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Cardiorespiratory Fitness Predicts Changes in
Adiposity in Overweight Hispanic Boys

Courtney E. Byrd-Williams', Gabriel Q. Shaibi?, Ping Sun', Christianne J. Lane’, Emily E. Ventura',
Jaimie N. Davis', Louise A. Kelly' and Michael I. Goran"**

We have previously shown that cardiorespiratory fitness predicts increasing fat mass during growth in white and
African-American youth, but limited data are available examining this issue in Hispanic youth. Study participants

were 160 (53% boys) overweight (BMI > 85th percentile for age and gender) Hispanic children (mean + s.d. age at baseline
=11.2 £ 1.7 years). Cardiorespiratory fitness, assessed by VO, . was measured through a maximal effort treadmill

test at baseline. Body composition through dual-energy X-ray absorptiometry and Tanner stage through clinical
exam were measured at baseline and annually thereafter for up to 4 years. Linear mixed models were used to
examine the gender-specific relationship between VO, and increases in adiposity (change in fat mass independent
of change in lean tissue mass) over 4 years. The analysis was adjusted for changes in Tanner stage, age, and lean
tissue mass. In boys, higher VO, _ at baseline was inversely associated with the rate of increase in adiposity

(8 =-0.001, P = 0.03); this effect translates to a 15% higher VO, __ at baseline resulting in a 1.38kg lower fat mass
gain over 4 years. However, VO, _ was not significantly associated with changes in fat mass in girls (8 = 0.0002,

P = 0.31). In overweight Hispanic boys, greater cardiorespiratory fitness at baseline was protective against increasing
adiposity. In girls however initial cardiorespiratory fitness was not significantly associated with longitudinal changes
in adiposity. These results suggest that cardiorespiratory fitness may be an important determinant of changes in

adiposity in overweight Hispanic boys but not in girls.

Obesity (2008) 16, 1072-1077. doi:10.1038/0by.2008.16

INTRODUCTION

The prevalence of overweight in youth is increasing at an alarm-
ing rate, and this epidemic is disproportionately affecting eth-
nic minorities, particularly Hispanic youth (1). The most recent
data indicate that ~37% of Mexican-American youth are either
at risk for overweight or overweight (2). Of particular public
health concern are the negative health consequences associated
with adiposity during adolescence, such as risk factors for car-
diovascular disease and type 2 diabetes (3). Furthermore, over-
weight and obesity track into adulthood where negative health
consequences extend to include other chronic diseases, includ-
ing pancreatic and liver cancers (4,5).

There are a myriad of factors that contribute to the trend of
increasing adiposity; one of these hypothesized factors is a lack
of cardiorespiratory fitness (6,7). Cardiorespiratory fitness is
an independent determinant of health across the lifespan (8).
In adults, higher cardiorespiratory fitness is protective against
cardiovascular disease and all-cause mortality (9) whereas
in adolescents, cardiorespiratory fitness has been inversely
associated with blood pressure (10), total cholesterol, and

pro-inflammatory markers (11). These adverse associations
between fitness and disease risk factors may be a direct func-
tion of the relationship between cardiorespiratory fitness and
adiposity.

Overweight adolescents exhibit lower cardiorespiratory fit-
ness than their normal weight peers (12). African-American (6)
and white youth (6,7) with lower levels of cardiorespiratory fit-
ness experience significantly greater increases in fat mass dur-
ing growth compared to their more fit counterparts. To our
knowledge, the longitudinal association between cardiorespi-
ratory fitness and fat mass has not been examined in Hispanic
adolescents.

Arriving at a better understanding of the association between
cardiorespiratory fitness and adiposity among Hispanic
youth is of particular interest due to the high rates of obesity
and increased risk of metabolic disease in this population.
Therefore, the purpose of this investigation was to examine
whether cardiorespiratory fitness affected the rate of increase
in adiposity over time during adolescent growth and whether
this was moderated by gender.
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METHODS AND PROCEDURES

Subjects

Study participants in the current investigation consisted of a sub-
group of children who are participating in the SOLAR (Study of Latino
Adolescents at Risk) Diabetes Project—an ongoing longitudinal study
to explore risk factors for the development of type 2 diabetes among
Hispanic adolescents. Beginning in 2001, participants between the
ages of 8 and 13 were recruited for the study through medical refer-
rals, advertisements, and word of mouth in and around the greater Los
Angeles County area. The procedures for the SOLAR Project have been
detailed elsewhere (13-15). The current analysis included 160 partici-
pants (84 boys and 76 girls) who had completed a baseline measure of
VO, and had complete data for relevant variables during at least two
annual visits. Of the participants excluded from the analysis, 42 were
excluded because they failed to reach the criteria for vo, . and 39
were excluded because they did not have complete data on all variables
used in the current analysis during at least two visits. The participants
who were included were not significantly different in percent male,
mean age, mean Tanner stage, mean VO, , mean total fat mass, or
mean total lean tissue mass from the participants who were excluded
(all P> 0.10). The analysis included a total of 597 observations consist-
ing of 23 students completing two visits, 34 students completing three
visits, 66 completing four visits, and 37 students completing five vis-
its. Participants had fewer than five visits for two reasons: participants
missed at least one annual visit and the open enrollment design of the
study. Participants missing one or more visits were not statistically sig-
nificantly different than those with complete data in percent male, mean
age, Tanner stage, VO, _, total fat mass, or total lean tissue mass (all P >
0.20). Informed consents and assents were obtained from parents and
children prior to any testing procedures. The study was approved by the
Institutional Review Board of the University of Southern California.

Methods

Outpatient screening visit. On an annual basis, each participant
arrived at the University of Southern California General Clinical
Research Center at the Los Angeles County Hospital at ~0800 am fol-
lowing an overnight fast. At the screening visit, a physical examination
including the assessment of maturation according to established crite-
ria, Tanner stage (16), was performed by a licensed pediatric health care
provider. A detailed medical history was conducted, including parental
interview detailing family history of diabetes, ethnicity, and demo-
graphics of the participants. Height using wall-mounted stadiometer
and weight using a medical balance beam were measured to the nearest
0.1cm and 0.1kg, respectively.

Children who met the following screening criteria were invited back
for further testing during an inpatient General Clinical Research Center
visit: (i) aged 8-13 years at baseline assessment, (ii) BMI > 85th percen-
tile for age and gender (at risk for overweight and overweight) defined
by the Centers for Disease Control and Prevention standards (17) cal-
culated from the height and weight measurements completed at the
General Clinical Research Center outpatient screening, (iii) absence of
type 1 and type 2 diabetes defined by the guidelines provided by the
American Diabetes Association, (iv) positive family history for type 2
diabetes (sibling, parent, or grandparent), (v) Hispanic ethnicity (all four
grandparents of Hispanic descent), (vi) not currently taking medica-
tion or diagnosed with a condition known to affect body composition
or total energy expenditure or physical activity. For the sake of brevity,
the participants will be referred to as overweight instead of at risk for
overweight and overweight.

Inpatient visit. Participants who met inclusion criteria were admit-
ted to the General Clinical Research Center within 2 weeks after their
initial outpatient screening where they completed measurements for
cardiorespiratory fitness and body composition. Assessment of cardio-
respiratory fitness was collected at baseline assessment only. All other
measures were assessed annually for up to 4 years.
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Cardiorespiratory fitness. To assess cardiorespiratory fitness, par-
ticipants completed an all-out, progressive, continuous treadmill pro-
tocol, which has been described previously (13,14) and is summarized
here. The participants walked for 4min at 0% grade and 4km/h, after
which the treadmill grade was raised to 10%. Each ensuing work level
lasted 2 min, during which the grade was increased 2.5%. The speed
remained constant until a 22.5% grade was reached at which time the
speed was increased by 0.6 km/h until the subject reached exhaustion.
Respiratory gases were collected and measured using open circuit
spirometry and analyzed on a Med Graphics CardiO,/CP Combined
Exercise System (MedGraphics, St Paul, MN). Heart rate was measured
continuously using a Polar Vantage XL heart rate monitor (Polar, Port
Washington, NY). Absolute VO, (ml of O, per min) was used as a
measure of cardiorespiratory fitness. Criteria for VO,__ included par-
ticipants meeting two of three criteria during a maximal effort tread-
mill test: (i) respiratory exchange ratio >1.0, (ii) heart rate >195 beats
per min, and (iii) a leveling of VO, (defined as an increase of O, uptake
<2ml/kg/min with a simultaneously increasing workload). VO, was
defined as the highest oxygen uptake obtained over the final 1.5min
of the protocol.

Body composition. A whole-body dual-energy X-ray absorptiometry
scan was performed to assess total body composition, including fat
mass, soft lean tissue mass, and percentage body fat, using a Hologic
QDR 4500W (Hologic, Bedford, MA).

Statistical analysis

Descriptive statistics were generated for variables of interest and
demographic variables. Students t-tests were conducted to determine
whether there were statistically significant gender differences in base-
line characteristics.

For longitudinal analyses, linear mixed-effects models were then used
to examine whether baseline VO, was associated with total fat mass
atage 11 and whether baseline VO, __was associated with the change in
total fat mass as the youth age after adjusting for the changes in total lean
tissue mass, Tanner stage, gender, and age. Additionally, an interaction
term was included in the mixed-effects regression models to investigate
whether gender was an effect modifier of the relationship between car-
diorespiratory fitness at baseline and changes in adiposity. Because the
interaction term was found to be statistically significant, the data were
stratified by gender, and the relationship was re-examined in boys and
girls separately. All statistical analyses were performed using Statistical
Analysis Software (v9.1; SAS Institute, Cary, NC). The linear mixed-effect
analyses were performed using the Mixed Procedure.

Although VO, is generally expressed relative to total body mass
or fat-free mass (FFM), we chose to express VO, in absolute terms
(ml/min). There is currently no consensus on the appropriate units of
expression when comparing participants with differing body composi-
tion, gender, and age. It has previously been shown that the ratio method,
which adjusts for body composition by dividing VO, values by body
mass or FFM, may create spurious results, because it fails to take into
account the nonzero intercept (18). It has also been shown that using a
regression-based method is a more appropriate approach in normalizing
VO, data(18),and asa result lean tissue mass was used as a covariate in
the model in the current study. Even though the ratio methods were not
used in the regression analysis, to facilitate comparison among studies,
we reported baseline mean VO, relative to FFM (ml/kg FFM/min) and
total body mass (ml/kg/min).

RESULTS

Baseline characteristics for the 160 participants (84 boys
and 76 girls) are shown in Table 1. At baseline, there were
statistically significant gender differences in absolute VO,
(ml/min), VO, __divided by body mass (ml/kg/min), VO,
divided by FFM (ml/kg FFM/min), Tanner stage, and total
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Table 1 Participant characteristics at baseline, mean = s.d.

Characteristics Boys (n = 84) Girls (n =76)
Age (years) 11.2+1.6 11.2+1.8
Weight (kg) 62.5+16.8 65.6 £20.1
Height (m) 150.7 £ 10.9 149.4 £11.2
BMI (kg/m?) 27.3+£4.6 28.8+5.4
BMI Z-score 20+£0.4 21+04
BMI percentile 96.8+3.3 97.2+2.9
Total body fat (kg) 23.1+£9.0 26.2 +10.3*
Total lean tissue mass (kg) 37.0+9.2 36.9+9.9
Tanner stage (1-5) 1.7+1.0 2.97 £ 1.4
VO, (ml/min) 2,292.6 £574.1 2,043.6 £ 475.0*
VO, . (ml/kg/min) 37.5+£6.9 32.1 £5.1%
VO, .. (ml/kg FFM/min) 58.4+5.8 52.6 £ 5.5

FFM, fat-free mass.
For gender: *P < 0.05, **P < 0.01, **P < 0.001.

Table 2 Number of participants completing 2, 3, 4, and 5
visits

Number of visits

2 3 4 5 Total
Boys 14 18 35 17 84
Girls 9 16 31 20 76
Total 23 34 66 37 160

body fat (kg; all P < 0.05). The number of boys and girls com-
pleting two, three, four, and five annual visits is shown in
Table 2.

In the linear mixed-effects regression model with the total
sample, initial VO, wasnot associated with changes in total
fat mass over age after adjusting for changes in Tanner stage,
gender, and lean tissue mass (data not shown; = -0.0005,
P =0.18). Table 3 shows the effect of the predictor of interest,
baseline cardiorespiratory fitness, on total fat mass at age 11
after adjusting for covariates; at baseline when the mean age
of the participants was 11 years, each one ml/min change in
VO, was marginally associated with a 0.002kg change in
total fat mass after adjusting for covariates (P < 0.10). Table 3
also shows the effect of baseline cardiorespiratory fitness on
total fat mass over age after adjusting for covariates; each
year, a one ml/min change in VO, _ was significantly and
inversely associated with a 0.001kg change in total fat mass
independent of covariates (P < 0.01). When gender was inves-
tigated as a potential effect modifier (Table 3), it was found
to be a significant effect modifier in the relationship between
VO,  and change in total fat mass after adjusting for changes
in Tanner stage and lean tissue mass (f = 0.002, P = 0.0007).
Figure 1 is a graphical representation of Table 3 in which the
estimated marginal means of the regression equations were
plotted. While holding the covariates constant (intercept =
23.9kg, Tanner stage = 2, lean tissue mass = 37 kg), the val-
ues of gender and VO, _ were manipulated to illustrate the
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Table 3 Effects of predictors on total fat mass (kg) from linear
mixed effects regression (n = 160)

Predictors Estimate (s.e.)

Effect of predictors on total fat at age 11

Intercept 23.95(0.72)
Gender (male =0, female = 1) 2.78 (1.11)~
Lean tissue mass (kg) 0.48(0.5)"
Tanner stage (1-5) -0.46 (0.26)*
Age (years) -0.28(0.29)
Baseline cardiorespiratory fitness (VO,_ ) 0.002 (0.001)*
Effect of predictors on total fat mass over age

Gender (male =0, female = 1) 1.66 (0.31)f
Lean tissue mass (kQ) —0.0002 (0.01)

Tanner stage (1-5) -0.27 (0.10)**
-0.001 (0.0004)***
(

0.002 (0.0005)

Baseline cardiorespiratory fitness (VO

Zmax)

Baseline cardiorespiratory fitness (VO
gender

*P < 0.10, P < 0.05, **P < 0.01, TP < 0.001.

2ma><) x

Fat mass (kg)

11 12 13 14 15 16
Age (years)

Figure 1 Estimated marginal means for the effects of cardiorespiratory
fitness on fat mass over age in overweight Hispanic boys and girls.
Model is adjusted for Tanner stage and lean tissue mass. Value used

to represent high fitness was 95th percentile of VO, , and value used
to represent low fitness was 5th percentile of VO, _ . Broken line with
boxes represent boys low fitness; solid line with boxes represent boys
high fitness; broken line with circles represent girls low fitness; and solid
line with circles represent girls high fitness.

gender- and fitness level-specific trajectories of total fat mass
as the youth age. The value used to represent high fitness was
the 95th percentile of VO, _, and the value used to represent
low fitness was the 5th percentile of VO, .

Subsequent analyses were stratified by gender, as shown
in Table 4. Among boys, VO, was a significant predictor
of change in total fat mass adjusting for changes in lean tis-
sue mass, Tanner stage, and age (8 = -0.001, P = 0.03). On
the other hand, as also shown in Table 4, VO, . wasnota
significant predictor of change in total fat mass in girls after
controlling for changes in Tanner stage, lean tissue mass, and
age (= 0.0005, P = 0.37).

DISCUSSION

The primary finding of this investigation was that the longi-
tudinal relationship between initial cardiorespiratory fitness
and changes in adiposity in children is different in overweight
Hispanic boys and girls. In boys, higher initial cardiorespira-
tory fitness was associated with less subsequent gain in body
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Table 4 Effects of linear mixed effects regressions on total
fat mass (kg) by gender

Estimate (s.e.)

Predictors Boys (n = 84) Girls (n =76)
Effect of predictors on total fat at age 11
Intercept 24.31(0.78)" 25.76 (0.63)"
Lean tissue mass (kg) 0.37 (0.06)* 0.77 (0.07)*
Tanner stage (1-5) -0.26 (0.43) -0.61 (0.31)*
Age (years) 0.35(0.36) 0.02 (0.28)
Baseline cardiorespiratory
fitness (VO,, .) 0.001 (0.002) 0.002 (0.002)
Effect of predictors on total fat mass over age
Lean tissue mass (kg) 0.01(0.02) -0.01(0.02)
Tanner stage -0.44 017y -0.01(0.02)

Baseline cardiorespiratory
fitness (VO,, ) —-0.001 (0.0004)**

*P <0.10, P < 0.05, **P < 0.01, TP < 0.001.

0.0005 (0.0005)

fat. However, initial cardiorespiratory fitness was not signifi-
cantly associated with subsequent fat mass gain in overweight
Hispanic girls. These results suggest that the longitudinal
association between cardiorespiratory fitness and obesity in
Hispanic youth may be gender specific.

In adolescents, cardiorespiratory fitness, defined as the abil-
ity of the cardiovascular and respiratory systems to supply
oxygen to skeletal muscles during sustained physical activity,
correlates to habitual physical activity, which is defined as the
amount a person moves around during the day (12,19,20).
Importantly, cardiorespiratory fitness is more strongly asso-
ciated with moderate-to-vigorous physical activity than total
physical activity (12,19). Thus, one potential explanation for
our findings is that cardiorespiratory fitness may be acting as
a proxy indicator of moderate-to-vigorous physical activity.
Whereby, Hispanic boys who engage in greater amounts of
moderate-to-vigorous physical activity (as indicated by higher
initial cardiorespiratory fitness) may have a more balanced
energy equation than nonactive boys resulting in less adipos-
ity in the active boys. In support of this hypothesis, our group
previously reported (21) cross-sectionally that Hispanic over-
weight boys engaged in significantly less moderate-to-vigorous
physical activity than nonoverweight boys (3.2 + 2.1% vs. 4.8 £
2.9% of day spent in moderate-to-vigorous activity, respec-
tively; P = 0.01), but we did not find a significant difference
in moderate-to-vigorous physical activity between overweight
and normal weight Hispanic girls in that study (2.9 + 1.5% vs.
2.5+ 1.6%; P = 0.33). Although those youth were not followed
longitudinally, our previous cross-sectional results coupled
with our current longitudinal findings suggest that physical
activity/cardiorespiratory fitness and obesity are differentially
influenced by gender in Hispanic youth.

There is no clear consensus on whether cardiorespira-
tory fitness in youth is indicative of habitual moderate-to-
vigorous physical activity. According to a review that included
>25 studies, which used a myriad of methods to assess
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cardiorespiratory capacity, there is only a small-to-moderate
relationship between physical activity and cardiorespiratory
fitness in adolescents (22). While it is acknowledged that
other factors, such as genetics (23), contribute to individual
levels of cardiorespiratory fitness, studies examining fitness
and physical activity make reasonable arguments for the use
of cardiorespiratory fitness as a proxy measure for habitual
moderate-to-vigorous physical activity at the group level.
Regionally and nationally representative studies in Spain (24)
and the United States (12) have reported that adolescents who
engaged in more moderate-to-vigorous physical activity had
higher values of vo, . Nonetheless, we cannot exclude the
possibility that undetermined physiologic or behavioral gen-
der differences in our sample were operational in the observed
longitudinal associations between cardiorespiratory fitness
and adiposity.

The findings from the current study could help to inform
future interventions with overweight Hispanic children.
Although cardiorespiratory training intervention studies
conducted in healthy, nonobese, normotensive youth tend
to have negligible effects on body composition, blood lip-
ids, and blood pressure (25,26), cardiorespiratory training
interventions in overweight and obese samples have reported
more successes (27,28). Training interventions designed for
overweight adolescents may result in a reduction of total
body weight, though sometimes inconsistently. Additionally,
these intervention studies have reported beneficial changes
in insulin sensitivity (27), muscular strength, endothelial
function, and cardiorespiratory fitness (27). For example,
Rowland et al. reported a walking training intervention with
sedentary overweight adolescents that resulted in an increase
in cardiorespiratory fitness of 9.9% (28). The findings from
the current study suggest that if interventions were able to
improve the cardiorespiratory fitness of overweight Hispanic
boys by as little as 15%, this may result in a lesser accumula-
tion of 1.38 kg of fat mass over 4 years than otherwise would
have been observed. Additional studies should be conducted
with overweight Hispanic adolescents to examine whether
increased cardiorespiratory fitness has beneficial effects on
body composition and other chronic disease risk factors.

As observed in other studies (29,30), the baseline val-
ues of VO, for girls in the current study were significantly
lower than the values for boys. Regardless of how VO,  was
expressed, the cardiorespiratory fitness of girls was at least 11%
lower than boys, and this difference in cardiorespiratory fitness
will increase as the boys and girls mature (29). When cardio-
respiratory fitness levels of the girls from the current study are
compared to a nationally representative sample (12), girls in
the current study would fall below the lower 40th percentile for
age and gender adjusted fitness levels.

The null finding that initial cardiorespiratory fitness at
11 years is not predictive of changes in adiposity may indicate
that energy intake in overweight Hispanic girls rather than
energy expenditure may be a more important determinant of
increases in adiposity. The poor cardiorespiratory fitness levels
may be an indication of insufficient levels of physical activity
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necessary to counterbalance higher levels of energy intake to
prevent increases in adiposity over time. Even more troubling
is that low levels of physical activity are likely to decline even
more as the girls progress through adolescence and into adult-
hood (31) at which point low cardiorespiratory fitness levels
and a sedentary lifestyle may result in the development of
adiposity-related comorbidities such as type 2 diabetes and
cardiovascular disease. Thus, targeting overweight Hispanic
girls for physical activity interventions coupled with dietary
interventions at a young age may help to improve their body
composition and energy balance equations resulting in less
adiposity increases over time.

The strengths of this study include a precise measure of body
composition using dual-energy X-ray absorptiometry (32), a
direct measure of vo, ., the repeated measures design, and
the use of mixed-effects regression modeling. The repeated
measures design allowed us to follow the same individuals
over time to observe changes in adiposity. The use of linear
mixed-effects regression models was a distinct benefit, because
it accounts for the violation of the assumption of independ-
ence across repeated measures and is able to include cases with
missing waves of data allowing for a larger sample size to be
included in the analysis.

Notwithstanding these strengths, we acknowledge several
limitations of the study that may impede the generalizability
of the findings. The current study consisted only of overweight
Hispanic adolescents with a family history of diabetes. The
possibility of gender moderating the relationship between ini-
tial cardiorespiratory fitnessand changes in adiposity in youths
of other ethnicities has not been addressed in this investiga-
tion, and as a result, no conclusions should be drawn about the
moderating effects of gender in other ethnicities. Also, owing
to the homogeneity of the sample, it may not be appropriate to
generalize these findings to Hispanic adolescents with a differ-
ent overweight status or a different family history of disease.
Despite the potential limitations of the homogenous sample,
we believe the investigation of increasing adiposity in these
already overweight adolescents has scientific merit, because
the overweight status and ethnicity of these youth increase
their risk for chronic diseases, such as type 2 diabetes and car-
diovascular disease.

Another limitation is that the current study did not provide
repeated measures of dietary data or cardiorespiratory fitness.
Dietary data would have allowed for the influence of energy
intake on adiposity to be examined. Additionally, because car-
diorespiratory fitness was only assessed at baseline, the change
in VO, and its effect on change in fat mass could not be
examined. Future longitudinal studies that include repeated
measures of VO, _, dietary intake and adiposity are warranted.
Investigating the association between the change in VO, and
changes in fat mass independent of energy intake would pro-
vide further information on how cardiorespiratory fitness may
influence adiposity.

In summary, these findings suggest the relationship between
cardiorespiratory fitness and subsequent adiposity may dif-
fer by gender suggesting that gender-specific interventions
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targeting changes in adiposity may be more effective. To fur-
ther explain this relationship, additional intervention studies
that manipulate cardiorespiratory fitness to examine the effects
on adiposity in overweight Hispanic youth are needed, as are
longitudinal studies that include direct measures of cardiores-
piratory fitness, objective measures of physical activity, and
measures of dietary intake.
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