or due to a general medical condition (APA, 1994). The MD
criteria analyzed for the present study are lifetime symptoms, as temporally specific
information linking MD symptom configurations to specific depressive episodes was
unavailable.

The seven criteria of DSM-IV ND were used as the manifest variables for the latent
class analyses. Scoring algorithms for grouping the AUDADIS-IV items into depen-
dence symptoms, and the symptoms into criteria for ND diagnoses, were obtained
from the NIAAA group that developed and conducted the NESARC (B.F. Grant, April
20, 2007). ND criteria were constructed from 23 items in the ‘tobacco use’ section
of the AUDADIS-IV. These items operationalized the following DSM-IV substance
dependence criteria: tolerance, withdrawal, unintended increased use, inability to
decrease or cease use, a large amount of time spent using tobacco, activities given up
because of tobacco use, and continuing tobacco use in spite of having health prob-
lems due to the substance. For example, the symptom ‘a large amount of time spent
obtaining, using, or recovering from the effects of tobacco’ was operationalized by
a single item, ‘find yourself chain smoking one right after another?’, and the toler-
ance criteria was operationalized by two items, ‘find that you had to use much more
tobacco than you once did to get the effect you wanted?’ and ‘increase your use of
tobacco by at least 50%?’. Respondents needed to endorse at least 3 of the 7 criteria,
occurring at any time in the same 12-month period, to be assigned a diagnosis of
ND. Although the tolerance and withdrawal criteria can be each be defined or man-
ifested by two different symptoms, the other five criteria each correspond directly
with one symptom.

2.3. Statistical methods

Design effects of the NESARC require the use of special variance estimation pro-
cedures to accurately derive standard errors. Statistical analyses were conducted
using SUDAAN (RTI, 2004), and Mplus software (Muthén and Muthén, 1998–2004).
SUDAAN was used for the cross-tabulations, analyses of variance (ANOVA), and logis-
tic regression analyses; latent class models were built with Mplus. SUDAAN and
Mplus take into account the complex sampling design of the NESARC. The sample
results are weighted to represent national sample estimates obtained from the 2000
Census and to account for the survey design characteristics, such as stratification and

non-response.

2.4. Latent class analysis

We employed LCA (Hagenaars and McCutcheon, 2002; McCutcheon, 1987) to
determine whether empirically derived typologies of ND symptoms exist among
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Table 1
Sociodemographic characteristics and prevalence of nicotine dependence-related items.

Total Sample (N = 43, 093) Past-Year Ever Daily
Smokers (n = 8,842)

% S.E. % S.E.

Sex
Male 47.92 0.31 53.18 0.63
Female 52.08 0.31 46.82 0.63

Age
18–32 27.69 0.42 33.29 0.65
33–44 25.00 0.31 27.50 0.58
45–59 25.70 0.29 27.13 0.60
60+ 21.61 0.36 12.08 0.38

Race
White 70.89 1.59 76.25 1.11
Black 11.07 0.64 10.14 0.65
Native American 2.12 0.16 3.18 0.29
Asian 4.36 0.53 2.46 0.43
Hispanic 11.56 1.23 7.97 0.72

Past 12-month Major Depression 7.06 0.20 12.03 0.45
Past 12-month Nicotine Dependence 12.76 0.39 52.83 0.73

Past-Year Nicotine Dependence Criteria
Tolerance 4.09 0.16 17.00 0.54
Withdrawal 18.52 0.52 76.08 0.75
Smoked more or over a longer period than intended 6.43 0.24 26.21 0.69
Desire or unsuccessful efforts to cut down or control smoking 16.55 0.42 65.38 0.66
Great deal of time spent smoking 5.85 0.22 23.67 0.60
Activities given up or reduced because smoking is not

allowed
2.20 0.11 9.26 0.39
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Continued smoking despite physical or psychological
problem caused or worsened by smoking

ote: N is based on unweighted data; % represents weighted percentages. Percentag

aily smokers, given respondents’ response profiles for the presence/absence of the
even DSM-IV ND criteria. This statistical method uses manifest variables (e.g. ND
riteria) as indicators of a latent variable, of which the produced classes represent
ifferent levels. LCA uses an iterative process based on maximum likelihood esti-
ation. First, a one class solution is fit, which corresponds with the null hypothesis

hat all respondents belong to the same latent class and that there are no distinct
atent subtypes. Then, more classes are added until a solution is found that describes
he data well. To identify the best model we used a conventional evaluation tech-
ique of comparing Bayesian Information Criteria (BIC) statistics, which provides
n optimal combination of a low number of classes with a good fit. The class solu-
ion with the smallest BIC statistic is chosen as the most parsimonious yet well-fit
olution. Upon selection of a satisfactory class solution, respondents were assigned
lass memberships based on the probability of their response profile to the seven
D criteria.

We examined the two sets of parameter estimates that were generated for
he final model: (1) class membership probabilities, which are analogous to preva-
ence, and (2) symptom endorsement probabilities (SEPs), which are endorsement
robabilities for symptoms by an individual respondent, given the respondent’s
embership in that class.

.5. LCA validators

To obtain validity estimates of the latent class structure the latent classes were
nalyzed for significant differences with respect to related variables. The following
ariables were selected as validators: prevalence of past-year ND, average age of
nset of daily smoking, average number of cigarettes smoked when a daily smoker,
verage age of onset of ND, and prevalence of past-year MD. The significance level
as set at p < 0.05; significance tests were then conducted using the chi-square test

or the association between assigned class and prevalence of past-year MD and ND,
nd overall F-tests for mean differences across classes for the continuous validators.

.6. Multivariable modeling

Adjusted logistic regression models were fit to examine the association between
he identified classes and endorsement of lifetime MD criteria using indicator vari-

bles for each of the latent classes. Binary logistic regression models were adjusted
or the following sociodemographic characteristics: age, sex, education (less than
igh school, completed high school, some college, and completed college or higher),
nd race (White, Black, Native American, Asian, and Hispanic). Odds ratios for MD
haracteristics based on class membership status were generated, along with the
eporting of 95% confidence intervals.
4 0.37 53.97 0.74

y not sum to 100 due to rounding.

3. Results

3.1. Sociodemographic characteristics

Table 1 depicts frequencies of sociodemographic characteris-
tics, ND criteria, and past-year psychopathology for the NESARC
sample and for the subpopulation used for analyses in the present
study. Respondents with valid data for all ND and MD criteria were
included in the analyses. The conditional probability of past-year
MD among the selected subpopulation of daily smokers was 12.03%,
whereas the prevalence was 7.06% for the larger NESARC sam-
ple; of past-year ever-daily smokers, 52.83% met diagnostic criteria
for past-year ND. Among the sample selected for the latent class
analyses, the most commonly reported clinical features of ND expe-
rienced in the past 12-months were withdrawal (76.08%) and desire
or unsuccessful efforts to cut down or control smoking (65.38%).
A majority of these respondents (53.97%) also reported continu-
ing smoking despite physical or psychological problems that were
caused by or worsened by their tobacco use.

3.2. Model selection and latent class descriptions

The model results are displayed in Table 2, with the selected
model indicated in bold. We identified a four-class solution as
the best-fitting latent class structure, as indicated by the small-
est BIC value (BIC = 59,139.908) among the fitted models and
the greatest reduction in value from the null one-class solution
(�BIC = 7649.047). Fig. 1 shows the SEPs for each of the seven past-
year DSM-IV ND criteria, charted for the four identified classes.
37.69% of past-year ever-daily smokers were assigned to class 1,

7.41% to class 2; class 3 was the largest, with 39.97% of respondents
included for analysis assigned to that class, and class 4 comprised
14.93% of the sample. The symptom ‘withdrawal’ was the most
prevalent and had the highest SEPs across the classes, ranging
from 0.459 for class 1 to 0.998 for class 2. Similar to previous
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Fig. 1. —�— Class 4, High Dependence, 14.93%; —�— Class 2, Moderate-behavioral, 7.41%
39.97%.

Table 2
LCA model assessment of ND criteria among ever daily, past-year smokers (n = 8,842).

Model: Number of Classes −2 log likelihood BICa � in BIC

1 66,707.170 66,788.955
2 59,929.708 60,102.366 6686.589
3 58,967.002 59,230.533 7558.422
4 58,785.504 59,139.908 7649.047
5 58,723.192 59,168.469 7620.486
6 58,675.946 59,212.094 7576.861
7 58,660.058 59,287.080 7501.875
8 58,646.616 59,364.511 7424.444

N

l
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t
‘
2

sample revealed significant associations (p < 0.0001). As expected,

T
L

P
P

P
P

M

M

M

ote: Selected model in bold.
a Bayesian Information Criterion.

atent class research on ND criteria (Xian et al., 2007), the least
ndorsed symptom across the classes was ‘giving up or reducing
ctivities because of smoking.’ Class 1, the low dependence sub-
ype, was characterized by low SEPs for each of the criteria, with
nly moderate probabilities for ‘withdrawal’ and ‘desire or unsuc-
essful efforts to cut down’. Descriptively, this is the class without

ny past-year ND, and a lower prevalence of prior-to-past-year ND
han the other classes. Classes 2 and 3 had high SEPs for the criteria
withdrawal’ and ‘desire or unsuccessful efforts to cut down’. Class
, the moderate-behavioral subtype, was distinguished from class

able 3
CA validators by assigned class membership of ever-daily, past-year smokers (n = 8842).

Class 1 Low
dependence’ (n = 3,477)

Class 2 ‘Moderate-behavi
(n = 632)

% or Mean (S.E.) % or Mean (S.E.)

revalence of Past-Year ND 0.00 (0.00) 71.50 (2.15)
revalence of Prior to Past-Year
ND

10.29 (0.68) 70.72 (2.18)

revalence of Past-Year MD 6.21 (0.49) 21.43 (2.17)
revalence of Prior to Past-Year
MD

13.80 (0.69) 30.29 (2.30)

ean Age Started Smoking
Daily (in years)

20.32 (0.23) 18.51 (0.52)

ean Quantity Smoked When
Smoked Daily (in # of
cigarettes)

15.18 (0.24) 19.19 (0.60)

ean Age of Onset of ND (in
years)

34.55 (1.79) 32.38 (1.03)
; —�— Class 1, Low Dependence, 37.69%; —�— Class 3, Physiological Dependence,

3 by moderate SEPs on a wider range of criteria that are behavioral,
e.g. ‘increased use’. Although similar to the moderate-behavioral
subtype (class 2), class 3, the physiological dependence subtype,
was characterized by a high SEPs for a criterion that emphasizes
physiological dependence, ‘withdrawal’, and high SEPs on only two
behavioral criteria. Class 4, the high dependence subtype, had the
highest SEPs for the greatest number of criteria, with probabilities
over 0.80 for ‘withdrawal’, ‘increased use’, ‘desire or unsuccessful
efforts to cut down’, and ‘continued use despite health problems.’
The high SEPs characterize this class as containing the highest pro-
portion of respondents with prior-to-past-year and past-year ND.

3.3. Validation of classes

Table 3 presents prevalence rates of disorders and means for
each of the identified classes. The latent classes significantly dif-
fered on all of the variables employed as validators, lending strength
to the selection of the presented class solution. Chi-square analyses
of the associations between the latent classes and ND for the total
the low dependence subtype (class 1) had no respondents with
past-year ND, but a conditional probability of 10.29% for prior-
to-past-year ND. The high dependence subtype (class 4), with the
highest SEPs across criteria, had a high prevalence of lifetime ND.

oral’ Class 3 ‘Physiological
dependence’ (n = 3,453)

Class 4 High dependence’
(n = 1,280)

p-value

% or Mean (S.E.) % or Mean (S.E.)

81.57 (0.76) 100.00 (0.00) <0.0001
79.34 (0.82) 95.86 (0.62) <0.0001

12.83 (0.72) 29.46 (1.39) <0.0001
24.72 (0.93) 43.01 (1.81)

18.89 (0.17) 17.50 (0.22) <0.0001

17.52 (0.20) 20.98 0.40) <0.0001

36.58 (0.41) 31.88 (0.66) <0.0001
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Table 4
Odds ratios for major depression (MD) and depressive criteria (n = 8,842).

Moderate-behavioral
vs. Low dependencea

(n = 632)

Physiological vs. Low
dependenceb

(n = 3,453)

High vs. Low
dependencec

(n = 1,280)

p-value

OR (95% CI) OR (95% CI) OR (95% CI)

Past-Year MD 3.66 (2.62–5.11) 2.15 (1.73–2.69) 5.81 (4.64–7.27) <0.0001

MD criteria
Depressed mood 2.17 (1.72–2.75) 1.71 (1.51–1.93) 3.77 (3.22–4.43) <0.0001
Diminished pleasure or interest 2.85 (2.24–3.63) 1.85 (1.64–2.09) 4.65 (3.91–5.52) <0.0001
Significant weight change 2.41 (1.89–3.07) 1.88 (1.64–2.15) 4.72 (3.86–5.77) <0.0001
Insomnia or hypersomnia 2.55 (2.02–3.21) 1.98 (1.75–2.23) 4.94 (4.18–5.84) <0.0001
Psychomotor agitation or retardation 2.78 (2.14–3.63) 2.09 (1.80–2.42) 5.47 (4.50–6.65) <0.0001
Fatigue or loss of energy 2.61 (2.06–3.32) 2.07 (1.82–2.35) 5.34 (4.49–6.36) <0.0001
Feelings of worthlessness or guilt 2.82 (2.18–3.64) 1.98 (1.73–2.26) 5.04 (4.26–5.98) <0.0001
Diminished ability to think or concentrate 2.82 (2.24–3.56) 1.97 (1.74–2.23) 5.11 (4.29–6.08) <0.0001
Recurrent thoughts of death or suicidal ideation 2.60 (1.92–3.52) 2.03 (1.68–2.45) 4.59 (3.75–5.60) <0.0001

N for sex

C
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ote: MD symptoms are lifetime, while diagnosis is past-year. Models are adjusted
a Class 2 vs. Class 1.
b Class 3 vs. Class 1.
c Class 4 vs. Class 1.

onsistent with the categorical validators, respondents belonging
o the high dependence class 4 had the most extreme values for
he continuous smoking characteristic validators. Compared to the
ther classes, these respondents had the greatest mean number of
D criteria, started smoking daily at a younger age, smoked a larger
uantity of cigarettes as daily smokers, and had the youngest age of
nset of ND. Respondents in the behavioral-moderate (class 2) and
hysiological dependence (class 3) classes had a higher prevalence
f lifetime ND as compared to the low dependence subtype (class 1),
ut were very similar to each other with respect to mean number of
D criteria. The physiological dependence respondents displayed a
igher prevalence than the behavioral-moderate subtype for past-
ear and prior-to-past-year ND and higher mean values for the
ther continuous validators.

The high dependence subtype had the highest prevalence of
ast-year and prior-to-past-year MD among the classes. The preva-

ence rate ratio (PRR) for prior-to-past-year MD was 2.99 for high
ependence class 4 compared to low dependence class 1; this high
RR was also found for past-year MD (PRR = 4.92). A differential pat-
ern was observed for the behavioral-moderate and physiological
ependence subtypes (classes 2 and 3), with a higher prevalence
f past-year and prior-to past-year MD in the behavioral-moderate
lass than in the physiological dependence class.

.4. Multivariable models for major depression outcomes

Table 4 presents the results of logistic regression models that
redict past-year MD and lifetime MD criteria by class membership.
he odds ratios presented in the table represent the odds of meeting
riteria for past-year MD or endorsement of a DSM-IV MD symptom
mong those in classes 2, 3, and 4, as compared to respondents
elonging to class 1 (no past-year ND). These models were adjusted
or the sociodemographic characteristics sex, age, race/ethnicity,
nd education, as outlined above in Section 2.

As compared to the low dependence subtype (class 1), respon-
ents in classes 2, 3, and 4 each had significantly higher (p < 0.0001)
dds of past-year MD and each lifetime MD symptom. We found
marked and consistent pattern of association between subtypes
f smokers in our sample and MD characteristics, with increasing
dds ratios across classes that were significantly different, i.e. for

ll individual MD criteria the highest risk was found for class 4, fol-
owed by class 2, 3 and then class 1. The high dependence subtype
class 4) had the highest ratio of odds ranging from 3.77 to 5.47,
ollowed by the behavioral-moderate subtype (class 2) with OR’s
anging from 2.17 to 2.85, and the physiological dependence sub-
, age, education, and race/ethnicity.

type (class 3) with OR’s ranging from 1.71 to 2.09. The magnitude of
difference in odds of past-year depression and lifetime criteria was
similar between the high dependence and behavioral-moderate
subtypes (classes 4 and 2), and the behavioral-moderate and physi-
ological dependence subtypes (classes 2 and 3). For example, for the
odds of past-year MD, respondents in the high dependence subtype
(class 4) had over one and a half-fold higher odds than those in the
behavioral-moderate subtype (class 2), and behavioral-moderate
respondents also had over one and a half times higher odds of
MD than those in the physiological dependence class (class 3). We
directly tested the odds of MD for the behavioral-moderate and
physiological classes to see if they differed via a post hoc contrast.
The contrast for the odds of MD for behavioral-moderate respon-
dents (OR = 3.66, 95% CI = 2.62–5.11) class as compared to the odds
for respondents in the physiological class (OR = 2.15, 95% CI) was
significant (F = 12.25, 1 df, p = 0.0008).

4. Discussion

Several key findings were generated from our analyses of 8, 842
daily smokers drawn from the NESARC sample. We found (1) evi-
dence of empirically derived and meaningful subtypes of smokers
in our latent class analyses; the results of our analyses identified
four distinct classes; (2) these classes were characterized quan-
titatively, by increasing levels of severity, and qualitatively, with
two unique dependence symptom configurations for respondents
with mild or moderate ND; (3) there were significant differences
between the classes in the prevalence of MD, ND, and smoking
characteristics; and (4) as compared to the low dependence sub-
type (class 1 respondents) without current ND, the other classes
had increasingly higher odds of past-year MD and odds of specific
MD criteria that were consistent across symptoms, and (5) respon-
dents with mild to moderate ND qualitatively differed in their ND
symptom configurations and odds of MD.

We found evidence for quantitative and qualitative differences
between the classes identified from the selected model. Fig. 1
suggests that the four classes form three groups quantitatively
characterized by severity, with the lowest SEPs across the seven
ND criteria among low dependence (class 1) respondents and
the highest SEPs among high dependence (class 4) respondents.

Behavioral-moderate and physiological dependence (classes 2 and
3) respondents hovered in the middle between classes 1 and 4
across ND criteria. This is consistent with previous latent class
analysis research by Xian et al. (2007) of DSM-III-R ND criteria in
a sample of middle-aged male veterans, which also identified 4
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atent classes quantitatively characterized on a severity spectrum.
lthough there were changes in criteria between DSM-III-R and
SM-IV and our study drew from a different sample, we found a

imilar latent class structure as Xian et al. (2007). Both studies sug-
est that both the number and types of ND criteria must be taken
nto account when assessing severity of ND using DSM criteria. We
lso found only a small proportion (12.27%) of respondents of the
igh ND subtype (which had the highest SEPs across symptoms)
ere severely dependent (using endorsement of all seven ND crite-

ia as an operational definition), although 100% of these individuals
et criteria for past-year ND.
With respect to explanations for symptom level associations

etween ND and MD, the analyses suggest that severity is a strong
omponent, but that among those with mild to moderate ND,
ehavioral criteria of ND may play a more prominent role in the

ikelihood of MD. As mentioned above, the behavioral-moderate
nd physiological subtypes (classes 2 and 3) were quite similar
ith respect to quantitative severity, but different SEP profiles exist

or each. The behavioral-moderate subtype, with higher odds of
epression than the physiological subtype, was characterized by
oderate SEPs (greater than .40 for all but one symptom) across

he seven ND criteria. Comparatively, SEPs for the physiological sub-
ype, which was more affected by ND, were more concentrated. This
lass had a high SEP for the ‘withdrawal’ criteria, and two behav-
oral SEPs, ‘use despite health problems’ and ‘inability to cut down
r quit’; this concentration could be viewed as indicative of greater
hysiological dependence. Behavioral-moderate respondents rep-
esent a unique subtype of mild to moderately dependent smoker
hat are at higher risk of depression, with a greater number of ND
ymptoms that are behavioral in nature. The AUDADIS-IV does not
ave a neuroticism subscale, but it may be that this subgroup of
mokers would score higher on this trait, as research has shown
inkages between smoking and neuroticism (Munafó and Black,
007; Munafó et al., 2007).

The two main approaches used to define nicotine depen-
ence are the Fagerström Test for Nicotine Dependence (FTND)
Heatherton et al., 1991) and the Diagnostic and Statistical Man-
al of Mental Disorders (DSM) (APA, 1994). As we described in
ection 1, there are indications that these two approaches diag-
ose different smokers (Breslau and Johnson, 2000; Moolchan et
l., 2002), have differential associations with major depression
Breslau and Johnson, 2000), and emphasize different aspects of
icotine dependence. Given that the FTND is intended to assess
hysical dependence and based on Breslau’s findings (2000) of
o significant association between FTND and depression, it is rea-
onable to speculate that similar findings in our sample would be
enerated by any type of latent class analysis using the FTND. The
ntention of this paper is not to settle the validity of these con-
ending definitions of nicotine dependence, but rather to identify
ubtypes of smokers with greater likelihoods of major depres-
ion comorbidity. Our results, when considered along with other
esearch, indicate that DSM assessment of nicotine dependence
ay more useful for identifying those most likely to be depressed.
We explored whether the latent classes were meaningful and

dded information about these respondents beyond grouping by
D severity. When severity of ND, operationalized as number of
SM ND criteria, was included in the multivariable logistic regres-

ion model, respondents assigned to the behavioral-moderate class
till had higher odds of MD than the low dependence referent group.
he odds ratios for the behavioral-moderate and the physiological
ependence classes were not significantly different, but this may

e a power issue rather than being indicative of true similarity.
o while respondents in these mild to moderate ND groups had
lmost identical mean number of ND criteria, even after controlling
or the number of ND criteria we still found a higher likelihood of

D for the behavioral-moderate subtype than for the physiological
ependence 104 (2009) 126–132 131

dependence subtype. This qualitative difference between these two
classes cannot be completely accounted for by severity of ND mea-
sured simply by the number of criteria endorsed. This suggests that
the symptom profile for the behavioral-moderate class represents a
unique and important configuration of dependence symptoms that
is associated with MD.

The following data limitations should be kept in mind when
interpreting the results generated from the present study. First, the
NESARC data are cross-sectional and comprised of self-reported ret-
rospective information from respondents, thus precluding a precise
examination of temporal effects. We did, however, utilize past-year
ND symptoms and focused on past-year MD diagnoses rather than
lifetime diagnoses. These are likely to be more accurate for study as
the period of recall for respondents is briefer and less prone to recall
error. Second, our adjusted analyses of individual major depression
criteria were based on lifetime symptoms rather than symptoms
experienced in the past 12 months, as we did not have data linking
symptoms to specific episodes of depression for respondents with
multiple episodes. Given our limited understanding of the nature
of the factors connecting ND and MD in the general population,
the identification of subtypes of smokers and their respective risks
of MD are important and clinically relevant epidemiological find-
ings. These temporal difficulties will be reduced in the future, as
the NESARC has been designed as a longitudinal study and analysis
of the second wave of data will allow for examination of temporal
effects and exploration of causal models.

The NESARC is a rich data set with which to examine specific
aspects of the ND and MD comorbidity, for several reasons. First,
unlike many studies of these disorders that have used unstandard-
ized assessments of ‘smoking’, did not assess dependence, or used
criteria from previous DSM editions, the items included in the sur-
vey allowed for the mirroring of DSM-IV criteria and construction
of disorders. Likewise, most community studies of this important
comorbidity have utilized symptom scales for depression that pre-
clude the assessment of DSM-IV defined MD. Second, the large
sample size is quite important to this study because the prevalence
of current (past 12-month) comorbidity (as opposed to lifetime
comorbidity, i.e., having each disorder at some time during the lifes-
pan) is relatively low in the general population. We were also able
to extend previous LCA research of ND symptoms by using data that
is nationally representative, which allows for broad generalizability
of the results reported in this study.

Employing LCA allowed us to view the classification of respon-
dents from both quantitative and qualitative perspectives. Through
these analyses, we were able to empirically identify homogeneous
groups of smokers, mainly characterized by ND severity, rather
than subjectively classifying respondents with predetermined cut-
points. Our analyses have identified subtypes of smokers that
experience higher prevalence rates of depression than that found
in the general population. We found a meaningful proportion of
respondents (14.93% of study population) who were character-
ized by ND severity also had the highest prevalence of depression.
This is consistent with previous co-occurring disorders research
demonstrating increased risk of additional psychopathology with
increased severity of the primary disorder. We also detected quali-
tative differences in symptom configuration between respondents
with mild or moderate dependence that were associated with dif-
ferences in the likelihood of MD, identifying a behavioral-moderate
subgroup of smokers with less severe nicotine dependence who
also had a significantly elevated risk of MD (OR = 3.66; CI, 2.62–5.11).
While the respondents in this class were quite similar to quantita-

tive ND severity of other classes, they endorsed wider range of ND
criteria, many of which emphasize the psychological or behavioral
aspects of ND.

The results of these analyses suggest that some behavioral ND
criteria, such as time spent smoking and unintended increased use,
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nostic criteria and psychiatric disorders in 5440 regular smokers from the
Vietnam Era Twin Registry. Addictive Behaviors 32, 137–147.
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nd the tolerance criterion, may be more centrally related to MD.
he moderate SEPs associated with a wide range of symptoms
n this moderate-behavioral class indicates that there is a great
eal of heterogeneity in symptom profiles among these smokers,
hile respondents in the physiological class (with a lower odds of
D) are likely to have more homogeneous profiles emphasizing

hysiological dependence. Future research is needed on the impor-
ance of specific ND criteria in predicting MD. The present study
s an intermediate step in illuminating the threads that connect
hese two disorders. Investigating the linkages between them is of
he utmost public health importance, given their high prevalence
nd co-occurrence in the population and the impact smoking and
epression have on disability, morbidity, and mortality.
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