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ABSTRACT
Introduction: A high prevalence of modifiable risk
factors exists among adolescents that may lead
to increased levels of morbidity and mortality in
adulthood. This study sought to determine whether higher levels of physical activity (PA) and/or
having a healthy body weight in adolescence influences future health risk behaviors (HRB) in
young adulthood. Methods: Complete data were
gathered for 536 participants from a prospective
study and a follow-up survey conducted 10 years
apart. At both time points, the questionnaires
included information about HRB, PA, and health
status. Results: Males who engaged in HRB during adolescence were more likely to continue these same risk behaviors during adulthood. Using
multivariate models, only HRB in adolescence predicted HRB in adulthood for drinking, binge drinking and smoking among males, and for binge drinking and smoking among females. Conclusions:
It appears that for males, once a health-risk behavior is initiated, it will likely continue into young
adulthood, regardless of the presence of other
healthy behaviors such as the proper maintenance of body weight and higher levels of PA. Similarly for females, binge drinking and smoking in
adolescence is predictive of the same behavior
in adulthood.
Keywords: Smoking; Drinking; Binge Drinking

1. INTRODUCTION
According to the CDC, modifiable risk factors such as
smoking, alcohol consumption, physical inactivity and poor
diet are leading causes of morbidity and mortality in the
Copyright © 2012 SciRes.

United States [1]. National survey data [2] indicate a high
prevalence of these modifiable risk factors among adolescents. It is thought that the adolescent years are a period during which adult health behaviors begin to develop [3]. For this reason, many public health initiatives identify childhood as a critical time for promoting healthy behaviors such as adequate physical activity levels and maintenance of a healthy body weight. However, a link between
increased physical activity levels and the maintenance of
a healthy weight in adolescence with less risk taking behaviors in young adulthood has not been established.
The risk taking behaviors of interest in the present investigation focus on alcohol use and smoking. As a student progresses from middle school to high school, the
likelihood of drinking alcohol, binge drinking and/or smoking increases, while the percentage of those maintaining
an appropriate body weight and adequate physical activity level decreases [4,5]. Reports from the Youth Risk Behavior Surveillance System (YRBSS) and Behavioral Risk
Factor Surveillance System (BRFSS) indicate that the percentage of adolescents who report consuming at least one
drink of alcohol during the previous month increases dramatically from 7% of 12 - 14 years old to 27.5% of 15 17 years old [4,5]. This percentage continues to rise in the
18 - 20 years old category with values approximating
drinking percentages during adulthood (51.3% and 54.3%,
respectively). Similarly, binge drinking, defined as consuming five or more alcoholic drinks on at least one occasion in the past 30 days, also appears to peak between
the ages of 18 - 20 years with 36.3% reporting the behavior. The second highest percent of binge drinkers are
the 15 - 17 years old (17.8%), followed by adults (15.7%)
and then those aged 12 - 14 years (3.3%) [4,5]. When
examining this trend by gender, underage males were
more likely than underage females to be current alcohol
users (29.4% vs 27.8%, respectively) and binge drinkers
(21.6% males, 16.5% females). Smoking has also been
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shown to increase throughout the high school years. According to the 2009 YRBSS, smoking prevalence increased from 13.5% in ninth grade to 18.3% in tenth,
22.3% in eleventh grade and peaked at 25.2% in twelfth
grade [4]. The prevalence of smoking decreases in
adulthood with 17.9% of adults classified as current
smokers [5].
In regard to health status, physical activity tended to
decrease during the same time frame of ninth to twelfth
grade. The percentage of students not participating in 60
minutes of physical activity on any of the seven days prior
to the survey, increased from 21.8% in 9th grade, 22.6%
in tenth, 22.9% in eleventh to 25.6% in twelfth [4]. In addition, the percent of students who were classified as either overweight or obese was highest in ninth grade (29.0%),
dropped slightly during tenth (27.9%) and eleventh (25.8%)
grades and increased again during twelfth grade (28.2%)
[4,5].
When examining whether risk-taking behaviors during
adolescence impact young adulthood behaviors, both alcohol use [6-8] and cigarette smoking [9] have been suggested as factors that may predict future obesity. These predictions of future obesity have been questioned by other
researchers as to whether weight gain in young adulthood is mediated more so by factors typically associated
with alcohol consumption and smoking such as overeating and physical inactivity [10,11]. To date, no studies have
examined whether being overweight/obese or having an
inadequate physical activity level during adolescence predicts future alcohol or cigarette use during young adulthood. It is hypothesized that maintaining an appropriate
weight and activity level during adolescence may prevent
future risk-taking behaviors such as excessive alcohol use
and cigarette smoking in adulthood. It has been suggested
that physical activity is an alternative, competing, and pleasurable behavior, which may provide mood benefits and
function as a coping skill in some high-risk situations for
relapse [12-14]. Therefore, the purpose of this study was
to determine whether higher levels of physical activity
and/or maintenance of a healthy body weight in adolescence influences future risk taking behaviors such as smoking and drinking alcohol in young adulthood. Specifically,
it is believed that adolescents who maintain an active lifestyle and healthy body weight throughout middle to high
school years will be less likely to engage in the risk taking
behaviors of drinking, binge drinking and smoking during young adulthood.

2. METHODS
2.1. Study Population
Study subjects for this investigation come from the Epidemiology of Physical Activity from Adolescence to Adulthood study, a 20 year longitudinal cohort that has been
followed from adolescence to adulthood and has been asCopyright © 2012 SciRes.
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sessed during three separate cycles (phases). The original
subjects, aged 12 - 16 years [n = 1245 adolescents (89%
of the total student population)] were recruited in 1989
when they were enrolled in junior high school at a single
school district in Pittsburgh, PA and followed for a period
of four years (Phase I). The cohort consisted of similar
numbers of male (n = 641) and female (n = 604) adolescents; and the racial composition was 73% white, 24% African American, and 3% Hispanic or Asian [15-17]. In 1999,
subjects were re-contacted (aged 22 - 25 years of age) to
participate in a follow-up study to examine changes in physical activity from adolescence to young adulthood (Phase
II). A total of 827 (66%) completed an interviewer-administered, follow-up questionnaire which included information about health behaviors (i.e., smoking, drug and alcohol use, sedentary behavior), physical activity. Each phase
of the current study was approved by the University of
Pittsburgh Institutional Review Board and written informed consent was obtained from all participants and/or their
parents prior to participation in any part of the study.

2.2. Physical Activity Measures
Physical activity (PA) was assessed using the Modifiable Activity Questionnaire for Adolescents (MAQ-A)
[18] and the Modifiable Activity Questionnaire (MAQ).
The MAQ-A is an adolescent-specific questionnaire based
on the Modifiable Activity Questionnaire (MAQ) for adults.
The MAQ-A has been shown to provide reproducible and
valid estimates of past year physical activity in adolescents [15,19]. For each of the four years during Phase I,
competitive activities as well as leisure time physical activity data were collected by administering the MAQ-A
during the spring of each year. Trained research assistants
supervised the students as they completed the questionnaire
during their regular physical education class. Students were
asked to report the frequency and duration of all activities
they participated in at least ten times over the past year.
The questionnaire inquired about time spent engaged in
competitive activities and leisure time PA. The estimated
number of hours spent on average for each activity per day
was calculated and the average hours per day of all activities was summed to give an estimate of the total physical activity in hours per week averaged over the past year.
During the 1999 follow-up (Phase II), trained interviewers administered a past year Modifiable Activity Questionnaire (MAQ) [20,21]. The MAQ, an interviewer-administered questionnaire for adults, assesses both leisure and
occupational activities similar to the MAQ-A completed
in the AIC study. The 1999 version asked participants to
indicate activities that they had participated in at least ten
times over the past year. For each activity, the months of
participation was indicated as well as the average days per
week and average minutes per day of participation. To assess occupational (non-leisure) activities, participants were
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also asked to list all jobs held for over one month during
the past year and answered questions related to transporttation to and from work, days per week and hours per day
of work, time spent sitting, and intensity of non-sitting
work related activities.

2.3. Health Risk Behaviors
Health risk behaviors were assessed during years 1, 2,
and 4 of Phase I using the Center for Disease Control and
Prevention’s Youth Risk Behavior Survey [22] which has
been tested for reliability and validity [23]. The health risk
behavior questions used in this analysis measured tobacco,
alcohol, and binge drinking in the past 30 days. Identical
questions were used during the Phase II follow-up phone
interview.

each HRB of smoking, drinking, and binge drinking were
constructed for PA alone, BMI alone, and adolescent health
risk behavior alone. The next series of models were conducted using a combination of variables. Model 4 included PA and BMI. Model 5 included PA and adolescent
health risk behavior and Model 6 included BMI and adolescent health risk behavior. The final model included PA,
BMI, and adolescent HRB. We tested for statistical interactions between physical activity and adolescent health
risk behavior by adding a two-way interaction term to the
model. Assessment of these interactions was determined
by examining the individual p-values of the interaction
coefficients and by assessing the impact of the addition
of this term to the overall fit of the model. Statistical analyses were performed using Statistical Analysis Software,
version 8.2 (SAS Institute Inc., Cary, North Carolina). Statistical significance was considered as a p-value <0.05.

2.4. Body Mass Index
During the Phase I, height (cm) and weight (kg) were
measured annually with a standard balance scale and used
to calculate body mass index (BMI; kg/m2). Shoes were
removed prior to all measurements of height and weight.
During the Phase II follow-up, BMI was calculated from
self-reported height and weight on the questionnaire.

2.5. Statistical Methods
Only participants that had BMI and complete physical activity data at all time-points during Phase I and Phase II (years
1990-1993 and 1999/2000) were included in the analyses. All
continuous data were assessed for normality. Normally distributed data are reported as mean (SD), non-normal variables
as median (Interquartile range). Categorical data are presented
as percentages. Descriptive statistics were calculated for the
total cohort and sex-specific grouping. Comparisons between
sexes of continuous variables were assessed using a twosample t-test or the Wilcoxon test. Categorical variables were
assessed using the Pearson chi-square test. Evaluation of the
change in HRB from adolescence to adulthood was performed using a Mc-Nemar’s test.
A series of gender-specific logistic regression models
were utilized to evaluate the independent impact of PA,
BMI, and adolescent health risk behavior (HRB) on adult
HRB. Independent variables included in the regression analyses were treated categorically. Gender-specific physical
activity levels were divided into “high” and “low” groups
using a median split. BMI was categorized into “normal”
(<25.0 kg/m2) and “overweight/obese” (≥25.0 kg/m2) according to NHLBI BMI guidelines [24]. Adolescent health
risk behaviors were coded as “never” and “ever” for each
heath risk behavior of interest (smoking, drinking, and binge drinking). The outcome of interest, adult HRB, was
also coded as “never” and “ever” for each heath risk behavior of interest (smoking, drinking, and binge drinking)
during the four year period. Separate univariate models for
Copyright © 2012 SciRes.

2.6. Study Population
A total of 1245 individuals participated in Phase I, of
which 828 participants (67% of original Phase Icohort)
completed a follow-up questionnaire, in adulthood, as part
of the Phase II. Complete data were available for 536 participants (Figure 1).
Descriptive statistics for the 536 subjects are provided
from Phase I (Table 1(a)) and Phase II (Table 1(b)). The
mean age of the cohort at the Phase II was 24.8 (±1.1) years
with an even split between males and females. Overall, the
sample was predominately Caucasian with approximately
74.3% reporting working full time and 62.4% reporting a
degree past high school. The average adolescent BMI was
22.5 kg/m2 and increased to 25.4 kg/m2 during adulthood.
Physical activity for the total cohort decreased from a median of 12.9 hours per week during adolescence to 5.6 hours
per week during young adulthood (Tables 1(a)-(b)).

Figure 1. Flow of subjects.
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Table 1. Descriptive statistics of the total cohort and stratified
by gender for Phase I. Descriptive statistics of the total cohort
and stratified by gender for Phase II.

Table 2. Percent reporting health risk behavior during adolescence and young adulthood.
Total

Boys

Girls

66.3% (348)

63.3% (176)++

65.7% (172)++

81.9% (439)

86.7% (234)

77.1% (205)

Adolescence**

38.0% (200)

48.9% (129)++

27.1% (71)+

Adulthood**

49.6% (266)

63.3% (171)

35.7% (95)

(a)
Total
(N = 536)

Characteristic

Males
(N= 270)

Females
(N = 266)

Age (yrs)*

13.5 (1.0)

13.6 (1.0)

13.4 (1.1)

BMI (kg/m2)

22.5 (4.0)

22.5 (3.8)

22.4 (4.2)

*

p < 0.05; BMI, Body Mass Index; yrs, years.

(b)
Total
(N = 536)

Characteristic
Age (yrs)*

Males
(N = 270)

Females
(N = 266)

24.6 (1.1)

24.9 (1.1)

25.4 (4.6)

26.3 (4.0)

24.4 (4.9)

86.4

87.8

85.0

13.6

12.2

15.0

<High School

2.2

2.2

2.3

High School Grad/GED

35.5

43.0

27.8

Trade School/
Undergraduate Degree

57.7

51.5

63.9

4.7

3.3

6.0

Working Full Time

74.3

78.2

70.3

Working Part Time

8.2

5.6

10.9

Active Military

1.7

3.0

0.4

Unemployed

4.1

3.0

5.3

Disabled

0.9

1.9

-

Full Time Homemaker

2.0

-

4.1

Full Time Student

8.8

BMI (kg/m ) Average

*

Adolescence
Adulthood

**

Binge Drinking

Smoking

24.8 (1.1)
2

Drinking

Adolescence

33.2% (176)

34.8% (93)

31.6% (83)

Adulthood*

32.5% (174)

36.7% (99)

28.2% (75)

Test of significance between genders. *p < 0.05; **p < 0.01. Test of significance between adolescence and adulthood +p < 0.05; ++p < 0.01.

Race (%)
Caucasian
Other
Education (%)

**

Graduate School
**

Employment Status (%)

8.5
*

9.0

**

Test of significance between genders. p < 0.05; p < 0.01. All values are
presented as mean (SD) unless otherwise noted. Physical activity data presented as median (IQR).

percent of males who smoked during adulthood was significantly higher than that of females with no significant differences noted between genders during adolescence.
Gender-specific logistic regression models for PA, BMI
and HRB during adolescence predicting HRB in adulthood
are presented in Table 3. Univariate models show that males who engaged in health risk behaviors during adolescence were more likely to continue these same risk behaviors during adulthood (3.68 times more likely to drink,
2.82 times more likely to binge drink and 7.10 times more
likely to smoke) than males who did not take part in these
risk behaviors during adolescence. In addition, compared
to active males, males that were inactive during adolescence were 0.39 times as likely to drink in adulthood (95%
CI: 0.18 - 0.83). With regard to females, adolescent smokers and drinkers were more likely (3.38 and 1.75 times,
respectively) to continue these behaviors in adulthood compared to those who did not engage in the behaviors during adolescence. When multivariate models were constructed including adolescent PA, BMI and HRB together in the
model, only HRB in adolescence predicted HRB in adulthood for drinking, binge drinking and smoking among males, and for binge drinking and smoking among females.

4. CONCLUSIONS
3. RESULTS
Table 2 presents the frequency and percent of subjects
engaged in health risk behaviors during adolescence and
young adulthood. Approximately 66% of all adolescents
reported drinking alcohol during the past 30 days. Drinking during adolescence appears to be similar between boys
and girls, however significantly more men than women reported drinking during young adulthood. The prevalence
of drinking and binge drinking was significantly higher
in adulthood compared to adolescence for both genders.
Males reported significantly higher levels of binge drinking at both time periods when compared to females. The
Copyright © 2012 SciRes.

The purpose of the present study was to determine whether higher levels of physical activity and/or having a healthy body weight in adolescence influences the presence
of future health risk behaviors such as smoking, drinking
and binge drinking during young adulthood. Our results
indicate previous engagement in health risk behavior, and
not physical activity (PA) level or BMI, is a more important predictor of future health risk behavior in young
adulthood. When PA, BMI, and adolescent health risk behaviors are included together in the model, PA and BMI
no longer significantly impact drinking, binge drinking
or smoking behaviors, respectively.
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Table 3. Logistic models for predicting health risk behavior in adulthood.
Odds Ratio (95% Confidence Interval)
Drinking
Characteristic
Included in Model

Binge Drinking

Males
*

Smoking

Females

Males

Females

Males

Females

PA

0.39 (0.18 - 0.83)

0.62 (0.35 - 1.11)

0.97 (0.59 - 1.59)

0.85 (0.51 - 1.40)

0.85 (0.52-1.40)

1.11 (0.66 - 1.91)

BMI

2.52 (0.85 - 7.43)

0.84 (0.41 - 1.70)

0.83 (0.46 - 1.50)

1.09 (0.58 - 2.05)

1.87 (1.05 - 3.35)*

1.51 (0.79 - 2.89)

HRB in Adolescence

3.68 (1.77 - 7.68)*

1.45 (0.81 - 2.62)

2.82 (1.67 - 4.75)*

1.75 (1.00 - 3.05)*

7.10 (4.03 - 12.4)*

3.38 (1.92 - 5.95)*

0.96 (0.59 - 1.58)

0.84 ( 0.51 - 1.40)

0.88 (0.53 - 1.44)

1.09( 0.64 - 1.87)

PA + BMI
PA
BMI

0.40 ( 0.19 - 0.85)* 0.63 (0.35 - 1.12)

1.86 (1.04 - 3.33)

*

2.42 ( 0.81 - 7.18)

0.87 ( 0.43 - 1.77)

0.83 (0.46 - 1.50)

1.10 (0.58 - 2.08)

PA

0.46 (0.21 - 0.99)*

0.66 ( 0.37 - 1.18)

1.23 (0.73 - 2.08)

0.89 ( 0.53 - 1.48)

HRB in Adolescence

3.41 (1.62 - 7.16)*

1.39 ( 0.77 - 2.52)

2.90 ( 1.71 - 4.94)* 1.75 (1.00 - 3.05)*

7.09 ( 4.03 - 12.5)* 3.40 ( 1.93 - 6.00)*

BMI

2.25 (0.75 - 6.78)

0.89 ( 0.44 - 1.81)

0.74 (0.40 - 1.36)

1.81 ( 0.94 - 3.48)

HRB in Adolescence

3.60 ( 1.72 - 7.51)* 1.44 (0.80 - 2.61)

2.87 ( 1.70 - 4.86)* 1.75 ( 1.00 - 3.06)* 7.08 ( 4.02 - 12.5)* 3.49 (1.97 - 6.18)*

PA

0.47 ( 0.21 - 1.02)

0.66 (0.37 - 1.18)

1.22 (0.72 - 2.05)

0.88 (0.53 - 1.47)

0.96 (0.57 - 1.62)

1.23 ( 0.71 - 2.14)

BMI

2.18 ( 0.72 - 6.61)

0.92 (0.45 - 1.88)

0.75 (0.40 - 1.39)

1.13 (0.60 - 2.13)

1.77 ( 0.97 - 3.23)

1.63 ( 0.84 - 3.18)

HRB in Adolescence

3.31 ( 1.57 - 7.00)* 1.38 (0.76 - 2.51)

2.95 (1.73 - 5.02)*

1.75 (1.00 - 3.06)*

2.54 ( 1.41 - 4.58)* 2.51 ( 1.33 - 4.76)*

1.50 (0.78 - 2.88)

PA + HRB in
Adolescence
1.05 (0.60 - 1.82)

1.20 ( 0.69 - 2.11)

BMI + HRB in
Adolescence
1.11 ( 0.59 - 2.11)

1.69 ( 0.86 - 3.33)

PA + BMI + HRB in
Adolescence

*

p < 0.05; BMI, Body Mass Index; HRB, Health Risk Behaviors; PA, Physical Activity.

A growing body of intervention literature suggests an
association between exercise, often vigorous intensity, with
less smoking [13,25-28]. Exercise has been thought to help
with smoking cessation because of its association with reduced negative affect, a key component to behavioral interventions [13,29-31]. Other research has found that when
exercise is included in the intervention, participants maintained abstinence from smoking longer then non-exercising participants [13] possibly through the reduction of anxiety [32]. However, in this particular cohort, where the
natural progression of smoking from adolescence to adulthood is examined, PA appeared to have no influence on
smoking behavior. More importantly, if a student engages
in smoking during adolescence, they are more likely to continue smoking in adulthood regardless of their PA levels.
The differences in the associations seen between the previous studies and ours may be related to the fact that we
are examining the natural history of smoking over a protracted period and not as a result of an intervention. Also,
it is noted that our study population had higher percentages of risk-taking behaviors during the adolescent years
than those reported by YRBSS and BRFSS for the nation
[4,5].
The results indicated that HRB during adolescence predicts HRB during young adulthood among males for drinking, binge drinking and smoking, and for binge drinking
Copyright © 2012 SciRes.

and smoking among females. These findings were true even
after adjustment for PA and BMI during adolescence. Evidence suggests that engagement in risk behaviors during
adolescence is correlated with future risk taking behaviors. This is an important finding since other research has
indicated that those starting to drink prior to age 15 are
four times more likely to meet the criteria for alcohol dependence at some point in their life [33].
In conclusion, it appears that for males, once a healthrisk behavior is initiated, it will likely continue into young
adulthood, regardless of the presence of other healthy behaviors such as the proper maintenance of body weight
and higher levels of physical activity. Similarly for females, binge drinking and smoking in adolescence is predictive of the same behavior in adulthood. Interventions during adolescence should heavily promote abstinence of these
HRB. There appears to be no cross-over benefit of having a healthy weight and increased physical activity levels in regard to smoking and drinking.
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