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ORIGINAL ARTICLE

Prospective association between body composition, physical
activity and energy intake in young adults

C Drenowatz', B Cai®, GA Hand'"?, PT Katzmarzyk®, RP Shook> and SN Blair'?

BACKGROUND/OBJECTIVES: Despite considerable research on the association between physical activity (PA) and body
composition, there remains limited information on the directionality of the relationship. The present study examined the
prospective associations among objectively measured PA, energy intake (El) and body composition.

SUBJECTS/METHODS: A convenience sample of 430 adults (49% male) between 21 and 35 years of age was followed over 1 year
with repeated measurements taken every 3 months. BMI (kg/m?) and percent body fat (%BF) were calculated based on
anthropometric measurements and dual energy X-ray absorptiometry. A multi-sensor device was worn over a period of 10 days to
estimate total daily energy expenditure and time spent in different intensities. El was calculated based on change in body

composition and total daily energy expenditure.

RESULTS: A total of 379 participants provided valid data. On average, participants experienced a significant weight gain of
1.2+ 4.3 kg during the 12-month observation period, which was associated with an increase in %BF (0.8 +3.2 %). Average time
spent in moderate-to-vigorous PA (MVPA) decreased significantly, whereas El remained constant. Optimal linear mixed models,
adjusting for age and sex, showed an inverse effect of MVPA on BMI and %BF, whereas El only directly affected BMI (P < 0.001).
There was also a significant inverse effect of BMI and %BF on MVPA (P < 0.001).

CONCLUSIONS: Results of this study indicate an inverse reciprocal association between MVPA and measures of adiposity. Thus,
primary preventive actions are warranted to avoid excess weight gain, which may result in a vicious cycle of weight gain and

low PA.
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INTRODUCTION

Excess body weight is the result of a long-term imbalance
between energy intake (El) and energy expenditure. Even though
a genetic predisposition and physiologic constraints need to be
considered,"? low levels of physical activity (PA) and high EI have
been predominantly considered as major contributors to the
current obesity epidemic.® The ongoing debate regarding the role
of El and energy expenditure/PA, however, mirrors the limited
evidence on the prospective association between PA, diet and
body fatness.

The inverse association between PA and body weight or
adiposity has been predominantly shown in cross-sectional
studies, but evidence on the prospective effect of PA on body
weight and body composition remains inconclusive* Some
longitudinal studies indicate that weight gain may be a precursor
of lower PA, rather than a consequence of low PA levels.>® Other
studies, however, have shown a reduction in body weight in
adults who increase their activity levels, whereas weight gain was
more pronounced in adults who decreased their PA.>~"? These
contradictory results may be explained by the limited accuracy of
self-reported PA'® and a regression dilution bias as a result of
differences in measurement error.'* A lack of adjustment for
potential confounders including baseline measures of PA and
body weight could affect findings as well."® Further, two time
points (baseline and post-measurements) may not be sufficient to

show a clear longitudinal pattern of the variables of interest. Of
additional concern is the omission of El in previous studies,
despite its impact on energy balance.'” The omission of EI may
have been due to difficulties in the accurate assessment of dietary
intake in natural settings, as it also relies on self-report.'®'” There
is, however, also the potential of a bi-directional relationship
between PA and body weight or adiposity, which could explain
these seemingly contradicting results.' Such a reciprocal
association between PA and body composition, however, has
been largely ignored in the analytical approach used in previous
studies.

Additional research on the reciprocal effects of PA and body
composition on each other could provide valuable information
regarding our understanding of the regulation of energy balance.
The present study uses objective measures of PA to examine the
longitudinal interaction of time spent sedentary, in light PA and
moderate-to-vigorous PA (MVPA) with measures of adiposity,
while considering El and demographic characteristics as potential
confounders. To account for potential differences in the regulation
of energy balance, normal weight and overweight/obese adults
were examined separately.

SUBJECTS AND METHODS

The present analysis uses data from an ongoing observational study on
primary and secondary determinants of weight change. Details of the
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methodology of the Energy Balance Study, which is conducted in an urban
area in South Carolina, have been published previously.'® In brief, 430
(49.3% male) adults between 21 and 35 years of age were recruited via
flyers, e-mail listservs and social media as this population is at particular
risk for decreasing metabolic rate and weight gain.'®?° Sample size
calculations were based on average weight change in this population.
Assuming an effect size of 1+ 7 kg change in body weight over 12 months,
a sample size of 385 would be required to obtain statistical power of 0.8
with alpha set at 0.05. Exclusion criteria were designed to select a group of
individuals with no major acute or chronic conditions who had not made
any large changes in health behaviors in the previous months. Exclusion
criteria also included a BMI above 35 kg/m? or below 19 kg/m?, pregnancy
in the previous 12 months and planned births. Women who planned on
changing their use of contraceptive medications during the study were
excluded as well due to concern over potential changes in body water and
appetite. The study protocol was approved by the University of South
Carolina Institutional Review Board and is in accordance with the
declaration of Helsinki. Written informed consent was obtained from
participants prior to data collection.

Measurements

All measurements were obtained by trained and certified research staff
and were repeated every 3 months over a period of 1 year. In addition to
objective assessments of body composition and PA, participants com-
pleted an extensive medical history and demographic information form.

Anthropometrics and body fatness. Height (cm) and weight (kg) were
measured according to standard laboratory procedures with participants in
surgical scrubs. Height was measured to the nearest 0.1 cm using a wall-
mounted stadiometer (Model S100, Ayrton Corp., Prior Lake, MN, USA) and
weight was measured to the nearest 0.1kg using an electronic scale
(Healthometer model 500KL, McCook, IL, USA). BMI (kg/mz) was calculated
based on the average of three height and weight measurements at each
time point. In addition, total fat and fat-free mass were measured via dual
energy X-ray absorptiometry (GE Healthcare Lunar model 8743, Waukesha,
WI, USA) and percent body fat (%BF) was calculated.

Physical activity. The SenseWear Mini Armband (Body Media Inc,
Pittsburgh, PA, USA) was used to objectively assess energy expenditure
and PA. Combining tri-axial accelerometry with measurements of skin
temperature, heat flux, galvanic skin response and near body temperature,
the armband has been shown to provide accurate estimates of energy
expenditure in free-living adults.?’ Participants were asked to wear the
armband continuously for 10 days during the respective measurement
periods. Compliance was defined as at least 7 days (including 2 weekend
days) with more than 18 h/day of verifiable wear time. When the armband
was not on their body, participants recorded their activities in a log.
Activities during non-wear time were matched to metabolic equivalents
(METs) based on the 2011 Compendium of Physical Activities** and non-
classified activities were entered as 1.5 METs. These METs were then
multiplied by the participant’s resting metabolic rate to compute energy
expenditure for the time when the armband was not worn, resulting in
24-h of energy expenditure and time spent at different intensities at every
time point. Resting metabolic rate was measured in the morning after
a 12-h fast and 24-h abstention from exercise via indirect calorimetry
(True One 2400, Parvo Medics, Sandy, UT, USA).

Using SenseWear's proprietary software (Version 7.0 professional), total
daily energy expenditure and time spent at different intensities were
estimated. Specifically, sedentary time, excluding sleep (sedentary < 1.5
METs), time spent in light PA (1.5 METs< light PA <3 METs) and time
spent in MVPA (MVPA >3.0 METs) was determined at the respective
measurement period.

Energy intake. Owing to the lack of accuracy of self-reported dietary
intake,'® total daily energy intake (TDEI) was calculated based on total daily
energy expenditure and change in fat mass and fat-free mass for each
3-month period;?>** an increase in mass is associated with a positive
energy balance (that is, El is higher than total daily energy expenditure),
whereas a decrease in body mass is associated with a negative energy
balance (that is, El is lower than total daily energy expenditure). Assuming
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an energy density of 1020 and 9500 kcal/kg for fat-free mass and fat mass,
respectively, TDEI was calculated for each 3 months interval as follows:

AFFM AFM
TDEI = 1020 ——— + 9500 —— + TDEE
At At

TDEl, total daily energy intake; TDEE, average total daily energy
expenditure at respective time points; AFFM, change in fat-free mass
(kg) over time; AFM, change in fat mass (kg) over time; At, days between
two measurement times.

Statistical analysis

Descriptive statistics were calculated for baseline and follow-up measure-
ments. On confirmation of a normal distribution, differences between
participants classified as normal weight (baseline BMI < 25 kg/mz) and
overweight/obese (baseline BMI > 25 kg/m?) were analyzed by analysis of
covariance, adjusting for age, sex, ethnicity and education. Linear mixed
models, which account for both within- and between-subject variation in
the data were used to examine the prospective association between PA,
TDEI and measures of adiposity. To account for the four available measures
of TDEI (difference between 3-month intervals), measures for body fatness
and PA were adjusted accordingly by calculating average values for each
3-month period. For each variable of interest, an initial model with the
main independent predictors adjusting for demographic covariates
including, sex, race, education, employment, income, marital status and
age was developed. Subsequently, a stepwise variable selection procedure
along with the Akaike information criterion was used to determine the
optimal model. Multicollinearity was checked for the predictors by
calculating the variance inflation where variance inflation>5 was
identified as collinearity. The analyses were conducted using SAS 9.2
(SAS Institute, Cary, NC, USA) using a significance level of P < 0.05 with
Bonferroni correction for multiple comparisons.

RESULTS

A total of 379 participants (49.1% male) provided valid data for at
least three measurement time points and where subsequently
included in the analysis. Average armband wear time for
participants included in the analysis was 23.3+0.6 h/day. There
was no difference in baseline characteristics between participants
included in the analysis and those excluded owing to missing
follow-up data. Average age at baseline was 27.8+3.8 years.
Almost two-thirds (65.4%) of the participants were Caucasian
with the majority having a College degree (85.5%). At baseline,
51.2% were classified as overweight/obese. There was no
significant difference for sex, ethnicity and education between
normal weight and overweight/obese participants. Normal
weight participants, however, were younger (27.2+3.6 vs
28.3+3.9, P=0.005), and spent more time in MVPA and less
time in sedentary or light PA than their overweight/obese peers
(P <0.001). TDEI was higher in overweight/obese (P < 0.001).
These results remained after controlling for age, sex, ethnicity
and education (Table 1).

Participants experienced an average estimated weight gain,
based on linear mixed models, of 1.2+43kg (P<0.001)
associated with an increase in %BF (0.8 £3.2 %, P < 0.001). There
was no difference in weight gain between normal weight and
overweight/obese participants. Individual weight change ranged
from a weight loss of 14.0 kg/year to a weight gain of 13.0 kg/year
and change in %BF was between —10.1 and 7.5%. Average time
spent in MVPA decreased significantly (—6.5+58.7 min/day,
P=0.002), whereas there was no significant change in TDEI
(2.3+503.1 kcal/day, P=0.931). Sedentary time and time spent in
light PA did not change significantly (change of 5.2 + 86.7 min/day
and 1.8+55.9 min/day, respectively, P>0.243). As shown for
measures of body fatness, progression of measures of PA and
TDEI did not differ between normal weight and overweight/obese
participants.

For the total sample the optimal linear mixed models, adjusting
for sex and age, revealed a significant effect of time spent in
MVPA and TDEI on BMI (Table 2). The inverse effect of MVPA
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Table 1. Descriptive characteristics at baseline and 12-month follow-up

Total sample (N=379)

Normal weight (N =185) Overweight/obese (N=194)

Baseline 12 months Baseline 12 months Baseline 12 months
Height (cm) 171.2+94 1714+94 171.2+94 171.2+94 171.3+£9.3 171.5+9.3
Weight (kg)a’b 75.4+13.9 76.1 +14.5 66.3+9.3 66.7 +9.6 84.1+11.8 855+123
BMI (kg/mz)a’b 256+39 25.7+4.0 225+16 225+1.8 28.6 +3.0 28.8+3.1
Fat mass (kg)*P 21.5+88 223+89 16.3+5.0 16.9+5.1 26.6+8.6 27.7+8.8
Fat-free mass (kg)a'b 542+11.2 53.8+11.4 50.6+10.5 50.0+10.5 57.7+10.7 57.7+10.9
% Body fat> 28.4+9.2 29.1+8.9 25.0+8.0 258+79 31.7+£9.0 324+87
TDEI (kcal/day)c'a"b 2734+ 507 2717 £510 2604 +490 2589 +493 2858 +493 2846 + 495
TDEI (kcal/kg/dag)c'a’b 36.7+5.7 36.3+5.7 39.2+49 39.0+4.9 342+53 33.6+5.1
PAL (TDEE/RMR) 1.81+.21 1.80+0.20 1.84+.21 1.83+0.20 1.78 +.20 1.76 +0.19
MVPA time (min/day)a'b 1343+774 1283 +72.0 166.5+74.9 160.1+724 103.5+66.5 96.2+55.6
Light PA time (min/day)a'b 215.9+58.1 216.9+59.4 207.4+57.5 206.4+54.0 2240+57.7 227.6+62.7
Sedentary time (min/day)*? 684.2+93.9 686.9 +90.1 656.4 +82.5 661.5+80.4 710.6 +96.6 7126 +92.3

Abbreviations: MVPA, moderate-to-vigorous physical activity; PA, physical activity; PAL, physical activity level; RMR, resting metabolic rate; TDEI, total daily
energy intake. Values are mean+s.d. ®Significant difference between normal weight and overweight/obese after adjusting for age, sex, ethnicity and education
at baseline (P < 0.001). PSignificant difference between normal weight and overweight/obese after adjusting for age, sex, ethnicity and education at 12-month
follow-up (P < 0.001). “Energy Intake calculated based on change in body fatness and average energy expenditure from baseline to 3 months.

Table 2.

Optimal LMM for the effect of PA and TDEI on BMI and % body fat, adjusting for sex and age

Independent variables

Dependent variable

BMI % Body fat
Estimate s.e. Pr > 1Itl Estimate s.e. Pr > 1t
Intercept 24,1042 1.0645 < 0.0001 29.3630 2.6955 < 0.0001
MVPA time (min/day) —0.0055 0.0008 < 0.0001 -0.0122 0.0017 < 0.0001
Sedentary time (min/day) —0.0006 0.0006 0.2491 —0.0008 0.0012 0.5015
Light PA time (min/day) 0.0004 0.0007 0.5496 0.0001 0.0015 0.9681
TDEI (kcal/day) 0.0003 < 0.0001 < 0.0001 0.0003 0.0001 0.0480

Abbreviations: MVPA, moderate-to-vigorous physical activity; PA, physical activity; TDEI, total daily energy intake.

was more pronounced than the direct effect of TDEI on BMI.
Adjusting for multiple comparisons there was no significant effect
of TDEI on %BF, whereas the significant effect of MVPA remained.
Time spent in sedentary or light PA did not affect either measure
of adiposity. Both, BMI and %BF, also affected time spent in
MVPA (Est.gy=—4.413, s.e.=0.432; Esto,pr=—2.694, s.e.= 0.230;
P < 0.001), whereas there was no significant effect of BMI or %BF
on sedentary time. These results were essentially unchanged
when participants who lost weight (weight loss > 5%), maintained
body weight (weight change <5%) or gained weight (weight gain
>5%) over the 12-month observation period were analyzed
separately.

The effect of TDEI and time spent in MVPA on measures of
adiposity remained when analyzing normal weight and over-
weight/obese participants separately. MVPA affected BMI and %
BF, whereas the effect of TDElI was only significant for BMI
(Table 3). Sedentary time affected BMI in normal weight
participants, but there was no effect of sedentary time on
measures of adiposity in overweight/obese. There was, however, a
significant direct effect of BMI on sedentary time (Est.=2.612,
s.e.=0.982, P=0.008) in overweight/obese. As shown for the total
sample MVPA was significantly affected by BMI and %BF in both
BMI categories (Table 4).

DISCUSSION

Although there is considerable evidence on the cross-sectional
association between body composition and PA, information on
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the longitudinal relationship between these correlates of energy
balance remains limited. Previous studies have shown an inverse
effect of PA on subsequent weight gain®~?” but body weight has
also been shown to affect subsequent PA>"’ These studies,
however, relied on self-reported PA, which was assessed during
only two time points and focused mainly on a one-directional
association between PA and body composition. Using objective
measures of PA and adiposity along with calculated El over several
time points, the present study indicates a reciprocal association
between time spent in MVPA and adiposity in young adults. There
was no effect of sedentary time on %BF and the longitudinal
association between sedentary time and BMI differed between
normal weight and overweight/obese adults. In normal-weight
participants sedentary time affected BMI, whereas in overweight/
obese participants there was a direct effect of BMI on sedentary
time. Of additional interest is the fact that TDEl was directly
associated with BMI, whereas the effect on %BF was limited.

The positive effect of MVPA on body composition has been
shown in various intervention studies.?®*° The effect of a change
in body composition on subsequent PA, however, needs to be
considered as well. Increased body weight may hinder participa-
tion in MVPA owing to musculoskeletal problems and exhaustion,’
highlighting the need for dietary adjustments in order to induce
weight loss and facilitate long-term weight maintenance. '
Nevertheless, it has been argued that energy balance cannot be
maintained under conditions of low PA and that low EI may
jeopardize the intake of essential nutrients.>? The present study
further shows a limited effect of El on body composition. Energy
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Table 3.
and age

Optimal LMM for the effect of PA and TDEI on BMI and % body fat, separately for normal weight and overweight obese, adjusting for sex

Independent variables

Dependent variable

BMI % Body fat
Estimate s.e. Pr > 1t Estimate s.e. Pr > 1tl
Normal weight Intercept 22.7025 0.8220 < 0.0001 28.9541 3.5537 < 0.0001
MVPA time (min/day) —0.0060 0.0009 < 0.0001 —0.0082 0.0022 0.0002
Sedentary time (min/day) 0.0024 0.0007 0.0007 —0.0011 0.0018 0.5380
Light PA time (min/day) 0.0006 0.0008 0.4499 0.0023 0.0022 0.2936
TDEI (kcal/day) 0.0003 < 0.0001 < 0.0001 0.0001 0.0002 0.7146
Overweight/obese Intercept 28.4020 1.4544 < 0.0001 37.9060 3.3180 < 0.0001
MVPA time (min/day) —0.0059 0.0013 < 0.0001 -0.0169 0.0027 < 0.0001
Sedentary time (min/day) 0.0011 0.0008 0.1779 —0.0009 0.0017 0.5980
Light PA time (min/day) 0.0004 0.0010 0.6908 0.0029 0.0021 0.1677
TDEI (kcal/day) 0.0003 < 0.0001 < 0.0001 0.0003 0.0001 0.1200

Abbreviations: MVPA, moderate-to-vigorous physical activity; PA, physical activity; TDEI, total daily energy intake.

Table 4.
for sex and age

Optimal LMM for the effect of measures of adiposity on time spent in MVPA separately for normal weight and overweight/obese, adjusting

Independent variables

Dependent variable = MVPA

Normal weight Overweight/obese

Estimate s.e. Pr > ltl Estimate s.e. Pr > ltl

Intercept 878.19 34.2848 < 0.0001 590.57 26.3526 < 0.0001
BMI (kg/m?) —9.4051 1.2756 < 0.0001 -3.3177 0.6704 < 0.0001
Sedentary time (min/day) -0.6216 0.0218 < 0.0001 -0.4187 0.0193 < 0.0001
Light PA time (min/day) —0.4450 0.0341 < 0.0001 -0.2797 0.0286 < 0.0001
Intercept 751.36 26.7056 < 0.0001 575.85 22.9541 < 0.0001
% Body fat —2.4885 0.3939 < 0.0001 —2.3783 0.3207 < 0.0001
Sedentary time (min/day) -0.6126 0.0224 < 0.0001 —-0.4092 0.0189 < 0.0001
Light PA time (min/day) —0.4820 0.0339 < 0.0001 —-0.2871 0.0277 < 0.0001

Abbreviations: MVPA, moderate-to-vigorous physical activity; PA, physical activity

restriction is associated with a loss in fat mass and fat-free mass,
which minimizes the change in %BF. Exercise-induced weight loss,
on the other hand, preserves fat-free mass, resulting in a reduction
in %BF.3* This is of particular importance as relative fat mass,
rather than BMI, has been associated with various metabolic
abnormalities and health outcomes3*** In addition, energy
restriction is associated with compensatory changes in biological
systems, such as a decrease in resting metabolic rate and fat
oxidation®**” along with a reduction in PA%® that facilitate weight
re-gain. With exercise-induced weight loss resting metabolic rate
is maintained or even increased, which facilitates weight-loss
maintenance 34°

Given the reciprocal association between MVPA and body
fatness, dietary intake, nevertheless, has an important role in long-
term weight management. To avoid excess weight gain, which
inversely affects PA, a healthy, well-balanced diet, rather than
caloric restriction, should be endorsed. A recent meta-analysis, for
example, showed benefits of a Mediterranean diet on body
weight, independent of EI3' Particularly, high consumption of
fruits and vegetables, whole grains, pasta, rice and fish, with low
consumption of red meat has been associated with lower body
weight.3"*" Such a dietary pattern is further associated with lower
intakes of processed foods that include high amounts of sugar

© 2016 Macmillan Publishers Limited

and sodium, which are commonly associated with excess body
weight.*? The reciprocal association between MVPA and measures
of body fatness further emphasizes the fact that weight manage-
ment should start early and focus on maintaining a healthy body
weight rather than focusing solely on weight loss in overweight/
obese patients. Primary prevention strategies, addressing the
importance of an overall healthy lifestyle including diet and PA,
are needed to prevent a vicious cycle of increased body fatness
and low levels of MVPA.

The prospective association between sedentary time and BMI
was less pronounced and reached significance only in normal-
weight participants, whereas the association between %BF and
sedentary time was non-significant. Even though sedentary time
has been associated with type 2 diabetes, metabolic syndrome as
well as cardiovascular-disease and all-cause mortality**** results
of the present study indicate that higher PA intensities seem to be
the major determinant for body fatness. This is further supported
by the lack of association between time spent in light PA and BMI
or %BF. Consistent with findings of the present study, a large
cohort study did not show an association between sedentary
behavior and risk of obesity either.*® It has, therefore, been argued
that sedentary time has no effect on body composition beyond
that attributed to lack of PA per se.” Higher body fat, however, has
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been associated with greater sedentary time*® and the present
study showed a direct effect of BMI on sedentary time in
overweight/obese participants. To enhance the understanding of
the prospective association between sedentary time and body
composition, additional information about the accumulation of
sedentary time may be necessary, as Chau et al*’ argue that
leisure-time sitting has a stronger association with obesity
compared with occupational sitting. Further, the type of
sedentary behavior may be of importance as particularly TV time
has been associated with various measures of body fatness,
which in part was explained by a higher caloric intake while
watching TV.*®

The assessment of sedentary time in the present study does not
allow for the differentiation between different types of sedentary
pursuits. Nevertheless, the objective assessment of both PA and
sedentary time should be considered a strength of the study.
Some other limitations, however, need to be addressed when
interpreting the findings of this study. The study population
consisted predominantly of white participants with a college
degree. An average physical activity level of 1.8+0.2 indicates a
relatively active population and the prevalence of overweight/
obesity was lower than that of the general US population.* It is
possible that El has a stronger effect on adiposity in a less-active
sample. Thus, additional research in other sub-populations or a
more representative sample is needed. In addition, energy intake
was calculated based on change in fat mass and fat-free mass,
rather than being directly assessed. Calculated energy intake also
does not provide any information on dietary intake, which has
been shown to be associated with body weight, independent of
total energy intake.' Given the limited accuracy of self-reported
energy intake, the inclusion of calculated energy intake, never-
theless, should be considered a strength of the present study as it
is an important component in the concept of energy balance.
Further, the assessment of key variables at multiple time points
allowed for a more elaborate evaluation of the complex
interaction of PA, TDEIl and adiposity. Taken together this study
adds valuable information on the prospective association of key
variables contributing to energy balance.

CONCLUSIONS

In conclusion, results of this observational study suggest a
reciprocal association between time spent in MVPA and adiposity
in young adults. Even though MVPA has been emphasized as
effective means in the regulation of body weight,*® it may be
hindered by increased body weight. It is, therefore, necessary to
take preventive measures that avoid the accumulation of excess
weight and body fat at early stages and assure sufficient amounts
of PA. More research, however, is warranted to increase the
understanding of the prospective association between the
complex interaction of diet, PA and body composition as a better
understanding of the long-term regulation of energy balance is
crucial for the development of effective initiatives addressing the
current obesity epidemic and long-term weight management.
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