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Abstract
Background: Adolescents are long-standing tobacco prevention targets, given that smoking patterns typically originate before

adulthood. Pediatric overweight/obesity remains at epidemic levels. Links between these two biobehavioral risks are not well
understood, yet of keen public health and pediatric care relevance. The aims of the present study were to examine smoking behaviors
and attitudes of overweight (OV), obese (OB), and severely obese (SO) adolescents, compared to healthy weight (HW), utilizing the
nationally representative sample, Monitoring the Future.

Methods: Smoking behavior prevalence (ever, current, or age of initiation), perceived risk of harm, disapproval of others smoking,
and peer smoking were determined for a pooled 2008–2009 sample of 19,678 10th graders (Mage = 16.09 – 0.47 years) by CDC-
defined BMI percentile-based categories within race/ethnic group (69.5% white, 14.5% African American, and 16.0% Hispanic).
Logistic regression examined the impact of excess weight status on smoking behaviors and attitudes relative to HW.

Results: Relative to HW of same race/ethnicity, white or African American OV, OB, and SO had higher odds of recent smoking,
with the highest prevalence among SO. For white youth, excess weight increased odds of ever smoking, early daily smoking (before
grade 9), perceiving low risk of harm, and not disapproving of others smoking. Findings varied for African American or Hispanic youth.

Conclusions: As we move toward fostering a tobacco-free generation, youth whose weight exceeds healthy guidelines are high-
risk targets for tobacco prevention messaging and close monitoring of cigarette use, particularly those who are severely obese as well
as white youth of excess weight, starting before adolescence.

Introduction

O
besity and tobacco use are 2 of 10 ‘‘Winnable
Battles’’ targeted by the CDC, given their pro-
found morbidity and mortality risks, as well as the

known prevention and intervention solutions for each.
Concern is intensified when these two biobehavioral risks
co-occur, with the all-cause mortality risk compounded
2.7- to 3.8-fold for the smoker who is also obese.1 Tobacco
use typically onsets during adolescence, with prevalence
rates increasing across the high school years.2 In fact, 9 of
10 adult smokers had their first cigarette before the age of
18.3 When smoking trajectories are tracked prospectively
from adolescence into young adulthood (ages 12–28), clear
patterns (e.g., abstainers, low users, and stable users) start

to diverge as early as age 15.4,5 Links between adolescent-
onset tobacco use and nicotine dependence6,7 further
heightens the concern. As such, youth ages 12–17 are long-
standing tobacco prevention targets that, in most recent
years, have also emerged as a critical focus in obesity
prevention efforts.

Encouragingly, tobacco prevention efforts having suc-
cessfully reduced teen current (past 30 days) smoking rates
since their peak in 1997 (i.e., reduction of 70% in 10th-
grade students).2 However, during this same time period,
rates of excess weight status in youth have reached epi-
demic levels, with rates of severe pediatric obesity con-
tinuing to rise.8 Further, as these ‘‘mirror image’’ trends
have emerged, a small yet under-recognized body of lit-
erature suggests that youth of excess weight status may be
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a subgroup at greater risk for smoking behaviors (e.g.,
having ever smoked, smoking before the age of 13).9,10

Arguably, this makes sense given that adolescent health
risk behaviors are known to cluster together. For example,
contemporary data from Project EAT11 demonstrated that
adolescents who smoked were also less likely to engage in
other healthy lifestyle behaviors, such as participating in
team sports, eating regular meals, and were more likely to
consume fast food or soft drinks. Further, adolescents who
want to lose weight may initiate smoking as a method of
weight control.12 Examination of whether there are links
between these two biobehavioral risks in adolescence is
thus timely, of keen public health relevance, with potential
clinical implications for clinical monitoring of pediatric
patients whose weight exceeds healthy guidelines.

Considerable gaps in this developing literature exist, with
several ‘‘next steps’’ needed to inform the testing of more
explanatory models of these potential inter-relationships.
For example, no studies to date have aimed to replicate
previous findings while characterizing smoking across all
pediatric excess weight status groups (overweight, obese,
and severely obese) within one contemporary and nation-
ally representative sample. This approach proves clinically
relevant given that BMI cutpoints are often used as one
criterion for referral or access to care (i.e., lifestyle modi-
fication programs and bariatric surgery programs) and from
which unique risks for a specific weight status group can be
identified. In addition, it is known that adolescents tend to
associate with peers who engage in similar health risk be-
haviors and are influenced by what they perceive are the
health risk beliefs and attitudes of their peer group.13

However, we lack an understanding of whether adolescent
attitudes and beliefs about smoking (i.e., acceptability,
health risks, and peer usage), often highlighted in preven-
tion messaging, differ by weight status. Finally, previous
literature has not considered known race/ethnic disparities
in prevalence of obesity14 and substance use2 nor the dif-
ferential impact of parental education and gender on both
biobehavioral risks15 in their analytic strategy.

The aims of the present study were to examine cigarette
smoking behaviors, attitudes about smoking, and percep-
tions of peer group cigarette smoking for adolescents of
excess weight status (e.g., overweight, obese, and severely
obese) relative to youth of healthy weight. To achieve this
aim, a large (N = 19,678) nationally representative sample
of 10th-grade students (ages 14–17) was accessed from an
ongoing epidemiological study of behaviors, attitudes, and
values of adolescents in the United States, Monitoring the
Future (MTF). Analyses were executed separately by race
(white, African American, and Hispanic) and controlled
for parental education and gender.

Methods

Study Design and Study Population
MTF is a national survey of behaviors and attitudes

administered to adolescents (i.e., 8th, 10th, or 12th grade)

in public and private schools and funded by the National
Institute on Drug Abuse of the NIH. Study design, proce-
dures, and the multistage random sampling process are
described in detail elsewhere.16 MTF assigned each student
a sampling weight to adjust for variations in selection
probabilities occurring at each sampling stage (geogra-
phical, school, and students). The present study utilized
pooled data from 10th graders in the 2008 and 2009 MTF
annual surveys.17,18 The overall response rate for 10th-
grade students (school response rate · participant response
rate) was 84% in 200817 and 87% in 2009.18

Adolescent self-reported height and weight were ob-
tained for a subsample of the pooled total sample (83.3%;
n = 26,517 of 31,838). Of this sample, participants with
missing data for BMI percentile (9.2%) or with BMI values
that were flagged by MTF as ‘‘biologically implausible’’
(i.e., too low or too high; 0.7%) based on the CDC criteria19

were excluded from analyses, leaving 23,882 participants.
Given that the aims of the study were focused on the impact
of excess weight, MTF participants who were underweight
(<5th percentile, n = 673 of 23,882; 2.8%) were excluded
from the present analyses. Participants who did not iden-
tify themselves as either non-Hispanic white, non-Hispanic
African American, or Hispanic (Mexican American, Chicano,
Cuban American, Puerto Rican, or other Hispanic or Latino)
were excluded from analyses (n = 3,531 of 23,209;15.2%)
owing to missing data or insufficient sample size for other
racial/ethnic groups. This resulted in a final study N of
19,678 adolescents. The institutional review board at Cin-
cinnati Children’s Hospital (Cincinnati, OH) approved sec-
ondary data analysis of these MTF data.

Weight Status
Self-reported heights and weights were used to calculate

BMI percentiles for age and gender. Healthy weight (5th–
84th percentile), overweight (85th–94th percentile), and
obese (95th–98th percentile) weight status groups were
based on 2000 CDC criteria.19 The cutpoint for the severely
obese weight status group was set at ‡99th percentile.20

Demographics
Adolescent self-reported demographic data included

gender, age in years, and race (i.e., limited to white,
African American, or Hispanic for the present study).
Adolescents also reported their mother and/or fathers’
highest level of education with the average value computed
and scaled by MTF as follows: 1 = grade school completion
or less; 2 = some high school; 3 = high school completion;
4 = some college; 5 = college completion; and 6 = graduate
or professional school.

Dependent Variables
Cigarette smoking was assessed with two questions di-

chotomized to describe whether participants had ever
smoked a cigarette or if they had smoked a cigarette in the
past 30 days (hereafter referred to as ‘‘current’’). Questions
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regarding grade of first cigarette and grade of first smoking
daily were recoded as: 0 = never; 1 = before grade 9
(‘‘early’’); and -1 = grades 9–10. For variables regarding
attitudes about cigarette smoking and peer usage of ciga-
rettes, questions were dichotomized such that greater risk
was defined as participants endorsing low risk of harm (i.e.,
no risk, slight risk, or moderate risk) from smoking one or
more packs of cigarettes per day; not disapproving of
smoking one or more packs of cigarettes per day; endors-
ing that some, most, or all of one’s friends smoke ciga-
rettes; and endorsing that close friends do not disapprove
of the participant smoking occasionally. These MTF var-
iables have been shown to have adequate internal consis-
tency, reliability, and predictive and discriminant validity
across adolescence.21

Statistical Analysis
Mplus (version 7.11) was used to conduct all analyses

and included survey sampling weights to adjust for the
complicated survey design.22 Analyses were performed
separately for white, African American, and Hispanic ad-
olescents, with gender and parental education entered as
covariates. Missing data for all analyses ranged between
2.7% and 13.3% across white, African American, and
Hispanic adolescent groups and was handled by weighted
least squares estimation in Mplus (WLSMV22). To evalu-
ate the effect of weight status (overweight, obese, and se-
verely obese vs. healthy weight) on each outcome variable,
logistic regression analyses were used to obtain odds ratios

(ORs) and bootstrapping procedures were used to obtain
95% confidence intervals (CIs). The false discovery rate
procedure23 was used to control family-wise type I error
across two distinct outcome domains (self-reported use;
attitudes and peer use) for white, African American, or
Hispanic adolescents.

Results

Sample Characteristics
Adolescent demographic data, weight status group, and

cigarette smoking prevalence by race/ethnicity are pre-
sented in Table 1. The sample was 53% female and ap-
proximately 16 years of age. Hispanic youth had the
highest rates of having tried a cigarette by their 10th-grade
year, although whites had the highest rates of having
smoked in the past 30 days. African American adolescents
had the lowest rates of both smoking behaviors.

Weight Status and Cigarette Smoking
The associations between weight status group and cig-

arette smoking were examined after adjusting for demo-
graphic covariates (i.e., gender and parental education).
Prevalence data and ORs by weight status for each race/
ethnicity group are presented in Table 2. Compared to
healthy weight adolescents of the same race/ethnicity,
white adolescents in all excess weight groups, overweight
African American, and obese Hispanic adolescents had
higher odds of reporting ever smoking in their lifetime. In

Table 1. Demographic Characteristics and Smoking Behaviors of Study Sample (n = 19,678)
of 10th-Grade Students after Excluding Underweight Adolescents
(Monitoring the Future 2008, 2009)

White African American Hispanic Total
Characteristic (n513,679) (n52859) (n53140) (N519,678)

% BMI categories

Healthy (5th–84th percentile) 75.3 63.9 67.8 72.5

Overweight (85th–94th percentile) 14.0 19.4 17.5 15.3

Obese (95th–98th percentile) 8.8 13.3 12.1 10.0

Severely obese (‡99th percentile) 1.9 3.5 2.6 2.2

% female 52.5 54.9 53.5 53.0

Mean age (SD) in years 16.09 (0.43) 16.15 (0.57) 16.06 (0.52) 16.09 (0.47)

Modal parental educationa 4 3 1 4

Ever smoked cigarettesb, % 32.2 25.3 37.2 32.0

Smoked in the past 30 daysc, % 14.4 6.2 11.8 12.8

aMissing data for 4.9% of the sample. 1 = grade school completion or less; 2 = some high school; 3 = high school completion; 4 = some college;

5 = college completion; and 6 = graduate or professional school.
bMissing data for 2.0%.
cMissing data for 2.1%.

SD, standard deviation.
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Table 2. Prevalence and ORs of Cigarette Smoking Behaviors and Attitudes for White,
African American, or Hispanic 10th-Grade Students (Monitoring the Future, 2008, 2009)
by Weight Status Group

Healthy Overweight Obese Severely obese

White % % OR 95% CI % OR 95% CI % OR 95% CI

Cigarettes

Ever smoked cigarettes 30.8 35.6 1.16* 1.10–1.23 36.6 1.17* 1.10–1.25 41.6 1.36* 1.22–1.53

Cigarette use in past 30 days 13.7 16.5 1.15* 1.09–1.21 16.4 1.12* 1.02–1.22 17.9 1.27* 1.08–1.48

Early grade (<grade 9) of first use

Smoke first cigarette 17.7 22.1 1.14* 1.01–1.29 26.5 1.47* 1.29–1.67 28.0 1.23 0.96–1.57

Smoke daily 4.2 6.1 1.27* 1.04–1.51 7.5 1.41* 1.18–1.73 9.4 1.59* 1.02–2.21

Attitudes and peer use

Low risk of harm from smoking
‡1 packs per day

25.1 30.9 1.15* 1.07–1.24 31.4 1.19* 1.10–1.29 32.4 1.35* 1.14–1.59

Don’t disapprove of smoking ‡1
packs per day

12.0 14.4 1.10* 1.01–1.19 17.5 1.28* 1.15–1.43 20.2 1.54* 1.23–1.92

Some, most, or all of friends
smoke cigarettes

34.4 37.4 1.09 0.99–1.20 38.7 1.14* 1.03–1.25 41.6 1.19 0.95–1.49

Friends don’t disapprove of
smoking occasionally

24.0 28.0 1.15 0.97–1.37 25.8 1.03 0.86–1.24 39.3 1.77* 1.21–2.59

African American % % OR 95% CI % OR 95% CI % OR 95% CI

Cigarettes

Ever smoked cigarettes 23.7 29.9 1.20* 1.06–1.35 24.7 0.98 0.83–1.15 31.2 1.18 0.89–1.58

Cigarette use in past 30 days 4.9 8.1 1.28* 1.07–1.53 8.4 1.33* 1.07–1.66 11.8 1.55* 1.10–2.18

Early grade (<grade 9) of first use

Smoke first cigarette 15.5 21.3 1.09 0.83–1.41 16.0 1.06 0.79–1.81 18.4 0.67 0.44–1.27

Smoke daily 1.7 2.9 1.29 0.71–1.94 2.3 0.73 0.40–1.17 4.4 0.76 0.01–1.51

Attitudes and peer use

Low risk of harm from smoking
‡1 packs per day

27.6 25.7 0.90 0.80–1.02 26.5 0.88 0.74–1.04 17.4 0.72* 0.58–0.88

Don’t disapprove of smoking ‡1
packs per day

8.7 10.4 1.09 0.93–1.26 12.1 1.21 0.99–1.51 17.6 1.67* 1.30–2.21

Some, most, or all of friends
smoke cigarettes

24.9 23.5 0.97 0.81–1.16 27.2 1.02 0.83–1.27 39.1 1.44* 1.09–1.90

Friends don’t disapprove of
smoking occasionally

13.8 20.4 1.31 0.96–1.79 25.4 1.32 0.78–2.22 12.5 0.66 0.06–7.73

Hispanic % % OR 95% CI % OR 95% CI % OR 95% CI

Cigarettes

Ever smoked cigarettes 35.5 41.3 1.13 1.01–1.26 41.8 1.20* 1.05–1.38 35.4 1.02 0.76–1.37

Cigarette use in past 30 days 11.1 13.2 1.09 0.97–1.23 13.7 1.12 0.96–1.30 10.8 0.96 0.66–1.41

Early grade (<grade 9) of first use

Smoke first cigarette 23.4 26.4 0.92 0.78–1.15 28.9 1.07 0.89–1.40 20.3 0.86 0.41–1.51

Smoke daily 4.4 4.4 0.92 0.65–1.33 6.6 1.03 0.65–1.60 5.2 0.93 0.01–2.60

Attitudes and peer use

Low risk of harm from smoking
‡1 packs per day

31.2 33.0 1.11 1.00–1.24 32.5 1.05 0.86–1.28 43.9 1.35 0.93–1.96

continued on page 410
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addition, white and African American adolescents in all
excess weight groups were more likely to report current
smoking. As seen in Figure 1, white adolescents, regard-
less of weight status, reported the highest rates of current
cigarette smoking. Within each racial/ethnic group, current
smoking was highest among severely obese white and
African American adolescents, but lowest for severely
obese Hispanic adolescents.

Grade of First Smoking Behavior
The ORs for early initiation (i.e., before grade 9) of

cigarette smoking by weight status for each racial/ethnic
group are presented in Table 2. Adolescents who re-
sponded ‘‘never’’ to these questions were excluded from
the following analyses. Relative to healthy weight white
adolescents, overweight and obese white adolescents had
significantly higher odds of early initiation of ever smok-
ing (Table 2). In addition, overweight, obese, and severely

obese white adolescents had significantly higher odds of
reporting daily smoking before grade 9. No significant
associations were identified for African American or His-
panic adolescents.

Attitudes Regarding Cigarette Smoking
and Perceived Peer Smoking

The associations of weight status group with attitudes
regarding cigarette smoking and perceptions of peer cig-
arette smoking for each racial/ethnic group were examined
after adjusting for covariates (Table 2). Across excess
weight status groups, white adolescents had significantly
higher odds of endorsing attitudes such as a low risk of
harm and a lack of disapproval of others smoking one or
more packs per day, compared to healthy weight white
adolescents. Obese white adolescents also were signifi-
cantly more likely to report having some, most, or all of
their friends smoke. Finally, severely obese whites had
significantly higher odds of believing that their friends
would not disapprove of their smoking. Relative to healthy
weight youth of the same racial/ethnic group, severely
obese African American adolescents were less likely to
perceive low risk in smoking one or more packs per day
(i.e., they recognized health risk). In contrast, they had
significantly higher odds of not disapproving of smoking in
others as well as reporting that a majority of their friends
smoke. Relative to healthy weight Hispanic adolescents,
severely obese Hispanic adolescents had significantly
higher odds of not disapproving of others smoking one or
more packs per day.

Discussion
Current cigarette smoking for 10th-grade students in the

United States was more prevalent among those whose
weight exceeded healthy guidelines (BMI ‡85th percentile),

Table 2. Prevalence and ORs of Cigarette Smoking Behaviors and Attitudes for White,
African American, or Hispanic 10th-Grade Students (Monitoring the Future, 2008, 2009)
by Weight Status Group continued

Healthy Overweight Obese Severely obese

Hispanic % % OR 95% CI % OR 95% CI % OR 95% CI

Don’t disapprove of smoking ‡1
packs per day

11.7 11.3 0.94 0.74–1.20 12.7 1.14 0.92–1.45 22.2 1.77* 1.33–2.62

Some, most, or all of friends
smoke cigarettes

36.7 30.0 0.98 0.73–0.97 39.4 1.10 0.93–1.31 43.8 1.27 0.88–1.84

Friends don’t disapprove of
smoking occasionally

20.4 20.2 0.88 0.67–1.17 25.0 1.20 0.89–1.61 33.3 1.33 0.66–2.66

Weight status groups are defined using % BMI categories as follows: healthy (5th–84th percentile); overweight (85th–94th percentile); obese

(95th–98th percentile); and severely obese (‡99th percentile).

*p < 0.05.

OR, odds ratio; CI, confidence interval.

Figure 1. Cigarette use in the past 30 days for 10th-grade students
(Monitoring the Future 2008, 2009) by race and weight status group.
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with unique patterns emerging based on race/ethnicity and
degree of excess weight. Specifically, current cigarette
smoking was significantly more prevalent among white
and African American adolescents across the entire excess
weight spectrum (e.g., overweight, obese, and severely ob-
ese) than among same race adolescents of healthy weight.

Several additional distinctive risks emerged for white
adolescents with excess weight. Relative to those of
healthy weight, excess weight increased the odds of an
adolescent ever having smoked and greater odds of their
first smoke being in the eighth grade or younger. Further,
excess weight increased the odds for white teens to endorse
risky attitudes about smoking (e.g., perception of low risk
of harm of smoking or lack of disapproval of others
smoking more than a pack a day) and for some excess
weight groups, the likelihood they associated with peers
who also smoked or whom they believed would not dis-
approve of their smoking. Findings were more variable
among African American or Hispanic adolescents, and at
times, quite different. For example, for African American
youth, only overweight adolescents (i.e., not obese or se-
verely obese) were significantly more likely to have ever
smoked.

It may be argued that the present effect sizes (i.e., ORs)
were not large. Further, the majority of adolescent smokers
in the present MTF sample were of healthy weight, given
that healthy weight individuals represent the largest por-
tion of the sample (73%). However, these data demonstrate
that the percentage of early adolescents who carry two
potentially damaging health risk factors (i.e., excess
weight and smoking) is cause for concern and cannot be
ignored. Current trends indicate that the majority of obese
teens, particularly those who are severely obese, will re-
main obese as adults.24 Thus, while we move toward
making the next generation one that is tobacco free, we
have an emerging adult generation with compounding
morbidity and mortality risks if their excess weight status
persists and they also smoke.

Early smoking initiation alone is known to increase
risks for concurrent use or progression to use/abuse other
substances as well as nicotine dependence.5–7 Long-
itudinal studies are thus imperative to elucidate these and
other (i.e., alcohol, marijuana, and illicit substances)
health risk behavior pathways and their inter-relations
with excess weight status in today’s youth as they mature
into adulthood. This is not to suggest that longitudinal
studies are nonexistent. Rather, important work based on
youth of previous generations underscores the importance
of the current findings and call for future work. For ex-
ample, Huang and colleagues accessed data from children
(offspring) of females in the 1979 National Longitudinal
Survey of Youth, finding that youth who were chronically
obese, while less likely to smoke, showed a greater in-
crease in smoking than youth who maintained a healthy
weight.25 Further, in all youth (independent of weight),
smoking and marijuana use increased obesity risk in the
transition from adolescence to young adulthood.26

The present study also lends further support to the im-
portance of the consideration of health disparities in obe-
sity and tobacco use, as well as their potential downstream
consequences. For example, epidemiological surveillance
indicates that African American youth may have the low-
est smoking rates, yet in adulthood, African American
smoking rates surpass that of whites. Noting largely non-
significant findings for Hispanic teens does not suggest that
excess weight and smoking are not significant public
health problems for Hispanic adolescents. Rather, weight
status does not appear to compound smoking risks for
Hispanic youth, which is in contrast to white and African
American adolescents, and may suggest that the etiology of
these risk factors differs for Hispanic youth. Moreover, the
MTF Hispanic classification is broad and includes ado-
lescents of different historical or cultural backgrounds.
Conceivably, some of the inconsistent or lack of significant
findings for Hispanic adolescents may reflect greater var-
iation within that race/ethnic group27 or lower statistical
power (e.g., weight group subsample size).

The results of the current study suggest that youth who
carry excess weight, particularly white youth before ado-
lescence, are high-risk targets for discussions regarding
tobacco use and the associated health risks. It is widely
accepted that pediatric care providers are uniquely posi-
tioned to monitor and assess patient’s smoking risk and
history in the context of routine care. However, as dem-
onstrated by recent data published from the 2011 National
Youth Tobacco Survey, the majority of adolescents
(67.8%), including those who self-identified as being cur-
rent smokers, reported no discussion or advice about to-
bacco use with any healthcare provider within the past year
(i.e., doctor, nurse, or dentist).28 Providers within pediatric
weight management programs, including bariatric surgery
programs, should screen for tobacco use, be primed with
prevention messaging, and be prepared with referral
sources for those who have initiated smoking to help them
quit. The CDC’s ‘‘Talking to teens about tobacco use’’
aimed at pediatric providers, provides helpful tips, topics,
and how to dispel myths with facts regarding tobacco use3

(see www.cdc.gov/tobacco/data_statistics/sgr/2012/pdfs/
physician_card508.pdf).

Future Directions and Limitations
Understanding why smoking behaviors and excess

weight status are linked in today’s adolescents is a criti-
cally important area for future research, although the re-
lationships are likely complex and multifactorial given the
existing literature. For example, adolescent smoking be-
havior is known to be a peer group phenomenon, whether
owing to conformity or through friendship choices.29,30

Further, adolescents who are socially isolated are more
likely to smoke relative to others more embedded in the
social network structure.31 It is widely accepted that ado-
lescents who are overweight/obese, while not friendless,
are more socially marginalized. It may be that as excess
weight status increases, teens may have fewer friendship
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options and choose similarly marginalized peers, com-
pounding peer-based influences for greater smoking be-
havior risks. These social contexts that promote cigarette
smoking have been shown to have more impact on white
adolescent smoking than for African American or Hispanic
youth.32 In addition to social contexts, family context
factors, be it heritability,33,34 or shared environment, such as
parental/sibling smoking and parental/sibling obesity,35–37

are also known independent contributors to adolescent
smoking or obesity risk.

Adolescent smoking behaviors have also long been as-
sociated with adolescent weight concerns and dieting.12,38

As such, adolescents of excess weight status may be
smoking because they believe it will help them better
manage their weight. Alternately, if they do smoke, they
may believe quitting may lead to further weight gain, de-
spite that links between smoking cessation and weight gain
remaining a ‘‘conundrum.’’39 For example, nicotine can
suppress appetite, but there is also evidence that it en-
hances food reinforcement.40 Further, smoking also has a
marked effect on the diversity of microbes in the gut mi-
crobiota,41 which, in turn, is associated with a gut meta-
genomic profile characteristic of obesity.42 Another avenue
for further investigation may involve their level of physical
activity and/or sedentary behavior, known correlates of
both smoking and obesity.11,43,44 These aforementioned
factors in addition to others (e.g., pubertal timing,45 psy-
chological disinhibition/reward-seeking behavior,46,47 and
depression48–50) illustrate the complexity of the shared
behavioral and or physiological processes that may bind
smoking and obesity together and are in need further ex-
ploration. Finally, longitudinal research that examines how
these factors are linked temporally is critical.

The present findings must be interpreted within the
context of several limitations. First, these data are cross-
sectional, with temporal sequencing of the development
of excess weight and smoking behaviors unknown.
Longitudinal research is critical to elucidate develop-
mental trajectories of weight and smoking behaviors
(e.g., initiation, abstainers, infrequent smokers, daily
smokers, and stable users) and paths to nicotine depen-
dence, which, based on the present findings (e.g., age of
first smoke), should begin before the eighth grade.
Whereas this study focused on the most prevalent racial/
ethnic groups in the United States (white, African
American, and Hispanic), other groups were excluded
owing to insufficient sample sizes when grouped by
weight status. Future research should explore the asso-
ciations of excess weight status and smoking behaviors by
sex within racial/ethnic groups given that trends and po-
tential prevention targets may be unique for males and
females. Finally, MTF surveillance is limited to those
adolescents attending high school and is therefore not
fully representative of this age group.

Although this article is the first in the literature to
characterize smoking behaviors and attitudes across all
pediatric excess weight status groups (overweight, obese,

and severely obese) within one large, contemporary sam-
ple, comparison and/or replication of the present findings
with other data sources should consider the following.
MTF methodology includes self-reported heights and
weights from which BMI percentile-based categorization
of weight status groups were determined. Whereas other
large epidemiological studies have shown a high correla-
tion between self-reports and actual measured values,51 it
is also known that adolescent self-report may underesti-
mate weight and overestimate height. As such, the present
findings may actually underestimate the extent of excess
weight in the MTF sample. MTF also flagged BMI values
considered ‘‘biologically implausible’’ based on CDC
guidelines. Though it is understandably necessary to set
parameters to exclude implausible data in epidemiological
surveillance, what was deemed implausible in 2000 might
indeed be possible in this more contemporary cohort sur-
veyed in 2008–2009. Therefore, the present study was
limited in being able to fully characterize what may have
been the most upper extremes of severe obesity in this
MTF sample. However, the present data considerably ex-
pand the BMI window from our previous work with the
2007 Youth Risk Behavior Surveillance System (YRBSS)
surveillance,10 where publically released data parameters
for implausible BMI values were set at 55 kg/m2. Finally,
to be consistent with our 2007 YRBSS report, a BMI value
‡99th percentile for age and gender was utilized as the
cutpoint to define the severely obese group. We recognize
that new nomenclature and severe obesity metrics (i.e.,
‘‘percentage of the 95th percentile’’) are growing in ac-
ceptance to refine the classification of the 99th percentile to
more accurately track BMI percentile changes over time in
youth who are severely obese and allow further delineation
of severely obese subgroups.8,52,53 Post-hoc examination of
the present sample indicates that the 99th percentile rep-
resents approximately the 130% of the 95th percentile,
suggesting that the present severe obesity cutpoint is in-
deed conservative.

Conclusions
The noted declines in smoking rates in the United States

are highly encouraging. However, the present data suggest
evidence of two potentially inter-related pediatric biobe-
havioral risks and an emerging public health issue as the
current generation of youth matures into adulthood. To-
bacco and obesity prevention efforts should comprehen-
sively endorse the range of health-promoting behaviors
(e.g., not smoking, healthy eating, and being physically
active) as being the peer group norm. Depicting youth of
excess weight status in print and television prevention ad
campaigns will aid in dispelling the myth that teens who
smoke are thinner than those who do not smoke. Finally,
this is a fertile area for research, with BMI or weight status
an important consideration in future epidemiological
monitoring. Comprehensive prospective studies aimed at
understanding tobacco and obesity risk pathways are of
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vital importance to ensure the best health outcomes for the
next generation of youth.
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