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ABSTRACT

Alderete TL, Gyllenhammer LE, Byrd-Williams CE, Spruijt-Metz D,
Goran MI, Davis JN. Increasing Physical Activity Decreases Hepatic
Fat and Metabolic Risk Factors. JEPonline 2012;15(2):40-54. This
study assessed the changes in time spent in moderate to vigorous
physical activity (MVPA) on fat depots, insulin action, and
inflammation. Longitudinal data were generated from 66 Hispanic
adolescents (15.6+1.1 yr; BMI percentile 97.1+£3.0) who participated in
a 16-wk nutrition or nutrition+exercise intervention. There were no
effects of the intervention on PA, but there were inter-individual
changes in PA. For purposes of this analysis, all intervention groups
were combined to assess how changes in PA during 16 wk affected
changes in adiposity, insulin action, and markers of inflammation.
MVPA was assessed by 7-day accelerometry, total body fat via DXA,
liver fat by MRI, and insulin, glucose and HOMA-IR via a fasting blood
draw. A repeated measures ANCOVA was used to assess the effect
of MVPA on fat depots, insulin action, and inflammatory markers.
Sixty-two percent of participants increased MVPA (mean increase,
19.7£16.5 min/day) and 38% decreased MVPA (mean decrease,
10.7£10.1 min/day). Those who increased MVPA by as little as 20 min
per day over 16 wk, compared to those who decreased MVPA, had
significant reductions in liver fat (-13% vs. +3%; P=0.01), leptin levels
(-18% vs. +4%; P=0.02), and fasting insulin (-23% vs. +5%; P=0.05).
These findings indicate that a modest increase in MVPA can improve
metabolic health in sedentary overweight Hispanic adolescents.
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INTRODUCTION

Recent national data indicate that 34% of all adolescents are overweight and 18% are obese. The
prevalence of overweight among Hispanic adolescents is even higher than the national average, with
41% being overweight compared to 31% for non-Hispanic white adolescents (24). Additionally,
compared with African American youth, Hispanic adolescents report less physical activity and worse
metabolic profiles despite similar levels of obesity (17). These high rates of overweight among
Hispanic adolescents contribute to increased systemic low-grade inflammation (11,37), risk for pre-
diabetes, type 2 diabetes, metabolic syndrome, and fatty liver disease compared to other racial and
ethnic groups (20,30).

Increased physical activity is related to decreased obesity (31) as well as reductions in inflammation,
adiposity, and metabolic disease risk (3,28). In a cross-sectional study of overweight Latino and
African American youth, our group found that those who spent a greater time engaging in moderate to
vigorous physical activity (MVPA) were half as likely to have metabolic syndrome (18). Other studies
have found mixed results in regards to exercise and physical activity (PA) interventions. Specifically,
some studies noted decreases in fat mass (5), modest changes in metabolic indices, or lack of an
effect (8,16). These interventions report on the intent-to-treat analysis, which shows the effects of a
specific physical activity intervention program on health outcomes (5,8,16). For this reason, it is likely
that using the intent-to-treat analysis partially explains mixed results regarding the health benefits
associated with increases in PA.

We previously showed that increasing total PA by 28% was associated with a 1.4 kg decrease of total
fat mass in overweight Hispanic adolescents (4). However, few studies have examined whether
objectively measured changes in habitual PA, with either a longitudinal or intervention design, impact
fat depots, insulin action, and inflammatory markers. For example, a longitudinal sudy using self-
reported PA found no association between PA and insulin resistance or C-reactive protein (19).
Another study examined the effects of an exercise and dietary intervention among children. Using
self-reported PA, they found that PA significantly reduced the prevalence of obesity among females,
but failed to increase moderate to vigorous PA among both sexes (13). Therefore, the purpose of this
study was to determine how changes in objectively measured PA over 16 wk, independent of energy
intake and irrespective of intervention group, affect adiposity, metabolic parameters, and markers of
inflammation among overweight Hispanic adolescents. We hypothesize that increases in PA would
lead to improvements in adiposity, metabolic markers, and inflammation.

METHODS

Subjects

The subjects consisted of 66 overweight Hispanic adolescents (51 girls, 15 boys) who participated in
randomized nutrition and/or exercise programs. Each subject had valid accelerometry, adiposity, and
metabolic data at baseline and post-intervention. The subjects’ characteristics, description of
intervention, and procedures used in these studies have been previously reported (7,8). Intent-to-treat
effects on adiposity and metabolic parameters of the 16-wk nutrition and/or exercise intervention have
been previously reported (8). Of note, the interventions were not designed to increase habitual PA.
Upon examination of our results, we confirmed that the 16-wk interventions had no effect on PA.
Changes in PA were randomly spread across the intervention groups. Specifically, in regards to the
subjects who increased in MVPA, as illustrated in Figure 1. There were no significant differences in
baseline or changes in physical activity across the intervention groups (P>0.05). Therefore, we
examined changes in physical activity across 16 wk, irrespective of the intervention group.
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Figure 1. Mean * standard deviation (SD) for MVPA increasers and decreasers by intervention group.
Sample size in each group: MVPA decreasers (n=25) and MVPA increasers (n=41).

The subjects were recruited from local high schools, community centers, newspapers advertisements,
and word of mouth. All subjects met the following criteria were invited back for further testing: 1) age-
and sex-specific BMI =85th percentile; 2) Hispanic ethnicity, assessed by parental report of maternal
and paternal Hispanic grandparents; 3) grades 9 through 12; 4) not currently taking medication or
diagnosed with any syndrome/disease known to influence fat distribution or insulin action; 5) not
diagnosed with diabetes at screening or major illness since birth; 6) not participating in a structured
exercise, nutrition, or weight loss program in the past six months. Prior to any testing procedure,
informed written consent from both parents and assent from the children were obtained. This study
was approved by the Institutional Review Board of the University of Southern California (USC), Health
Sciences Campus.

Procedures

Testing Visit at the Clinical Trials Unit (CTU)

The following measures were performed at baseline (within 1 wk before the intervention) and at week
16 (within 1 wk after the intervention) in the USC CTU. A certified phlebotomist or nurse performed
blood draws after an overnight fast (nothing to eat or drink, except water, past 8 p.m. the night
before).

Anthropometry and Adiposity

Using a beam medical scale and wall-mounted stadiometer, weight and height were measured in
triplicate and then averaged. Body Mass Index (BMI) percentiles for age and sex were determined
using Epilnfo 2000, Version 1.1 (CDC, Atlanta, GA). Whole body fat and lean tissue mass were
measured by dual-energy x-ray absorptiometry (DEXA) using a Hologiz QDR 4500W (Hologic,
Bedford, MA). Abdominal fat distribution and hepatic fat fraction (HFF) were measured by magnetic
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resonance imaging (MRI) on a General Electric 1.5-Telsa magnet (12). The slice thickness was 10
mm with no inter-slice gaps. A commercially available image segmentation and quantification
software (SliceOmatic, Tomovision, Inc.) was used. Subcutaneous and visceral volumes were
computed across all 19 image slices in each participant. Hepatic fat fraction was computed as the
mean fat fraction in all imaging slices within which the liver was present.

Metabolic Parameters

Blood samples were centrifuged immediately for 10 min at 2500 RPM and 8-10°C to obtain plasma,
and aliquots were frozen at —70°C until assayed. Glucose was assayed in duplicate on a Yellow
Springs Instrument 2700 Analyzer (Yellow Springs Instrument, Yellow Springs, OH; which uses a
membrane bound glucose oxidase technique). Insulin was assayed in duplicate using a specific
human insulin ELISA kit from Linco (St. Charles, MO). The homeostasis model assessment of insulin
resistance (HOMA-IR) was calculated [fasting insulin (uU/ml) X fasting glucose (mmol/l)/22.5]. Leptin,
tumor necrosis factor-a (TNF-a), monocyte chemotactic protein-1 (MCP-1), hepatocyte growth factor
(HGH), nerve growth factor (NGF), adiponectin, and plasminogen activator inhibitor (PAI-1) were
assayed in duplicate using a specific human insulin enzyme-linked immunosorbent assay kit from
Linco (St Charles, MO).

Energy Intake and PA

To assess energy intake, the subjects completed 3-day diet records at home after undergoing training
by the study staff, who were trained and supervised by a Registered Dietitian. The staff clarified
records at the time that they were collected. Nutrition data were analyzed using the Nutrition Data
System for Research (NDS-R version 5.0 35) developed by the University of Minnesota.

Physical activity was objectively measured using the biaxial Actigraph accelerometer (GT1M or 7164,
Actigraph, LLC, Pensacola, FL). The Actigraph accelerometer is a reliable instrument, valid for
measuring activity in children and adolescents (9). The subjects were instructed to wear the Actigraph
on their right hip for seven consecutive days except while participating in water-based activities or
during nighttime sleep. The data were reduced using an adapted version of the SAS code used for
the 2003-2004 National Health and Nutrition Examination Survey (NHANES), which is available at
http://riskfactor.cancer.gov/tools/nhanes_pam.

To correct for the two Actigraph monitor models used, a correction factor was applied to the code (6).
The intensity thresholds for moderate (2,200 counts) and vigorous (5,999 counts) activity were set at
the adult and older adolescent cut-points used in NHANES (34) since the average weight of the
adolescents in our study was 88.8 kg and all youth were in advanced pubertal stages. Additionally, a
sedentary cut point of 100 counts was used (21).

There is no clear consensus on the amount of time required for valid accelerometry measurement
(35), so a modest level of 4 days with at least 8 valid hrs of activity each was used for these analyses
(34). For baseline measurement, the subjects wore the accelerometer on average for (mean *
standard deviation) 6.4 + 2.2 days at 13.1 + 1.4 hrs per day at pretest and for 6.6 + 2.3 days at 12.9 +
1.3 hrs per day at posttest. Accelerometer data are presented as the mean time spent across activity
levels, and total PA or mean counts per minute (CPM). The mean time across activity levels was
calculated by summing the minutes within moderate and vigorous PA (MVPA), and then dividing that
by the total number of valid wear days. Dividing by the mean minutes of wear per day generated
percent time. Mean CPM was calculated by dividing the total counts per day by the total minutes of
valid wear per day.
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Statistical Analyses

Independent t-test and Chi-square were used to determine whether there were baseline differences
between MVPA increasers and decreasers. General linear model (GLM) repeated measures were
used to assess whether changes in physical activity (e.g., moderate physical activity, MVPA) resulted
in changes in adiposity, insulin indices, or inflammatory makers after controlling for covariates. The
following a priori covariates were included in our analyses: sex, age, baseline total fat mass, baseline
total lean tissue mass, intervention group, and baseline total energy intake. Additional covariates
included baseline physical ectivity and length of measurement. All assumptions of GLM repeated
measures were met. Analyses were conducted using SPSS (Version 18; SPSS, Inc., Chicago IL).
P<0.05 denotes statistical significance. Results are presented as mean * standard deviation (SD).

Definition of Increasers and Decreasers of Physical Activity Measures

The subjects were divided into categories based on whether they decreased or increased their
physical activity over 16 wks. Those who increased their mean minutes of PA of any magnitude
(week 16 — baseline > 0) were classified as PA increasers. Participants who decreased their mean
minutes of PA of any magnitude (week 16 — baseline < 0) were classified as PA decreasers. Of the
67 total participants, 60% (n=40) were PA increasers and 40% (n=27) were PA decreasers. Those
who increased their mean minutes spent in MVPA of any magnitude (week 16 — baseline > 0) were
classified as MVPA increasers. Of the 66 total participants, 62% (n=41) were MVPA increasers and
38% (n=25) were MVPA decreasers.

RESULTS

Participant Characteristics at Baseline

Baseline characteristics by mean minute MVPA increasers vs. decreasers are shown in Table 1. At
baseline, MVPA increasers and decreasers did not differ in regards to sex, age, or height (P>0.10).
MVPA increasers and decreasers had similar total counts per minute (cpm) as well as time spent in
sedentary and light physical activity (P>0.10). However, MVPA increasers and decreasers had
different mean levels of MVPA at baseline. Specifically, MVPA increases spent less time in MVPA
compared to MVPA decreasers (25.1+14.1 min vs. 41.1+21.5 min; P<0.01). On average, MVPA
increasers and decreasers consumed the same amount of calories each day (P=0.22). At baseline,
MVPA increasers compared to decreasers were heavier (93.1+20.9 kg vs. 81.7+11.7 kg; P<0.01),
had more total fat mass (35.6+10.6 kg vs. 29.2+8.7 kg; P=0.01), more VAT (2.0£0.9 L vs. 1.5+0.7 L;
P=0.02), and more SAT (14.4+5.6 L vs. 9.3+x4.7 L; P<0.01). MVPA increasers and decreasers had
similar levels of total lean tissue mass (P=0.65) and hepatic fat (P=0.31). At baseline, MVPA
increasers had higher plasma leptin levels compared to MVPA decreasers (48.6£20.0 ng/mL vs.
37.5+£26.7 ng/mL; P<0.05). The MVPA increasers and decreasers did not differ in any other insulin
indices, hormones, or inflammatory markers. The intervention failed to change total added sugar or
total added fiber among mean minute MVPA increasers and decreasers (P>0.68). Finally, mean
minute MVPA increasers and decreasers did not differ in percent: total sugar, added sugar, or total
fiber at baseline (P>0.10).
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Table 1. Baseline Characteristics in Participants Who Decreased or Increased Minutes in MVPA.

Increased Mean
Minutes MVPA
(n=41)

Decreased Mean
Minutes MVPA (n=25)

General Characteristics

Sex, M/F (n) 2 8/17 7134 0.16
Randomization group, 7/4/4/10 9/11/6/15 0.78
[C/NT/Exercise+NT/Exercise (n)] &

Age (years) 154+1.1 157+ 1.1 0.34
Height (cm) © 162.1+5.7 161.4 + 8.2 0.37
Weight (kg) 81.7+11.7 93.1 + 20.9 0.006

Physical activity
Total counts (counts per minute) 347.7 £124.9 301.4 + 89.7 0.11
Mean Minutes MVPA © 41.1 +21.5 251+14.1 0.001
Mean Minutes MPA ¢ 40.3 +21.0 24.7 +13.9 0.002
Mean Minutes VPA ° 08+1.1 04+1.5 0.009
Mean Minutes SPA © 516.4 + 90.5 485.4 + 74.3 0.14
Mean Minutes LPA 244.1 +50.2 263.2 +57.5 0.17
Energy (kcal/day) 1,932.5 + 600.0 1,762.4 + 486.9 0.18
Adiposity

BMI (kg/m?) 31.1+3.9 355 +6.4 0.002
BMI Percentile © 96.5+2.9 97.5+3.1 0.01
Total fat mass (kg) 29.2 + 8.7 35.6 + 10.6 0.01
Total Lean Tissue Mass (kg) 479 +7.1 48.9 +9.9 0.65
Visceral fat (L) 15+0.7 20+0.9 0.02
Subcutaneous fat (L) 9.3+4.7 144 +5.6 0.001
Hepatic Fat Fraction (%) " 6.8 +6.2 76 +5.3 0.31
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Fasting glucose level (mg/dL) 922 +7.2 91.3+4.9 0.54
Fasting Insulin level (uU/mL) ® 16.2 +9.4 22.9+14.0 0.06
HOMA-IR" 3.7+24 5.2+3.1 0.08
TNF-a (pg/mL)°® 13.0+ 7.4 125+ 7.3 0.77
CRP (mg/L)" 40+9.1 3.1+35 0.36
IL-6 (pg/mL)°® 1.9+ 1.0 23+1.2 0.46
Adiponectin (pg/mL) 26.6 +12.3 285+14.0 0.57
Leptin (ng/mL)° 37.5+26.7 48.6 + 20.0 0.01
MCP-1 (pg/mL) 289.2 + 72.5 256.0 + 136.1 0.41
PAI-1 (ug/mL) ® 136.08 + 72.3 116.5 + 74.0 0.32
NGF (ug/mL) ° 12.8 +5.3 18.3 + 13.0 0.35
HGF (pg/mL) 1,179.6 + 571.6 1,158.1 + 566.8 0.92

Mean + SD. Abbreviations: MVPA (Moderate to vigorous physical activity), C (control), NT (nutrition), BMI (body mass
index). 7 Tests were used for categorical variables and independent t test were used for continuous variables. "Variables
were not normally distributed so statistical tests were run with natural log transformed data. “When transformations that
did not yield normality, nonparametric tests were used. Sample sizes for dual-energy xray absorptiometry were 24 in
MVPA decreasers and 40 in MVPA increasers. Sample sizes for total energy intake were 24 in MVPA decreasers and 40
in MVPA increasers. Sample sizes for magnetic resonance imaging were 23 in MVPA decreasaers and 37 in MVPA
increasers. Sample sizes for CRP were 24 in MVPA decreasers and 38 in MVPA increasers. Sample sizes for IL-6 were 8
in MVPA decreasers and 17 in MVPA increasers. Sample sizes for adiponectin, and leptin were 24 in MVPA decreasers
and 38 in MVPA increasers. Sample sizes for TNF-a, MCP-1, PAI-1, and HGF were 14 in MVPA decreasers and 19 in
MVPA increasers.

Changes in Activity Relative to Changes in Adiposity

There were no significant changes in weight, BMI parameters, total fat mass, VAT, SAT, or HFF
between PA increasers versus decreasers (P>0.06). As shown in Figure 2, MVPA increasers had a
13% reduction in hepatic fat fraction (HFF) compared to a 3% increase in MVPA decreasers
(P=0.01). There were no significant changes in weight, BMI parameters, total fat mass, VAT, or SAT
between MVPA increasers versus decreasers (P=0.17). Results were unchanged when including
length of measurement and baseline PA as covariates (data not shown).

Changes in Activity and Metabolic Parameters

There were no significant changes in HOMA-IR, fasting insulin, leptin, or inflammatory markers
between PA increasers versus decreasers (P>0.07). MVPA increasers showed a trend for a 23%
reduction in their HOMA-IR while MVPA decreasers increased their HOMA-IR by 2% (P=0.09). MVPA
increasers showed a trend for a 23% reduction in fasting insulin compared to a 5% increase among
MVPA decreasers (P=0.05) (Figures 3A and 3B). MVPA increasers significantly decreased leptin
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levels by 18% compared to a 4% increase in MVPA decreasers (P=0.02) (Figure 4A). Results
remained statistically significant when including accelerometer wear time and baseline A as
covariates (data not shown). There were no significant differences in inflammatory markers between

MVPA increasers and decreasers (P>0.32).
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Figure 2. Adjusted means * standard error. Controlled for total fat mass, total lean tissue mass, sex,
age, intervention group, and energy intake. Sample size in each group: decreased mean minutes
MVPA (n=20) and increased mean minutes MVPA (n=33). Decreased versus increased mean minutes
MVPA*Hepatic fat fraction, P=0.01.
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Figure 3 Adjusted means * standard error. Controlled for baseline total fat mass, total lean tissue
mass, sex, age, intervention group and energy intake. Sample size in each group: decreased mean
minutes MVPA (n=38) and increased mean minutes MVPA (n=24). (A) Decreased versus increased
(B) Decreased versus increased mean minutes

mean minutes MVPA*HOMA-IR, P=0.09;

MVPA*fasting insulin, P=0.05.
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Figure 4. Adjusted means + standard error. Controlled for total fat mass, total lean tissue mass, sex,
age, intervention group, and energy intake. Decreased (n=23) versus increased (n=35) min
MVPA*Leptin, P=0.02.

DISCUSSION

Effects of Physical Activity

The overall purpose of this study was to examine how changes in habitual PA over 16 wks are
associated with changes in adiposity, metabolic parameters, and markers of inflammation among
overweight Hispanic adolescents. We examined total PA and found that there were no significant
changes in adiposity, metabolic indices, and markers of inflammation between total PA increasers
and decreasers; therefore, we explored the differences between mean minute MVPA increasers and
decreasers. Our findings demonstrate that participants who increased their MVPA levels by 20 min
more per day over 16 weeks had reductions in hepatic fat fraction, HOMA-IR, fasting insulin, and
leptin levels compared to participants who decreased their MVPA levels. These results suggest that
increases in habitual physical activity levels can improve metabolic profiles in high-risk Hispanic
youth.

Most previous studies examined intervention effects on metabolic outcomes (7,8,16,29). The studies
did not examine the influence of changes in habitual PA over time independent of intervention. We
previously examined whether changes in PA over 16 weeks, regardless of intervention group, was
associated with changes in adiposity in overweight Hispanic adolescents. Using multivariate linear
regression models, our results indicated that increases in total PA were associated with significant
decreases in fat mass (4). For the current study, we expanded the sample size and collected
additional data on specific fat depots to allow us to examine if changes in habitual PA over 16 wks,
regardless of intervention group, affected fat deposition (such as visceral and hepatic fat), metabolic,
and inflammatory parameters.
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PA and Metabolic Parameters, Body Composition, and Inflammation

Similar intervention studies (8,14,29,33) using intent-to-treat analysis have found mixed results in
regards to the effects of PA interventions on metabolic parameters, body composition, and
inflammation. Our group has shown that a 16-wk strength training pilot intervention, among 22
overweight Hispanic adolescent males, resulted in a 40% increased insulin sensitivity (29).
Conversely, our laboratory found that a 16-wk nutrition and strength training intervention did not affect
insulin sensitivity or body composition in 54 overweight Latino adolescent males and females (8).
Another study examined the effects of an eight-month physical training intervention among 80 obese
children and adolescents of mixed ethnicity. The physical training intervention occurred five times per
week and was based on achieving 250 kcal energy expenditure per session. The physical training
intervention showed no significant decreases in percent body fat or visceral adipose tissue (14).
Finally, a previous study among 12 obese prepubertal girls found that a five-month strength training
intervention, occurring three times per week, failed to decrease adiposity (33). Due to the difficulty
associated with increasing PA among children and adolescents (39), we hypothesize that utilizing
intent-to-treat analysis explains some of these varying results. Therefore, previous findings may be
weakened due to participants failing to engage in PA. By examining changes in PA, irrespective of
intervention group, this study was able examine how changes in PA affected adiposity and metabolic
indices over 16 wks.

Hepatic Fat

Little is known about the effects of diet and exercise interventions on reducing hepatic fat in healthy
overweight children and adolescents. A few studies have examined the intent-to-treat effects of an
intervention on liver fat depots. A recent study by Nobili et al, conducted with 84 pediatric non-
alcoholic fatty liver disease (NAFLD) patients, showed that a two-year lifestyle intervention that
included nutrition and physical activity reduced liver enzymes and liver echogenicity. However, a
direct effect on reducing hepatic fat was not assessed (23). A study from our laboratory found that a
start-up circuit training intervention that consisted of aerobic and strength training decreased visceral
fat and insulin resistance in Hispanic adolescents, but failed to reduce hepatic fat (7).

Conversely, van der Heijden and colleagues (36) examined the effects of a 12-week aerobic exercise
program among 15 obese Hispanic adolescents and found a significant decrease in liver fat, percent
body fat, and total fat mass. Specifically, they found that the intervention resulted in a 3.3% mean
decrease in hepatic fat content and a modest 1% mean decrease in percent and total fat mass. Thus,
to our knowledge, this is the first study to demonstrate that an increase in MVPA (mean increase of
20 min per day) over 16 wks significantly decreased hepatic fat. Although a 1.3% decrease in hepatic
fat is modest, a decrease of this magnitude does have clinical importance. Among MVPA increasers,
6 subjects demonstrated reductions in hepatic fat that brought them below 5.5%, the clinical
diagnosis of NAFLD (32). In comparison, among MVPA decreasers only 1 subject was observed to
eliminate their NAFLD diagnosis. Overall, these findings have the potential to shape clinical
recommendations for overweight Hispanic adolescents with NAFLD and/or pre-diabetes.

Leptin

In addition to our adiposity findings, we also saw reductions in leptin levels among participants who
increased MVPA levels. Among two similar PA studies that examined children and adolescents, one
found an inverse relationship between leptin and PA (15) while the other failed to find an association
(22). The mechanism by which PA influences leptin concentrations is not well understood; however,
there is evidence to suggest that insulin plays a role in regulating leptin levels. Specifically, a study by
Boden et al. (1) demonstrated that fasting insulin levels were positively associated with leptin levels in
healthy and obese participants. Additionally, Falorni et al. (10) found a positive correlation between
fasting insulin values and leptin levels among normal weight and obese children and adolescents.
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Although the mechanisms by which PA acts on the metabolic syndrome are not fully understood, the
data indicate that improvements in insulin resistance following increases in PA are not fully explained
by decreases in body fat. Given the insulin sensitizing effects of PA, and our observed improvements
in fasting insulin and HOMA-IR, it is probable that decreases in leptin were a result of enhanced
insulin sensitivity.

Subject Motivation

Although MVPA increasers and decreasers were similar in regards to age, sex, inflammation, energy
intake, and other metabolic parameters, MVPA increasers were heavier, had more total fat mass, had
a greater volume of subcutaneous adipose tissue, and spent less time in MVPA at baseline. It is likely
that adolescents who were heavier and less physically active at baseline had the greatest opportunity
for improving PA were more motivated to lose weight and, therefore, increased their habitual PA
levels and improved their metabolic parameters the most. Although we did not collect data on
motivation to exercise in this study, this hypothesis is consistent with findings that demonstrated that
children were motivated to join and maintain their involvement in a resistance training program by the
opportunity to build strength and lose weight (25). More research is warranted to tease out the
reasons for changes in PA levels among overweight teens.

Limitations

A potential limitation to this analysis is the fact that accelerometry is not a perfect measure of PA.
Accelerometers are worn on the hip and do not accurately detect bicycling or upper body movements.
Also, accelerometers cannot be worn during water-based activities, such as swimming. However, a
previous cohort study demonstrated that swimming is not a common activity among Hispanic
adolescents (2). Additionally, we only measured PA at baseline and at the 16-wk. Having additional
measures throughout the 16 wks would have strengthened the current study by allowing for additional
analysis in the changes in PA. Another potential limitation of this study is the self-report nature of the
dietary data. There is the potential that underreporting occurred, especially given the overweight
status of the subjects (26). However, given that all subjects were overweight, it is likely that a similar
level of underreporting occurred. Finally, due to missing data, we were limited in the number of
subjects with inflammatory markers. It is possible that this reduced sample size inhibited the detection
of additional changes in inflammation as a result of PA. However, these results are in line with some
previous longitudinal and cross-sectional studies that failed to find significant relationships between
PA and the inflammatory marker Creactive protein (19,27). Despite this limitation, we were able to
detect reductions in leptin among the subjects who increased MVPA levels.

CONCLUSIONS

According to data from the National Health and Nutrition Examination Survey, only 41% of Mexican
Americans children and 10% of adolescents achieved at least 60 min of MVPA for 5 out of 7 days
(38). Comparatively, only 16% of our MVPA decreasers reached the recommended level of at least
60 min per day of MVPA at baseline while none of the MVPA increasers achieved this level.
Surprisingly, the findings suggest that a modest increase of 20 min or more of MVPA daily can
improve metabolic health in sedentary overweight Hispanic adolescents. To our knowledge, this is the
first study to show that changes in MVPA over 16 wks significantly decreases hepatic fat and
improves insulin action. Given this finding, more interventions focused on improving habitual PA are
warranted, particularly in this high-risk pediatric population.
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