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Abstract

Background—While studies have determined the importance of physical activity in advancing
health outcomes, relatively few have explored the relationship between exercise and various health
behaviors of adolescents. The purpose of this study was to examine the relationship between
frequency and intensity of physical activity and both health risk and health promoting behaviors of
adolescents.

Methods—Data were collected from 822 students attending a large, diverse suburban high
school in northeast Florida using a self-administered survey. Multivariate analysis of variance
(MANOVA) and analysis of variance (ANOVA) tests examined differences on mean health
behavior measures on three exercise frequency levels (low, medium, and high) and two intensity
levels (vigorous physical activity: VPA, and moderate physical activity: MPA).

Results—Results showed adolescents engaged in high levels of VPA used marijuana less
frequently (p=0.05) and reported heavy use of marijuana less frequently (p=0.03); consumed
greater amounts of healthy carbohydrates (p<0.001) and healthy fats in their diets (p<0.001); used
stress management techniques more frequently (p<0.001); and reported a higher quality of sleep
(p=0.01) than those engaged in low levels of VPA. Fewer differences were found on frequency of
MPA and health behaviors of adolescents.

Conclusion—These findings suggest that adolescents who frequently participate in VPA may be
less likely to engage in drug use, and more likely to participate in a number of health promoting
behaviors. Longitudinal and experimental studies are needed to determine what role frequent VPA
may play in the onset and maintenance of health enhancing and protecting behaviors among
adolescent populations.
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INTRODUCTION

Physical activity is well documented as a protective factor against many chronic diseases,
such as coronary heart disease, hypertension, Type Il diabetes mellitus, colon cancer,
obesity, osteoporosis, and depression.1:2 It is widely believed that the combined influence of
physical activity with other health promoting behaviors further reduces the likelihood of
developing these chronic diseases.® Lack of regular physical activity, smoking, and poor diet
are the leading preventable causes of death and chronic disease in the United States.
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However, the relationship between physical activity and other health behaviors is not yet
fully understood.>67 These health behaviors are often established during adolescence, share
common determinants, are related to similar health behavioral patterns in adulthood and are
most beneficial to health outcomes when practiced throughout the lifespan of
individuals.8:9:10.11.12.13 Therefore, understanding the relationships among multiple health
behaviors is critical, especially in adolescent populations.14

Investigators have recently expressed the need for further research regarding the feasibility
and effectiveness of interventions promoting multiple behavioral health changes during
adolescence.’” 1> An extensive understanding about the relationship of physical activity and
other health behaviors among adolescents might provide invaluable information for the
development of such interventions.1® According to previous research, physical activity may
be associated with the promotion of other health enhancing behaviors.17-18 However, there is
also seemingly contradictory evidence suggesting that being physically active or involved
with sports is associated with health risk behaviors in adolescent populations.>12:20 Most
studies examining the relationship between physical activity and other health behaviors have
been limited to comparing physical activity to either one or a relatively small set of
behaviors.6:8:13.17 Sych limitations in previous research reflect the need for studies that
examine the relationship of physical activity across a broad range of both health risk and
health promoting behaviors.

It has been demonstrated that the physiological benefits of physical activity are directly
linked to the frequency, intensity, and duration of the physical activity performed.21421 Few
studies, however, have examined the relationship between the intensity of physical activity
(e.g., moderate or vigorous), as well as the frequency (number of times a week engaging in
physical activity), on health.®> Varying levels of physical exertion may help to explain the
contradictory findings about the relationship between physical activity and other health
habits.

This study examined the relationship between the frequency and intensity of physical
activity and health behaviors of adolescents. Specifically, this study investigated
associations among low, medium, and high frequency levels of both vigorous and moderate
intensity physical activity and health risk behaviors including alcohol, cigarette, and
marijuana use, and health promoting behaviors including nutrition, sleep, and stress
management of high school aged adolescents. We hypothesized that adolescents
participating in increasing frequency of both vigorous and moderate physical activity would
be less likely to engage in health risk behaviors, and more likely to engage in health
promoting behaviors.

METHODS

Subjects

Data were collected from a sample of 822 11t and 12t grade students attending an
ethnically and socio-economically diverse suburban school in northeast Florida during fall
2005 and 2006. Participants were recruited in the classroom settings using formal
presentations describing the study’s aims, procedures, benefits, and risks. The mean age of
participants was 17 years old (SD = 0.81). Females were slightly more represented (56%).
Most students were White (45%), followed by African American (26%) and Hispanic youth
(10%). The participant sample was similar to the overall student population in terms of
racial and ethnic proportions; however the participants slightly over represented the general
female population (56% vs. 48%). Less than a third (29%) of participants engaged in 0-1
times of moderate physical activity (MPA) during the past 7 days, compared to 37% of those
who engaged in MPA 2-4 times a week, and 33% for 5 or more time a week. Approximately
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one-third (33%) of participants reported 0-1 times of vigorous physical activity (VPA)
during the past 7 days, with 40% reporting 2—4 times a week, and 27% reporting 5 or more
days a week. With regard to health risk behaviors, 34% of the participants reported using
alcohol, 15% reported using marijuana, and 13% reporting using cigarettes during the past
30 days. Meanwhile, for health promoting behaviors, less than one third of participants
(30%) consumed four or more servings of fruits and vegetables on average each day during
the same 30 day period (See Table 1).

This study analyzed baseline data collected from two prevention intervention trials. Data
were collected using identical procedures during each of the two trials. The protocols for
conducting the intervention trials, including parent consent and youth assent procedures,
were approved by a university’s institutional research review board. Trained research staff
followed standardized research protocols and implemented the self-administered survey to
small groups of students within the participating school.

Instrumentation

The Personal Development and Health Survey is an aggregate of previously validated health
behavior surveys. We used this survey to collect data on multiple health behaviors
including: physical activity level (two items), alcohol, cigarette, and marijuana consumption
(four items each), dietary habits (three items), stress management (one item), and sleeping
patterns (one item). These measures were adapted from previous research and were pilot
tested on a sample of high school students to ensure psychometrically sound and highly
readable items for the target population.

Physical Activity—We used an adaptation of the Godin Leisure Time Exercise
Questionnaire (LTEQ) to assess moderate physical activity (MPA) and vigorous physical
activity (VPA).22 Previous research has validated the LTEQ in adolescent populations, and
has demonstrated sound reliability and concurrent validity across multiple populations.23
The LTEQ measure asked: “Considering a typical 7 day period (one week), how many times
on the average do you do the following kinds of exercise for more than fifteen minutes?”
Two items defining MPA and VPA followed this question. MPA was defined as non-
exhausting exercises such as fast walking, baseball, tennis, slow bicycling, volleyball,
badminton, and easy swimming. VPA was defined as activities that cause the participant’s
heart to beat rapidly, such as running, jogging, football, soccer, basketball, rollerblading,
skateboarding, vigorous swimming, and fast bicycling. Participants were then grouped into
low, medium, and high MPA or VPA classifications based on the frequency of times they
reported corresponding physical activities in a typical 7 day period. Participants reporting 0—
1 times of MPA/VPA in the past 7 days were grouped into low categories; those reporting
2-4 times of MPA/VPA were grouped into medium categories; and those reporting 5 or
more times of MPA/VPA were grouped into high categories.

Health Risk and Promoting Behaviors—Health risk behavior measures included
length of use, and past 30 day frequency, quantity, and heavy use of alcohol, cigarette and
marijuana consumption. Measurement scales were identical for assessing length of use (1 =
do not use, 2 = 30 days or less, 3 = more than 30 days but less than 6 months, 4 = more than
6 months but less than 1 year, 5 = more than one year) and past 30-day frequency of use (1 =
0 days, 2 = 1-2 days, 3 = 3-5 days, 4 = 6-9 days, 5 = 10-19 days, 6 = 20-29 days, 7 = all 30
days) for alcohol, cigarettes, and marijuana. Quantity of use and heavy use were specifically
tailored for the alcohol, cigarette, and marijuana measures. Quantity of past 30 day use
included average number of alcoholic drinks typically consumed (1 = 0 drinks, 2 = 1 drink,
3 =2drinks, 4 = 3 drinks, 5 = 4 drinks, 6 = 5 drinks, 7 = 6 drinks, 8 = 7 drinks, 9 = 8 drinks,
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10 =9 drinks, 11 = 10 drinks, 12 = 11 drinks), average number of cigarettes smoked (1 =0
cigarettes, 2 = less than one cigarette, 3 = 1-5 cigarettes, 4 = 6-10 cigarettes, 5 = 11-15
cigarettes, 6 = 16—-24 cigarettes, 7 = more than 24 cigarettes), and average humber of times
using marijuana in the past month (1 = 0 times, 2 = 1-2 times, 3 = 3-5 times, 4 = 6-9 times,
5 =10-19 times, 6 = 20-29 times, 7 = 30-39 times, 8 = 40 or more times). Past 30 day
heavy use (1 = 0 days, 2 =1-2 days, 3 = 3-5 days, 4 = 6-9 days, 5 = 10-19 days, 6 = 20-29
days, 7 = all 30 days) of alcohol consumption (defined as 5 or more drinks for males, and 4
or more drinks for females in a row), of cigarettes (defined as number of days smoking a
pack of cigarettes in one day), and marijuana (defined as number of days participants were
“very high / really stoned”) of participants were collected. Items assessing length of
substance use, and past 30-day frequency, quantity, and heavy substance use were adopted
from previous prevention research.24:25.26. 27 Cronbach’s alpha for the alcohol consumption
scale was .79; for cigarette smoking behavior measures, .91; and for marijuana use
measures, .94.

Health promoting behaviors measures included nutrition, use of stress management
techniques, and sleep. Three nutrition items (a = .78) examined past 30-day servings of
fruits and vegetables, number of times of eating foods with healthy carbohydrates, and
number of times of eating foods with healthy fats (1 = 0 servings, 2 = 1 serving, 3 =2
servings, 4 = 3 servings, 5 = 4 servings, 6 =5 servings, 7 = 6 servings, 8 = 7 servings, 9 = 8
servings, 10 = 9 or more servings). Stress management behaviors were assessed with five
sub-items that measured the frequency of using a variety of stress management techniques
(e.g. prayer, deep breathing, meditation). The sleep measure included one item that
measured the average quantity of sleeping for participants (1 = 9 or more hours, 2 = 8 hours,
3 =7 hours, 4 =6 hours, 5 =5 hours or less).

Data analysis

RESULTS

All analyses were performed using SPSS version 15.0. Chi-square analyses tested
demographic differences in physical activities. Multivariate analysis of variance
(MANOVA) tests and analysis of variance (ANOVA) tests were conducted to assess
differences on mean health behavior scores across three categories (low, medium, and high)
of frequency of MPA and VPA. Tukey post hoc analyses were performed when statistical
significance (p < .05) was obtained to identify significant pairwise differences.

Table 2 shows that an overall MANOVA indicated significant differences on VPA level for
marijuana (F = 2.13; p = .03). Univariate and post hoc pairwise analysis showed that a high
level of VPA was significantly associated with less frequent marijuana use (F =2.99; p=.
05) and less heavy marijuana use (F = 3.60; p = .03), compared to a low level of VPA. An
overall MANOVA was also significant for nutrition (F = 3.63; p < .001), with univariate
tests demonstrating that a high level of VPA was significantly associated with greater
consumption of healthy carbohydrates (F = 5.63; p <.001), and healthy fats (F = 10.68; p<.
001), compared to a low level of VPA. In addition, ANOVA and pairwise tests showed that
a high level of VPA was significantly associated with more use of stress management
techniques (F = 12.01; p < .001), and a greater quality of sleeping (F = 4.83; p=.01),
compared to low VPA. A similar pattern was found for frequency and quantity of cigarette
smoking, with less cigarette use for those youth engaged at high levels of VPA compared to
those at low levels of VPA, although the overall MANOVA was not significant.

Table 3 shows a significant overall MANOVA for nutrition behaviors across MPA levels (F
= 2.12; p = .05), with univariate and post hoc pairwise analysis revealing that a high level of
MPA was significantly associated with increased consumption of healthy fats (F = 6.42; p
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<.001), compared to a low level of MPA, and a similar pattern approaching significance for
eating good carbohydrates (p=.06). In addition, stress management techniques differed
across MPA (F = 13.45; p < .001), with those engaged in high levels of MPA using more
stress management compared to those engaged in low levels of MPA. No differences were
found across MPA on alcohol, cigarette or marijuana use, and quality of sleep.

DISCUSSION

This study examined the relationships of physical activity levels with health risk and health
promoting behaviors among adolescents. Our findings supported the hypothesis that
adolescents participating in increased levels of physical activity would be less likely to
engage in health risk behaviors and more likely to engage in health promoting behaviors.
The main findings demonstrate that adolescents engaged in high levels of VPA were using
less marijuana, had a healthier dietary intake, greater stress management skills, and better
quantity of sleep than those engaged in low or no VPA. While overall MANOVA analysis
for the cigarette use scale was non-significant for VPA, significant differences were found
with the high VPA group demonstrating lower frequency of cigarette smoking and quantity
of cigarette smoking than the low VVPA grouping.

Less supportive of our hypothesis was the finding that participation in high levels of MPA
was not as consistently associated with other health behaviors when compared to
participation in high levels of VPA. Increased healthy fat food consumption and improved
stress management were the only health behaviors found to be statistically significant among
adolescents engaged in high levels of MPA. This suggests VPA is a better predictor of other
health habits in adolescence than MPA. Further research should examine why these
differences may exist, as this finding has potential implications for increasing our
understanding and possibly affecting multiple behavior patterns of youth.2’

Our results indicate VPA may be an important factor to consider for interventions that
simultaneously address multiple health behaviors, especially in similarly diverse adolescent
populations in the southeastern United States. Additional studies of adolescents involving
more geographically diverse populations will improve the generalizability of the relationship
between VPA and other health behaviors in adolescents.

The associations between high levels of VPA and smoking, dietary behaviors and stress
management are particularly important considering these are leading factors for longevity,
chronic disease prevalence, and quality of life.13 Additionally, the finding that adolescents
participating in high levels of VPA smoked marijuana less frequently and heavily is
significant considering marijuana is the most commonly used illicit drug, and is equal to
rates of cigarette smoking among adolescents.28:29 Longitudinal studies are needed to
examine the temporal relationships and causal associations among levels and types of
physical activity and other critical health behaviors of adolescents.

It is possible that the relationship between increased physical activity and healthy
psychological well-being may serve as a protective factor against health risk behaviors and
contribute to health promoting behaviors.39:31.32 Moreover, those who engage in high levels
of physical activity may be exposed to positive social influences that promote healthy
behaviors.33:34 Social images that characterize individuals who are engaged in large
amounts of physical activity may also help to explain this relationship. For example, social
images attributed to individuals participating in high levels of VVPA reflect an individual
engaged in other positive health behaviors, such as good nutrition and the avoidance of
smoking behaviors.1% 3% In addition, motivational factors associated with participating in
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high levels of physical activity, may inherently attract individuals who are already
predisposed towards avoiding unhealthy behaviors and engaging in healthy behaviors.36

Our findings suggest the importance of promoting VPA among adolescents, especially
considering rates of VPA among this population are very low.%37 National prevalence
studies estimate that between 34% to 7% of adolescent populations meet the Centers for
Disease Control and Prevention’s (CDC) guidelines for regular vigorous physical
activity.14.16.29 Qur study supports these findings with less than 27% of our sample meeting
the CDC standards for engaging in VPA. Considering the impact VPA has on physical
health and its potential influence on other health risk and promoting behaviors, along with
the low rates of VPA within this population, the promotion of regular VPA in adolescents
should continue as a major public health priority.

Results of this study should be interpreted in lieu of several limitations. First, our findings
are based on a sample of 11t and 12t grade students from a single suburban high school.
Additional studies of adolescents involving probability samples drawn from urban, rural,
suburban, and more geographically diverse populations would improve generalizability. A
second limitation of this study was the exclusive use of self-reported data, without
corroboration from other sources. The use of costly biochemical or mechanical verification
of self-reports remains a challenge for those engaged in multiple behavior research. A third
limitation was use of cross-sectional data, which precludes establishing a temporal and
causal relationship among varying levels of physical activity and health behaviors. A final
limitation was the lack of more precise measures of identifying participation in specific
physical activities (i.e. — swimming, cycling, tennis, skateboarding), and the lack of
inclusion of measures of sport participation. Recent research has indicated that certain types
of physical activities and sports are associated with both positive and negative health
behaviors of young people.40

In conclusion, the results from this study suggest high frequency levels of VPA are
associated with a number of health risk and health promoting behaviors in adolescents.
Future research is needed to examine whether the statistically significant associations found
in the high VVPA groupings are practically significant for improving other health behaviors in
adolescence. Our findings underscore the critical need for incorporating more robust
experimental methodologies, such as physiological health measures and longitudinal
research designs, into examining the practical importance between VPA and various
adolescent health risk and promoting behaviors. Such studies will help to inform the
potential public health impact of school based interventions targeting multiple health
behaviors in adolescents.

Implications for Schools

A theme of physical activity is congruent with recent studies advocating for the promotion
of healthy youth development to enhance a wide range of health behaviors in adolescent
populations.38: 39 Innovative school health promotion and health education efforts
incorporating VPA with multiple health behavioral change strategies may help to improve
the magnitude of mean difference seen in our significant findings. Additionally, this type of
approach towards school based health promotion may be more cost effective, and ready for
widespread dissemination and adoption than more traditional approaches to school health”:12
Furthermore, exploring the efficacy of these interventions will help to fill a void in the
scientific knowledge of school based health promotion and multiple health behavior
intervention research.
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Table 1

Demographic Characteristics of Participating Students (N = 822)

Characteristics

n (%)

Gender
Male
Female
Ethnicity
White
Black/African American
Hispanic
Age
15 years old
16 years old
17 years old
18 years old
19 years old

366 (44.5%)
456 (55.5%)

375 (45.4%)
216 (26.3%)
85 (10.3%)

5 (.6%)
206 (25.1%)
361 (43.9%)
229 (27.9%)

21 (2.6%)

Moderate Physical Activity

Low (0-1 times/week)

239 (29.1%)

Medium (2—4 times/week) 303 (36.9%)

High (5 or more times/week) 273 (33.0%)
Vigorous Physical Activity

Low (0-1 times/week) 271 (33.0%)

Medium (2—-4 times/week) 326 (39.6%)

High (5 or more times/week) 220 (26.7%)
Past 30 day substance use

Alcohol (34.0%)

Marijuana (15.0%)

Cigarettes (13.0%)

Consumption of four or more servings of fruits and vegetables in past 30 days (30.0%)
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