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Abstract
To examine variation in clustered metabolic risk (cMetS) in
adolescents classified as not overweight/active (NOA), not
overweight/not active (NONA), overweight/active (OA), and
overweight/not active (ONA).
While studies to date have shown that children and adolescents who
meet the current physical activity (PA) recommendations and maintain
a healthy body weight demonstrate significantly lower cardiometabolic
risk, there are some studies that suggest the relationship between PA
and metabolic risk may be mediated by adiposity.
The sample included adolescent participants (n=875; 12-17 years) of
the 2007-2012 National Health and Nutrition Examination Survey
(NHANES). The cMetS score included triglycerides, high-density
lipoprotein cholesterol, fasting plasma glucose, and mean arterial
pressure. Age- and sex-specific body mass index (BMI) percentiles
were utilized; overweight was defined as BMI percentile > 85",
Activity data included self-reported frequency of moderate-to-vigorous
PA. Adolescents reporting > 60 min/day of PA were considered
“active”. General linear models, adjusted for age, sex, and race-
ethnicity, were used. A six-year fasting sample weight was applied to

the analyses in order to ensure representativeness of the data.
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Conclusions
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The cMetS scores were significantly (p<0.05) higher in OA and ONA
adolescents when compared to NOA (B=1.08 and f=1.57, respectively).
In ONA males, cMetS was significantly (p<0.01) higher when
compared to NOA males. In OA and ONA females, cMetS scores were
significantly higher compared to the referent group (p<0.01 for both).
The cMetS scores were higher in OA and ONA adolescents when
compared to those classified as NOA. Whereas only ONA males
demonstrated significantly higher cMetS score when compared to the
NOA referent, both OA and ONA cMetS scores (vs NOA) were

significantly higher in females.



Chapter One: Introduction



Daily, routine physical activity (PA) among children and youth is known to improve
cardiovascular and metabolic disease risk profiles (1-3) and reduce the risk for a plethora
of undesirable health-related outcomes in adulthood (1, 4). Adiposity is also a strong
predictor for multiple comorbidities in adolescents (5-7). Current data strongly suggest
that excess adiposity in youth is significantly associated with unfavorable outcomes in
adulthood, including obesity, increased risk of developing cardiovascular disease (CVD)
and premature mortality (8-12). Metabolic syndrome (MetS) is an unhealthy cluster of
CVD risk factors which include abnormal blood pressure (BP), elevated triglycerides
(TG), low high-density lipoprotein cholesterol (HDL-C), elevated fasting plasma glucose
(FPG) and abnormal waist circumference (WC). Research indicates that MetS prevalence
has increased in U.S. adolescents (13-15). While Cook et al. (14) estimated the MetS
prevalence to be 4.1% in a sample of U.S. adolescents from 1999-2002, Miller et al. (15)
observed a prevalence of 10.1% in a sample collected between the years 2001-2010.
Clustered metabolic risk is often represented by a continuous z-score, which typically
takes into account components of MetS; the score may also include other cardiometabolic
risk factors such as hyperinsulinemia or a homeostasis model assessment - estimated
insulin resistance (HOMA-IR). This chapter provides an overview of the previous
research exploring relationships between PA, body mass index (BMI) and metabolic risk
in adolescents. Background information, including the current PA recommendations, the
definition of “healthy weight” and “overweight” based on BMI, and the prevalence of
metabolic risk in U.S. adolescents will also be discussed. The chapter will conclude by
clarifying the problem and the purpose of the research question, and will provide a brief

description of the project.



Background
PA and Metabolic Risk

Physical activity and healthy body weight have both been shown to be independently
correlated with a lower likelihood of metabolic risk in all age groups (5, 16-25).
According to the 2008 Physical Activity Guidelines for Americans (16), meeting the
federal PA guidelines is inversely related to premature death, coronary heart disease
(CHD), stroke, cancer, type 2 diabetes, abnormal blood pressure, high total cholesterol,
and sudden heart attack. Specifically in children and adolescents, those who are
physically active have higher levels of cardiorespiratory fitness, stronger muscles, lower
body fatness, stronger bones and reduced symptoms of anxiety and depression when
compared to those who are inactive. Youth who engage in regular PA according to the
federal PA guidelines also demonstrate a greater likelihood of being healthy adults, due
to their lower likelihood of cardiometabolic risk factor development during childhood
and adolescence (16).

It has been suggested in the literature that the relationship between PA and metabolic
risk is no longer statistically significant following adjustment for varying measures of
adiposity (16-19). However, many studies have observed that PA, independent of
adiposity, is significantly and inversely related to clustered metabolic risk in children and

adolescents (5, 20-25).

BMI and Metabolic Risk



Body mass index is a measure of adiposity based on one’s weight in relation to
their height [weight (kg)/height* (m?)]. In an analysis involving over 4,200 children and
adolescents 8-17 years of age, BMI was shown to be comparable to waist circumference
and waist-to-height ratio when predicting the clustering of metabolic risk (26). The same
analysis suggested that being overweight (as defined by BMI> 85™ percentile for age and
sex) was associated with more than two times the odds for having clustered metabolic
risk, and being obese (BMI> 95™ percentile) was associated with more than 14 times the
odds when compared with those within the desirable weight category (BMI< 85
percentile). In this case, clustered metabolic risk was operationalized as the sum of z-
scores for TG, HDL-C, systolic and diastolic BP (mean arterial pressure), and HOMA-IR.
Several studies have illustrated that with an increased BMI, children and adolescents are
more likely to also possess various metabolic risk factors (27-30). Along with the
immediate health implications of undesirable BMI in youth, the numerous long-term
health consequences that develop in adulthood further highlight the importance of
maintaining a healthy lifestyle during childhood and adolescence (8-12, 31, 32). It should
be noted that BMI is essentially a proxy for obesity, which is a chronic condition heavily
associated with a number of unhealthy dietary and lifestyle habits. These contributors

will affect the degree of one’s obesity-related health risk.

PA and BMI
While those who are physically active are less likely to be overweight and obese,
the reverse concept that those who are overweight and obese are less likely to be

physically active has been established (2, 4, 5, 33, 34-38); this is sometimes referred to as



reverse epidemiology. Increased volumes of PA have been consistently shown to be
inversely and significantly associated with increased body weight (2, 4, 5, 33, 34).
Interestingly, some studies suggest that overall PA may not differ significantly between
BMI groups in children and adolescents; however, those who are normal weight exhibit
significantly higher levels of strenuous PA, and are more likely to participate in sports
(35-37). However, it is observed in the literature that weight status is significantly and

positively associated with overall PA, as well (38).

PA Recommendations for U.S. Adolescents

The 2008 Physical Activity Guidelines for Americans recommend that children and
adolescents participate in at least 60 minutes of moderate-to-vigorous physical activity
(MVPA) per day; however, it is also recommended that at least three days per week
should incorporate vigorous-intensity activity (39). These 60 minutes daily should
include muscle and bone strengthening activities at least three days per week. The
Guidelines state that MVPA can be any aerobic activities which induce sweating or
increased respiration, such as running, swimming, and bicycling. Unfortunately, within
samples of U.S. children and adolescents collected as recently as 2012, only about one

quarter are meeting the federal daily recommendation (34, 40, 41).

BMI & Prevalence of Overweight/Obese Adolescents
Cutoffs for BMI are based on age- and sex-specific percentiles, which were created in
order to be utilized by clinicians to identify children who are at risk for becoming

overweight at older ages (42). According to an expert committee comprised of



representatives from 15 national health care organizations, a child or adolescent with a
BMI > 5" percentile and < 85™ percentile is considered being of healthy weight. Being
overweight is defined as having a BMI > 85" and < 95™ percentile, and being obese is
associated with a BMI > 95" percentile (43). Recent prevalence estimates (2009-2010)
suggest that among U.S. children and adolescents aged 2-19 years, 31.8% were
overweight or obese, 16.9% were obese, and 12.3% were at or above the 97™ percentile
(severely obese) of BMI for age (44). Specifically, among those aged 2-5, 6-11, and 12-
19 years, prevalence of overweight was 26.7%, 33.2%, and 32.6%, respectively and the
prevalence of obesity was 12.1%, 18.0%, and 18.4%, respectively. Trend analyses
indicate that from 1999 to 2010, an annual increase in the odds of obesity prevalence has
been observed in children and adolescents ages 2-19 years [OR 1.03 (95% CI, 1.01-1.05)

and OR 1.01 (95% CI, 0.99-1.03) for males and females, respectively].

Estimated Prevalence of Individual Metabolic Risk Factors in U.S. Adolescents
Adolescent cut-off points for the metabolic risk factors below are based on a modified
definition of adult MetS in the Third Report of the National Cholesterol Education
Program Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol
in Adults (45). The individual criteria are listed as follows: systolic or diastolic BP > 90th
percentile (age, height, and sex-specific), TG > 110 mg/dL, HDL-C <40 mg/dL, and
FPG concentration > 100 mg/dL. In a study utilizing a nationally representative sample of
U.S. adolescents (12-19) who participated in the 2000-2010 National Health and
Nutrition Examination Survey (NHANES), it was reported that the overall unweighted

prevalence of abnormal BP, elevated TG, low HDL-C and elevated FPG were 4.9%,



20.6%, 16.1%, and 16.5%, respectively (15). Abnormal BP was most common in non-
Hispanic black adolescents, both elevated TG and low HDL-C were most common in
non-Hispanic white adolescents, and Hispanic adolescents demonstrated the highest
prevalence of elevated FPG. Also, adolescent males, when compared to females,

displayed a higher prevalence of MetS as well as each individual MetS criterion (15).

Abbreviated Literature Review

Studies to date have shown that children and adolescents who meet the current PA
recommendations and maintain a healthy BMI demonstrate significantly lower
cardiometabolic risk (20-25). However, there are some studies that suggest the
relationship between PA and metabolic risk may be mediated by BMI (47-49). To our
knowledge, these two variables have yet to be examined in an analysis in which
adolescents are categorized by PA and BMI. There is a need to examine potential
differences in cardiometabolic risk within a nationally representative sample of U.S.

adolescents categorized by both PA and BMI.

Purpose & Study Aims

The purpose of this study was to examine the potential differences in a continuous
metabolic risk score (cMetS score) between groups of adolescents who were categorized
by PA level and BMI. The groups were structured as follows: not overweight/active
(NOA); not overweight/not active (NONA); overweight/active (OA); and overweight/not
active (ONA). Study aims included examining the associations between meeting the daily

federal PA recommendation, BMI, and metabolic risk score in U.S. adolescents. The



present study also aimed to examine potential sex differences in the relationship between
PA, BMI, and cMetS score. To our knowledge, this is the first study to examine the
change in continuous cMetS score among categories based on meeting the daily PA
recommendation and BMI in a nationally representative sample of U.S. adolescents aged

12-17 who participated in the 2007-2012 NHANES.

Project Description

This study utilized six years of data (three cycles) from the 2007-2012 NHANES, and
the nationally representative sample included adolescents 12-17 years of age. All
participants attended the morning examination session in the mobile examination center
(MEC) following a minimum overnight fasting period of nine hours. Females included in
the analyses were not pregnant, and the sample was limited to participants with complete
data on all variables of interest.

The continuous metabolic risk score was derived by standardizing and then summing
the following cardiometabolic components to create a summary z-score: TG, HDL-C,
FPG, and mean arterial pressure (MAP). The purpose of using a continuously distributed
variable was to effectively maximize statistical power.

Weight category was determined using BMI; a participant was considered “Not
Overweight” if BMI < 85" percentiles (age- and sex- specific), and “Overweight” if BMI
> 85th percentiles. Participation in PA was determined using self-report interview data.
The mean number of minutes of MVPA per day was determined for each participant.
This was calculated by first multiplying average minutes per day and average days per

week of MVPA, then dividing this quantity by seven (46). Participants were considered



“Active” if their average minutes per day was > 60, which coincides with meeting the
daily aerobic federal PA recommendation for adolescents. Participants were considered
“Not Active” if their average minutes per day was < 60.

The data were initially managed in SAS 9.4 (5). Variable recoding was performed as
well as data coding validation. Linear regression of the overall sample was performed
SAS, using PROC SURVEYREG, to observe the continuous relationship between cMetS
score (dependent variable) and categorization based on PA and BMI. The mean and
standard deviation of each variable for the entire sample was calculated using SAS.
Strengths of the proposed study included: the use of a nationally representative sample
resulting in strong external validity; large sample size to increase statistical power; the
use of mostly objective means of measurement; and a continuously distributed outcome
measure which serves to maximize statistical power. Limitations included: lack of
inferred causality due to the cross-sectional study design, and the use of self-reported

physical activity, which introduces potential recall and report bias.
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Metabolic Risk
Definition

Metabolic syndrome (MetS) is defined by the American Heart
Association/National Heart, Lung, and Blood Institute (AHA/NHLBI) as a cluster of
unhealthy cardiovascular disease (CVD) risk factors including abdominal obesity,
elevated blood pressure (BP), high levels of triglycerides (TG), low levels of high-density
lipoprotein cholesterol (HDL-C), and elevated fasting plasma glucose (FPG) levels (1).
Commonly used demarcation points for metabolic risk factors in children and adolescents
have been based on a modified definition of MetS proposed originally by the Third
Report of the National Cholesterol Education Program Expert Panel on Detection,
Evaluation and Treatment of High Blood Cholesterol in Adults (NCEP ATP III) (2). The
demarcation points for each individual criterion are waist circumference (WC) > 90th
percentile; systolic or diastolic BP > 90th percentile (age, height, and sex-specific); TG >
110 mg/dL; HDL-C <40 mg/dL; and FPG concentration > 100 mg/dL. While these cut-
points have been utilized in the literature, there is no universal definition of MetS for
children and adolescents.

A clustered metabolic risk (cMetS) score is a continuous variable which is derived
by standardizing and then summing continuously distributed cardiometabolic components
to create a z-score (3). A lower risk score is indicative of a healthier metabolic profile.
Components which may be included in such a score include all components of the MetS,
fasting insulin, homoeostasis model of assessment for insulin resistance (HOMA-IR), and
various measures of body composition. The purpose of using the cMetS score as a

continuous variable is to maximize statistical power given the relatively low prevalence
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of the MetS in adolescents.

Estimated Prevalence in Adolescents

It has been shown in a nationally representative sample of U.S. adolescents, aged
12-19, that the overall unweighted prevalence of abnormal BP, elevated TG, low HDL-C
and elevated FPG are 4.9%, 20.6%, 16.1%, and 16.5%, respectively (4). Male
adolescents, when compared to female adolescents, displayed a higher prevalence of
MetS, and most individual metabolic risk factors. These data suggest that approximately
one in 10 U.S. adolescents possess three or more MetS criteria and would be classified as
having MetS.

Approximately three out of four U.S. adolescents do not meet the current physical
activity (PA) recommendations (5, 6).The relationship between PA and cMetS score in
youth has been previously debated in the literature (7-17). Though several studies have
consistently shown a significant inverse association between increased PA and
cardiometabolic risk (7-14), some studies suggest that this relationship is mediated by
adiposity (15-17). These studies will be further discussed in detail throughout this review
of the literature. Details regarding study sample characteristics and statistical findings are

presented in Table 1.

The Independent Relationship between PA and Metabolic Risk
Clustered Metabolic Risk Score
Earlier studies have demonstrated the independent relationship between cMetS

score and PA (7-14). For example, Hong et al. (7) performed a cross-sectional analysis in
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a sample of 275 adolescents, aged 12-13 who were recruited from various elementary
schools in the city of Suwon, South Korea. The sample included 130 boys and 145 girls,
and included participants within various classes of body mass index (BMI), fitness and
insulin resistance. Physical activity was assessed using the Kenz Lifecorder EX (18),
which is a uniaxial accelerometer. Participants were asked to wear the device from the
time they got up in the morning until they went to bed, except during bathing and
showering, for seven full consecutive days. Blood samples were drawn from all subjects
following an overnight fasting period of 10 hours. A clustered risk score was calculated,
and the components included in the score were WC, resting BP, TG, HDL-C and the
homoeostasis model of assessment for insulin resistance (HOMA-IR). It was observed
that only vigorous-intensity PA was a significant predictor of cMetS score, independent
of age and Tanner scale (sexual maturation). While this same association was not
significant with light- and moderate-intensity PA, it was observed in the study that those
in the upper quartile of cMetS score performed significantly less PA, at all intensities,
when compared to those in the lower quartile of cMetS score (p<0.001). Due to the fact
that WC was a factor used to calculate the clustered metabolic score, this analysis was not
adjusted for adiposity.

Further support of this relationship was suggested by Pahkala et al. (8), who
studied a sample of 13-year old adolescents (n= 542) recruited from an ongoing
atherosclerosis prevention study in Turku, Finland. Leisure-time PA (LTPA) was
assessed with a self-administered questionnaire, which had the participant self-report the
frequency, duration and intensity of their LTPA. From this, a PA index was calculated as

a multiple of resting metabolic rate, measured in MET hours per week (MET h/wk).
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Adolescents who performed <5 MET h/wk of PA were compared to those who
performed > 5 MET h/wk. The risk factors included in their cMetS score were BMI,
HDL-C, TG and systolic and diastolic BP. Investigators reported higher levels of LTPA
were significantly associated with a lower cMetS score, but only in girls (OR 0.65, CI
0.43-0.98, p=0.038). Additional analyses were done comparing those who performed < 5
MET h/wk to those who performed > 50 MET h/wk of LTPA. When examining these
extreme levels of LTPA, a significant association between PA and cMetS score was also
observed in boys (OR 0.48, C10.22 to 0.99, p=0.049). Neither of these analyses,
however, were adjusted for BMI due to its inclusion in the cMetS score.

Stabelini Neto et al. (9) analyzed a random sample of Brazilian adolescents aged
10-18 (n=391) enrolled in public and private schools in the city of Jacarezinho, Parana,
Brazil. The objective of the study was to observe the associations between cMetS score
and moderate to vigorous PA (MVPA), and to identify the amount of daily PA needed to
prevent the development of various metabolic risk factors. Physical activity was
measured with an Actigraph accelerometer (GT3X, Pensacola, Florida, USA) (19).
Adolescents who obtained no less than four full days of data, including at least one
weekend day, were included in the study. The cMetS score was comprised of the
following components: BP, HDL-C, WC, FPG, and TG. There was a significant
relationship between time spent in moderate-intensity PA and cMetS score (r=-0.191,
p<0.01). Vigorous PA was inversely associated with WC, but no other associations were
found.

In 2006, Ekelund et al. (10) used population-based data from three European

regions of the 1997 and 2000 European Youth Heart Study (n=1,921) to examine the
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relationship between PA and cMetS amongst adolescent boys and girls (9 to 10 and 15 to
16 years old). Physical activity was assessed using an MTI Actigraph accelerometer (19),
which measured counts per minute (cpm) and was worn on the right hip over two
weekdays and two weekend days. A continuous cMetS score was derived by
standardizing and summing the following components: the sum of four skinfolds, BP
(average of systolic and diastolic BP), FPG, fasting insulin, HDL-C, and TG. Physical
activity was inversely associated with the cMetS score after adjustment for television
viewing and other potential confounders (= —0.08, p<0.0001). In an additional analysis,
the score excluded adiposity and the model adjusted for the sum of four skinfolds as a
confounding factor. Before and after this adjustment, it was demonstrated that there was a
significant relationship between PA and cMetS score (B= —0.09, p<0.0001).

Ekelund et al. (11) conducted follow-up analyses to further examine data from the
European Youth Heart Study, using participants of the same demographics discussed
previously (n=1,709). Physical activity was again measured via accelerometer, and
cMetS score included the standardized summation of the same components, the only
difference being that the estimate of adiposity was WC rather than skinfolds. Waist
circumference was excluded in this score in models that adjusted for adiposity as a
confounding factor to avoid collinearity; in this case, adiposity was once again modeled
as skinfolds. It was observed that total PA was inversely associated with cMetS score,
and the magnitude of this association remained unchanged following adjustment for WC
(B=—0.08, 95% CI -0.10, -0.05).

Also examining data from the European Youth Heart Study, Anderson et al. (12)

observed that PA decreased the odds for cMetS score, even in overweight youth. Data
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from 1,732 nine and 15-year-old randomly selected youth were collected in a cross-
sectional analysis exploring the association between PA and clustered CVD risk factors.
Physical activity was measured by an accelerometer worn on the right hip for four
consecutive days (two weekdays and two weekend days). Risk factors comprising the
cMetS score included systolic BP, TG, ratio of total cholesterol (TC) to HDL-C, HOMA-
IR score, sum of four skinfolds, and aerobic fitness (VO,max). Increased odds of a higher
cMetS score were reported for those in the lowest quintile of PA [OR 3.29 (95% CI 1.96-
5.52)] compared to those in the highest [OR 1.00, referent]. Odds ratios in this analysis
did not change when participants were stratified by weight status; therefore, regardless of
weight status, higher levels of PA significantly lower odds of metabolic risk in youth.

In 2010, Okosun et al. (13) conducted a cross-sectional study, which utilized data
from the 2003-2004 cycle of the continuous National Health and Nutrition Examination
Survey (NHANES) (20). This data set is a nationally representative sample of the U.S.
population. The study included adolescents between the ages of 12 and 17 who had data
collected on all available variables and completed a minimum overnight fasting period of
eight hours (n= 655). Physical activity was measured using self-reported data obtained by
trained interviewers. Participants were asked the following questions: (1) During the past
30 days, did you do any vigorous activities for at least 10 minutes that caused heavy
sweating or large increases in breathing or heart rate?; and, (2) During the past 30 days,
did you do any tasks in or around your home or yard for at least 10 minutes that required
moderate or greater physical effort? Respondents who answered no to vigorous activities,
or who answered yes but did not give at least one vigorous activity or reported duration

of less than 10 minutes, were recorded as sedentary. The same was approach was utilized
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when asking about moderate activities. Components included in the calculated cMetS
score were: mean arterial pressure (MAP), TG, FPG, WC, and HDL-C. Investigators
reported significant increases in cMetS score with decreasing reported intensities of
LTPA. The mean cMetS scores for those whose LTPA was classified as sedentary,
moderate, and vigorous were 0.88, 0.17 and -0.42, respectively (p<0.001). Though an
independent association was also observed between BMI and cMetS score, it was shown
that vigorous LTPA was associated with significantly lower cMetS risk score within each
BMI class (healthy weight, overweight, and obesity)(p<0.05 for all). Therefore,
regardless of weight status, PA had a positive effect on clustered metabolic risk.
Recently, Machado-Rodrigues et al. (14) reported sex differences in the proposed
relationship between PA and cMetS score. A cross-sectional study utilizing data from a
sample of 924 randomly selected Brazilian youth aged 11-17 years was analyzed. In
order to measure PA, participants were asked to keep a diary in which they recorded all
activities and their respective intensities performed every 15 minutes. Intensity was self-
reported by the participant on a scale of one to nine. Each number representing intensity
was associated with specific values of caloric expenditure, which were used to estimate
total daily energy expenditure. Each number was described and valued as follows: (1)
sleeping or resting in bed: 0.26 kcal/kg/15 min; (2) sitting: 0.38 kcal/kg/15 min; (3) light
activity standing: 0.57 kcal/kg/15 min; (4) slow walking (approx. 4 km/hr): 0.69
kcal/kg/15 min; (5) light manual tasks: 0.84 kcal/kg/15 min; (6) leisure and recreational
sports: 1.2 kcal/kg/15 min; (7) manual tasks at a moderate pace: 1.4 kcal/kg/15 min; (8)
leisure and sport activities of higher intensity- not competitive: 1.5 kcal/kg/15 min; and

(9) very intensive activities- competitive sports: 2.0 kcal/kg/15 min. The continuous
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cMetS score utilized included the standardization and summation of insulin, TG, FPG,
HDL-C and BP. The results suggested that in girls, MVPA was significantly and
inversely associated with cMetS score after adjustment for several potential confounders,
including WC (B=-0.08, 95% CI, -0.91 to -0.8). Waist circumference was shown to also
be an independent predictor of cMetS score. In boys, however, MVPA was not
significantly associated with cMetS score in the unadjusted regression model, or after
adjustment for age and WC.

To summarize, an independent relationship between PA and cMetS score has
consistently been observed in the literature. The previously discussed studies all included
males and females, participants were of similar age, and differing means of measuring
PA (accelerometry and self-report) were utilized. While all studies were cross-sectional
and of sufficient sample size, studies presented results produced by both linear and
logistic regression models. Moreover, similar findings were produced in adolescent

samples from different countries (Europe, U.S. and Brazil) with varying ethnicities.

Individual Metabolic Components

Some studies have reported significant relationships between PA and BP in
children and adolescents, independent of adiposity (11, 14, 21). In 2006, Ekelund et al.
(11) demonstrated that after adjusting for the sum of four skinfolds, the inverse
relationships between PA and both systolic and diastolic BP remained significant
(p<0.001). Machado-Rodrigues et al. (14) observed that MVPA was inversely related to
BP in both girls and boys (r=-0.09, p<0.05 and r=-10, p<0.05, respectively).

Furthermore, a meta-analysis was performed to observe the relationship between
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objectively measured PA and metabolic risk components, such as WC, fasting insulin,
TG, HDL C, and resting systolic BP; over 20,000 participants aged four to 18 years were
collected from various studies (21). It was reported that higher volumes of MVPA, but
not total PA volume (TPAV), was significantly associated with lower systolic BP values
following adjustment for age, sex, sedentary time and WC.

Some of the same studies have also shown that independent of adiposity, PA has a
significant negative relationship with TG (10, 11, 21). Ekelund et al. (11) observed that a
significant inverse relationship was evident between PA and TG (p=0.02), which was
only slightly attenuated following adjustment for the sum of four skinfolds (= -0.06,
p<0.05). Data from the European Youth Heart Study (10) illustrated that TG
concentration was negatively and significantly associated with moderate PA (f=-0.05,
p<0.05) and TPAV (B=-0.06, p<0.05) after adjusting for WC. Additionally, the
aforementioned meta-analysis of over 20,000 children and adolescents showed that TG
concentration was significantly and inversely related to TPAV and time spent in MVPA
(p<0.001 for both) after adjusting for age, sex and WC (21).

The two previously discussed studies have also suggested a positive relationship
between PA and HDL-C, independent of adiposity (8, 14). In the first, Pahkala et al. (8)
found that in 13-year old boys, higher volumes of LTPA had a positive effect on HDL-C
(B=0.043, p=0.017), but not on other clustered metabolic risk factors. This remained
significant after adjusting for BMI (p<0.05). In the second, Machado-Rodrigues et al.
(14) observed that in Brazilian adolescent girls, MVPA was positively associated with
HDL-C (r= 0.4, p<0.05). Additionally, Heshmat et al. (15) performed a cross-sectional

analysis in 5,625 Iranian students between the ages of 10-18 in order to examine the
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potential associations of PA on interactions between excess body weight and cMetS
score. The sample included participants from the third survey of the Childhood and
Adolescence Surveillance and Prevention of Adult Non-Communicable Disease
(CASPIAN) study conducted in 2009-2010. Leisure time PA was assessed using a
validated questionnaire (22) and participants were categorized according to how many
days per week they participated in PA outside of school. The PA question asked about
activity which caused heavy sweating or large increases in breathing or heart rate for
more than 30 minutes. The cMetS score calculated included the following components:
WC, MAP, HDL-C, TG, and FPG. Despite suggesting that PA and cMetS score were not
independently associated, it was found that in both sexes, LTPA was positively
associated with HDL-C after adjusting for BMI (= 0.16, p<0.05).

Evidence also exists suggesting that FPG is affected by PA independent of weight
status in children and adolescents (10, 11). In 2006, Ekelund et al. (11) demonstrated that
the relationship between PA and FPG in European adolescents (n= 1921) remained
significant (p<0.001) following adjustment for the sum of four skinfolds. A similar
significant relationship was reported in a previously discussed follow-up analysis by
Ekelund et al. (10) wherein fasting glucose was inversely associated with moderate,
vigorous, and TPAV in European children and adolescents (f=-0.11, p<0.001; p=-0.10,
p<0.001; and B=-0.11, p<0.001 in moderate, vigorous and TPAV, respectively). In
summary, independent relationships between PA and individual components of the
cMetS score (BP, TG, HDL-C and FPG) have been previously observed in the literature.
Similar results were observed in studies utilizing comparable age ranges, differing means

of measuring PA, and with samples of varying ethnic origin.
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The Role of Adiposity in Mediating the Relationship between PA and Metabolic
Risk
Clustered Metabolic Risk Score

Conlflicting evidence exists which suggests that the relationship between cMetS
risk score and PA is mediated by adiposity (15-17). This idea would suggest that the
association of PA and cMetS risk score is not independent, but instead reliant on the
association between PA and adiposity. One could then assume that those who are active
typically demonstrate more desirable cMetS risk profiles due to the benefits of
maintaining a healthy weight as opposed to the physiological benefits of regular activity.
In a cross-sectional study, Rendo-Urteaga et al. (16) examined the associations between
independent and combined effects of PA and sedentary behavior (SB) with individual and
clustered cardiometabolic risk factors. Participants included 769 adolescents (12.5-17.5
years) from the Healthy Life-style in Europe by Nutrition in Adolescence (HELENA)
Study. Activity was determined using both self-report (questionnaires) and accelerometer
data. A clustered cardiometabolic risk index was created using the following components:
HOMA-IR index, systolic BP, TG, TC, HDL-C, VO2max and the sum of four skinfolds.
Regardless of the means of measurement, PA was not significantly associated with
cMetS score in all analyses. There was an observed association between the combined
effect of PA and SB on cardiometabolic risk (PA > 60 min/day; SB < 2 h/day), but this
relationship was no longer significant (p>0.05) following adjustment for WC and other
potential confounders (i.e. seasonality, maternal education level, sex, age, height,

carbohydrate, proteins, lipids and total energy intake).
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Vaisto et al. (17) sought to observe the independent and combined associations of
PA and SB with cardiometabolic risk in children. Their sample (n= 468) included six to
eight year-old children from Finland who provided baseline data in the Physical Activity
and Nutrition in Children (PANIC) Study between 2007 and 2009. Volumes and type of
both habitual PA and SB were assessed by the PANIC Physical Activity Questionnaire.
These reports were validated using the Actiheart monitor, which combines heart rate and
accelerometer measurements (r=0.37, p=0.033). A continuous cMetS score was derived
from the sum of z-scores of the following factors: WC, insulin, FPG, TG, HDL-C, and
the mean of systolic and diastolic BP. While it was found in their analysis that TPAV was
significantly associated with cardiometabolic risk (B=-0.135, p<0.01) and fasting insulin
(B=-0.99, p<0.01), after adjusting for body fat percentage (DXA), these relationships
were no longer significant (f =-0.048, p=0.232 and  =-0.038, p=0.380 for
cardiometabolic risk and fasting insulin, respectively).

A previously discussed study by Heshmat et al. (15) also reported that although a
relationship existed between LTPA and clustered MetS components (f = 1.13, p<0.05),
adjustment for BMI and screen time resulted in the loss of statistical significance
(B=1.10, p>0.05). It was also shown that BMI percentiles were associated with cMetS,

independent of LTPA and screen time (B =1.07, p<0.05).

Individual Metabolic Components
Despite the previously discussed possibility of an independent relationship
between PA and BP in adolescents, evidence also suggests that this relationship may be

mediated by adiposity. Pahkala et al. (8) reported that LTPA was significantly inversely



31

associated with systolic BP in Brazilian girls (B=-1.78, SE=0.88; p<0.05). However,
when BMI was included in the analysis, these findings were no longer significant (= -
1.07, SE=0.83; p>0.05). In contrast, Heshmat et al. (15) reported that MAP was
significantly positively associated with BMI percentile in Iranian adolescents,
independent of LTPA. Percentiles were classified as follows: underweight (BMI< 5
percentile of the study population), normal (5-84th percentile), overweight (85-94th
percentile), and obese (> 95th percentile). When analyzing the relationship between MAP
and PA, there was no significance reported after BMI percentile was included in the
model.

The potential mediating effect of weight status on the relationship between PA
and TG has also been investigated in adolescents. In a cross-sectional analysis of 5,625
Iranian students between the ages of 10-18, Heshmat et al. (15) observed that there was
no significant association found between LTPA and TG concentration (p=0.08).
Additionally, TG were significantly positively associated with BMI percentile,
independent of LTPA (p<0.001).

The relationship between PA and HDL-C and their association with body weight
has also been investigated in adolescents (8, 15). Pahkala et al. (8) originally reported that
LTPA was significantly associated with HDL-C in girls (= 0.045, SE=0.019; p<0.05).
However, when BMI was included in the analysis, these findings were no longer
significant (B= 0.033, SE=0.19; p>0.05). Heshmat et al. (15) also reported that HDL-C
was significantly inversely associated with BMI percentile, independent of LTPA
(p<0.001). The same analysis, however, suggested that LTPA was positively associated

with HDL-C after adjusting for BMI percentiles (p<0.001). Though significance
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remained when including BMI and LTPA in the same model, the relationship was no
longer statistically significant after adjustment for the BMI and LTPA interaction term.
Therefore, it can be inferred that the interaction between BMI and LTPA was mediating
the initial relationship between LTPA and HDL-C.

It has been suggested in the literature that the relationship between FPG and PA is not
independent of adiposity in adolescents. In support of this, Stabelini Neto et al. (9)
performed a cross-sectional analysis which suggested that, though PA and cMetS score
were significantly associated in adolescents (p<0.01), FPG individually was not
significantly associated with light, moderate or vigorous PA. Overall, however, there is a

paucity of data on the relationship between PA and FPG in adolescents.

Summary

While there is an abundance of literature demonstrating the relationship between PA
and cMetS score, findings remain inconsistent. Some studies suggest that varying
methods of measuring PA may lead to differences in outcomes. However, this idea is
somewhat disproven by the fact that there are studies employing similar methods both
supporting and invalidating the independent relationship between PA and cMetS score.
Similar components were also utilized in the standardization and summation of cMetS
score. Sufficient sample size and statistical power was also observed for both theories
(that the relationship is either independent of, or mediated by, adiposity). Therefore, the
current inconclusive evidence warrants further examination of the relationship between
BMI, PA, and cMetS score. The future examination of this relationship may be done by

studying the differences in cMetS score between adolescents through use of statistical



models that have been categorized by PA and BMI. Accordingly, the potentially
mediating role of PA, BMI, or both on increasing cardiometabolic risk could be
elucidated. To our knowledge, a study such as this has not been performed using a

nationally representative sample of U.S. adolescents.
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Table 1 Summary of studies examining the associations between BMI, PA and cMetS score in children/adolescents
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Publication Study Type and n Ages (yr) Measures Findings Comments
Location/Survey
Hong, 2011 (7) Cross-sectional 275  Range 12-13  Physical Activity: Vigorous-intensity physical Adjusted for age and
Suwon, South Korea years Kenz Lifecorder EX  activity inversely associated Tanner scale of sexual
(18) with cMetS score maturation
(B=-0.240, p<0.001)
cMetS score: WC, Did not adjust for
resting BP, TG, adiposity
HDL-C, HOMA-IR
Did not analyze
associations between
PA and individual
cMetS score
components
Pahkala, 2012 (8) Cross-sectional 542 13 years Physical Activity: Leisure-time physical activity Adjusted for age and
Turku, Finland Self-administered inversely associated with cMetS  sex
questionnaire data score in girls only
used to estimate PA (OR 0.65, C1 0.43-0.98, p=0.038)  Did not adjust for
index in MET h/wk Leisure-time physical activity adiposity
was beneficially associated with
cMetS score: BMI, BMI, HDL-C, systolic BP and
systolic and diastolic =~ HDL-C/total cholesterol in girls
BP, TG, and HDL-C  and HDL-C in boys
(p<0.05 for all)
Stabelini Neto, 2014 (9) Cross-sectional 391 Range 10-18  Physical Activity: Moderate-intensity physical All models were
Parana, Brazil years Actigraph activity inversely associated unadjusted

accelerometer (19)

with cMetS score
(r=-0.191, p<0.01)
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cMetS score: WC,
BP, TG, HDL-C, and
FPG

Moderate-vigorous physical
activity inversely associated
with BP and WC

(r=-0.139, p<0.05) for BP
(r=-0.166, p<0.05) for WC

Ekelund, 2006 (10) Cross-sectional 1,921 Ranges 9-10  Physical Activity: Total physical activity inversely  Adjusted for sex, age
1997 & 2000 European Youth and 15-16 Actigraph associated with cMetS score group, study location,
Heart Study years Accelerometer (19) after adjusting for sum of four sexual maturity, birth
skinfolds weight, and parental
cMetS score: sum of (B=-0.09, p<0.0001) socioeconomic status
four skinfolds, BP, Total physical activity inversely
TG, HDL-C, FPG, associated with all individual Suggests relationship
and fasting insulin, cMetS score components, except between physical
sum of four skinfolds and HDL- activity and cMetS
C score is independent
(p<0.05 for all) of adiposity
Ekelund, 2007 (11) Cross-sectional 1,709 Ranges 9-10  Physical Activity: Total physical activity inversely  Adjusted for age
1997 & 2000 European Youth and 15-16 Actigraph associated with cMetS score group, sex and study
Heart Study years Accelerometer (19) before and after adjusting for location
sum of four skinfolds
cMetS score: WC, (B=-0.08, p<0.001) Suggests relationship
BP, TG, HDL-C, Total physical activity inversely  between physical
FPG, and fasting associated with all individual activity and cMetS
insulin cMetS score components, except score is independent
WC and HDL-C of adiposity
(p<0.05 for all)
Andersen, 2006 (12) Cross-sectional 1,732 15 years Physical Activity: Total physical activity inversely  Adjusted for age, sex,
European Youth Heart Study Actigraph associated with cMetS score and country

accelerometer (19)

cMetS score: sum of
four skinfolds,
systolic BP, TG,

before and after stratifying by
weight status

Most active quintile: ref

4™ quintile: (OR 2.03, CI 1.18-
3.50)

Suggests relationship
between physical
activity and cMetS
score is independent
of adiposity
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TC/HDL-C, HOMA-
IR, and VO, max

3t quintile: (OR 2.51, CI 1.47-
4.26)

2™ quintile: (OR 3.13, CI 1.87-
5.25)

Least active quintile: (OR 3.29,
CI 1.96-5.52)

(B=-0.08, p<0.001)

Total physical activity inversely
associated with all individual
cMetS score components, except
HDL-C

(p<0.05 for all)

Okosun, 2010 (13) Cross-sectional 655  Range 12-17  Physical activity: Vigorous-intensity physical Adjusted for age,
2003-2004 National Health years Self-reported activity inversely associated race/ethnicity,
and Nutrition Examination questionnaire data with cMetS score in healthy household income,
Survey (NHANES) weight, overweight, and obese child education, and
cMetS score: WC, adolescents BMI
MAP, TG, HDL-C (p<0.05, p<0.01 and p<0.05 for percentile*leisure-
and FPG healthy weight, overweight and time PA
obese, respectively)
Total physical activity inversely  Suggests relationship
associated with all individual between physical
cMetS score components, except activity and cMetS
HDL-C score is independent
(p<0.05 for all) of adiposity
Machado-Rodrigues, 2015  Cross-sectional 924  Range 11-17  Physical activity: Moderate-to-vigorous-intensity ~ Adjusted for age and
(14) Brazil years Self-maintained physical activity inversely cardiorespiratory
activity diary used to  associated with cMetS score fitness

estimate total daily
energy expenditure in
kcal/kg/min

cMetS score: insulin,
TG, FPG, HDL-C
and BP

before and after adjusting for
WC in girls only
(B=-0.08, C1-0.91- -0.08)

Suggests relationship
between physical
activity and cMetS
score is independent
of adiposity in girls
only
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Did not analyze
associations between
PA and individual
cMetS score
components

Heshmat, 2015 (15)

Cross-sectional

2009 & 2010 Childhood and
Adolescence Surveillance and
Prevention of Adult Non-
Communicable Disease
(CASPIAN) survey

5,625 Range 10-18

Physical activity:
Self-reported
questionnaire data

cMetS score: WC,
MAP, HDL-C, TG
and FPG

Leisure-time physical activity
inversely associated with cMetS
score before adjusting for BMI;
insignificant after adjusting for
BMI

(B=-0.12, p>0.05)

Leisure-time physical activity
inversely associated with MAP
z-score before adjusting for
BMLI; insignificant after
adjusting for BMI

(B=-0.05, p>0.05)

Leisure-time physical activity
positively associated with HDL-
C z-score before and after
adjusting for BMI

(B=0.10, p<0.05)

Adjusted for age, sex,
living place, family
history, parent’s
education,
socioeconomic status,
and screen time

Suggests relationship
between physical
activity and cMetS
score is mediated by
adiposity

Rendo-Urteaga, 2015 (16)

Cross-sectional 769
2006 & 2007 Healthy Life-

style in Europe by Nutrition in
Adolescence (HELENA)

Study

Range 12.5-
17.5 years

Physical activity:
Self-reported
questionnaire data

cMetS score:
HOMA-IR, systolic
BP, TG, TC, HDL-C,
VO,max and the sum
of four skinfolds

Combined effect of physical
activity and sedentary behavior
inversely associated with cMetS
score before adjusting for WC;
insignificant after adjusting for
WwC

(OR 0.29, p>0.05)

Combined effect of physical
activity and sedentary behavior
inversely associated with
TC/HDL-C before adjusting for

Adjusted for
seasonality, maternal
education level, sex,
age, height, and
carbohydrate,
proteins, lipids and
total energy intake

Suggests relationship
between physical
activity and cMetS
score is nonexistent or




38

WC; insignificant after
adjusting for WC
(B=-0.19, p=0.38)

mediated by
adiposity

Viisto, 2014 (17) Cross-sectional 468 Range 6-8 Physical activity:
Finland; Physical Activity and years PANIC Physical
Nutrition in Children (PANIC) Activity
Study Questionnaire

cMetS score: WC,
insulin, FPG, TG,
HDL-C and the mean
of systolic and
diastolic BP

Total physical activity inversely
associated with cMetS score
before adjusting for body fat
percentage (DXA); insignificant
after adjusting for body fat
percentage

(B=-0.048, p=0.232)

Total physical activity inversely
associated with insulin before
adjusting for body fat
percentage; insignificant after
adjusting for body fat
percentage

(B=-0.038, p=0.380)

Total physical activity
associated with TG and HDL-C
before and after adjusting for
body fat percentage

(B=-0.143, p=0.002) for TG
(B=0.116, p=0.013) for HDL-C

Adjusted for age and
sex

Suggests relationship
between physical
activity and cMetS
score is nonexistent or
mediated by
adiposity

Abbreviations: BMI, body mass index; PA, physical activity; cMetS, clustered metabolic risk; WC, waist circumference; BP, blood pressure; TG, triglyceride; HDL-C, high-
density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment of insulin resistance; FPG, fasting plasma glucose; TC, total cholesterol.
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The purpose of this study was to examine clustered metabolic risk (cMetS) in
adolescents who participated in the National Health and Nutrition Examination Survey
(NHANES) and were classified as not overweight/active (NOA), not overweight/not
active (NONA), overweight/active (OA), or overweight/not active (ONA). Analysis was
performed in the overall sample, and also stratified by sex. Weight status was determined
using age- and sex-specific body mass index (BMI) percentiles (1), and activity was
defined by either meeting or not meeting the federal aerobic physical activity (PA)
recommendations for adolescents, which is > 60 minutes/day of moderate-to-vigorous PA
(2). These categories were defined by the following cut-points:

NOA: PA > 60 minutes/day; BMI < 85th percentile

NONA: PA < 60 minutes/day; BMI < 85th percentile

OA: PA > 60 minutes/day; BMI > 85th percentile

ONA: PA < 60 minutes/day; BMI > 85th percentile

The standardized risk factors in the calculated cMetS score were criteria included
in the adolescent-specific modified definition of metabolic syndrome (MetS) as defined
by the Third Report of the National Cholesterol Education Program Expert Panel on
Detection, Evaluation and Treatment of High Blood Cholesterol in Adults (NCEP ATP
IIT) (3). The following section expounds upon the methodology utilized in answering the

proposed research questions.

Sample
The total sample size of survey participants ages two months and older was

30,442 for the 2007-2012 NHANES. The final sample consisted of 875 adolescents 12-17
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years of age who attended the morning examination session in the mobile examination
center (MEC) following a minimum overnight fasting period of nine hours. Participants
were excluded from the analysis if any of the variables of interest had “Missing”
responses, or responses such as “Don’t know” or “Refused”, and females were excluded
if they were pregnant.

The original 2007-2012 NHANES dataset included 30,442 children, adolescent
and adult participants (Figure 1). A total of 2,944 participants were between the ages of
12 and 17. After applying a six-year fasting weight, the sample size decreased to 1,156.
After additional adjustments removing those with missing PA questionnaire data this
sample was further reduced to 979 adolescents. Two additional participants were lost
after removing those with missing data for BMI. None of the 977 adolescents were
missing data on age, sex or race/ethnicity. Following exclusion of participants with
missing triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), and fasting
plasma glucose (FPG) data the study sample included 963 adolescents. Lastly,
adolescents with incomplete mean arterial pressure (MAP) data were excluded, and the
final sample consisted of 875 adolescents. Excluding those who were currently pregnant

had no effect on the final sample size after exclusion for all other variables of interest.
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Figure 1 Flow chart of sample inclusion.

Children, adolescent and adult
participants in 2007-2012 NHANES
n= 30,442

EXCLUDED (Total = 27,498):
1. Aged <12 years (n= 8,879)
i > | 2. Aged >17 years (n= 18,619)
Adolescent participants in 2007-2012
NHANES aged 12-17
n= 2,944
FASTING WEIGHT APPLIED:
1. Lost to FA6YR (n= 1,788)

v

!

Weighted sample of adolescent
participants in 2007-2012 NHANES

aged 12-17
n=1,156
MISSING DATA (Total =281):
1. PA Questionnaire Data (n=177)
2. BMI Data (n=2)
¢ > | 3 Laboratory Data (n= 14)
4, MAP Data (n= 88)
Final weighted sample of adolescent

participants in 2007-2012 NHANES
aged 12-17 with complete data
n= 875

Data Collection
The study utilized six years of data from the 2007-2012 NHANES. The NHANES

is a nationally representative, continuous survey, which consists of questionnaire data and
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physical measurements (4). In-home questionnaires are administered first, followed by a
physical examination performed at the MEC. Complex, multistage probability sampling
was utilized to select a randomized sample representative of the United States (U.S.)
civilian, noninstitutionalized, resident population. The NHANES is designed to
oversample population subgroups such as Hispanic, non-Hispanic black, non-Hispanic
white and Other persons at or below 130% of the federal poverty level, and non-Hispanic
white and Other persons aged 80 and over; the years 2011-2012 also included the
oversampling of non-Hispanic Asian persons. This is done in order to increase the

reliability and precision of health estimates for these particular subsamples.

Sampling Design

The complex sampling design utilized by the NHANES involves four stages.
First, primary sampling units (PSUs) are selected, typically being the equivalent of
individual counties or clusters of small counties. Next, segments within these counties are
selected; these may be as large as a city block or small group of blocks containing
households. Third, individual dwelling units (DUs), or households, are randomly selected
within each PSU segment. Lastly, individuals within each household are randomly
selected to participate in the NHANES.

As previously mentioned, oversampling of specified populations is done to
improve analyses for these subgroups. Weighting of sample data is a necessary procedure
which aims to produce estimates of the statistics which would have been obtained had the
entire population been measured. A sample weight is essentially the measure of the

number of persons represented by a single survey participant. For example, if the
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sampling rate is 1/500, each survey participant would represent 500 people. The
NHANES sample weights are designed to achieve the following objectives: 1)
compensate for probabilities of selection that may differ by race and Hispanic origin,
income, sex, and age; 2) reduce bias arising from the potential differences between non-
respondents and respondents; 3) adjust data to correlate with an independent U.S. 2000
Census Bureau estimate of population totals; 4) remedy potential inadequacies in the
sampling frame; and 5) minimize variances in the estimation procedure by utilizing
highly accurate auxiliary information. A six year weight was created for the sub-sample
of participants who attended the MEC after a 9-hour fasting period. Three cycles, or six
years of data, collected from 2007-2010 were merged using SAS 9.4 (5). The necessary
fasting weight (FA6YR) was applied to the total data set. When utilizing the survey cycle
variable (SDDSRVYR), 6=2007-2008, 7=2009-2010, and 8=2011-2012. The sample
weight was created in SAS using the following coding:

If sddsrvyr in (5,6,7) then FA6YR= 1/3 * WTSAF2YR; *#%*2007-2012%%%;

Study Measures

Dependent measure(s): Clustered metabolic risk score

The dependent variable in this analysis was a continuous clustered metabolic risk
(cMetS) score. The cMetS score was derived by standardizing and then summing the z-
scores for the following cardio-metabolic components to create a summary z-score:
MAP, FPG, HDL-C and TG. Each of these variables, with the exception of HDL-C, are
directionally the same in that higher values are indicative of poorer metabolic health. Due

to the fact that lower HDL-C values are considered less desirable, HDL-C z-score was
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inversed to match the directionality of the other variables. Ultimately, a higher overall
cMetS score is indicative of poorer metabolic health.

The mean and standard deviation of each variable was calculated for the entire
sample (n=875). The following coding was then utilized to calculate cMetS score for
each individual in the sample:

MAPZ = (map - mapMEAN) / mapSTD;

GLUZ = (Ibxglu - IbxgluMEAN) / IbxgluSTD;

HDDZ = (newhdd - newhddMEAN) / newHDDSTD;

TRIZ = (Ibxtr - IbxtriMEAN) / IbxtriSTD;

cMetS = MAPZ+GLUZ+HDDZ+TRIZ;

Fasting plasma glucose, HDL-C and TG concentration were measured using a
Roche Modular P chemistry analyzer (6). Blood samples during the years 2007-2010
were processed at the University of Washington, Seattle, WA. Blood samples during the
2011-2012 cycle were processed, stored and shipped to the University of Minnesota, MN.
Blood pressures (BP) were measured for all participants aged eight and above by certified
BP examiners at the MEC. Participants rested quietly for five minutes, at which point
three consecutive blood pressure readings were obtained. The mean of the second and
third BP readings was used in the analysis. Calculating MAP was done utilizing the

following equation: MAP= [(2 x diastolic blood pressure) + systolic blood pressure] / 3.

Primary independent measure(s): Physical activity and body mass index
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The primary independent variables were dichotomized in order to provide a
means of observing the potential combined and independent effects of each. The
adolescents comprising the study sample were divided into one of four mutually
exclusive categories: NOA (PA > 60 minutes/day; BMI < 85th percentile); NONA (PA <
60 minutes/day; BMI < 85th percentile); OA (PA > 60 minutes/day; BMI > 85th
percentile); and ONA (PA < 60 minutes/day; BMI > 85th percentile). In all analyses, the
NOA group was the referent. Categories were defined to dichotomize activity level and
weight status.

Physical activity level was determined using self-report interview data. The sample
provided responses to the following questionnaire file items:

PAQG670: “In a typical week, on how many days {do you/does SP} do moderate-

intensity sports, fitness, or recreational activities?”

PADG675: “How much time {do you/does SP} spend doing moderate-intensity sports,

fitness, or recreational activities on a typical day?”

PAQG655: “In a typical week, on how many days {do you/does SP} do vigorous-

intensity sports, fitness, or recreational activities?”

PAD660: “How much time {do you/does SP} spend doing vigorous-intensity sports,

fitness, or recreational activities on a typical day?”

For participants 16 years of age and older, the questions were asked in home, by
trained interviewers, using the Computer-Assisted Personal Interviewing (CAPI) system.
For participants aged 12 to 15, they were asked at the MEC by trained interviewers using
the CAPI system. None of the 2007-2012 NHANES participants aged 12 years and older

required a proxy respondent. The NHANES PA questionnaire is an adapted form of the
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Global Physical Activity Questionnaire (GPAQ) developed by the World Health
Organization (WHO) (7). Previous research demonstrates that moderate agreement exists
between the GPAQ and accelerometry-determined activity data (r=0.48), and in a study
including data from nine different countries, it was concluded that the GPAQ is a
generally acceptable instrument for estimating PA in population health surveillance
systems (7-8).

Average minutes of moderate-vigorous PA per day were determined for each
participant by first multiplying average minutes per day and average days per week, and
then dividing this quantity by seven. Participants were considered “Active” if their
average minutes per day were > 60, which coincides with meeting the daily federal PA
recommendation for adolescents (2).

Weight status was determined using BMI, which is calculated by the NHANES using
the following equation: BMI = (weight in kilograms) / (height in m). A participant was
considered “Overweight” if their BMI was at or above the 85th percentile (age- and sex-
specific) (9). Body measurement data were obtained for each participant in the MEC by

trained health technicians.

Other Independent Measures
Age

Analyses in the present study were adjusted for age to account for any age differences
in the potential associations being observed. Demographic data, such as age, sex, and

race/ethnicity, were collected at the time of the in-home interview utilizing the CAPI
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program. Age in years was reported for all survey participants 79 years of age and
younger. Individuals identified as 80 years and older are top coded at 80 years of age.
Sex

Sex-adjusted and sex-stratified analyses were performed to 1) control for sex as a
potential confounder and 2) identify any potential differences in associations between
males and females.
Race/Ethnicity

All analyses were adjusted for race/ethnicity. Participants were classified into one of
five race/ethnic groups as defined by the 2007-2012 NHANES. The categories were:
Mexican American, Other Hispanic, non-Hispanic white, non-Hispanic black, and non-
Hispanic Other Race- Including Multi-Racial. When subgroups of race/ethnicity were
analyzed in the present study, the Mexican American and Other Hispanic subgroups were
combined per the recommendation of the NHANES analytic note citing insufficient

sample size in Other Hispanic adolescents (9).

Data Analysis

The data were initially managed in SAS 9.4 (5). Variable recoding was performed
as well as data coding validation. Linear regression of the overall sample was performed
in SAS, using PROC SURVEYREG, to observe the continuous relationship between
cMetS score (dependent variable) and categorization based on PA and BMI. A fasting
sampling weight was applied in all analyses, ultimately ensuring that the final sample was
nationally representative of the U.S. adolescent population aged 12-17. Linear regression

models, which observed the overall sample, were adjusted for age, sex and race/ethnicity.
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Sex-stratified models were adjusted for age and race/ethnicity only. The contributions of
age, sex and race/ethnicity in the overall model were significant (p<0.0001, p=0.0016 and

p=0.0107 for age, sex, and race/ethnicity, respectively).

Limitations

The present study is not without limitations. First, due to the cross-sectional
nature of the study, causality cannot be inferred. It should also be noted that findings can
only be applied to a cMetS score comprised of the same variables as in the present study;
using another set of variables could potentially produce a different relationship.
Additionally, due to the fact that PA levels were measured via self-report, volumes and
intensities of PA are subject to recall and report bias. Finally, all self-report data may be
susceptible to the social desirability effect (i.e., participant answering questions with

responses they feel the interviewers may want to hear or deem favorable).

Summary

The primary aims of this study are as follows: (1) examine the associations
between meeting the daily federal PA recommendation, body mass, and metabolic risk
score in U.S. adolescents; and (2) examine potential differences in the previously
proposed aim between males and females. To our knowledge, this is the first study to
examine cMetS scores among U.S. adolescents, categorized by PA and BMI, utilizing a
nationally representative sample and to examine potential effect modification by sex for

this association.
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To examine variation in clustered metabolic risk (cMetS) in
adolescents classified as not overweight/active (NOA), not
overweight/not active (NONA), overweight/active (OA), and
overweight/not active (ONA).

While studies to date have shown that children and adolescents who
meet the current PA recommendations and maintain a healthy body
weight demonstrate significantly lower cardiometabolic risk, there are
some studies that suggest the relationship between PA and metabolic
risk may be mediated by adiposity.

The sample included adolescent participants (n=875; 12-17 years) of
the 2007-2012 National Health and Nutrition Examination Survey
(NHANES). The cMetS score included triglycerides, high-density
lipoprotein cholesterol, fasting plasma glucose, and mean arterial
pressure. Age- and sex-specific body mass index (BMI) percentiles
were utilized; overweight was defined as BMI percentile > 85
Activity data included self-reported frequency of moderate-to-vigorous
physical activity (PA). Adolescents reporting > 60min/day of PA were
considered “active”. General linear models, adjusted for age, sex, and
race-ethnicity, were used. A six-year fasting sample weight was applied
to the analyses in order to ensure representativeness of the data.

The cMetS scores were significantly (p<0.05) higher in OA and ONA
adolescents when compared to NOA (B=1.08 and =1.57, respectively).

In ONA males, cMetS was significantly (p<0.01) higher when
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compared to NOA males. In OA and ONA females, cMetS scores were
significantly higher compared to the referent group (p<0.01 for both).
The cMetS scores were higher in OA and ONA adolescents when
compared to those classified as NOA. Whereas only ONA males
demonstrated significantly higher cMetS score when compared to the
NOA referent, both OA and ONA cMetS scores (vs NOA) were

significantly higher in females.
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Introduction

Habitual physical activity (PA) among children and adolescents significantly
improves cardiovascular and metabolic disease risk profiles (1-3) and reduces the risk for
a number of comorbid conditions in adulthood (1, 4). Adiposity is also a strong predictor
of undesirable health in adolescence (5-7), and is significantly associated with
unfavorable outcomes in adulthood, including obesity, increased risk of developing
cardiovascular disease (CVD), and premature mortality (7-9). Metabolic syndrome
(MetS) is an unhealthy clustering of CVD risk factors which is defined as meeting at least
three of the following five criteria: abnormal blood pressure (BP), elevated fasting
plasma glucose (FPG), low high-density lipoprotein cholesterol (HDL-C), elevated
triglycerides (TG), and augmented waist circumference (WC) (10). Along with the rise in
obesity, MetS prevalence has also increased. In 1999-2002 4.1% of adolescents had MetS
(11) as compared to 10.1% in 2001-2010 (12).

Clustered metabolic risk (cMetS score) is often represented by a continuous z-
score, which commonly takes into account CVD risk factors, such as the components of
MetS. Physical activity and healthy body weight have both been shown to be
independently correlated with lower metabolic risk in all age groups (5, 13-19). While
studies to date have shown that children and adolescents who meet the current PA
recommendations and maintain a healthy body weight demonstrate significantly lower
cardiometabolic risk (13-17), there are some studies that suggest the relationship between
PA and metabolic risk may be mediated by adiposity (18-19). Recent literature suggests
that approximately three out of four adolescents are currently meeting the federal PA

recommendation (20). To our knowledge, the combined impact of PA and body mass



58

index (BMI) on the cMetS score has yet to be examined in an analysis using a nationally
representative sample of U.S. adolescents. The present study will add to existing
literature not only by potentially identifying an important public health focus (PA,
adiposity or both), but also by determining whether the health focus should differ

depending on sex.

Methods

This study utilized six years of data from the 2007-2012 NHANES, a continuous
survey conducted by the National Center for Health Statistics (21). The NHANES is a
stratified multistage probability sample of the civilian non-institutionalized population of
the U.S. The sample included adolescents 12-17 years of age who attended the morning
examination session in the mobile examination center (MEC) following a minimum
overnight fasting period of nine hours. The study included males (n= 450) and non-
pregnant females (n= 425) who had complete data on all variables of interest. The
original 2007-2012 NHANES dataset included a total of 2,944 participants between the
ages of 12 and 17. After applying a six-year fasting weight, the sample size decreased to
1,156. Additional adjustments removing those with missing data for the PA
questionnaire, BMI, TG, HDL-C, FPG and MAP resulted in a final analytic sample of

875 adolescents.

Physical Activity

Physical activity level was determined using self-report interview data (22). For

participants 16 years of age and older, the questions were asked in their home by trained
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interviewers using the Computer-Assisted Personal Interviewing (CAPI) system.
Participants aged 12 to 15 were interviewed in the MEC by trained interviewers using the
CAPI system. Proxy respondents were not required for any of the 2007-2012 NHANES
participants aged 12 years and older. The sample provided responses to the PA
questionnaire file items PAQ 670 ( “In a typical week, on how many days {do you/does
SP} do moderate-intensity sports, fitness, or recreational activities?”’) and PAD 675
(“How much time {do you/does SP} spend doing moderate-intensity sports, fitness, or
recreational activities on a typical day?”’). Responses were also provided for identical
questions referring to vigorous-intensity recreational activities (PAQ 655 and PAQ 660).
Average minutes of moderate-vigorous PA per day was determined for each participant;
this was calculated by first multiplying average minutes per day and average days per
week of moderate and vigorous PA, then dividing this quantity by seven (23).
Participants were considered “Active” if their average minutes per day were > 60 and
“Not Active” if their average minutes per day were < 60, which coincides with meeting

and not meeting the daily federal PA recommendation for adolescents, respectively (24).

Body Mass Index

Weight status was determined using body mass index [BMI = (weight in
kilograms) / (height in m) ?]. Participants were considered “Not Overweight” if BMI <
85th percentile (age- and sex-specific), and “Overweight” if BMI > 85th percentile.
Anthropometric data were obtained for adolescent participants in the MEC by trained

health technicians (22).
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Clustered Metabolic Risk

A cMetS score was created by standardizing and then summing the following
continuously distributed cardio-metabolic components to create a z-score: MAP, FPG,
HDL-C, and TG. The mean and standard deviation of each variable was calculated for the
entire sample. Each of these variables, with the exception of HDL-C, are directionally the
same in that higher values are indicative of poorer metabolic health. Due to the fact that
lower HDL-C values are considered less desirable, HDL-C z-score was inversed to match
the directionality of the other variables. Ultimately, a higher overall cMetS score is
indicative of poorer metabolic health. The purpose of using a continuously distributed
variable is to maximize statistical power.

Blood pressures were measured for all participants aged eight and above by
certified BP examiners in the MEC. Participants rested quietly for five minutes and three
consecutive blood pressure readings were obtained. The mean of the second and third BP
readings was used in the analysis. Calculating MAP was done in SAS using the following
equation: MAP= [(2 x diastolic blood pressure) + systolic blood pressure] / 3.
Concentrations of FPG, HDL-C and TG were measured using a Roche Modular P
chemistry analyzer (25). Blood samples during the years 2007-2010 were processed at
the University of Washington, Seattle, WA. Blood samples during the 2011-2012 cycle

were processed, stored and shipped to the University of Minnesota, MN.

Statistical Analysis

The data were managed utilizing SAS 9.4 (26), with subsequent analyses

performed using PROC SURVEYREG. Analyses were adjusted for age, sex and
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race/ethnicity. Sex-stratified models were adjusted for age and race/ethnicity only.
Participants were classified into one of five race/ethnic groups as defined by the 2007-
2012 NHANES. The categories were: Mexican American, Other Hispanic, non-Hispanic
white, non-Hispanic black, and non-Hispanic Other Race- Including Multi-Racial. When
subgroups of race/ethnicity were analyzed, the Mexican American and Other Hispanic
subgroups were combined per the recommendation of the NHANES analytic note citing
insufficient sample size in Other Hispanic adolescents (27). This group is identified in the
present study as “Hispanic”.

A six-year fasting sample weight was created and applied to the analyses (If
sddsrvyr in (5,6,7) then FA6YR = 1/3 * WTSAF2YR). Overall and sex-stratified linear
regression was performed to observe the continuous relationship between cMetS score in

adolescents classified as NOA, NONA, OA, and ONA.

Results

A total of 875 adolescents aged 12-17 were included in the analysis after applying
the fasting weight and excluding those who did not attend the MEC, were pregnant, or
were missing data on variables of interest. Within the weighted population, 48.8% were
male and 51.2% were female. The adolescent population was comprised of
approximately 58.9% non-Hispanic Whites, 19.9% Hispanics, 15.5% non-Hispanic
Blacks, and 5.7% non-Hispanic Other Race-including Multi-Racial. Further demographic

characteristics in males and females are demonstrated in Table 1.



Table 1. Sample Demographic Characteristics of U.S. Adolescents Aged 12-17 (Weighted),
Stratified by Sex (n= 875).

Total

Age

Race/Ethnicity

BMI

PA

BMI/PA
Category

12-13
14-15
16-17

White
Hispanic
Black
Other

Not Overweight
Overweight

Active
Not Active

NOA
NONA
OA
ONA

Male

n
450

122
167
161

136
153
115
46

102
348

120
330

24

78

96
252

Male
n% (SE)

27.4 (2.73)
38.5 (2.92)
34.1 (2.88)

57.2 (2.44)
20.0 (1.51)
15.3 (1.32)
7.5 (1.45)

23.4 (2.34)
76.6 (2.34)

29.0 (2.82)
71.0 (2.82)

6.4 (1.68)
17.0 (2.25)
22.7 (2.47)
53.9(2.98)

Female

n
425

136
133
156

125
156
112
32

105
320

63
362

10

95

53
267

Female
n% (SE)

28.5 (2.68)
34.7 3.11)
36.8 (3.08)

60.4 (2.33)
19.7 (1.47)
15.8 (1.37)
4.1 (0.94)

25.2(2.23)
74.8 (2.23)

18.7 (2.65)
81.3 (2.65)

2.8 (1.14)*
22.3(2.30)
15.9 (2.45)
59.0 (2.93)

SE, standard error; White, Non-Hispanic White; Black, Non-Hispanic Black; Hispanic, Other Hispanic and
Mexican American; Other, Non-Hispanic Other Race-Including Multi-Racial; BMI, body mass index;
participants were considered “Overweight” if their BMI was at or above the 85th percentile (age- and sex-
specific); PA, physical activity in minutes per day calculated as follows: (average minutes of moderate/
vigorous activity per day x average days of moderate/vigorous activity per week) / 7; participants were
considered “Active” if their average minutes per day were at or above 60; NOA, not overweight, active;

NONA, not overweight, not active; OA, overweight, active; ONA, overweight, not active.

*The following estimates should be interpreted with caution due to a relative standard error of >30%.

Table 2 illustrates the results of the regression analysis demonstrating the

association between BMI/PA categorization and cMetS score, MAP z-score, FPG z-

score, HDL-C z-score, and TG z-score. Note that HDL-C was inversed to match the

directionality of the other variables; therefore, a higher HDL-C z-score is less desirable.

The contribution of sex in the overall model was significant (p=0.0062). Overall, when

compared to NOA adolescents, cMetS score in those classified as OA and ONA were

significantly higher (p<0.05 and p<0.01, respectively). Only ONA adolescents



demonstrated significantly higher FPG and HDL-C z-scores compared to those NOA

(p<0.01 and p<0.05, respectively), whereas higher TG z-score was observed for the OA

and ONA groups (p<0.01 and p<0.001, respectively). Females demonstrated significantly
lower cMetS score, FPG z-score and HDL-C z-score when compared to males. Increasing

age was positively related to cMetS score and MAP z-score.

Table 2. Association between BMI/PA categorization and cMetS score (MAP, FG, HDL-C, TRI)
in U.S. adolescents: 2007-2012 NHANES.

cMetS
score (B)
BMI/PA
NOA -
NONA 0.84
OA 1.10%*
ONA 1.59%*
Sex
Males -
Females -0.53*%*
Race/Ethnicity
White -
Hispanic 0.03
Black -1.09%*
Other -0.65*
Age
12-13 -
14-15 0.52%*
16-17 0.66**

MAP
B)

0.19
0.16
0.16

-0.11

-0.14
0.07
-0.22

0.10%**
0.09%**

FPG

(B)

0.05
0.16
0.29%*

:0.26***

0.15%
-0.23%*
-0.04

0.02
-0.14

HDL-C

(B)

0.43
0.37
0.67*

-0.18*

-0.01
2041 %%
-0.21

0.20
0.20

TG
B)

0.18
0.42%*
0.47%%*

0.02

0.03
-0.52%**
-0.17

0.02
0.11

Data are standardized regression B-coefficients (95% CI) and outcomes are expressed as standardized z
scores. All outcomes are adjusted for sex, race/ethnicity, and age. cMetS score, Clustered metabolic
syndrome risk score; MAP, mean arterial pressure; FPG, fasting plasma glucose; HDL-C, high-density
lipoprotein cholesterol; TRI, triglycerides; BMI/PA, body mass index/physical activity; NOA, not
overweight, active; NONA, not overweight, not active; OA, overweight, active; ONA, overweight, not
active. ¥*P<0.05; **P<0.01; ***P<0.001.

Figure 1 illustrates sex-specific effects of BMI and PA on cMetS score. While

only ONA males demonstrated significantly higher cMetS score when compared to the

referent group of NOA males (p<0.01), OA and ONA females cMetS score were
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significantly higher when compared to NOA females (p<0.01 and p<0.0001,

respectively).

Figure 1. Association between BMI/PA categorization and cMetS score in
U.S. adolescents stratified by sex: NHANES 2007-2012.

18
16
14
12

0.8
0.6
04
02

Standardized Regression Coefficient (J)

NONA DA ONA NONA DA ONA

MALES FEMALES
Gender

Data are standardized regression p-coefficients (95% CI) and outcomes are expressed as standardized z scores. All
outcomes are adjusted for sex, race/ethnicity, and age. cMetS score, Clustered metabolic syndrome risk score.
Referent group 1s NOA. ¥P<0.05; **P=0.01; **¥P=0.001.

Tables 3 and 4 demonstrate the associations between categorization based on BMI
and PA, race/ethnicity, and age with individual components of the cMetS score in males
and females, respectively. Interestingly, while NONA and ONA males demonstrated
significantly higher HDL-C z-scores when compared to the referent, no significant
differences were observed in females. Additionally, while a significant positive dose-
response relationship was observed between HDL-C z-score and age in males, the same
was not observed in females. It was also observed that in ONA females only, FPG z-
score was significantly higher when compared to the referent. In both males and females,

it was observed that MAP was positively associated with increasing age, and that those
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OA and ONA both demonstrated significantly higher TG z-score when compared to the
referent.

Table 3. Association between BMI/PA categorization and cMetS score components (MAP, FG,
HDL-C, TRI) in U.S. adolescent males: NHANES 2007-2012.

MAP FPG HDL-C TG
(B) (B) (B) (B)
BMI/PA
NOA - - - -
NONA 0.23 -0.06 0.87** 0.10
OA 0.21 0.14 0.41 0.43*
ONA 0.12 0.20 0.91** 0.65%*
Race/Ethnicity
White - - - -
Hispanic -0.12 0.18* 0.08 0.08
Black 0.12 -0.18 -0.44%* -0.46**
Other -0.17 -0.02 -0.09 -0.24
Age
12-13 - - - -
14-15 0.30* 0.05 0.44** 0.10
16-17 0.72%%* -0.03 0.55%* 0.18

Data are standardized regression B-coefficients (95% CI) and outcomes are expressed as standardized z

scores. All outcomes are adjusted for sex, race/ethnicity, and age. cMetS score, Clustered metabolic
syndrome risk score; MAP, mean arterial pressure; FPG, fasting plasma glucose; HDL-C, high-density
lipoprotein cholesterol; TRI, triglycerides; BMI/PA, body mass index/physical activity; NOA, not
overweight, active; NONA, not overweight, not active; OA, overweight, active; ONA, overweight, not
active. ¥*P<0.05; **P<0.01; ***P<0.001.

Table 4. Association between BMI/PA categorization and cMetS score components (MAP, FG,
HDL-C, TRI) in U.S. adolescent females: NHANES 2007-2012.

MAP FPG HDL-C TG
() (B) (B) (B)
BMI/PA
NOA - - - -
NONA 0.21 0.26 -0.10 0.16
OA 0.18 0.29 0.25 0.40%*
ONA 0.26 0.51#* 0.30 0.25%**
Race/Ethnicity
White - - - -
Hispanic -0.19* 0.08 -0.11 0.01
Black -0.01 -0.29%* -0.44%* -0.56%**

Other -0.26 -0.05 -0.34 -0.06
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Age
12-13 - - - -
14-15 0.27* -0.02 -0.02 -0.04
16-17 0.29** -0.24%* -0.14 0.05

Data are standardized regression p-coefficients (95% CI) and outcomes are expressed as standardized z
scores. All outcomes are adjusted for sex, race/ethnicity, and age. cMetS score, Clustered metabolic
syndrome risk score; MAP, mean arterial pressure; FPG, fasting plasma glucose; HDL-C, high-density
lipoprotein cholesterol; TRI, triglycerides; BMI/PA, body mass index/physical activity; NOA, not
overweight, active; NONA, not overweight, not active; OA, overweight, active; ONA, overweight, not
active. *P<0.05; **P<0.01; ***P<0.001.

Discussion

In a large nationally representative sample of U.S. adolescents, it was observed
that those who were OA and ONA demonstrated significantly higher cMetS score when
compared to those who were NOA. These results support previous literature suggesting
that adiposity may mediate the existing relationship between PA and cMetS score in
youth (18-19). It should be noted that BMI is essentially a proxy for obesity, a chronic
condition heavily associated with a number of unhealthy dietary and lifestyle habits.
These contributors will affect the degree of one’s obesity-related health risk.

A study by Vaisto et al. (18) reported the independent and combined associations
of PA and sedentary behavior with cardiometabolic risk in children. Their sample (n=
468) consisted of six to eight-year-old Finnish children who participated in the Physical
Activity and Nutrition in Children (PANIC) Study between 2007 and 2009. Volumes and
type of both habitual PA and sedentary behavior (SB) were assessed by the PANIC
Physical Activity Questionnaire. These reports were further validated using the Actiheart
monitor, which utilizes a combination of heart rate and accelerometer measurements;
total PA measured by the questionnaire correlated positively with the total PA measured
by the Actiheart monitor (r= 0.37, p=0.033). A continuous cMetS score was derived from

the standardizing and summing the following risk factors: WC, insulin, FG, TG, HDL-C,
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and the mean of systolic and diastolic BP. While it was found that total PA volume was
significantly associated with cardiometabolic risk (= -0.135, p<0.01), these relationships
were no longer significant (f =-0.048, p=0.232) following adjustments for body fat
percentage (DXA). These findings, along with the present study, demonstrate the
potentially mediating effect of adiposity on the metabolic benefits of PA.

The findings of Heshmat et al. (19) also suggest that adiposity mediates the
relationship between PA and cMetS score. A cross-sectional analysis was performed in a
sample of 5,625 Iranian students between the ages of 10-18 in order to examine the
potential associations of PA on interactions between excess body weight and cMetS
score. The sample included participants from the third survey of the Childhood and
Adolescence Surveillance and Prevention of Adult Non-Communicable Disease
(CASPIAN) study conducted in 2009-2010. Leisure time PA was assessed using a
validated questionnaire and participants were categorized according to how many days
per week they participated in PA outside of school. The cMetS score included
components such as WC, mean arterial pressure (MAP), HDL-C, TG, and FG. It was
reported that although a relationship existed between leisure-time PA (LTPA) and
clustered MetS components (= 1.13, p<0.05), adjustment for BMI and screen time
resulted in the loss of statistical significance (f =1.10, p>0.05). It was also shown that
BMI percentiles were associated with cMetS, independent of LTPA and screen time
(B=1.07, p<0.05).

The present study also observed that only ONA adolescents demonstrated
significantly higher FPG and HDL-C z-scores compared to those NOA (p<0.01 and

p<0.05, respectively). Previous research has observed that activity may be protective of
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obesity-related components of metabolic risk. In 2006, Ekelund et al. (14) demonstrated
that the relationship between PA and FPG in European adolescents (n= 1921) remained
significant (p<0.001) following adjustment for the sum of four skin folds. A similar
significant relationship was reported in a previously discussed follow-up analysis by
Ekelund et al. (15) wherein FPG was inversely associated with moderate, vigorous, and
TPAYV in European children and adolescents (3=-0.11, p<0.001; p=-0.10, p<0.001; and
B=-0.11, p<0.001 in moderate, vigorous and TPAV, respectively). However, both of
these studies observed that after adjusting for adiposity, the relationship between PA and
HDL-C was no longer significant.

It was also observed in the present analysis that higher TG z-scores were observed
for the OA and ONA groups (p<0.01 and p<0.001, respectively) when compared to the
referent. In a cross-sectional analysis of 5,625 Iranian students between the ages of 10-18,
Heshmat et al. (19) observed that there was no significant association found between
LTPA and TG concentration (p=0.08). Additionally, TG were significantly positively
associated with BMI percentile, independent of LTPA (p<0.001). These findings
collectively suggest that regardless of activity level, adiposity is a predictor for
undesirable levels of TG.

The present study observed that while only ONA males demonstrated
significantly higher cMetS score when compared to their respective male referent group,
both OA and ONA female’s cMetS scores were significantly higher when compared to
the referent. This suggests that in male adolescents, the mechanisms by which cMetS
score is significantly increased may be different than those in similarly aged females.

Physical activity seems to be protective of an increased cMetS score in overweight male
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adolescents. In contrast, females demonstrated increased cMetS score when classified as
overweight regardless of PA levels. Additionally, while males demonstrated significantly
higher HDL-C z-scores when categorized as “Not Active”, regardless of BMI, no
significant differences in HDL-C were observed among females. Therefore, in males
only, activity is predictive of HDL-C, regardless of weight status. A significant positive
dose-response relationship was also observed between HDL-C z-score and age in males
only.

Previous literature has demonstrated that in adolescents, different associations are
seen between PA and HDL-C in boys and girls. Pahkala et al. (16) studied a sample of
13-year old adolescents (n= 542) recruited from an ongoing atherosclerosis prevention
study in Finland. Leisure-time activity was assessed using a self-administered
questionnaire, which included questions regarding the frequency, duration and intensity
of the participant’s LTPA. From these values, a PA index of MET hours per week (MET
h/wk) was determined, and used to compare adolescents who performed <5 MET h/wk
of PA to those who performed > 5 MET h/wk. The risk factors included in their cMetS
score included BMI, HDL-C, TG and systolic and diastolic BP. It was reported that in
girls, LTPA was inversely associated with HDL-C only prior to adjusting for adiposity
(B=0.045, p<0.05). When BMI was included in the analysis, this association did not
remain significant. In contrast, LTPA had a significant beneficial effect on HDL-C
following adjustment for BMI in boys (f= 0.043, p<0.05). These results suggest that in
girls only, adiposity may have a mediating effect on the significant relationship between
LTPA and HDL-C, though this is not suggested by the results of the present study.

However, these findings in combination with those in the present study do suggest that
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the mechanisms by which HDL-C is affected by PA and adiposity may be different in
adolescents depending on sex. Further research should aim to study the effects of PA and
BMI on individual metabolic risk factors in adolescents stratified by sex.

The present study is not without limitations. First, due to the cross-sectional
nature of the study, causality cannot be inferred. Second, due to the fact that activity
levels were measured via self-report, volumes and intensities of PA are subject to recall
and report bias. In addition, the cMetS score should be interpreted with caution due to the
fact that the findings will only apply to a cMetS score comprised of the same metabolic
components (MAP, FPG, HDL-C, and TG). Finally, all self-report data may be
susceptible to the social desirability effect. The study design, however, also presents
many strengths. The sample utilized is nationally representative, therefore offers strong
external validity. The size of the sample provides increased statistical power. Bias is
somewhat limited due to the fact that objective means of measurement are primarily used
for the outcome variables. Finally, the cMetS score as a continuously distributed outcome
measure serves to further maximize statistical strength.

In conclusion, the cMetS scores were higher in OA and ONA adolescents when
compared to those classified as NOA. While only ONA males demonstrated significantly
higher cMetS score when compared to their respective male referent group, both OA and
ONA cMetS scores were significantly higher in females. To our knowledge, this is the
first study to examine cMetS score among adolescents categorized by PA and BMI in a
nationally representative sample of U.S. adolescents. To our knowledge, the combined
impact of PA and BMI on the cMetS score has yet to be examined in an analysis using a

nationally representative sample of U.S. adolescents. The present study will add to



existing literature by potentially identifying an important public health focus (PA,

adiposity or both), and also by identifying whether any sex-differences exist.
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RE: “Physical activity, body mass index and cardio-metabolic nisk m U.5. adolescents™

This 15 to advise you the Human Subject Research Determination Form for the project named above was
reviewed on behalf of the UNF Institutional Review Board, and has subsequently been granted this waiver of
IRE review. As such, this project was declared “not research involving human subjects™ based on the federal
definition as stated in the 1.5, Department of Health and Human Services Code of Federal Regulations 45 CFR
46102 Therefore, it is not necessary for this project to be reviewed and approved by the UNF IRB. However,
be aware that the principal investigator is not absolved from complymg with other federal, state, or local laws or
mstitutional policies and procedures.

Thank you for submitting your work for IRB review. We appreciate that yon understand the value of IRB
review of human subject research and projects conducted at UNF. Any unanticipated problems mvolving nisk
and any ocoummence of serious hamm to subjects and others shall be reported promptly to the IRE. This warver
should be kept for your records and applies to your project in the form and content as submitted to the IRB for
review. Any variations or modifications to this waived project as related to dealing with uman subjects must be
cleared with the IRB prior to implementing such changes.

Should you have questions regarding your project or any other IRB items, please contact the research integrity
unit of the Office of Research and Sponscred Programs by emailing [RBiinnf edu or calling (904) 620-2455.

This letter has been electromecally signed in accordance with all applicable regulations, and a copy is retained
within UNF's records.
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