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Traditional behavioral genetic studies based on phenotypes of observed smoking behavior
often lack specificity and are subject to classification bias. This chapter explores the use
of an epidemiological approach for modeling smoking phenotypes, based on transitions
along the smoking trajectory and prior exposure, which may yield more accurate
phenotype definitions for future genetic studies.

Three studies are presented that examine improved phenotypes in relation to numerous
variables for smoking behavior and comorbid conditions:

»  An analysis of male Finnish smokers from the Alpha-Tocopherol, Beta-Carotene
Cancer Prevention Study (ATBC), examining the behavior of sustained quitters,
relapsers, and never quitters relative to several baseline variables involving
smoking history, behavioral/psychological symptoms, and alcohol use

»  Cross-sectional data from the Tobacco Use Supplement to the U.S. Census
Bureau’s Current Population Survey (TUS-CPS), comparing sustained quitters,
relapsers, smokers with no quitting history, and sustained quitters on measures
of smoking behavior and nicotine dependence

»  Data from the Third National Health and Nutrition Examination Survey
(NHANES III) data set, comparing smoking subgroups on the basis of
consumption levels and quit attempts with independent variables involving
alcohol use, insomnia, and depression

The results of these analyses demonstrated substantial variations in measured variables
between these more tightly controlled phenotypes. Results such as these lend support to
the idea of creating more specific, epidemiologically based phenotypes of tobacco use,
which, in turn, may correlate more closely with genetic variations.
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Introduction

The overall goal of this chapter is to
demonstrate the utility of epidemiological
approaches for defining phenotypes by
narrowing the inclusion criteria, and thereby,
it is hoped, reducing misclassification bias.
Specifically, a series of analyses explore

if changes in phenotype definition affect

key indicators of the smoking behavior of
interest. The analyses presented here use
sustained cessation as an exemplar behavior.
This chapter contributes to the discussion of
various approaches to defining phenotypes,
which is a crucial element of the questions
this monograph addresses. The analyses

in this chapter will provide an example of
how epidemiology can play an active role in
understanding smoking behavior and the
impact of genetic factors.

A long-standing and solid literature
supports the role of genetic factors in
smoking behavior,'* and subsequent
linkage studies continue to provide highly
suggestive findings.>? A review by Munafo
and colleagues® found that despite this
foundation, overall behavioral genetic
studies of smoking have produced only a
limited body of consistent results. In part,
this likely reflects the multiple influences
associated with smoking, including the
potential additive effects of a large number
of genes. However, this lack of solid findings
regarding the impact of specific genes is also
indicative of a number of methodological
limitations within the field of behavioral
genetic studies of tobacco use.’ Among the
various identified obstacles to progress in
the field is the key observation that smoking
phenotypes have typically been poorly
defined with respect to important behaviors
and exposures, leading to a high likelihood
of classification bias.? Of particular concern
is the inclusion of individuals who have
been either only minimally exposed or
unexposed to nicotine.! The potential
importance is highlighted by findings from

studies that have attempted to remediate
this methodological problem by using
more restrictive phenotypes.!'* In doing
so, it appears that convergent results are
beginning to be demonstrated.

Although studies of genetic factors of
smoking behavior are a prominent area of
research in which phenotypic definitions
are crucial, this same fundamental
problem exists in purely behavioral and
epidemiological studies as well. Some
studies have used strategies similar to that
presented here to address this issue.’>1”

Given the historic limitations in the field and
the potential advances indicated by attempts
to remediate the issues associated with
defining phenotypes, a delineated method
for doing so may be beneficial to consider.
To address the underlying methodological
limitations of many approaches to defining
phenotypes, a specific strategy is proposed.
It is suggested that phenotypes be defined
with two features: (1) behavior identified by
transitions along the smoking trajectory and
(2) adequate exposure to a precursor of the
behavior of interest. The rationale for using
each of these is discussed below.

Transitions along the Smoking
Trajectory

Smoking, like many behaviors, can be
conceptualized as occurring along a
trajectory, beginning with experimentation,
and moving on to initiation, regular use,
dependence, and then attempted cessation
with success or relapse (figure 10.1).
Common points of clinical concern

(e.g., initiation, dependence) are labeled on
the trajectory. Figure 10.1 shows examples
of how various stages along the smoking
trajectory represent choice points at which
one could define a phenotype based on
smoking behavior (e.g., lifetime smoked
<100 cigarettes versus >100 cigarettes).
Hypothesized potential underlying genetic
influences are also linked to areas along
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Smoking Phenotypes: The Perils of Casting Too Broad a Net

Traditionally, phenotypes for many behavioral genetic studies have been based on broad
classifications of behavior such as never versus ever smokers, current versus former smokers,

or current smokers versus nonsmokers, which includes both former and never smokers.
Although these types of phenotypes have strong face validity, there are a number of serious
drawbacks, including the potential for biasing of results due to misclassification. One of the most
significant problems with these phenotypes is that they are uninformative regarding exposure

to the behavior of interest and, indeed, lack specificity regarding what that behavior may be

for the analysis.* Research by Saccone and colleagues® found changes in their results when
unexposed individuals were removed from analyses of a smoking phenotype based on sib-pairs.
Although changes in sample size may have affected the findings, the potential impact of including
minimally and unexposed individuals in behavioral genetic studies of substance abuse represents
a serious methodological issue in need of further investigation.* Given this, perhaps it should not
come as a surprise that these traditional phenotypes have been problematic in behavioral genetic
studies. As noted elsewhere in this chapter, the potential effect of poorly defined phenotypes is
demonstrated by studies that have used phenotypes more specifically defined by a particular
smoking behavior.©4¢f

aSaccone, N. L., E. L. Goode, and A. W. Bergen. 2003. Genetic analysis workshop 13: Summary of analyses of
alcohol and cigarette use phenotypes in the Framingham Heart Study. Genetic Epidemiology 25 Suppl. 1:
S90-S97.

bSaccone, N. L., R. J. Neuman, S. F. Saccone, and J. P. Rice. 2003. Genetic analysis of maximum cigarette-use
phenotypes. BMC Genetics 4 Suppl. 1: S105.

‘Bierut, L. J., P. A. Madden, N. Breslau, E. O. Johnson, D. Hatsukami, O. F. Pomerleau, G. E. Swan, et al. 2007.
Novel genes identified in a high-density genome wide association study for nicotine dependence. Human
Molecular Genetics 16 (1): 24-35.

dSaccone, S. F,, A. L. Hinrichs, N. L. Saccone, G. A. Chase, K. Konvicka, P. A. Madden, N. Breslau, et al.

2007. Cholinergic nicotinic receptor genes implicated in a nicotine dependence association study targeting
348 candidate genes with 3713 SNPs. Human Molecular Genetics 16 (1): 36-49.

¢Saccone, S. F., M. L. Pergadia, A. Loukola, U. Broms, G. W. Montgomery, J. C. Wang, A. Agrawal, et al. 2007.
Genetic linkage to chromosome 22q12 for a heavy-smoking quantitative trait in two independent samples.
American Journal of Human Genetics 80 (5): 856-66.

Uhl, G. R, Q. R. Liu, T. Drgon, C. Johnson, D. Walther, and J. E. Rose. 2007. Molecular genetics of nicotine

dependence and abstinence: Whole genome association using 520,000 SNPs. BMC Genetics 8:10.

the trajectory. As shown in figure 10.1,

a number of factors are likely to be more or
less associated with behavior at a specific
point on the trajectory and with transition
to the next stage. Therefore, it is crucial
that researchers identify the specific point
they are studying and link this point to a
specific behavior of interest. For example,
given this trajectory of behavior, one might
be interested in factors, including potential
underlying genetic factors, specifically
associated with the question of why some
people progress beyond initiation to
dependence and others do not. As such,

multiple phenotypes of interest are defined
by transitions along the trajectory within
the broad category of smoking.

Considering specific points along

the smoking trajectory suggests that
inconsistent findings within the tobacco
behavioral genetic literature could be,

in part, accounted for by differences in
which behavior was studied. If the impact of
a genetic trait on smoking varies depending
on the specific behavioral point on the
trajectory, then a given polymorphism
associated with the genetic influence may
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Figure 10.1 Phenotype Choice Points along the Smoking Trajectory

The smoking trajectory
Never BT e Regular  Pack-a-day smoker ~ Smoked Cessati
smoker P smoker (or2,3,..) 1/10/20 years ERREI
Relapss

‘< Pack a day @ > Pack a day ‘

‘No quit attempt M Quit attempt ‘

Intefisity Twesk/
month/year(s)

‘ <100 cigarettes |l >100 cigarettes ‘

Phenotype [Never regular [ Ever regular | Durgtion .
choice points Duration
Not daily |l Daily smoking FTND, DSM, etc.
Initiation . Dependence . Relapse
Progression Cessation

7 = =

- Dlsmh!bmon, ngm: Functioning of brain
Impulsivity, metabolism, sensitization

; X . reward pathways
risk-taking, to rewarding effects of Genetic negati\?e affec¥ '
extraversion niccotine value, liability tolerance
reinforcement value

Note. FTND = Fagerstrém Test for Nicotine Dependence; DSM = Diagnostic and Statistical Manual of Mental Disorders.

or may not be associated with “smoking.” report fewer symptoms of mood disturbance
For example, if nicotine metabolism were and less weight gain postcessation. These
associated with nicotine dependence, but not  results suggest that at least some functions
with risk of relapse, then polymorphisms of the OPRM1 gene as it relates to smoking
associated with nicotine metabolism would behavior are potentially implicated

be positively associated with smoking only specifically in the maintenance of smoking
in studies in which nicotine dependence abstinence.

was the basis of the phenotype.
Consideration of Adequate
Defining phenotypes based on choice points Exposure
along the trajectory also suggests that by
considering the mechanism by which a gene The second feature used by this approach

was believed to influence smoking behavior, to define phenotypes is to ensure that

one could hypothesize a priori its potential adequate exposure occurred. Lack of

as a candidate gene for that specific behavior exposure has been identified as a potentially
along the smoking behavior trajectory. significant methodological challenge that
For example, Lerman and colleagues'® may be particularly important in studies
reported the results of a trial investigating of smoking behavior.! For the purposes of
the role of the OPRM1*N40D variant on phenotype definition, it is suggested that
cessation. They found that smokers with the adequate exposure in all individuals used in
variant allele were significantly more likely a study can be accounted for by including
to be abstinent at the end of the trial and to only those who have had exposure to a
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Approach

Figure 10.2 Example of Phenotypic Comparison for Drug Response Using the Proposed

Exposure

Comparison

—— > Takesdrug

T~

No

T~

Note. Comparison is only among those who had adequate exposure, defined in this example as having taken the drug.

Yes \i Adverse reaction

No adverse reaction

Excluded

Figure 10.3 Example of Phenotypic Comparison for Progression to Daily Smoking (Behavior
of Interest) Using the Proposed Approach

Exposure

—— > Smoked >100

Comparison

cigarettes

T~

No

having smoked >100 cigarettes in lifetime.

T~

Note. Comparison is only among those who had adequate exposure to precursor of the behavior of interest. Exposure is defined as

Yes \i Daily smoker

Never daily smoker

Excluded

precursor of the behavior of interest along
the smoking trajectory. Conversely, all
individuals who have not passed through
the previous stage on the trajectory must
be excluded. A hypothetical example from
pharmacology highlights the importance

of appropriate exposure. If the goal of the
study were to identify features of individuals
at risk of adverse reactions to a medication,
one would administer the medication to all
of the participants and then compare the
study measures among those who did versus
those who did not have an adverse reaction.
Any individual not taking the drug would be
uninformative regarding possible adverse
reactions (figure 10.2)

This point is relevant to behavioral
genetic studies of smoking behavior.

For example, in attempting to understand
factors associated with progression

from experimentation to daily smoking,
individuals who had never experimented
with cigarettes would be uninformative.
That is, their risk to progress to regular use
would be unknown because they had never
been exposed.!’ So the appropriate analysis
would compare individuals who progressed
to regular smoking versus those who did
not, but only among those individuals who
had experimented with cigarettes based

on a specific “exposure”—for example,

had smoked >100 cigarettes in their lives
(figure 10.3). However, a common phenotype
previously used in such studies is current
smokers versus nonsmokers;’ the latter
includes individuals who have experimented,
but did not progress, and individuals who
were never smokers. Similarly, in attempting
to identify factors associated with relapse
versus successful cessation, one would
include only smokers who had made a quit
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Figure 10.4 Example of Phenotypic Comparison for Sustained Smoking Cessation (Behavior
of Interest) Using the Proposed Approach
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Note. Comparison is only among those who had adequate exposure to precursor of behavior of interest. Exposure is defined as

Yes \i Sustain cessation

Relapse

Excluded

attempt as only these individuals would
be informative (figure 10.4). However,
the classic comparison is often between
former smokers and current smokers,’
which includes smokers who have never
tried to quit.

The Proposed
Approach

Strategy and Considerations

Given the above, the approach presented
here proposes that phenotypes be
formulated in the following way. First,

a behavior of interest associated with a
specific stage of the smoking continuum
must be defined. Second, the comparison
group must consist of individuals who have
had adequate exposure to the behavior of
the previous stage along the continuum.
The remainder of this chapter focuses on an
example using sustained smoking cessation
as the phenotype of interest. Smoking
cessation is defined by two separate
behaviors: initiation of a quit attempt and
sustaining that quit attempt.!® This then
represents a choice point that can be used to
define inclusion in the phenotype analysis.
The behavior of interest in the example
used here is sustaining cessation. Adequate
exposure to a precursor of the behavior of

interest is defined by having made a quit
attempt. Thus, this phenotype is based on

a comparison of individuals who do and do
not maintain cessation only among smokers
who have made a quit attempt (figure 10.4).

As an additional consideration, given that
epidemiology is fundamentally based on
tracking behaviors associated with the
distribution of public health outcomes,

this approach focuses on observable
behavior. (For additional examples and
further discussion of behavioral taxonomies,
see Gifford and Humphreys,? Gifford and
colleagues,? Silva,” and Follette;?** also

see other articles in the December 1996
special issue of the Journal of Consulting
and Clinical Psychology.) In the case of
behavioral genetics, phenotypes function as
a means to define categories of people who
have certain features and behaviors. This is
distinct from identifying why people have
those features. The distinction is important
in that it is inappropriate to include
elements in the definition of a phenotype
that address underlying causal differences
between groups (see further discussion in
Silva®? and Skinner®). The underlying causes
of why groups differ on the outcome of
interest—in this case, genetic influences—
are what the comparisons of phenotypes
hope to elucidate. So, it becomes a circular
argument to include them in the definition of
the phenotype itself. Hypothesized underlying
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causal mechanisms are appropriate for
defining endophenotypes (see other chapters
in this volume), which serve to bridge the
phenotype-gene causal associations.

Testing the Approach

The fundamental assumption behind the
argument for using more tightly defined
phenotypes is that the detection of genetic
influences on key smoking behaviors will
be substantially improved; that is, reducing
classification bias improves the ability to
detect associations. Although this logic
seems sound, it is an empirical question,
and analyses are needed to justify that this
approach truly does improve the ability to
find replicable associations. Ultimately, the
test of this question will need to be carried
out using genotyping of various phenotypes
within a single data set. However, this
methodology is resource intensive, and the
“proof of concept” analyses performed in
this chapter are a necessary starting point.

Simply stated, the basic research question
is, does it matter if “improved” phenotypes
are used or not? For the purposes of this
chapter, evidence of “improvement” is
demonstrated when, as the phenotype
changes, factors associated with the
behavior of interest change in an a priori,
potentially clinically meaningful direction.
The rationale is that changes in factors
associated with the phenotype are indicative
of changes in the underlying endophenotype
and genes associated with the behavior.

In the examples presented in this chapter,
“improved” definitions are detected

by finding changes in characteristics
predictive of smoking cessation that vary

as the definition of the comparison groups
changes. The characteristics chosen to
serve as independent variables for the
analyses presented in this chapter have been
previously associated or may be associated
with ability to sustain smoking cessation:
(1) markers of nicotine dependence?-’ and
(2) the presence of comorbid conditions

including heavy alcohol use,**? anxiety/
depression,® and insomnia.??3#

Epidemiology offers a potentially powerful
set of methodological tools for addressing
the importance of phenotypic definition.
Various phenotypes can be defined on

the basis of clearly observable behaviors,

and analyses can be performed to assess how
key indicators and outcomes change as the
phenotypic definitions change. In addition,
there are multiple, large-scale data sets based
on a variety of samples that have measures
of smoking across the behavioral continuum
along with a wide array of potential
covariates. This allows for considering a
number of comparison phenotypes within

a data set as well as potentially confirming
the findings across data sets.

To test this approach, a series of analyses
across multiple data sets are presented
comparing different definitions of smoking
cessation (table 10.1). Multiple data sets
were analyzed for a variety of reasons. First,
by applying the strategy to a number of
different data sets, a basic replication of

the validity of the approach was performed.
Second, each of these data sets had varying
methodological strengths and weaknesses;
considering the impact of phenotypic
variation across the data sets provided
broader coverage across the methodologies of
the surveys. Next, although all of these data
sets assessed smoking behavior, no large-
scale data sets exist that were designed to
focus on smoking behavior. As such, none of
the smoking assessments are comprehensive.
Analyzing multiple data sets allowed for
covering some of the gaps present in any
single survey. Each survey also assessed
different aspects of sustained cessation and
independent variables of potential interest.
Again, performing an analysis across the data
sets allowed for broader coverage of variables
associated with nicotine dependence and
comorbid conditions, as well as definitions of
cessation. Lastly, because of methodological
differences in each data set, it was possible
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Table 10.1 A Comparison of the Data Sets and Variables Used in the Analyses Presented
in This Chapter
ATBC TUS-CPS NHANES lli
Year collected 1985-1993 2003 1988-1994
Sample size per group ~1,380 1,500 Varies
Groups
Sustained quitters X X X
Current smokers X X
Relapsers X X X
X X
Independent variables
Age at smoking onset X X
Years smoked X X X
Cigarettes per day X X X
Pack-years X
Inhale when smoking X
Nicotine dependence X
Time to first cigarette X
Alcohol use/history X X
Anxiety X
Depression X X
Insomnia X X

Note. ATBC = Alpha Tocopherol, Beta-Carotene Cancer Prevention Study; TUS-CPS = Tobacco Use Supplement to the U.S. Census
Bureau's Current Population Survey; NHANES IIl = Third National Health and Nutrition Examination Survey; Pack-years = the number
of years of smoking multiplied by the number of packs of cigarettes smoked per day.

to vary the specific analyses that were
performed to broaden the test of this general
strategy for defining phenotypes.

Method

General Analytic Approach

The primary objective of these analyses

was to perform a proof of concept of the
approach to defining phenotypes laid

out in this chapter. This was done by
comparing the results of between-group
analyses with smoking phenotype as the
dependent variable and measures of nicotine
dependence and comorbid conditions as the
independent variable. Individuals who had

successfully sustained cessation were the
primary phenotype. With the use of classic
contingency table analysis, comparisons
were performed between those who had
sustained cessation and either (1) phenotypes
defined by more traditional approaches

or (2) extreme examples of phenotypes

that would not meet the inclusion criteria
proposed here (i.e., individuals who had
never made a quit attempt). The analyses
were then repeated using the proposed
strategy of “improved” phenotypic definition
to assess how the results change. In general,
results presented are based on y? and #-test
univariate analyses by using data from

the ATBC, the TUS-CPS, and NHANES III
(table 10.1). Each of these data sets and
analyses is discussed separately below.
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ATBC Analyses

Data Source

The first set of analyses presented in this
chapter was performed by using a sample
drawn from the ATBC.* Between 1985

and 1993, this longitudinal, population-
based chemoprevention trial enrolled
29,133 Finnish male current smokers
between the ages of 50 and 69 years into

a randomized primary prevention trial to
assess whether alpha-tocopherol or beta-
carotene would reduce cancer incidence.

At baseline, all individuals in the ATBC study
smoked at least five cigarettes per day and
were generally in good health. Median age at
entry into the study was 57 years, the median
number of cigarettes smoked per day (CPD)
was 20, and the reported median years of
smoking was 36. Exclusion criteria for the
ATBC included a history of cancer, significant
cardiac diagnoses, cirrhosis, chronic
alcoholism, and significant psychiatric
diagnoses. Diagnosis of lung cancer during
the trial was an additional exclusion for the
analyses because of its impact on smoking
cessation?*! and high mortality.

Within the ATBC, extensive medical history
data based on participant self-report and
medical examination were collected at
baseline, and participants were followed

for five to eight years with three scheduled
follow-up visits per year (i.e., every four
months). At each follow-up, participants
were queried about health and smoking
status since their last visit.

Phenotype Comparisons

All individuals in the ATBC were established
heavy smokers, so the focus of analyses
within this data set was on how the results
might vary between phenotypic definitions
that did and did not consider the issue

of adequate exposure. Three groups were
defined: sustained quitters, relapsers,

and never quitters. Sustained quitters and
relapsers were exposed to the key behavior
of having made at least one quit attempt
during the trial.'> Sustained quitters were
defined as men who reported not smoking
at all for at least 10 consecutive follow-

up visits, equal to 40 months or more

of abstinence. Relapsers were men who
reported that they made a quit attempt
but sustained it for no more than one
consecutive interval and had a confirmed
relapse. Of the original ATBC sample,
approximately 30% of the participants
made a quit attempt during the trial.

Of these, 1,379 men met the definition

of a sustained quitter and 1,388 met the
definition of a relapser. They were therefore
included in this analysis. An additional
group of 1,380 men who did not make a
quit attempt during the trial were randomly
selected to serve as the never quitter
comparison group.

Comparison of the never quitters to
sustained quitters served as the phenotype
approach that did not address the issue
of exposure to precursors of the behavior
of interest, allowing for exploration of
the potential impact of misclassification
of previous quit history. A more tightly
defined phenotypic comparison was made
of relapsers versus sustained quitters.

In addition, relapsers were compared

to never quitters to assess if differences
among current smokers based on quit
history were present.

Independent Variables

The analysis presented here is based

solely on the relationship of baseline
variables to sustained cessation. Variables
included in this analysis were those
associated with smoking history, behavioral/
psychological symptoms, and alcohol use.
Smoking history included age of smoking
onset, years smoked, cigarettes per day,
pack-years,” and frequency of inhaling while
smoking. Behavioral and psychological
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symptoms reported as having occurred
during the last four months included
anxiety, depression, problems concentrating,
and insomnia. Alcohol consumption was
converted to mean grams per day on the
basis of reported average number of drinks
consumed daily during the last year.

Analysis

For each comparison, unadjusted analyses
were performed on the basis of a classical
contingency table analysis conducted using
SAS 8.2.*2 Reported p-values are based on
either x? for categorical variables or #-test
for continuous variables.

ATBC Results

The results of the analyses of the ATBC
comparisons are presented in table 10.2.
Compared with sustained quitters, never
quitters demonstrated heavier smoking
histories, more current cigarettes per day,
and were more likely to always inhale when
smoking. Never quitters also reported more
symptoms of coexisting comorbid conditions
in that they drank more alcohol per day and
were more likely to endorse experiencing
depressed mood, problems concentrating,
and insomnia during the last four months.

A similar general pattern was noted for
sustained quitters compared to relapsers.
Relapsers reported higher CPD, more
pack-years, and being more likely to always
inhale. Relapsers also reported drinking
more alcohol per day and being more
likely to endorse symptoms of anxiety,
depression, and insomnia. However, closer
examination of the data revealed that,
although the general pattern of responding
was similar, the differences between
sustained quitters and the other two groups
were more extreme for never quitters than
for relapsers.

Further evidence of this pattern was
demonstrated in the analysis of differences
between relapsers and never quitters.
Significant differences between relapsers
and never quitters were found for all
markers of nicotine dependence, as well

as mean alcohol use per day, with never
quitters always being more extreme.

No significant difference between relapsers
and never quitters was noted for any of the
mood symptoms.

ATBC Discussion

These results suggest that sustained quitters,
relapsers, and never quitters are distinct

Table 10.2 Results from the Analysis of the ATBC Study Data

Never quitters Relapsers Sustained quitters

n=1,380 n=1,388 n=12319
Age at smoking onset (mean) 19.17 20.0 20.3
Years smoking (mean) 36.77 339 334
Cigarettes per day (mean) 217 19.1° 17.2
Pack-years (mean) 4017 330" 29.2
Always inhale (% yes) 55.3%"™" 50.2%" 44.2%
Alcohol (mean grams/day) 19.6" 17.07 125
Feelings of anxiety (% yes) 22.4% 23.7%" 19.9%
Feelings of depression (% yes) 15.1%" 15.0%" 11.2%
Problems concentrating (% yes) 12.5%" 11.4% 9.3%
Insomnia (% yes) 201%™ 19.7%" 13.6%

Note. Comparison group vs. sustained quitters: "p< 0.01; “p<0.001; ""p<0.0001. Relapsers vs. never quitters: 'p < 0.01.
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phenotypic categories in that markers of
nicotine and alcohol dependence varied
across the groups. At first, it was suspected
that men from this sample with no quit
history—that is, never quitters—had an
“unknown” liability to relapse and, therefore,
hypothetically would fall in the middle of
the continuum of “relapse liability,” with
relapsers and sustained quitters anchoring
the ends of this continuum. This assumed
that never quitters were ultimately made up
of individuals who would become sustained
quitters or relapsers should they make

a quit attempt. That never quitters were
more extreme than relapsers on markers of
dependence suggests that they may in fact
have greater liability to relapse and that not
making a quit attempt during the eight years
of the ATBC trial may be related to their
dependence. Knowledge of quit history before
entering the trial might help to further
understand this possibility, but the ATBC

did not collect this information, so prior
experience with quitting is unknown.

Both relapsers and never quitters differed
from sustained quitters on symptoms

of mood disruption, but not from each
other on this cluster of symptoms.
Although there are a variety of potential
interpretations, it is interesting to note
that these symptoms are similar to those
often experienced during withdrawal

from nicotine.*”® It may be that the higher
frequency of the symptoms at baseline has
important implications for whether an
individual will attempt to quit smoking and
the subsequent risk for relapse.

The ATBC data set has a number of features
that contribute to its usefulness in this
series of analysis. The trial has a large
sample such that appropriate power was
available for the analyses. The sample

was followed for an extended period with
excellent follow-up rates. This allowed for
considering sustained cessation across a
time frame much longer than is typically
assessed. In addition, the ATBC was not

a smoking cessation trial, so it affords

an opportunity to observe self-initiated
cessation attempts and sustaining those
attempts. The study also assessed a variety
of variables of potential interest, allowing
for analyses of comorbid conditions.

The ATBC data set has limitations in regard
to the question of appropriate strategies

to define phenotypes. Common across all
data sets used in this study and cessation
research in general, having made a quit
attempt during the trial was based solely

on self-report. Research suggests that
individuals typically are truthful about
smoking behavior in contexts in which no
negative consequences are associated with
smoking status. As the above-mentioned
lack of data on prior cessation experience
highlights, the ATBC was fundamentally

a trial testing a nutritional cancer
prevention intervention. As such, although
all participants were established heavy
smokers, available smoking variables are
limited. The variable used to define cessation
attempts is somewhat imprecise, especially
in terms of accurate length of cessation in
fewer than four-month intervals. No data are
available regarding what resources may have
been used during a reported quit attempt.
This could clearly affect cessation success,
although nicotine replacement therapy and
other pharmacological interventions known
to affect cessation success were not widely
available or used during the time frame of
the ATBC study. In addition, because of the
lack of data regarding quit attempts before
entering the trial, misclassification of quit
history (the fundamental prior exposure
variable) is still possible despite the long
follow-up period during the trial. Given

that all participants were heavy smokers,

a limited range of smoking behaviors can be
compared for the purposes of considering
various phenotypes and the impact of varying
definitions. Given some of these limitations,
an effort was made to confirm the usefulness
of this approach in two additional data sets:
TUS-CPS and NHANES II1.
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TUS-CPS Analyses

Data Source

In a fashion similar to that performed in the
ATBC, cross-sectional data from the 2003
TUS-CPS* were used in a second analysis
investigating how varying phenotypic
definitions may affect the results. The CPS,
administered by the U.S. Census Bureau,
uses a multistage probability sample design
to produce reliable national and state
estimates on labor force characteristics
among the U.S. civilian noninstitutionalized
population aged 15 years and older. Every
three years since the 1980s, the National
Cancer Institute and the Centers for Disease
Control and Prevention sponsor the TUS to
be conducted in conjunction with the CPS.
The TUS collects data on tobacco use and
related attitudes and practices among those
who completed the CPS. In 2003, the TUS
collected detailed data on smoking, former
smoking, and quitting behaviors from
approximately 250,000 respondents in the
months of February, June, and November.
Details of the sampling methods for the
TUS-CPS are reported elsewhere.*®

Phenotype Comparisons

To mimic the above analyses using

ATBC data and typical behavioral genetic
studies focusing on specific homogeneous
populations, a similar set of samples was
selected, limited to white males. The sample
size also was limited to 1,500 per group

to approximate that used in the ATBC
analysis and to reflect the sample size of

the parameters that might be seen in a
behavioral genetics study. In this case,

four groups were defined to be used in the
comparison: all current smokers (current),
established daily smokers with and without
a history of making a quit attempt (relapsers
and no quit, respectively), and sustained
quitters. Relapsers, no quit, and sustained
quitters all had histories of being daily

smokers for at least five years, and sustained
quitters reported having sustained cessation
for one to five years. The current smoking
group included respondents who indicated
that they smoked “every day” or “some days.”

The analyses of current versus sustained
quitters and no quit versus sustained
quitters represented comparisons in which
exposure to the precursor of the behavior of
interest (having made a quit attempt) was
not part of the phenotype definition. As in
the analysis of the ATBC data, analysis of
relapsers versus sustained quitters was the
more tightly defined comparison. For each
group, 1,500 white males were randomly
selected, again to create a similar set of
subsamples to that used for the ATBC
analyses and behavioral genetic studies.

Independent Variables

The TUS-CPS includes questions associated
with a variety of issues associated with
smoking behavior and tobacco control.

For this analysis, measures were used of
number of CPD, age of onset of regular
smoking, years smoked, time to first
cigarette in the morning, and items from the
Shiffman Nicotine Dependence Syndrome
Scale (NDSS). In addition to CPD and age

of onset for regular smoking, time to first
cigarette was used as an indicator of nicotine
dependence. Evidence from factor analysis
strongly supports the use of this item as an
overall marker for nicotine dependence,*->"
and it has previously been used in
population-based surveys as an indicator

of nicotine dependence.?! An abbreviated
version of the NDSS*?% is also available on
the 2003 TUS-CPS and is asked of all current
smokers and former smokers who have

quit within five years. The TUS includes
NDSS questions about difficulty delaying
smoking, willingness to go out in a storm

to get cigarettes, experiencing craving, and
willingness to go outside to smoke even if it
interferes with an activity. TUS scores these
items on a two-point scale (1 = yes, 2 = no),
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and the items were summed to provide
a total with lower scores indicating less
nicotine dependence.

Statistics

The analysis was conducted using SAS 8.24
and SUDAAN 8.0.1.5* SUDAAN was used to
account for the complex sample design and
the weights of the respondents. Standard
contingency table analysis and univariate
techniques were used in this analysis.

All variables presented from this analysis
are continuous, and reported p-values are
based on #-tests by using corrected standard
errors derived from the SUDAAN PROC
DESCRIPT procedure.

TUS-CPS Results

Results from this analysis are presented in
table 10.3. Results from the less restrictive
phenotypes are presented first. Compared
to current smokers, sustained quitters
demonstrated earlier age of onset, higher
levels of CPD, longer smoking histories,
and higher levels of nicotine dependence as
assessed by the NDSS items. Time to first
cigarette was not significantly different
between current and sustained quitters.

In contrast, sustained quitters had longer
time to first cigarette, lower level of CPD,
and a later age of onset compared to no
quit smokers. Sustained quitters continued

to have a lower score on the NDSS items,
indicating more frequent symptoms
associated with nicotine dependence.
Total years smoked was not significantly
different between the two groups.

Analysis of relapsers versus sustained
quitters, the more restrictive phenotype
comparison, showed no significant
difference between the groups on age of
onset, CPD, and years smoked. Time to
first cigarette was significantly different
between relapsers and sustained quitters,
with relapsers reporting a shorter mean
interval to first cigarette. As with the
other comparisons, sustained quitters
had significantly lower scores on

the NDSS items.

TUS-CPS Discussion

Findings from this analysis also point

to the importance of tightly defined
phenotypes in that the pattern of results
varies depending on the comparison
group. Use of the traditional comparison
of all current smokers versus those who
had sustained cessation for at least a year
suggested possible higher levels of nicotine
dependence as assessed by age of onset,
CPD, years smoked, and total score on
NDSS items. However, analysis of smokers
who had progressed to established daily
smoking but had not had exposure to the

Table 10.3 Results from the Analysis of TUS-CPS Data

Current No quit Relapser Sustained quitters
Age of onset 174 16.4" 16.9 17.1
Cigarettes per day 19.9™ 234" 209 21.2
Years smoked 23.2° 26.0 25.7 25.2
Minutes to first cigarette® 48.6 37.8” 435 53.6
Nicotine dependence® 5.7 567 55" 5.1

Note. A randomly selected sample of 1,500 for each group was used in these analyses. All reported data are for mean response to
variable. Comparison group versus sustained quitters: "p<0.01; “p<0.001; ""p < 0.0001.

Time to first cigarette in the moring in minutes.

*Total score of abbreviated Nicotine Dependence Syndrome Scale items. Lower scale is indicative of higher level of nicotine

dependence.
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pre-behavior of interest (a quit attempt)
suggested a reverse pattern, with later age
of onset, fewer CPD, and longer interval to
first cigarette, for the sustained quitters.
Although there appeared to be a trend

of an increase of markers of nicotine
dependence among smokers from sustained
quitters versus relapsers versus no quit
smokers, in this sample no substantial
evidence was found of differences between
relapsers and sustained quitters except

in time to first cigarette and score on the
abbreviated NDSS.

The abbreviated NDSS is unique to the
TUS among the data sets discussed in this
chapter. Inconsistent with the general
pattern of responses from the other variables
used as markers for nicotine dependence,
sustained quitters demonstrated more
dependence than any of the other three
groups. The reasons for this are unclear.
One possibility is that the various groups
of current smokers were asked about

their current experience, while former
smokers were asked to recall their previous
experience of nicotine-dependence
symptoms. Given that the sample of former
smokers used in the analysis consisted of
individuals who had quit at least one year
ago, and up to five years ago, it may be that
recall bias played a role in these discrepant
results. It may also be that this finding is
unique to the samples selected and not
reflective of the overall national sample

at large.

The TUS-CPS is useful for the proof of
concept of the analytic approach being
explored in this chapter in that it has a

large sample size, includes a wide range

of smokers in the sample, and contains

a number of items specifically related to
smoking behavior, including lifetime history
of having made a quit attempt. However,
given the cross-sectional nature of the data
and the structure of the questions associated
with smoking cessation, the survey is of
limited use for tracking and understanding

cessation in detail. For example, no data
are available regarding the details of quit
history, such as the time frame of having
made an attempt, unless it occurred within
the last year, nor is information available
on what cessation methods have been

used across the person’s quit history. Also,
items from the NDSS are only asked of
former smokers if they attempted to quit
within the last five years. As with all the
data sets used in this chapter, smoking
status and quit history were based solely
on self-report. In addition, the absence of
questions related to potentially important
comorbid conditions such as alcohol use
and psychiatric symptoms represents an
important gap in the types of questions that
can be addressed by this survey.

A final analysis of this approach for defining
phenotypes was performed by using the
NHANES III data set. This nationally
representative data set includes questions
relevant to comorbid conditions and so

can serve as a potential replication of some
of the key findings associated with these
behaviors found in the ATBC and TUS-CPS
analyses. As an additional “proof of concept”
in this analysis, the impact of changing
comparisons was explored within a more
traditional psychological/epidemiological
study in which the selected sample was

not based on gender or race/ethnicity,

but rather, on groups selected from the
population-based, nationally representative
sample as a whole.

NHANES Illl Analyses

Data Source

This sample was selected from NHANES III,
conducted from 1988 to 1994 on a cross-
sectional representative sample of the

U.S. civilian noninstitutionalized population
aged two months and older living in
households. Only individuals over the age

of 18 years were included in the present
analysis. Detailed descriptions of the
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sample design and operation of the survey
have been published elsewhere.” For this
study, smoking information was obtained
from the Household Adult Questionnaire
administered in participants’ homes.

Phenotype Comparisons

Three phenotypes were defined for the
purposes of these analyses on the basis of
increasingly restrictive inclusion criteria

to reflect progression from regular use

to cessation and relapse: all current daily
smokers (daily, 7 = 4,990), current daily
smokers who reported having made a quit
attempt that lasted for at least one year
(relapsers, n = 1,157), and former smokers
who had been abstinent for longer than

one year (sustained quitters, n = 4,463).
The definitions were nonmutually
exclusive, and daily smokers included all
individuals who also qualified as relapsers.
Of importance, the NHANES III only asked
about quit attempts that lasted at least one
year. Therefore, former smokers had to have
sustained cessation for one year or longer to
be included in the analyses, and the sample
of relapsers included only individuals who
had sustained cessation for at least one year
before returning to daily smoking. For this
analysis, daily smokers versus sustained
quitters served as the comparisons of less
restrictive phenotypes, while relapsers
versus sustained quitters represented the
more tightly defined phenotype.

Independent Variables

Similar to the previous analyses, available
variables were selected associated with
nicotine dependence and comorbid
conditions believed to affect sustained
cessation. Smoking variables included in the
analysis were age of smoking onset, years
smoked, and cigarettes per day. NHANES III
also provides information about a wide
range of health and behavioral symptoms.
For this analysis, current mean drinks per
day, history of heavy drinking (5+ drinks

per day), symptoms of insomnia, and
lifetime diagnosis of major depression were
included. Diagnosis of major depression
was obtained from the Diagnostic Interview
Schedule (DIS) administered as part of the
NHANES III examination. Methodological
constraints of the NHANES were such

that only adults under the age of 40 years
received the DIS, so reported results for
lifetime history of major depression are
limited to only the age range of 18-39 years.

Statistics

The analysis was conducted using SAS 8.24
and SUDAAN 8.0.1.>* SUDAAN was used to
account for the complex sample design and
the weights of the respondents. Standard
contingency table analysis and univariate
techniques were used in this analysis

based on SUDAAN procedures. Preliminary
analyses revealed large differences in current
age among the three groups (data not
shown). To address this, age adjustment
was performed for all comparisons.

NHANES Ill Results

The results for the comparisons from
NHANES III are presented in table 10.4.
The general pattern was similar between
daily smokers and relapsers when compared
to sustained quitters with almost all
comparisons being statistically significant.
In considering the pattern of responses,
some differences were noted. Relapsers
reported higher cigarette consumption and
were more likely to have histories of major
depression and sleep disturbance. Relapsers
had a slightly earlier age of regular smoking
onset. Daily smokers reported higher

mean daily alcohol consumptions and were
slightly more likely to report a history of
drinking five or more drinks per day.

NHANES Il Discussion

Although the results of this analysis were
not as clear, the potential usefulness of the
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Table 10.4 Results from the Analysis of NHANES il Data

Current smokers Relapsers? Sustained quitters®

Age onset (mean) 170 16.9° 17.2
Years smoked (mean) 2107 2007 20.7
CPD (mean) 2417 217" 218
ETOH drinks per day (mean)® 4.4 37" 2.7

HX 5+ ETOH drinks per day (% yes) 220" 20.6™ 16.2
HX depression (% yes)! 11.6° 1407 76

HX insomnia (% yes) 30.1 344 25.2

Note. Data from all analyses are adjusted for age of participant. CPD = cigarettes smoked per day; ETOH = alcohol; HX = history.
Comparison group versus sustained quitters: "p< 0.05; “p < 0.005; " p < 0.0005.

“Relapsers were defined as current daily smokers who reported having a history of being abstinent for at least one year.

bSustained quitters were former smokers who had been abstinent for at least one year.

°Only asked of individuals who reported alcohol use.
YAge-restricted question.

more restrictive phenotype comparison
appears generally supported. In general,
similar patterns of statistical significance
were seen among the two comparisons.
However, the levels of significance

are affected by the sizable sample size
variations, and so it is difficult to interpret
the meaningfulness of the statistical
significance. Consideration of variation in
patterns of responses suggests that there
were differences between the two phenotypic
approaches.

Although fewer markers than desirable

of nicotine dependence were available

in this data set, NHANES does provide
indications of potential alcohol abuse/
dependence and psychiatric comorbidity.
Relapsers began smoking at an earlier age
and smoked more cigarettes per day. They
were more likely to be diagnosed with a
history of major depression on the basis

of report of symptoms and to report sleep
disturbance. However, symptoms associated
with alcohol abuse were more likely to be
reported among the all daily smoker group.
Thus, there appears to be an increase in
markers of dependence and comorbidity as
the comparison moves along the smoking
trajectory and becomes increasingly
restrictive, moving from all daily smokers

to smokers who relapsed despite having
maintained abstinence for a year or longer.
This suggests that (1) the role of nicotine
and alcohol dependence potentially increases
as one moves along the smoking trajectory
and (2) analyses based on phenotypic
definitions that do not consider progression
along the smoking continuum are more
likely to experience misclassification and
thereby less likely to detect effects of
potentially important genetic influences.

The distinctions between the phenotypes

in the NHANES analysis may have been
affected by a number of methodological
issues. First, the analyses on this data set
were not limited to only white men. It was
not possible to explore any impact of this
difference because of sample size limitations
in the data set. A larger issue that likely

had a significant impact is the restricted
nature of the available cessation question.
In NHANES III, the cessation question only
asks about quit attempts that lasted at least
one year, so no data are available on the
much more typical quit attempt followed by
relapse within a few weeks.? This suggests
that a large number of individuals included
in the daily smoker phenotype would have
qualified as relapsers had more refined data
been available. In addition, as individuals
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who have maintained cessation for a year

or more may be more similar to sustained
quitters than individuals who relapse more
quickly, differences between individuals who
relapse versus those who sustain cessation
may have been masked in the analysis of
this data set.

Strengths of this data set include that
NHANES is a large-scale, nationally
representative sample, and the smokers
included in the sample are more diverse
than those seen in the ATBC sample of older,
heavy smoking, Finnish men. NHANES also
collects data on a number of potentially
important comorbid conditions and provides
a clinical diagnosis of major depression,
rather then mere endorsement of symptoms,
giving NHANES some advantages over both
the TUS-CPS and the ATBC.

As noted above, a significant limitation of
the NHANES data set is that cessation is
only assessed if it lasts a year or longer.

In addition, individuals may be in the
process of sustaining cessation but have
not reached the one-year mark, and so

are dropped from the analysis. Next, the
constraints of the NHANES methodology
are such that not all individuals are asked
all questions; in particular, this affects the
depression data included in this sample. This
may represent a significant issue in that the
clinical structured interview for diagnosing
major depression was not administered to
individuals older than 39 years of age. Given
that many individuals do not successfully
quit smoking until they are in their 40s,

the relation between depression and the
behavior of interest (sustaining cessation)
may be misrepresented. As with the

ATBC, NHANES is not a smoking-specific
survey, and the smoking questions are
limited in scope. Lastly, the information
provided in NHANES is self-reported and
cross-sectional. However, despite these
limitations, a number of findings consistent
with those seen from the ATBC and TUS-
CPS data sets emerged.

Summary

This chapter has presented an approach

for refining phenotype definitions in the
hopes of reducing “noise” associated with
misclassification that subsequently reduces
researchers’ ability to detect small but
important genetic influences on smoking
behavior. The strategy employed by this
approach is based on two features. First,

an observable behavior of interest that
identifies a specific point along the smoking
continuum must be chosen. Then, the
comparison group must be defined such
that it also has exposure to the precursor
of the behavior of interest, excluding all
individuals who have not progressed to
that point on the smoking continuum.

In the case of the example presented here,
sustained smoking cessation was the
behavior of interest, and the comparison
group comprised smokers who had made

a quit attempt but subsequently relapsed.
In multiple data sets, the results of analyses
of the improved phenotype were contrasted
to classic, more broadly defined phenotypes
and to phenotypes that lacked the key
behavioral exposure.

This series of analyses has only considered

a few of the possible comparisons that

could have been used to validate the proof
of concept for this approach. The goal of

the current analyses was to demonstrate
that even a small difference in definition
could affect the subsequent results and

the likelihood that associations between
behavior and genes would be detected.

As such, it was not the intent to fully explore
this issue in each data set, although a
number of interesting issues regarding the
association of various markers of dependence
and comorbidity were suggested.

Although it is argued that the phenotypes
represent an improvement over those
typically used in a number of studies, it may
be that even more refined phenotypes are
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needed to truly advance the field of genetics
of smoking behavior. For example, some
work has indicated that consideration of
average CPD is insufficient to differentiate
smokers.>>% The results of a study by
Saccone and colleagues'™ on the genetic
linkage of heavy smoking and chromosome
22q12 suggest that even more precise
phenotypes may be needed. They found

that use of maximum cigarettes smoked

in 24 hours was a more useful indicator of
nicotine dependence and a possible important
marker of genetic variation among smokers.

In considering the data from across the
three data sets, there were consistent
limitations that may influence the findings.
First, typical of epidemiological surveys,

all data used were self-report. Although
self-report of smoking status and quit
history is consistently used in the literature
and considered to be largely reliable in the
context of most surveys, the findings would
be strengthened if confirmation of smoking
status was available.

Next, only limited information was available
regarding the details of current and previous
smoking behavior. This is a challenge

across the available data sets that address
smoking. Specific to this project on sustained
cessation and relapse, no information was
available on methods used to quit smoking.
The techniques used to quit smoking could
clearly have an impact on cessation success.
If methods used varied significantly between
sustained quitters and relapsers, the potential
influence of the factors on which these
analyses focused—that is, markers of
nicotine dependence and comorbidity—
would be misstated in the findings. This
would affect efforts to identify the role of
specific underlying genetics polymorphisms.
However, the impact of this lack of available
data is likely mitigated by the observation
that two of the data sets (ATBC, NHANES)
were collected during time frames when
pharmacological cessation interventions
were not widely in use.

Lastly, although the ATBC data set was
available for longitudinal analysis, the ATBC
is not primarily a project of tobacco use and
has a restricted range of smoking behaviors
and ages of participants. Longitudinal

data from a study that focuses on smoking
behavior would be extremely valuable,
providing detailed information on smoking
as it varies across time.

Despite the limitations of each data set and
the varying methodology across the data
sets, it was consistently found that changing
the comparison groups (e.g., phenotypic
definition) affected the nature of the results
when considering potential markers of
nicotine dependence and factors known

to affect cessation. This indicates both

that use of classic phenotypes can lead

to misclassification errors and that the
approach proposed based on trajectory and
exposure has merit. Ultimately, the approach
presented in this chapter needs to be

tested within an analysis that includes
genotyping to fully assess its value. Studies
using more tightly defined phenotypes are
demonstrating more convergent findings
in support of the role of specific genes and
smoking behavior.* A more complete
test of the approach presented here would
examine if varying the phenotypes affected
the genetic findings. However, the findings
presented here support this approach and
lend credence to its adoption.

Conclusions

1. More tightly defined phenotypes of
smoking behavior that are based on
transitions along the smoking trajectory
and adequate prior exposure have the
potential to reduce the classification
bias and lack of specificity inherent in
broader existing phenotypes such as
current smoking status. These improved
phenotypes, in turn, may lead to closer
correlations between smoking behavior
and genetic variables in future studies.
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2. Studies involving both longitudinal and

cross-sectional population data show
measurable differences among improved
phenotypes, including sustained
quitters, relapsers, and never quitters,
in key markers such as smoking history,
other indices of nicotine dependence,
and comorbid conditions such as

psychological symptoms and alcohol use.

3. Refined nicotine-dependence phenotypes

based on longitudinal characterizations
of smoking patterns show promise

for further testing in genetic studies

in support of potential phenotype-

gene causal associations for nicotine
dependence. Research indicates the
potential need for further refinement of
such phenotypes.
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