
Understanding the Relationship of Cigarette Smoking 
Trajectories through Adolescence and Weight Status in Young 
Adulthood in the U.S

Minal Patel, PhD, MPHa, Annette Kaufman, PhD, MPHb, Yvonne Hunt, PhD, MPHc, and Linda 
Nebeling, PhD, MPH, RDd

aHealth Behaviors Research Branch, Behavioral Research Program, Division of Cancer Control 
and Population Sciences, National Cancer Institute, National Institutes of Health, 9609 Medical 
Center Drive, 3E204, Rockville, MD, USA 20850, Phone: 240-276-5885

bTobacco Control Research Branch, Behavioral Research Program, Division of Cancer Control 
and Population Sciences, National Cancer Institute, National Institutes of Health, 9609 Medical 
Center Drive, Rockville, MD, USA 20850, Phone: 240-276-6706

cTobacco Control Research Branch, Behavioral Research Program, Division of Cancer Control 
and Population Sciences, National Cancer Institute, National Institutes of Health, 9609 Medical 
Center Drive, Rockville, MD, USA 20850, Phone: 240-276-6975

dOffice of the Associate Director, Behavioral Research Program, Division of Cancer Control and 
Population Sciences, National Cancer Institute, National Institutes of Health, 9609 Medical Center 
Drive, Rockville, MD, USA 20850, Phone: 240-276-6855

Introduction

Obesity and cigarette smoking are two of the main causes of premature death and disability 

in the United States (US) and are important health issues that affect adolescents who can 

benefit from interventions early in life. Smoking harms nearly every organ of the body and is 

causally linked to many chronic diseases including cancer and cardiovascular disease [1]. 

Type 2 diabetes rates have been steadily increasing with the rise in childhood obesity [2]. 

While rates of cigarette smoking among adolescents have been steadily declining since 

1999, adolescent obesity rates have quadrupled since the 1980s [3,4]. The National Health 

and Nutrition Examination Survey (2013–2014) found that approximately 21 percent of 

youth ages 12–19 years in the United States are obese; a prevalence rate 3-fold higher than 

two decades ago [4]. A greater percent of adult women are obese than men (38.3% among 

women, 34.3% among men), but sex differences in adolescents are small [4,5].
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Adolescence is a crucial period in which health behaviors are established that continue into 

adulthood [6]. Cigarette smoking is initiated primarily during adolescence; approximately 

eighty percent of adult smokers begin smoking before the age of 18 [3]. A longitudinal study 

by Chen and colleagues found that smoking rates, as measured by the number of days 

smoked in the last 30 days and the average number of cigarettes smoked, are higher among 

females during the ages of 11–14, with males having higher rates at ages 18 and older [7]. 

Research indicates that early health behaviors related to obesity such as physical activity 

levels and food preference tend to track from childhood into early adulthood, but the 

relationship of BMI and smoking longitudinally is understudied [8].

The 2012 Surgeon General’s report indicates that the average BMI for smokers under age 18 

is typically the same or higher than nonsmokers, but there is not an established relationship 

between smoking and body weight in children and young adults. However, differences in 

weight were found between smokers and nonsmokers among those ages 35 and older, which 

may be attributed to the relatively lower weight gain among smokers over time [3]. The 

Surgeon General’s report concluded that “the evidence is suggestive but not sufficient to 

conclude that smoking by adolescents and young adults is not associated with significant 

weight loss, contrary to young people’s beliefs” [3]. Generally, cross-sectional research 

indicates that adult current smokers have a lower body mass index (BMI) than never and 

former smokers [9,10], which may be in part due to the effects of nicotine on metabolism, as 

biologically, nicotine serves as an appetite suppressant and mechanistically is related to 

weight control by reducing hunger and increasing satiety [11]. Research among a cohort of 

adult men in the United Kingdom found that smokers had a lower BMI than nonsmokers but 

over time, former smokers eventually reverted back to BMI levels similar to nonsmokers 

[12]. There may be sex differences to consider as research indicates that smoking initiation 

among females is associated with overweight status and trying to lose weight but not among 

males [13]. These sex differences in initiation may influence the relationship of smoking and 

body weight in young adulthood.

A growing body of literature has addressed the association of smoking and obesity among 

adolescents and young adults, but results have been mixed [12,14–17]. A Finnish study 

found that smoking during adolescence increased adult obesity risk, but another study found 

no significant reductions in body weight among United States adolescents three years 

following smoking initiation [15,17]. Despite extensive research addressing youth obesity 

and smoking separately [3], to our knowledge, only two studies have looked at the 

relationship of these two issues from adolescence into young adulthood longitudinally in the 

US [18,19]. One longitudinal research study utilizing a community-based sample of youth in 

upstate New York indicated that youth smoking is related to lower BMI in young adulthood 

[18]. However, another study using a nationally representative sample of youth found that 

overweight status during adolescence was associated with greater levels of smoking in 

young adulthood [19]. The first study used a convenience sample, whereas the second study, 

which used nationally representative data, looked at obesity over time and the relationship to 

smoking in young adulthood, rather than smoking over time. The conflicting longitudinal 

evidence from these studies highlights a potentially interesting and important relationship 

between smoking during adolescence and body weight in young adulthood that needs to be 

further examined. The current study helps fill this gap in the literature by addressing 
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smoking over time and the relationship to BMI in young adulthood and is important for 

understanding the potential interplay between these two pressing health issues and their 

associated health risks.

This study examines the relationship between cigarette smoking and weight status in a large 

nationally representative sample of youth as they develop into young adults. The purpose of 

the current study is to examine the association of smoking behavior trajectories (early 

establishers, late establishers, former smokers, nonsmokers), beginning in adolescence with 

BMI in young adulthood. Consistent with prior research in this area [18], we hypothesize 

that youth who report smoking during adolescence will have a lower BMI as young adults 

than nonsmokers. In addition, we hypothesize that longer life-course exposure to smoking 

will be associated with lower BMI, given the impact of nicotine on weight status. Given 

differences in smoking initiation and rates [7,13], and BMI by sex [20], we also hypothesize 

that sex differences in these relationships will be found.

Methods

Study Design

This research utilizes data from the National Longitudinal Study of Adolescent to Adult 

Health (Add Health) [21]. Add Health is the largest and most comprehensive longitudinal 

study of adolescents into young adulthood in the US [22]. Wave I participants were in grades 

7–12 (1995–1996), with subsequent follow up in 1996 (Wave II), 2001–2002 (Wave III) and 

2007–2008 (Wave IV). Add Health collected data from 80 high schools and 52 middle 

schools across the country to be representative of all US schools in regards to region of the 

country, urbanicity, size and type of school, and ethnicity [22]. Further details regarding the 

study are provided elsewhere [22]. This study was deemed exempt by the NIH Office of 

Human Subjects Research Protections.

Participants

In Wave I, respondents (n=20,745) were questioned in both the home and schools. 

Respondents were questioned in the home in Wave II (n=14,738), Wave III (n=15,197), and 

Wave IV (n=15,701). Participants who reported being pregnant (n=518) or identified as 

active duty military (n=350) in Wave IV were excluded from the analyses. Individuals 

providing current cigarette smoking status at only one wave were excluded as it was not 

possible to create a trajectory based on data from only one time point (n=1606). The study 

sample (n=13,361) was generated after accounting for missing data using listwise deletion.

Measures

Smoking Measures

Current Cigarette Smoking Status: Cigarette smoking was measured by the question 

“During the past 30 days, on how many days did you smoke cigarettes?” Respondents with 

greater than zero days were categorized as current smokers for that wave; respondents with 

zero days were categorized as nonsmokers for that wave.
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Early Initiation: A variable for early initiation was created based on responses to items in 

Waves I and II. In Wave I, participants were asked, “How old were you when you smoked a 

whole cigarette for the first time?”. Those who reported first smoking before the age of 14 

were classified as early initiators. Respondents who first reported smoking at Wave II, and 

were younger than 14 at that time, were also coded as early initiators.

Smoking Trajectories: To characterize patterns of smoking across the life course, a series 

of repeated-measures latent class analyses (RMLCA) were conducted using current cigarette 

smoking status at all four waves and age of initiation in order to produce four trajectories of 

cigarette use based on the lowest Akaike Information Criterion (AIC) and Bayesian 

Information Criterion (BIC) values [23]. A four class solution was found to have the lowest 

AIC (62.38) and BIC (245.02) values. These classes were labeled as: 1) early establishers, 2) 

late establishers, 3) former smokers, and 4) nonsmoker (see Figure 1). Most respondents 

who were identified by the RMCLA in the early establishers trajectory reported smoking in 

Waves I–IV, and started before the age of 14. Those identified in the late establisher category 

were likely to report smoking after Wave I, and after the age of 14. Most of the respondents 

identified as former smokers reported smoking prior to Wave IV, but were no longer 

smoking by Wave IV, with the exception of 276 participants who responded to smoking in 

Wave IV. Finally, those identified in the nonsmoker category had a low probability of 

reporting smoking at Waves 1–IV. These classes of trajectories served as the primary 

independent variable for this study and are shown in Figure 1.

Weight Status: The main outcome of BMI (kg/m2) at Wave IV was calculated using self-

reported weight and height. Waist circumference (WC) at Wave IV was measured in 

centimeters (cm) by interviewers at the superior border of the iliac crest, providing a 

secondary measure of weight status [24]. To adjust for the initial weight status in 

adolescence, BMI was calculated using self-reported weight and height at Wave I. BMI at 

Waves II and III was also calculated for cross-sectional analyses.

Demographics: Covariates included from Wave I include self-reported sex, race/ethnicity, 

and parental household income. Racial/ethnic categories based on Add Health defined 

categories included: Hispanic, Non-Hispanic White, Non-Hispanic Black, Asian, and Other 

[25]. Four categories (less than $25,000, $25,000 to less than $50,000, $50,000 to less than 

$75,000, and more than $75,000) were created for parental household income in line with 

previous literature [26]. Missing data for household income was coded as a separate 

category; 22% of the sample had not reported household income. Young adult educational 

attainment at Wave IV was also included as a covariate and was categorized as: less than 

high school, high school, some college/technical school, college, and graduate/professional 

school.

Data analysis

All data were weighted according to procedures outlined in Add Health documents [27]. 

Univariate analyses were conducted to produce overall and sex stratified sample 

characteristics. Weighted cross-sectional bivariate analyses for BMI at each wave using 

trajectories as the independent variable predicted BMI at each wave, providing information 
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regarding differences in BMI at various stages of development by smoking trajectory. Post-

hoc pairwise comparisons assessed differences in mean BMI at each wave by smoking 

trajectory. Stepwise linear regression analysis was used to assess the relationship between 

smoking trajectory and BMI at Wave IV. A final multivariable linear regression model using 

BMI at Wave IV adjusted for demographic covariates. All data analyses were conducted 

using Stata 14.

Results

Demographic and sample characteristics are shown in Table 1. Using weighed data, our 

sample was reflective of young adults nationally during this time period, with approximately 

49% male, and 70% Non-Hispanic White. At Wave I, mean age was 15.5, and average BMI 

was 22.5 with no statistically significant differences between males and females. At Wave 

IV, mean age was 28.4, and average BMI was 28.2, with no statistically significant 

differences between males and females. Most participants reported more than a secondary 

school education, with at least some college or technical school (43%), completing college 

(20%), or having a graduate/professional degree (11%). Over 44% of the participants in the 

analytic sample were identified as nonsmokers. An additional 23% were identified as early 

establishers, 21% were identified as late establishers, and 12% were identified as former 

smokers.

The bivariate relationship of mean BMI with smoking trajectory at each wave is displayed in 

Figure 2. For all trajectories, mean BMI increased over time from Waves I–IV. In Wave I, 

late establishers had a statistically significantly lower BMI than nonsmokers and early 

establishers. In Wave II, late establishers had statistically significantly lower BMI than early 

establishers, but did not differ from nonsmokers. In Wave III, both early and late establishers 

had a statistically significant lower BMI than nonsmokers. By Wave IV, all participants in 

smoking trajectories, including former, had a statistically significant lower BMI than 

nonsmokers.

Multivariable linear regression predicting Wave IV BMI was conducted, adjusting for 

demographic covariates (Table 2). There was a significant association of smoking trajectory 

with BMI in Wave IV in adjusted models for all smoking trajectories compared to 

nonsmokers: early establishers had a lower BMI by 1.27 (CI: −1.56, −0.98), followed by late 

establishers (β= −0.84; CI: −1.16, −0.52), and former smokers (β= −0.63; CI: −0.93, −0.34). 

Males reported a lower BMI (β= −0.28; CI: −0.53, −0.03) than females. Greater age was 

associated with a lower BMI (β= −0.28; CI: −0.35, −0.20). Baseline BMI was positively 

associated with young adult BMI (β= 1.07; CI: 1.03, 1.10). Participants with higher parental 

incomes (greater than $50,000) were more likely to have a lower BMI than those in the 

lowest income category. Those reporting some college or technical school had a higher BMI 

(β= 0.51; CI: 0.08, 0.95), than those reporting less than high school, but respondents with a 

college degree (β= −0.61; CI: −1.10, −0.11), or graduate/professional degree (β= −1.09; CI: 

−1.62, −0.56) reported statistically significantly lower BMIs than those reporting less than 

high school. Differences in BMI also emerged between groups by race/ethnicity, as seen in 

Table 2.
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In order to further test the relationship of smoking trajectories to weight status, waist 

circumference was used as a secondary outcome measure (Table 3). In the full model 

controlling for demographic covariates, early establishers reported a 2.20 cm smaller WC 

than nonsmokers (CI: −3.05, −1.36). Waist circumference was also lower among late 

establishers (β=−1.08; CI: −2.06, −0.10) and former smokers (β =−1.05; CI: −1.85, −0.24) 

compared to nonsmokers. Participants with higher parental incomes (greater than $50,000) 

were more likely to have a smaller WC than those in the lowest income category. Greater 

educational attainment was associated with a significantly lower WC for both college (β= 

−2.78; CI: −4.09, −1.47) and graduate/professional school (β= −3.83; CI: −5.24, −2.42). Sex 

stratified models further revealed differences by groups by race/ethnicity and educational 

attainment (Table 3).

Discussion

In a nationally representative cohort followed from adolescence into young adulthood, we 

found that the mean BMI increased over time as a whole, for all trajectories, regardless of 

current cigarette smoking status, which is consistent with the national secular trends in 

obesity [20]. We found a significantly lower BMI at Wave IV among all smoking trajectories 

compared to nonsmokers when controlling for sex, baseline BMI, age, race/ethnicity, 

parental income, and educational status at Wave IV; however, the magnitude of this 

difference was small. This relationship was also found for WC in young adulthood when 

adjusting for covariates. We found support for our hypothesis that there is a significant 

longitudinal relationship of smoking through adolescence into young adulthood on young 

adult weight status, such that participants in smoking trajectories had a lower BMI in young 

adulthood than nonsmokers. Our findings are consistent with previous research by Brook et 

al. [18], but conflict with research by Lanza et al. [19], which may be a result of the differing 

approaches and research focuses. Similar to our approach, Brook at al. examined smoking 

trajectories and the association to weight status in young adulthood [18]; whereas, Lanza et 

al. assessed obesity as a predictor of latent classes and the association with smoking in 

young adulthood [19]. Our study extends findings from Brook et al. to a nationally 

representative sample.

Smoking and obesity are the leading causes of cancer and other serious health problems, and 

together may be additive or synergistic in their negative health effects. Research shows that 

tobacco smoke is a strong risk factor for cancer. Lung cancer is the leading cause of cancer 

mortality in the U.S., with an estimated 158,080 deaths expected to occur in 2016; 

approximately 80% of lung cancer deaths are attributable to smoking. Other types of cancer, 

including cancers of the esophagus, stomach, pancreas, kidney, bladder and colon/rectum, 

are also related to smoking [28]. For certain cancers such as lung, liver, and pancreatic, 

excess body weight and smoking have a synergistic effect, causing a greater risk than of the 

individual risk factors [29]. Approximately 500,000 additional cases of cancer in the United 

States are projected by 2030 as a result of the rise in obesity rates [30]. Research indicates 

that even minor reductions in BMI can be beneficial for overall health. For example, among 

overweight and obese individuals with type 2 diabetes, a small (5–10%) reduction of their 

body weight can lead to improvements in glycemic control, blood pressure, and cholesterol 

levels [31]. For a male of average height (69.3 inches) and weight (195.5 lbs.) in the US 
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[32], a 1 point reduction in BMI is equivalent to 7 lbs. Research indicates that a reduction 

1% of weight (equivalent to 2.2 lbs. for an adult of average age) across the US population 

would prevent 73,000–127,000 new cases of cancer [30]. Although individuals with 

smoking histories had slightly lower BMIs and waist circumference at Wave IV than 

nonsmokers, BMI for each trajectory was well above the threshold for being overweight and 

the negligible differences in BMI between trajectories are unlikely to produce any health 

benefits, especially considering smoking history. The risk of smoking and obesity on health 

outcomes need to be collectively weighed, while understanding that potential synergistic or 

additive risks may lead to a greater burden of disease.

This study found differences in the relationship of smoking and weight status (BMI & WC) 

for men and women. Men in all smoking trajectories had a lower BMI than nonsmokers. 

Women had similar findings, however late establishers did not have a significantly lower 

BMI than nonsmokers. Men who were early and late establishers had a smaller WC 

compared to nonsmokers, however only women who were early establishers had a lower 

WC compared to nonsmokers. Given sex differences for late establishers, more research is 

needed to explain why these differences emerged. Female late establishers may be struggling 

with weight reduction, as indicated in the literature [33]. Additionally, smoking initiation in 

adolescents has been related to female adolescents who reported daily dieting, and dieting is 

more of a concern for females adolescents than males [34]. However, more research is 

needed to confirm this hypothesis among our sample and to better understand women who 

are late establishers.

There are some limitations with this study. First, the Add Health study did not include all 

variables of interest to us and some measures were not included at each wave. Several 

measures, including current cigarette smoking status, were based on self-reported data; 

cotinine levels or carbon monoxide expulsion levels, would have strengthened these 

analyses. However, Add Health ensured confidentiality, thus increasing accuracy on self-

reported measures [35]. Additionally, there may be selection bias due to attrition; however, 

this is unlikely given the large sample size and nationally weighted analyses. The Wave IV 

response rate (80.3%) is comparable to other national studies and non-response bias was 

minimal in Add Health [35]. Furthermore, this study utilizes one measure of cigarette 

smoking at each time point; duration and intensity of smoking are not captured in these 

analyses. Waist circumference was not measured in Wave I, so BMI was used as a proxy to 

control for baseline weight status in the adjusted WC model. Additionally, since cigarette 

smoking status was only measured at four time points, trajectory patterns may not account 

for changes to smoking status between waves. Similarly, weight status fluctuations are not 

captured in these analyses. Examining potential contextual and neighborhood variables that 

may be related to both weight status and smoking, such as aspects of the built environment 

related to the retail environment around schools, which may impact both smoking initiation 

and weight status among youth, would have strengthened our understanding [36].

Despite these limitations, our study adds significantly to the literature. First, this study builds 

on previous literature by characterizing the relationship of developmental trajectories of 

cigarette smoking to weight status from adolescence through young adulthood in a 

nationally representative cohort [18]. The longitudinal nature of the study also allows for a 
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more nuanced understanding of smoking behaviors across the lifespan from adolescence 

through young adulthood, building on previous cross-sectional studies assessing the 

association of smoking and weight status at various stages of the lifecourse [3]. Consistent 

findings utilizing both calculated BMI based on self-reported data and measured WC as 

endpoints further strengthen this study, since waist circumference was measured and not 

self-reported, which indicates that the self-reported data used to generate BMI are likely to 

be valid measures, and the relationship found in this study holds, regardless of the measure 

used for weight status.

Overall, our results have implications for future research and interventions concerning 

cigarette smoking and both weight status and weight control in adolescents and young 

adults. We see that smoking does not protect from obesity, as the population level weight 

status increased for all trajectory groups. In order to better understand the relationship of 

smoking status and weight status, it is important to further research related health behaviors, 

including various smoking behaviors, physical activity, and eating behaviors, as well as 

sociodemographic characteristics. The variability in these individual level characteristics can 

provide insight, and further advance the field of addressing multiple health behaviors. 

Furthermore, research has found that unhealthy behaviors tend to cluster together, increasing 

the risk of both obesity and tobacco related cancers [37]. Policy level influences also need to 

be considered, given the impact of the tobacco and food industries on health [38]. 

Interventions at the policy and individual level need to focus especially on youth and the 

transition period to young adulthood, and address multiple behaviors of smoking and weight 

status related risk such as physical activity and eating behaviors simultaneously in order to 

reduce smoking initiation and encourage healthy weight management. Efforts to assist 

adolescents to never start smoking and avoid weight gain are both critical to reducing the 

negative public health outcomes. Additionally, clinical implications need to be considered 

regarding the relationship of smoking and weight status that was found in this study and 

should utilize the gold standard cessation and obesity reduction guidelines concurrently 

[39,40]. Since our study finds that young adults in all trajectories were on average 

overweight, clinicians need to better advise all overweight patients to reduce their weight 

status regardless of smoking status to improve population health. Both tobacco use and 

obesity need to be studied concurrently in order to better understand potential additive 

and/or synergistic effects among youth and young adults in the US.

Acknowledgments

Minal Patel is currently a Cancer Prevention Postdoctoral Fellow at the National Cancer Institute. The opinions 
expressed in this manuscript are the authors’ own and do not reflect the view of the National Institutes of Health, 
the Department of Health and Human Services, or the United States government.

Abbreviations

Add Health National Longitudinal Study of Adolescent to Adult Health

AIC Akaike Information Criterion

BIC Bayesian Information Criterion
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BMI body mass index

cm centimeters

RMLCA repeated-measures latent class analyses

US United States

WC Waist circumference
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Implications and Contribution Summary Statement

Weight gain throughout adolescence into young adulthood is prevalent across all smoking 

behavior trajectories. Smoking throughout adolescence has a modest association with 

lowered weight gain into young adulthood. These results have implications for both 

research and interventions to help youth and young adults avoid both smoking and 

obesity.
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Figure 1. Developmental trajectories of cigarette smoking from adolescence into young 
adulthood and likelihood of smoking at each wave*
*The nonsmoker category created by the RMCLA included 694 participants who responded 

yes to smoking in Wave IV only.
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Figure 2. Bivariate and pairwise comparisons of BMI from Waves I–IV by smoking trajectory*
*Trajectories sharing a letter within each wave in the group label are not statistically 

different (p<0.05).

Patel et al. Page 14

J Adolesc Health. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Patel et al. Page 15

Ta
b

le
 1

Sa
m

pl
e 

ch
ar

ac
te

ri
st

ic
s,

 w
ei

gh
te

d 
(n

=
13

36
1)

*

V
ar

ia
bl

e 
N

am
e

To
ta

l s
am

pl
e

N
 (

%
) 

or
 m

ea
n 

(S
D

)
M

al
e

N
 (

%
) 

or
 m

ea
n 

(S
D

)
F

em
al

e
N

 (
%

) 
or

 m
ea

n 
(S

D
)

Sm
ok

in
g 

tr
aj

ec
to

ry

 
N

on
sm

ok
er

64
04

 (
44

%
)

28
10

 (
21

%
)

35
94

 (
23

%
)

 
E

ar
ly

 e
st

ab
lis

he
r

28
02

 (
23

%
)

13
34

 (
11

%
)

14
68

 (
12

%
)

 
L

at
e 

es
ta

bl
is

he
r

25
14

 (
21

%
)

16
19

 (
14

%
)

89
5 

(7
%

)

 
Fo

rm
er

 S
m

ok
er

16
41

 (
12

%
)

72
4 

(5
%

)
91

7 
(7

%
)

B
M

I 
(a

vg
.)

 (
W

av
e 

I)
22

.5
3 

(4
.5

6)
22

.7
6 

(4
.5

7)
22

.2
8 

(4
.5

3)

B
M

I 
(a

vg
.)

 (
W

av
e 

IV
)

28
.1

8 
(6

.8
2)

28
.2

7 
(5

.9
0)

28
.0

9 
(7

.7
7)

W
ai

st
 C

ir
cu

m
fe

re
nc

e 
(a

vg
.)

 (
W

av
e 

IV
) 

(c
m

)
98

.0
1(

17
.1

3)
99

.7
5 

(1
5.

16
)

96
.1

0 
(1

8.
98

)

A
ge

 (
W

av
e 

I)
15

.4
7 

(1
.8

0)
15

.5
6 

(1
.7

8)
15

.3
8 

(1
.8

0)

A
ge

 (
W

av
e 

IV
)

28
.4

0 
(0

.1
1)

28
.5

0 
(0

.1
1)

28
.3

0 
(0

.1
1)

R
ac

e/
E

th
ni

ci
ty

 
N

on
-H

is
pa

ni
c 

W
hi

te
75

38
 (

70
%

)
37

11
(3

6%
)

38
27

 (
35

%
)

 
N

on
-H

is
pa

ni
c 

B
la

ck
/A

fr
ic

an
 A

m
er

ic
an

26
56

 (
14

%
)

11
94

 (
7%

)
14

62
 (

7%
)

 
H

is
pa

ni
c/

L
at

in
o

21
27

 (
11

%
)

10
47

 (
6%

)
10

80
 (

5%
)

 
A

si
an

77
9 

(3
%

)
40

9 
(2

%
)

37
0 

(1
%

)

 
O

th
er

26
1 

(2
%

)
12

6 
(1

%
)

13
5 

(1
%

)

P
ar

en
ta

l h
ou

se
ho

ld
 in

co
m

e 
(W

av
e 

I)

 
L

es
s 

th
an

 $
25

,0
00

28
72

 (
22

%
)

13
64

 (
11

%
)

15
08

 (
11

%
)

 
$2

5,
00

0 
to

 le
ss

 th
an

 $
50

,0
00

34
13

 (
27

%
)

17
03

(1
4%

)
17

10
 (

13
%

)

 
$5

0,
00

0 
to

 le
ss

 th
an

 $
75

,0
00

23
61

 (
18

%
)

11
92

 (
10

%
)

11
69

 (
9%

)

 
$7

5,
00

0 
to

 le
ss

 th
an

 $
10

0,
00

0
14

87
 (

11
%

)
74

0 
(6

%
)

74
7 

(5
%

)

 
M

is
si

ng
32

28
 (

22
%

)
14

88
 (

11
%

)
17

40
 (

11
%

)

Y
ou

ng
 a

du
lt

 e
du

ca
ti

on
al

 a
tt

ai
nm

en
t 

(W
av

e 
IV

)

 
L

es
s 

th
an

 h
ig

h 
sc

ho
ol

10
39

 (
9%

)
62

6 
(6

%
)

41
3 

(3
%

)

 
H

ig
h 

Sc
ho

ol
21

50
 (

17
%

)
12

41
 (

11
%

)
90

9 
(6

%
)

J Adolesc Health. Author manuscript; available in PMC 2018 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Patel et al. Page 16

V
ar

ia
bl

e 
N

am
e

To
ta

l s
am

pl
e

N
 (

%
) 

or
 m

ea
n 

(S
D

)
M

al
e

N
 (

%
) 

or
 m

ea
n 

(S
D

)
F

em
al

e
N

 (
%

) 
or

 m
ea

n 
(S

D
)

 
So

m
e 

co
lle

ge
/te

ch
ni

ca
l s

ch
oo

l
58

39
 (

43
%

)
27

69
 (

21
%

)
30

70
 (

21
%

)

 
C

ol
le

ge
26

72
 (

20
%

)
12

27
 (

10
%

)
14

45
 (

10
%

)

 
G

ra
d/

pr
of

es
si

on
al

 s
ch

oo
l

16
61

 (
11

%
)

62
4 

(5
%

)
10

37
 (

7%
)

* E
xc

lu
de

s 
w

om
en

 w
ho

 a
re

 p
re

gn
an

t a
t W

av
e 

IV
 a

nd
 in

di
vi

du
al

s 
on

 a
ct

iv
e 

m
ili

ta
ry

 d
ut

y 
at

 W
av

e 
IV

. W
ai

st
 c

ir
cu

m
fe

re
nc

e 
w

as
 m

is
si

ng
 f

or
 a

n 
ad

di
tio

na
l n

=
11

9 
pa

rt
ic

ip
an

ts
.

J Adolesc Health. Author manuscript; available in PMC 2018 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Patel et al. Page 17

Ta
b

le
 2

R
eg

re
ss

io
n 

of
 B

M
I 

at
 W

av
e 

IV
 (

20
08

–2
00

9)
 b

as
ed

 o
n 

la
te

nt
 c

la
ss

 a
na

ly
si

s 
sm

ok
in

g 
tr

aj
ec

to
ry

 (
n=

13
36

1)
*

F
ul

l M
ul

ti
va

ri
at

e 
M

od
el

M
al

e
F

em
al

e

β*
(9

5%
 C

on
fi

de
nc

e 
In

te
rv

al
)

β*
(9

5%
 C

on
fi

de
nc

e 
In

te
rv

al
)

β*
(9

5%
 C

on
fi

de
nc

e 
In

te
rv

al
)

Sm
ok

in
g 

tr
aj

ec
to

ry

 
N

on
sm

ok
er

s
R

ef
er

en
ce

R
ef

er
en

ce
R

ef
er

en
ce

 
E

ar
ly

 e
st

ab
lis

he
rs

−1
.2

7*
**

(−
1.

56
, −

0.
98

)
−1

.2
6*

**
(−

1.
67

, −
0.

86
)

−1
.3

1*
**

(−
1.

71
, −

0.
88

)

 
L

at
e 

es
ta

bl
is

he
rs

−0
.8

4*
**

(−
1.

16
, −

0.
52

)
−1

.0
2*

**
(−

1.
40

, −
0.

65
)

−
0.

49
(−

1.
03

, 0
.0

6)

 
Fo

rm
er

 s
m

ok
er

−0
.6

3*
**

(−
0.

93
, −

0.
34

)
−0

.5
8*

*
(−

1.
01

, −
0.

15
)

−0
.6

3*
*

(−
1.

08
, −

0.
19

)

B
M

I 
(W

av
e 

I)
1.

07
**

*
(1

.0
3,

 1
.1

0)
0.

96
**

*
(0

.9
2,

 1
.0

0)
1.

19
**

*
(1

.1
4,

 1
.2

4)

Se
x

 
Fe

m
al

e
R

ef
er

en
ce

--
--

-
--

--
-

--
--

-
--

--
-

 
M

al
e

−0
.2

8*
(−

0.
53

, −
0.

03
)

--
--

-
--

--
-

--
--

-
--

--
-

A
ge

 (
W

av
e 

IV
)

−0
.2

8*
**

(−
0.

35
, −

0.
20

)
−0

.3
1*

**
(-

0.
40

, -
0.

21
)

−0
.2

3*
**

(−
0.

34
, −

0.
13

)

R
ac

e/
E

th
ni

ci
ty

 
W

hi
te

R
ef

er
en

ce
R

ef
er

en
ce

R
ef

er
en

ce

 
B

la
ck

/A
fr

ic
an

 A
m

er
ic

an
0.

28
(−

0.
08

, 0
.6

4)
−

0.
16

(−
0.

62
, 0

.2
9)

0.
59

*
(0

.1
0,

 1
.0

9)

 
H

is
pa

ni
c/

L
at

in
o

0.
07

(−
0.

33
, 0

.4
8)

0.
32

(−
0.

21
, 0

.8
5)

−
0.

31
(−

0.
94

, 0
.3

2)

 
A

si
an

−0
.7

8*
**

(−
1.

19
, −

0.
37

)
−

0.
10

(−
0.

68
, 0

.4
9)

−1
.4

7*
**

(−
2.

09
, −

0.
85

)

 
O

th
er

0.
27

(−
0.

61
, 1

.1
4)

1.
12

(−
0.

11
, 2

.3
4)

−
0.

50
(−

1.
52

, 0
.5

3)

P
ar

en
ta

l i
nc

om
e 

(W
av

e 
I)

 
H

ou
se

ho
ld

 in
co

m
e 

le
ss

 th
an

 $
25

,0
00

R
ef

er
en

ce
R

ef
er

en
ce

R
ef

er
en

ce

 
$2

5,
00

0 
to

 le
ss

 th
an

 $
50

,0
00

−
0.

23
(−

0.
60

, 0
.1

4)
−0

.5
7*

(−
1.

03
, −

0.
11

)
0.

25
(−

0.
27

, 0
.7

8)

 
$5

0,
00

0 
to

 le
ss

 th
an

 $
75

,0
00

−0
.4

6*
(−

0.
82

, −
0.

10
)

−0
.5

0*
(−

0.
95

, −
0.

05
)

−
0.

40
(−

0.
92

, 0
.1

2)

 
M

or
e 

th
an

 $
75

,0
00

−0
.6

3*
*

(−
1.

03
, −

0.
23

)
−

0.
54

(−
1.

11
, 0

.0
3)

−0
.7

1*
*

(−
1.

25
, −

0.
16

)

Y
ou

ng
 a

du
lt

 e
du

ca
ti

on
al

 a
tt

ai
nm

en
t 

(W
av

e 
IV

)

J Adolesc Health. Author manuscript; available in PMC 2018 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Patel et al. Page 18

F
ul

l M
ul

ti
va

ri
at

e 
M

od
el

M
al

e
F

em
al

e

β*
(9

5%
 C

on
fi

de
nc

e 
In

te
rv

al
)

β*
(9

5%
 C

on
fi

de
nc

e 
In

te
rv

al
)

β*
(9

5%
 C

on
fi

de
nc

e 
In

te
rv

al
)

 
L

es
s 

th
an

 h
ig

h 
sc

ho
ol

R
ef

er
en

ce
R

ef
er

en
ce

R
ef

er
en

ce

 
H

ig
h 

Sc
ho

ol
0.

38
(−

0.
04

, 0
.8

0)
0.

09
(−

0.
45

, 0
.6

3)
0.

72
(−

0.
09

, 1
.5

2)

 
So

m
e 

co
lle

ge
/te

ch
ni

ca
l s

ch
oo

l
0.

51
*

(0
.0

8,
 0

.9
5)

0.
45

(−
0.

07
, 0

.9
7)

0.
45

(−
0.

28
, 1

.1
9)

 
C

ol
le

ge
−0

.6
1*

(−
1.

10
, −

0.
11

)
−

0.
39

(−
0.

00
, 0

.2
1)

−0
.9

6*
*

(−
1.

76
, −

0.
15

)

 
G

ra
d/

pr
of

es
si

on
al

 s
ch

oo
l

−1
.0

9*
**

(−
1.

62
, −

0.
56

)
−

0.
58

(−
1.

23
, 0

.0
7)

−1
.5

0*
**

(−
2.

32
, −

0.
69

)

* A
dj

us
te

d 
m

od
el

s 
co

nt
ro

lli
ng

 f
or

 a
ge

, r
ac

e/
et

hn
ic

ity
, p

ar
en

ta
l i

nc
om

e,
 a

nd
 a

do
le

sc
en

t B
M

I 
at

 W
av

e 
I 

an
d 

ed
uc

at
io

na
l s

ta
tu

s 
at

 W
av

e 
IV

. T
he

 f
ul

l m
ul

tiv
ar

ia
te

 m
od

el
 a

ls
o 

co
nt

ro
ls

 f
or

 s
ex

. E
xc

lu
de

s 
w

om
en

 
w

ho
 a

re
 p

re
gn

an
t a

t W
av

e 
IV

 a
nd

 in
di

vi
du

al
s 

on
 a

ct
iv

e 
m

ili
ta

ry
 d

ut
y 

at
 W

av
e 

IV
.

* p<
0.

05
,

**
p<

0.
01

,

**
* p<

0.
00

1

J Adolesc Health. Author manuscript; available in PMC 2018 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Patel et al. Page 19

Ta
b

le
 3

R
eg

re
ss

io
n 

of
 W

ai
st

 C
ir

cu
m

fe
re

nc
e 

(c
m

) 
at

 W
av

e 
IV

 (
20

08
–2

00
9)

 b
as

ed
 o

n 
la

te
nt

 c
la

ss
 a

na
ly

si
s 

sm
ok

in
g 

tr
aj

ec
to

ry
 (

n=
13

24
2)

*

F
ul

l M
ul

ti
va

ri
at

e 
M

od
el

M
al

e
F

em
al

e

β*
(9

5%
 C

on
fi

de
nc

e 
In

te
rv

al
)*

β*
(9

5%
 C

on
fi

de
nc

e 
In

te
rv

al
)*

β*
(9

5%
 C

on
fi

de
nc

e 
In

te
rv

al
)*

Sm
ok

in
g 

tr
aj

ec
to

ry

 
N

on
sm

ok
er

s
R

ef
er

en
ce

R
ef

er
en

ce
R

ef
er

en
ce

 
E

ar
ly

 e
st

ab
lis

he
rs

−2
.2

0*
**

(−
3.

05
, −

1.
36

)
−2

.3
5*

**
(−

3.
55

, −
1.

17
)

−2
.1

3*
**

(−
3.

31
, −

0.
94

)

 
L

at
e 

es
ta

bl
is

he
rs

−1
.0

8*
(−

2.
06

, −
0.

10
)

−1
.6

7*
*

(−
2.

73
, −

0.
61

)
0.

05
(−

1.
66

, −
0.

77
)

 
Fo

rm
er

 s
m

ok
er

−1
.0

5*
(−

1.
85

, −
0.

24
)

−
0.

94
(−

2.
25

, 0
.3

7)
−

1.
04

(−
2.

16
, 0

.0
8)

B
M

I 
(W

av
e 

I)
2.

32
**

*
(2

.2
3,

 2
.4

1)
2.

13
**

*
(2

.0
2,

 2
.2

4)
2.

53
**

*
(2

.4
1,

 2
.6

6)

Se
x

 
Fe

m
al

e
R

ef
er

en
ce

--
-

--
-

--
-

--
-

--
-

 
M

al
e

2.
50

**
*

(1
.7

9,
 3

.2
0)

--
-

--
-

--
-

--
-

A
ge

 (
W

av
e 

IV
)

−0
.5

6*
**

(−
0.

76
, −

0.
36

)
−0

.6
2*

**
(−

0.
86

, −
0.

37
)

−0
.4

8*
*

(−
0.

79
, −

0.
17

)

R
ac

e/
E

th
ni

ci
ty

 
W

hi
te

R
ef

er
en

ce
--

-
R

ef
er

en
ce

--
-

R
ef

er
en

ce
--

-

 
B

la
ck

/A
fr

ic
an

 A
m

er
ic

an
−1

.0
2*

(−
2.

00
, −

0.
04

)
−1

.8
3*

*
(−

3.
20

, −
0.

47
)

−
0.

31
(−

1.
73

, 1
.1

1)

 
H

is
pa

ni
c/

L
at

in
o

−1
.3

0*
(−

2.
34

, −
0.

25
)

0.
07

(−
1.

29
, 1

.4
3)

−2
.8

7*
*

(−
4.

67
, −

1.
29

)

 
A

si
an

−4
.5

7*
**

(−
6.

06
, −

3.
07

)
−4

.4
1*

**
(−

6.
27

, −
2.

54
)

−4
.5

8*
**

(−
6.

69
, −

2.
48

)

 
O

th
er

−
1.

74
(−

4.
18

, 0
.7

0)
0.

62
(−

3.
03

, 4
.2

8)
−3

.7
4*

*
(−

6.
30

, −
1.

19
)

P
ar

en
ta

l i
nc

om
e 

(W
av

e 
I)

 
H

ou
se

ho
ld

 in
co

m
e 

le
ss

 th
an

 $
25

,0
00

R
ef

er
en

ce
--

-
R

ef
er

en
ce

--
-

R
ef

er
en

ce
--

-

 
$2

5,
00

0 
to

 le
ss

 th
an

 $
50

,0
00

−
0.

27
(−

1.
30

, 0
.7

5)
−

0.
88

(−
2.

25
, 0

.4
8)

0.
76

(−
0.

67
, 2

.1
9)

 
$5

0,
00

0 
to

 le
ss

 th
an

 $
75

,0
00

−1
.1

1*
(−

2.
11

, −
0.

11
)

−
0.

80
(−

2.
08

, 0
.4

8)
−

1.
38

(−
3.

01
, 0

.2
5)

 
M

or
e 

th
an

 $
75

,0
00

−
0.

69
(−

1.
87

, 0
.4

9)
−

0.
11

(−
1.

75
, 1

.5
2)

−
1.

26
(−

3.
08

, 0
.5

6)

Y
ou

ng
 a

du
lt

 e
du

ca
ti

on
al

 a
tt

ai
nm

en
t 

(W
av

e 
IV

)

J Adolesc Health. Author manuscript; available in PMC 2018 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Patel et al. Page 20

F
ul

l M
ul

ti
va

ri
at

e 
M

od
el

M
al

e
F

em
al

e

β*
(9

5%
 C

on
fi

de
nc

e 
In

te
rv

al
)*

β*
(9

5%
 C

on
fi

de
nc

e 
In

te
rv

al
)*

β*
(9

5%
 C

on
fi

de
nc

e 
In

te
rv

al
)*

 
L

es
s 

th
an

 h
ig

h 
sc

ho
ol

R
ef

er
en

ce
--

-
R

ef
er

en
ce

--
-

R
ef

er
en

ce
--

-

 
H

ig
h 

Sc
ho

ol
0.

62
(−

0.
68

, 1
.9

1)
−

0.
01

(−
1.

57
, 1

.5
6)

1.
49

(−
0.

77
, 3

.7
5)

 
So

m
e 

co
lle

ge
/te

ch
ni

ca
l s

ch
oo

l
0.

50
(−

0.
69

, 1
.6

8)
0.

87
(−

0.
61

, 2
.3

4)
−

0.
46

(−
2.

42
, 1

.4
9)

 
C

ol
le

ge
−2

.7
8*

**
(−

4.
09

, −
1.

47
)

−
1.

44
(−

3.
09

, 0
.2

2)
−4

.6
7*

**
(−

6.
75

, −
2.

59
)

 
G

ra
d/

pr
of

es
si

on
al

 s
ch

oo
l

−3
.8

3*
**

(−
5.

24
, −

2.
42

)
−

1.
71

(−
3.

66
, 0

.2
4)

−5
.8

7*
**

(−
7.

98
, −

3.
77

)

* A
dj

us
te

d 
m

od
el

s 
co

nt
ro

lli
ng

 f
or

 a
ge

, r
ac

e/
et

hn
ic

ity
, p

ar
en

ta
l i

nc
om

e,
 a

nd
 a

do
le

sc
en

t B
M

I 
at

 W
av

e 
I 

an
d 

ed
uc

at
io

na
l s

ta
tu

s 
at

 W
av

e 
IV

. T
he

 f
ul

l m
ul

tiv
ar

ia
te

 m
od

el
 a

ls
o 

co
nt

ro
ls

 f
or

 s
ex

. E
xc

lu
de

s 
w

om
en

 
w

ho
 a

re
 p

re
gn

an
t a

t W
av

e 
IV

 a
nd

 in
di

vi
du

al
s 

on
 a

ct
iv

e 
m

ili
ta

ry
 d

ut
y 

at
 W

av
e 

IV
.

* p<
0.

05
,

**
p<

0.
01

,

**
* p<

0.
00

1

J Adolesc Health. Author manuscript; available in PMC 2018 August 01.


	Introduction
	Methods
	Study Design
	Participants
	Measures
	Smoking Measures
	Current Cigarette Smoking Status
	Early Initiation
	Smoking Trajectories
	Weight Status
	Demographics


	Data analysis

	Results
	Discussion
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3

