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Abstract:
Research has clearly established that smoking negatively impacts one’s health.
However, previous work examining smoking trajectories has neither followed
participants past early adulthood nor studied how these trajectories may link to
specific health outcomes. The present study aims to address these shortcomings by
using latent class growth modeling to examine smoking trajectories and health from
early adulthood through late life in a cohort of 232 Harvard graduates with a mean
birth year of 1921. The present analysis showed five distinct smoking trajectories
based largely on the age that participants quit smoking. The trajectories were
significantly associated with both chronic lung diseases and mortality and
demonstrated that the later a participant quit smoking, the higher the probability of
developing lung disease, and of premature death.
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Introduction:
As the single most preventable cause of premature death in the United States,
smoking results in 440,000 deaths each year, translating to 5.6 million years of
potential life lost and 75 billion dollars in direct health care costs (MMWR, 2003).
Numerous retrospective reports indicate that smoking is associated with specific
negative health outcomes, including several types of cancer as well as cardiovascular
and respiratory diseases such as coronary heart disease (CHD), stroke, aneurysm,
atherosclerosis, chronic obstructive pulmonary disease (COPD) and pneumonia
(USDHHS, 2004). Prospective work has confirmed many of these associations
(Engeland, Haldorsen, Anderson, & Tretli, 1996; Freund, Belanger, D'Agostino, &
Kannel, 1993; Giovannucci, 1994; Godtfredsen, Prescott, & Osler, 2005; Hirdes,
Brown, Vigoda, Forbes, & Crawford, 1987; Howard et al., 1998; Lam et al., 1997;
Nusselder, Looman, Mheen, Mheen, & Mackenbach, 2000; Ostbye & Taylor, 2004;
Ostbye, Taylor, & Jung, 2002; Prescott, Hippe, Schnohr, Hein, & Vestbo, 1998;
Prescott et al., 1998; Simons, Simons, McCallum, & Friedlander, 2005;
Wannamethee, Shaper, & Perry, 2001; Weir, 1970; Yuan et al., 1996) and has
demonstrated a temporal ordering that suggests the likelihood of a causal relationship
between smoking and these disease outcomes.
Unfortunately, such prospective research is limited in that it typically has been
conducted over short periods of time, with few studies administering repeated
smoking assessments for longer than a decade (Giovannucci, 1994; Howard et al.,
1998; Ostbye, Taylor, & Jung, 2002; Weir, 1970; Yuan et al., 1996). For example, the
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Health and Retirement Survey (HRS) and the Asset and Health Dynamics Among the
Oldest Old (AHEAD), followed participants for an average of seven to eight years
(Ostbye & Taylor, 2004; Ostbye, Taylor, & Jung, 2002). Among studies with longer
periods of follow up, smoking is often only assessed at baseline (Engeland,
Haldorsen, Anderson, & Tretli, 1996; Enstrom, 1999; Hirdes, Brown, Vigoda, Forbes,
& Crawford, 1987; Lam et al., 1997; Rogot & Murray, 1989). For example, the U.S.
Veterans Study followed a group of over 200,000 veterans from 1954 through 1979.
Even though data on mortality was obtained at each longitudinal assessment, data on
smoking behavior was obtained only at the time participants entered the study
(Enstrom, 1999; Rogot & Murray, 1989). Such studies lack a complete picture of
participants’ smoking history. Further, among those studies of United States
populations with the longest periods of repeated longitudinal smoking assessment (i.e.
the Framingham Study (Freund, Belanger, D'Agostino, & Kannel, 1993; Freund,
1992; Gordon, 1975) and the First Cancer Prevention Study, CPS-I (Knoke, Shanks,
Vaugh, Thun, & Burns, 2004; Thun, Day-Lally, Calle, Flanders, & Heath, 1995;
Thun & Heath, 1997)), baseline smoking behavior is most often captured upon study
entry through retrospective reports by adults who have long passed the age of risk for
smoking initiation and established use. Further, participants are enrolled at different
ages and are followed for different periods of their lives (Freund, Belanger,
D'Agostino, & Kannel, 1993). As a result, their risk for chronic illness during the
observation period is not comparable across studies. For example, in the Framingham
study, participants entered between age 30 and 62 and, though information on
smoking behavior during the follow-up was obtained biennially, baseline smoking
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was obtained retrospectively (Freund, Belanger, D'Agostino, & Kannel, 1993).
Further, despite the repeated smoking assessments administered in some longitudinal
studies, statistical analysis are most often based either on current use (Freund,
Belanger, D'Agostino, & Kannel, 1993) or on baseline use (Knoke, Shanks, Vaugh,
Thun, & Burns, 2004; Thun, Day-Lally, Calle, Flanders, & Heath, 1995; Thun &
Heath, 1997). Because most smokers quit and relapse several times before abstaining
permanently, short term and compressed measurements of smoking are necessarily
simplifications of the quitting process (USDHHS, 1990), and thus fail to maximally
characterize changes in smoking history across the lifespan or to determine how such
changes may uniquely impact the development of chronic disease.
One approach that addresses such limitations is the latent class growth model
(LCGM). This technique is a type of finite mixture model developed to identify
population subgroups following distinct behavioral trajectories (Methuén & Methuén,
2000; Nagin, 1999). This method identifies a number of typical trajectories for the
examined variable. While it is understood that not all individual trajectories will
perfectly conform to group trajectories, analysis of these group trajectories has proved
meaningful in both a clinical and a research setting (Nagin, 1999). LCGM is semiparametric and group-based. It uses multinomial modeling in order to identify unique
groups of individual patterns of behavior (Delucchi, Matzger, & Weisner, 2004).
While prospective work based on this type of analysis has previously defined
trajectories of smoking behavior within adolescence and across early adulthood, as
well as examined precipitating risk factors that increase the probability of following a
particular trajectory, this research has not examined trajectories across the lifespan,
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nor has it linked smoking trajectories with disease outcomes. To address these
shortcomings, the present study aims to extend research on the association between
smoking behavior and chronic disease in the following ways: (1) by following a
cohort from the time of initiation of regular smoking patterns (i.e., age 21) into old
age (i.e., age 82), when chronic illness is most likely to impact health and longevity;
and (2) by incorporating chronic disease outcomes into the trajectory analysis to
evaluate whether an individual’s tendency to follow a particular smoking trajectory is
associated with specific chronic diseases and longevity.

Methods
The present analysis utilized a sample known as the Grant Study, selected
from the Harvard classes of 1942-1944 (Vaillant, 1979). Participants had a mean year
of birth of 1921 (SD=2 years) and were selected for the study as sophomores from
1938-1942 (Vaillant, 1996). The final 267 participants were selected on the basis of
freshman health examinations which indicated no mental or physical problems, a
freshman grade point average above C, and judgment by the dean’s office and
dormitory staff that they were free of physical, emotional and academic difficulties
(Vaillant, Schnurr, Baron, & Gerber, 1991; Vaillant, 1979, 1996, 1998). The sample
was all male and exclusively white, with the exception of one Hispanic participant.
Participants were followed by annual or biennial questionnaires from age 21
(Vaillant, 2003) through 2003 (age 82 + 2 years). Questionnaires that inquired about
smoking behavior were administered annually (1940 through 1947 and 1952 through
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1955), biennially (1947 through 1951, 1970 through 1972, 1975 through 1977 and
1987 through 2003), or every three years (1957 through 1960, 1967 through 1970 and
1972 through 1975). For this study, annual data from 1940-1945 and data from the
years 1999, 2001, and 2003 were excluded due to more than 50% missing data,
leaving a total of 22 time points between 1946 and 1997. Eighteen men who were
missing tobacco data at all 22 time points were also excluded, as were an additional
17 men who were missing tobacco data on 17 or more of the 22 time points (95th
percentile or higher for amount of missing data). Thus, the analytic sample included
232 men, of whom 18.5% had no missing tobacco data. The median number of time
points missing tobacco data in this sample was 4.5 (range 0-16).
Questionnaires included items inquiring whether or not the individual smoked
cigarettes, pipes, or cigars and, if so, how many were smoked per day. Participants
were able to indicate a number of discrete categories for each type of tobacco used,
ranging from no use to six or more pipes or cigars per day and no use of cigarettes to
smoking more than two packs per day. An aggregate tobacco variable was created for
each year by combining the three types of tobacco use. Participants were considered
daily smokers for that year if they indicated that they had smoked any type of tobacco
on a daily basis. Non-smokers included those participants who indicated no use of
any type of tobacco during that year and those indicating that their use of tobacco
products was less than daily. Only five participants reported any weekly or more
frequent tobacco use after lifetime cessation of daily use, and these participants
reported such use on four or fewer data points. Although response categories varied
slightly during longitudinal assessment (Appendix 1), these differences did not affect
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the aggregate tobacco variables (i.e. measurement of the presence or absence of daily
tobacco exposure).
For the present analysis, the physical health of the men was coded for a
number of disease categories. An internist reviewed each participant’s physical
examinations, which were obtained every five years, and rated each individual from
one (excellent health) to five (deceased). A rating of two denoted minor chronic
problems, three denoted serious chronic illness without disability and four denoted
irreversible illness with serious disability (Vaillant, 1998). The internist also noted
specific diagnoses that the participant had developed at the time of each rating. The
internist’s ratings and diagnoses for the most recent physical examination were
reviewed and presence of the following health problems was considered: cancer, heart
disease, vascular disease, cholesterol disease, lung disease, diabetes, cerebrovascular
disease, and hypertension. Diagnoses that resulted in a participant being coded as
positive for a particular disease category included: cancer: cancer, CA, carcinoma,
adenoma, malignant lymphoma, melanoma, chronic lymphocytic leukemia, basal cell
epithelioma, glioma; heart disease: myocardial infarction, coronary artery disease,
congestive heart failure, cardiomyopathy, graft or angioplasty of coronary artery,
angina, ischemia; vascular disease: peripheral vascular disease, aortic aneurysm,
angioplasty of any peripheral vessel, deep vein thrombosis, carotid or aortic stenosis,
varicosities, carotid inclusion, carotid artery surgery, aortic insufficiency, aortic
sclerosis, Ca++, carotid endarectomy, bypass of a peripheral vessel, lateral ischemia,
vascular dementia, vessel stent, venous stasis, pulmonary embolism; cholesterol
disease: hypercholesterolemia, high lipids, high HDL, low HDL, high LDL,
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dyslipidemia, high cholesterol, hyperlipidemia; diabetes: diabetes mellitus, glucose
intolerance,

glucose

cerebrovascular

tolerance,

accident,

transient

high

glucose;

ischemic

cerebrovascular

attack,

infarct,

disease:

sub-arachnoid

hemmhorage, brain hemorrhage; hypertension: hypertension, high blood pressure, on
antihypertensives; and lung disease: chronic obstructive pulmonary disease,
hyperinflated lungs, pneumonia, tuberculosis, pulmonary edema, emphysema, lung
resection, lung abscess. If any of these diagnoses were listed as a cause of death on a
participants’ death certificate, the condition was also coded as present. If two readers
deemed a diagnosis unreadable, one of who was a medical doctor blind to other study
data, the diagnosis was not coded.
Descriptive statistics were obtained for a number of smoking variables in
order to describe the smoking behavior of the sample as a whole. Subsequently,
participants were grouped into different trajectories based on a latent class growth
curve analysis (LCGA). LCGA seeks to identify groups or classes of individual who
are similar to each other in their smoking behavior over time, that is, to identify
groups of individuals who share similar smoking patterns (Methuén & Methuén,
2000; Nagin, 1999). Variability in smoking behavior over time is modeled by a latent
categorical variable whose categories reflect different latent trajectory classes. For
this study, age at each time of measurement was used to formulate age categories.
Such formulation ensured that an adequate number of participants were represented in
each category.
LCGA proceeds by testing a series of models specifying a different number of
latent classes. In this study, models specifying two through six classes were tested.
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Choosing the model with the number of classes that best represents the true number
of classes is guided by expectations based on previous research, assessment of model
fit using statistical criteria, parsimony, and additional analyses to determine if the
trajectory classes are distinct and meaningful. Several recommended criteria were
used to assess model fit (Nagin, 1999, 2005). The Bayesian Information Criteria
(BIC) is a standard method for deciding whether additional classes result in a better
fitting model, where models with BIC values closest to zero are favored. The LoMendell-Rubin likelihood ratio provides a test that compares the current model to a
model with one less class where a p-value of less than 0.05 suggests rejecting the null
hypothesis of retaining a model with one less class (Lo, Mendell, & Rubin, 2001).
Finally, we examined the model estimated (posterior) probabilities of group
membership, which is an average of each individual’s likelihood of belonging to each
class. Ideally, individuals’ posterior probabilities equal one for their most likely
trajectory group and zero for the remaining trajectory groups, however a minimum
average posterior probability of .70 for all trajectory groups is considered evidence of
acceptable model fit (Nagin, 2005).
After deciding which model to retain, chi-square analyses were run to
compare a number of discrete descriptive smoking characteristics and disease
outcome variables between the trajectory groups. Where a significant result was
found, post-hoc paired comparisons were conducted. For continuous variables, a oneway ANOVA was used to compare group means followed by post-hoc paired
comparisons using Tukey’s HSD.
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Finally, a discrete time survival LCGA was conducted to evaluate whether
progression in the probability of mortality (mortality hazard rate) varied across latent
trajectory classes. This analysis simply extended the LCGA model to incorporate a
variable that indicated whether or not participants had died at each time point.
Participants who died or dropped out of the study were censored at subsequent time
points. The survival part of the LCGA provides a test for significant differences in
mortality hazard rates between trajectory classes.

Results
A total of 25% (n=59) of the sample reported no daily smoking at any of the
assessment waves. Among those with exposure to daily smoking, 36% (n=62)
smoked only one type of tobacco product during their lifetime (28% (n=49) cigarettes
only, 5% (n=9) pipes only and 2% (n=4) cigars only). The remaining 64% of daily
smokers (n=111) reported smoking multiple types of tobacco during their lifetime
(26% (n=45) cigarettes and pipes, 8% (n=14) cigarettes and cigars, 11% (n=19) pipes
and cigars and 19% (n=33) at least some daily use of all three tobacco products).
Among those who reported daily use of more than one tobacco product, this typically
represented changes from one product to another over time, rather than simultaneous
use of multiple products. That is, while simultaneous use of multiple tobacco products
was reported on one or more assessment occasions for 80% (n=88) of those
individuals who reported smoking more than one type of tobacco in their lifetime,
only 13% (n=14) of multiple tobacco users did so on a majority of daily smoking
occasions.
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A total of 80% of smokers and 59% of the overall sample (n=137) had begun
smoking by the first assessment in 1946. Another 5% of smokers had started by 1947,
and by the end of the 1950s, 96% of those who would smoke daily at any point during
their lifetime had initiated daily use. The median age when participants started daily
smoking was 26, and 85% of daily smokers had initiated the habit by the end of their
20s. Among all daily smokers in the sample (n=173), almost a quarter had quit by
1964 (~ age 40), half by 1977 (~ age 60), and 80% by the last year of observation (~
age 80).
Among daily smokers, 41% (n=71) quit smoking1 during their lifetime and
did not relapse at any subsequent assessment; 39% (n=68) quit smoking, but reported
at least one relapse during subsequent assessments, and the remaining 20% (n=34)
reported chronic exposure, where following onset, daily use of tobacco was reported
at each assessment preceding the participant’s death. The number of times a relapsing
smoker quit daily smoking ranged from one to five with a mean of 2.28 times.
Overall, smokers quit daily smoking a mean 1.31 times.
Based on model fit statistics and parsimony, a five trajectory class model was
chosen to represent smoking across the lifespan (Table 1). Although the adjusted LoMendell-Rubin test suggested retaining a six-class model over a five-class model,
there was virtually no improvement in the BIC for the six-class model, and the
average posterior probabilities dropped below 0.70 for two of the classes, which
suggested a loss in classification quality in the six-class model. The average latent
1

Quitting daily smoking was defined as a data point where a participant reported no
daily use of tobacco following one or more assessments where the participant
reported daily smoking behavior.
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trajectories for the five distinct groups of smokers are shown in Figure 1. There were
a small number of “lifetime users” (n=11; average posterior probability = 0.94) who
maintained tobacco use across their lifespan. “Late quitters” (n=48; average posterior
probability = 0.71) smoked for a large portion of their lives and quit at a median age
of 692. Tobacco use for “middle quitters” (n=69; average posterior probability = 0.85)
declined steadily over the lifetime and they quit at a median age of 56, while “early
quitters” (n=26; average posterior probability = 0.70) ceased daily smoking at a much
earlier age than other groups (i.e. median age of 40). There was also a group of “low
users” (n=78; average posterior probability = 0.95) whose tobacco use remained
minimal across measurements. As a group, low users reported daily smoking at only
2% of time points. The validity of the trajectory classes was demonstrated by an
ANOVA comparing the year that smokers quit by trajectory class (F (4, 134)=35.4,
p=.0001) which showed that late quitters quit later than middle and early quitters, and
that middle quitters quit later than early quitters. Table 2 shows descriptive variables
for each of the trajectory classes.
Table 2 also summarizes the disease outcomes for the different trajectory
classes. Differences between groups were observed only for lung disease. Post-hoc
paired comparisons showed that late quitters had a higher prevalence of lung disease
than low users and early quitters and that middle quitters experienced a higher
prevalence than early quitters. No differences in rates of the remaining disease
categories were found between the trajectory classes.

2

All medians are for those who quit during their lifetime.
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Results of the discrete time survival latent class growth analysis are presented
in Table 3 and Figure 2. The hazard rate for death was significantly higher for middle
and late quitters compared to low users. The hazard rate for death was significantly
lower for early quitters compared to middle and late quitters. Survival curves indicate
that low users had a higher survival probability compared to the three quit groups by
age 81-85, though when compared with early quitters the difference was not
significant. Late quitters were more likely to die during the study and to die earlier,
with the lowest survival probability by age 65-69 compared to the other classes and
with significantly higher hazard rates than early quitters and low users. Survival
curves were similar for early and middle quitters, but by age 81 to 85, middle quitters
had lower survival probability and a significantly higher hazard rate for death.
Because of the small number of “lifetime users” (n=11), it is difficult to draw any
conclusions relating to this group. As a result, this group is not discussed here and
further investigation with a larger number of participants is suggested.

Discussion
This study extends research on the association between smoking behavior and
chronic disease by following a male cohort from the time of initiation of regular
smoking behavior into old age, when chronic illness is most likely to impact health
and longevity. Because this sample includes assessment of smoking at several points
over the participants’ lifetime, it presents a unique opportunity to examine the natural
history of smoking behavior as it links to longevity and disease. Three major findings
emerged. First, the sample contained five distinct smoking trajectories based on the
14

age at which participants quit daily smoking. Second, those participants following
smoking trajectories with later cessation had a higher likelihood of developing lung
disease than those with who quit smoking at an earlier age. Finally, participants
following trajectories with later cessation lived shorter lives.
The vast majority of the sample spent at least some of their life smoking
daily. Seventy-five percent of this sample smoked daily at some point during the
observation period, which is higher than the 50% lifetime prevalence of smoking3 in
the current United States male population (Adams & Schoenborn, 2006). However,
62% of the current population of males over the age of 75 have ever smoked (Adams
& Schoenborn, 2006). Thus, though the prevalence of smoking in the general US
population is still less than the 75% of men who smoked daily in the current sample,
because of the higher mortality rate among smokers, it would be expected that fewer
smokers than non-smokers would be alive at such an advanced age, reducing the
apparent prevalence of smoking in the overall population.
Research has shown that less than a fifth of current smokers begin smoking
after age 21 (Adams & Schoenborn, 2006). This early initiation of smoking habits is
consistent with the current sample, in which most smokers started before age 30. The
majority of the smokers in the sample quit daily smoking at least once during the
observation period. Half had quit by their mid 50s, and 80% by the end of their 60s.
Though research has shown that 40% of daily smokers attempt to quit each year
(Adams & Schoenborn, 2006), quitting smoking is a difficult process and the majority
of smokers relapse following any particular cessation attempt (USDHHS, 1990).
3

Defined as smoking a total 100 or more cigarettes over the life course.
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Though relapse is much less common after two years of abstinence, 10% of smokers
who have quit for two years or more suffer a relapse (USDHHS, 1990). While other
studies have shown that the average smoker attempts to quit three or four times before
doing so successfully (USDHHS, 1990), because most smoking assessments in this
study were biennial, the present analysis is only able to assess long term quitting. This
could explain why participants in the present study quit with a mean much lower than
that of the average smoker and why about the same number of smokers quit without
relapsing as those who quit and relapsed.
While other trajectory work has followed participants through adolescence
and early adulthood (Chassin, Presson, Pitts, & Sherman, 2000), to our knowledge
this is the first to examine trajectories of smoking across the adult lifespan. These
trajectory analyses based on LCGM identified five smoking trajectories based largely
on the timing of lifetime cessation. Low users were at reduced risk for lung diseases
compared to late quitters, had a lower probability of death than middle and late
quitters, and were more likely to live past age 80 compared to each of the quit groups,
though the difference between early quitters and low users was not significant. The
early quitters stopped smoking by a median age of 40 and had a lower prevalence of
lung disease across the life course compared to middle and late quitters. Furthermore,
early quitters lived longer than both middle and late quitters, who had median quitting
ages of 56 and 69 respectively. Late quitters lived significantly shorter lives than both
middle quitters and low users, having a higher probability of death before age 70.
Comparing the survival curves of middle and late quitters (Figure 2) shows that, by
age 81 to 85, late quitters were more likely to have died than middle quitters. Though
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this difference was not significant in the present sample, it is possible that with a
larger sample size a significant difference would be observed. Although the survival
curve for lifetime smokers suggests a higher probability of survival for this group,
this result must be viewed with caution due to the small number of participants in this
class. It is likely that the estimated survival curve based on this small sample is not
representative of the true lifetime survival probability for the population of lifetime
smokers in general.
Overall, these findings generally confirm previous research documenting the
health benefits of smoking cessation. For example, ex-smokers have been shown to
have a reduced risk of mortality associated with cancers, cardiovascular diseases, and
respiratory diseases (MMWR, 1993). Large studies show that smokers who quit 15
years previously are not more likely than those who never smoked to be in poor
health (Ostbye, Taylor, & Jung, 2002) and that 10 to 15 years after quitting the risk of
mortality returns to nearly the level of nonsmokers (USDHHS, 1990). Previous work
has also shown the benefits of quitting even later in life. Those who quit at age 50 are
half as likely to die within 15 years than those who continue to smoke (USDHHS,
1990). The present study confirms the benefits of quitting and demonstrates that there
is a protective effect of early smoking cessation. After many years of abstinence, the
risk of mortality for smokers may return to that of non-smokers, as the survival curve
analysis shows that early quitters were not significantly more likely to die earlier than
low users. However, early quitters had a significantly higher survival probability than
middle quitters at age 81-85, over 25 and 40 years after the average age of quitting for
these groups, contrasting with previous studies that have shown that risk of mortality
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is similar in those who quit smoking 15 years previously. This result implies that the
earlier a smoker quits, the greater the health benefits, and that these benefits are
observed even decades after smoking cessation.
This study is based on a small sample of 232 participants. A larger sample
may have provided the power necessary to replicate many of the previously
demonstrated associations. All of the diseases examined in the present study that did
not show a significant association with smoking trajectories have been shown
previously to be associated with smoking behavior in other populations. However,
such diseases can be misdiagnosed and thus the potential for measurement error is
much higher than when measuring mortality. Thus, despite the non-significant results
for many of the chronic disease categories, the association between smoking
trajectory and mortality in this sample indicates that trajectory analysis of smoking
patterns is a good predictor of health. Because of the nature of the sample, further
investigation is needed to determine whether the current findings can be replicated in
other cohorts, and whether some of the results that approach significance in this study
would prove significant with a larger sample. However, the long-term nature of the
study, the recurrent smoking and health assessments, and the low dropout rates make
the study a difficult one to replicate.
Many of the other limitations of this study derive from the homogeneity of the
sample and have been outlined previously (Vaillant, 1979, 1998). The sample is a
single small, educationally and racially homogeneous cohort that has been
pre-selected for good health. This suggests that these men are likely to remain healthy
longer than the population at large. The median life expectancy for white men born in
18

1920 is 55 years (Hill, 1936) compared to the average lifespan of 74 in the present
sample among the 45% of participants who already died. However, the selection of
these men for their health minimizes the possibility of a pre-existing condition and
thus maximizes the probability that the conditions examined were developed during
the observation period. Moreover, while the homogeneity of the sample limits the
generalizability of the results, it eliminates the need to control for factors such as
education, socio-economic class, race, and gender.
The sample has many other advantages. The length of the observation and the
repeated assessment of smoking behavior, including the type of tobacco used, allows
for a more complete picture of the participants’ smoking histories. Additionally, as
evidenced by the 39% of participants who quit smoking and then relapsed at least
once, quitting smoking is a dynamic process (USDHHS, 1990) and an analysis such
as LCGM that examines the long-term smoking habits of participants is more likely
to accurately characterize quitting behavior. Finally, the length of the follow-up
allows for the examination of the outcomes of smoking behavior, and for the
inclusion of data from late life, when chronic diseases such as those examined are
most likely to have developed.
Unlike previous longitudinal research, including CPS-I and the Framingham
Study, which focused exclusively on cigarette smoking (Freund, Belanger,
D'Agostino, & Kannel, 1993; Gordon, 1975; Knoke, Shanks, Vaugh, Thun, & Burns,
2004), the present study examined tobacco exposure through pipes and cigars in
addition to cigarettes. Two-thirds of smokers were found to use multiple types of
tobacco, though typically in a serial manner, as opposed to concurrently. Despite the
19

high prevalence of exposure to tobacco in multiple forms, most smokers smoked at
least some cigarettes, with the two highest combinations of use being cigarettes only
(28% of smokers, n=49) and cigarettes and pipes (26% of smokers, n=45). However,
while cigarette smoking was the dominant form of tobacco use, it does not give a
complete picture of a participant’s exposure to smoking. After cigarettes only and
cigarettes and pipes, the tobacco use group with the most participants was pipes and
cigars (19% of smokers, n=33). Thus ignoring the potential impact of pipe and cigar
smoking could result in misclassification of some pipe and cigar smokers. Aside from
the continued availability of pipes and cigars, new methods of tobacco delivery are
now in common usage. Hookahs (or water pipes) have emerged as the newest tobacco
trend (ALA, 2007). Despite the exposure to the highly addictive nicotine that occurs
while smoking hookah, 90% of hookah smokers believe that it is less addictive than
smoking cigarettes (ALA, 2007). Evidence shows that hookah smoking is just as
harmful as cigarette smoking and has been linked to many of the same diseases as
smoking cigarettes (ALA, 2007). Because of the continued prevalence of multiple
methods of tobacco administration, it remains important to examine tobacco exposure
beyond cigarette use.
In addition, though smoking prevalence in the United States has declined
significantly over the lifetime of the current cohort (NCHS, 2006), rates of nicotine
dependence have increased (Breslau, Johnson, Hiripi, & Kessler, 2001). Because
nicotine dependence increases the likelihood of continued smoking behavior (Breslau,
Johnson, Hiripi, & Kessler, 2001), the impact of smoking on the health of Americans
is likely to remain considerable.
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Tables, Figures, and Appendices
Table 1. Fit indices for 2-6 class LCGA models

# of classes

BIC

# of
parameters

2
3
4
5
6

1508.83
1443.66
1424.11
1424.95
1424.23

5
8
11
14
17

Range of
average
posterior
probabilities
0.97 - 0.97
0.83 – 0.95
0.74 – 0.95
0.70 – 0.95
0.68 – 0.93

P-value for H0=one
less class
0.0000
0.0033
0.0078
0.0352
0.0042

Table 2: Smoking characteristics and chronic disease by smoking trajectory n (%)
Smoking
Characteristics

Lifetime
Users
n=11

Late
Quitters
n=48

Middle
Quitters
n=69

Early
Quitters
n=26

Low
Users
n=78

Smoking in 1946

n=9
(82%)

n=44
(96%)

n=55
(83%)

n=19
(83%)

n=9
(82%)

n=11
(100%)

n=34
(71%)

n=47
(68%)

n=13
(50%)

n=6
(8%)

Used Multiple
Types of
Tobacco
Used Multpile
Types
Simultaneously
at Least Once
Used Multpile
Types
Sumultaneously
on Majority of
Points was
Smoking

Statistics
X2 =116,
df=4,
p=.00014
X2=172,
df=8,
p=.00015

n=11
(100%)

n=28
(58%)

n=35
(51%)

n=10
(39%)

n=4
(5%)

X2=66.9
df=4,
p=.00016

n=2
(18%)

n=3
(6%)

n=5
(7%)

n=1
(4%)

n=3
(4%)

X2=3.92,
df=4,
p=.416

4

Post-Hoc tests demonstrated that fewer low users were smoking daily in 1946 than all other groups
and more late quitters were smoking daily in 1946 than middle quitters.
5
Post-Hoc tests demonstrated that low users smoked multiple types of tobacco during their lifetime
daily at a lower rate than all other groups and that lifetime users smoked multiple types at a higher rate
than all other groups.
6
Post-Hoc tests demonstrated that late quitters, middle quitters and early quitters all smoked
concurrently at a higher rate than low users and that lifetime users smoked multiple types of tobacco
simultaneously at a higher rate than all other groups.
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Chronic Disease
n=3
(27%)

n=22
(46%)

n=28
(41%)

n=15
(58%)

n=36
(47%)

Heart Disease8

n=2
(18%)

n=19
(40%)

n=24
(35%)

n=6
(23%)

n=18
(23%)

Vascular
Disease9

n=3
(27%)

n=10
(21%)

n=12
(17%)

n=6
(23%)

n=10
(13%)

Cholesterol
Disease10

n=5
(46%)

n=12
(25%)

n=18
(26%)

n=9
(34%)

n=21
(27%)

Diabetes11

n=2
(18%)

n=6
(13%)

n=6
(9%)

n=3
(12%)

n=4
(5%)

Cerebrovascular
Disease12

n=0
(0%)

n=8
(17%)

n=6
(9%)

n=3
(12%)

n=12
(15%)

Hypertension13

n=5
(46%)

n=19
(40%)

n=22
(32%)

n=12
(46%)

n=32
(42%)

Lung Disease14

n=2
(18%)

n=17
(35%)

n=18
(26%)

n=1
(4%)

n=11
(14%)

Cancer

7

7

X2=3.74,
df=4,
p=.442
X2=5,80,
df-4,
p=.215
X2=2.70,
df=4,
p=.609
X2=2.58,
df=4,
p=.631
X2=3.39,
df=4,
p=.495
X2=3.92,
df=4,
p=.417
X2=2.44,
df=4,
p=.655
X2=13.7,
df=4,
p=.00815

cancer, CA, carcinoma, adenoma, malignant lymphoma, melanoma, chronic lymphocytic leukemia,
basal cell epithelioma, glioma
8
myocardial infarction, coronary artery disease, congestive heart failure, cardiomyopathy, graft or
angioplasty of coronary artery, angina, ischemia
9
peripheral vascular disease, aortic aneurysm, angioplasty of any peripheral vessel, deep vein
thrombosis, carotid or aortic stenosis, varicosities, carotid inclusion, carotid artery surgery, aortic
insufficiency, aortic sclerosis, Ca++, carotid endarectomy, bypass of a peripheral vessel, lateral
ischemia, vascular dementia, vessel stent, venous stasis, pulmonary embolism
10
hypercholesterolemia, high lipids, high HDL, low HDL, high LDL dyslipidemia, high cholesterol,
hyperlipidemia
11
diabetes mellitus, glucose intolerance, glucose tolerance, high glucose
12
cerebrovascular accident, transient ischemic attack, infarct, sub-arachnoid hemmhorage, brain
hemorrhage
13
hypertension, high blood pressure, on antihypertensives
14
chronic obstructive pulmonary disease, hyperinflated lungs, pneumonia, tuberculosis, pulmonary
edema, emphysema, lung resection, lung abscess
15
Post-hoc tests showed that late quitters experienced more lung disease than low users and than early
quitters and that middle quitters experienced more lung disease than early quitters.
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Table 3: Latent trajectory class differences in death hazard rate
Class Comparison

Hazard

p

Early Quitters vs. Low Use

-0.07

0.872

Middle Quitters vs. Low Use

1.28

0.001

Late Quitters vs. Low Use

1.09

0.002

Early Quitters vs. Middle Quitters

-1.350

0.011

Early Quitters vs. Late Quitters

-1.158

0.017

Middle Quitters vs. Late Quitters

0.192

0.604

Figure 1.Estimated growth curve trajectories
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Figure 2: Discrete time latent trajectory class survival curves

Appendix 1: Smoking assessment measures by year
Years
1946, 1947, 1949,
1951
1952, 1953, 1954
1955

1957, 1960
1964, 1967, 1970,
1972, 1975

Response
Response
Categories for
Categories for Pipes
Cigarettes
none, 0-5, 6-10, 110, 1, 2, 3, 4, 5+
19, 1 pack, 2+ packs
0-5, 6-10, 11-19, 1
0, 1, 2, 3, 4, 5, 6
pack, 2+ packs
0, 1-5, 6-10, 11-19,
1 pack, between 1
0, 1, 2, 3, 4, 5, 6
and 2 packs, 2+
packs
0, 1-5, 6-10, 11-19,
1 pack to 2 packs,
0, 1, 2, 3, 4, 5, 6+
2+ packs
0, 1-5, 6-10, 11-19,
1 pack, between 1
0, 1, 2, 3, 4, 5, 6+
pack and 2 packs,
2+ packs
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Response
Categories for
Cigars
0, 1, 2, 3, 4, 5+
0, 1, 2, 3, 4
0, 1, 2, 3, 4

0, 1, 2, 3, 4, 5, 6+

0, 1, 2, 3, 4, 5, 6+

1977

1987, 1989, 1991,
1993, 1995, 1997

0, 1-10, 11-19, 1
pack, between 1 and
2 packs, 2 packs to
3 packs, 3+ packs
0, 1-10, 11-19, 1
pack, between 1 and
2 packs, 2 packs to
3 packs, 3+ packs

0, 1, 2, 3, 4, 5, 6+

0, 1, 2, 3, 4, 5, 6+

no cigarettes but I
smoke pipes or
cigars

no cigarettes but I
smoke pipes or
cigars

Appendix 2:
Comparison of quitters, relapsers and chronic smokers with trajectory classes:
The lifetime use trajectory was almost totally chronic smokers (81% of the
trajectory group, n=9). The late quitters were more evenly split between quitters
(50%, n=24) and chronic smokers (38%, n=18). Middle quitters were mostly
relapsers (64%, n=44) with quitters being the second highest percentage (28%, n=19).
Early quitters were mostly quitters (62%, n=16) and relapsers (39%, n=10). Low
users were, for the most part, non-smokers (76%, n=59). Examining to which
trajectory the each of the types of smoker belonged to revealed that all non-smokers
(100% of the labeled group, n=59) were low users. Quitters were split between late
quitters (34% n=24), middle quitters (27%, n=19), early quitters (23%, n=16) and low
users (16%, n=11). Relapsers were mostly middle quitters (65%, n=44). Chronic
smokers were mostly late quitters (53%, n=18), but also had a notable number of
lifetime users (27%, n=9).
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