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Abstract Cross sectional and cohort studies on the relationship between physical activity (PA) and body composition
reveal conflicting results that range from “no” to “moderate” effects. However, randomized trial studies show that PA affects
body composition with relevant effect sizes if a) energy intake is controlled or b) amount of PA is very high. The aim of this
study was to determine the relationship between PA and body composition in a cross sectional sample by differentiating
across general sports participation, amount, intensity and types of PA. 148 young adults (44 females, 104 males; age: 23.5
years) froma German student population completed a testing battery involving a standardized physical activity questionnaire
and anthropometric measurements to assess BMI, waist-to-hip ratio and body fat percentage (BF%) using air-displacement
plethysmography. Active subjects revealed a lower BF% (p<.01; males: A=2.3%, females: A=4.6%) than inactive ones.
Work-related physical activity was positively correlated with BF% (rpa=.54) and had to be excluded from total PA to
uncover a significant negative correlation between total PA and BF% (rpar=-.21). The results indicate the necessity to assess
the type of PA in order to find small to moderate effects on body composition in collectives. We suggest that the expected
negative correlation between PA and body fat only occurs if PA is linked to other factors regarding a healthy lifestyle like a
balanced diet or performance and/or weight-loss oriented exercise. This could be the missing link between effect sizes in
observational studies among broad collectives and performance and/or weight-loss oriented randomized trial experiments.
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1. Introduction

The increasing prevalence of overweight and obesity
among all age groups in developed countries is of growing
concern[1-3], making it one of the most important health
related issues of the 21" century[4].This trend is paralleled
by a continuous decrease in regular physical activity among
both the elderly[5], and particularly the young population[6].
Given that both, physical inactivity and obesity have been
considered as two independent risk factors of morbidity and
mortality rates of associated metabolic and cardiovascular
disorders[7], neurological disorders and even certain types of
cancer[8], there is growing interest in the understanding
between physical activity (PA) and body composition.

Remarkably, neither increased energy expenditurenecess
arily leads to weight-loss nor low basal metabolic rate leads
inevitably to obesity[9]. Thus, the relationship between PA
and body composition seems less clear than widely believed.
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A meta-analysis performed by Rowlands, Ingledew &Eston
[10] found asmall to moderate relationship between body fat
and PA in children. However, in recent studies the reported
associations are still contradictory, with some finding neither
relations for children nor for adolescents[11],[12] while
others have observed low correlations[13],[14] or gender
dependent relations[15],[16]. The lack of findingcorrelation
s is often explained by the methods used to assess PA. Using
a questionnaire, PA variables tend to have low validity and
reliability[17]. But even if objective methods are used to
assess activity, the relationship is not clarified yet[18]. An
alternative explanation for these controversial findings could
be the complex structure of PA itself. For example, studies
that assess work-related activity fail in finding a positive
influence on body composition and health factors[19],[20].
This may be an indication that in addition to amount and
intensity, the type of PA is very important to uncover its
effect on body composition.

The main objective of the present cross-sectional study
was therefore to investigate which domains of PA in terms of
(i) general sports participation, i.e. inactive vs. active, (ii)
amount, (iii) intensity and (iv) type of activity i.e. sports
activity, habitual activity and work-related activity impact
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body composition and related anthropometric indices in
young adults.

2. Research Methods

2.1. Study Sample and Design

The data presented in this paper were gathered as a part of
a prospective cross-sectional study to determine the relation
ship between physical (in-) activity, brain function and
cognitive performance in young adulthood. 148young adults
(44 females, 104 males) were recruited from the student
population at a German university between April 2010 and
June 2011. Inclusion criteria for participation in the study
were a qualification for university entrance and at least 12
months of physical activity or inactivity, respectively. Excl
usion criteria comprised excessive alcohol consumption or
smoking, acute or chronic neurological, psychiatricor medi
cal diseases, any medications affecting the central nervous
systemand inability to exercise at least 10 minutes.

Before being invited to the body composition testing day
at the institute’s exercise physiology laboratory, participants
completed an online questionnaire to report their physical
activity habits. After the study’s procedures and risks were
explained, participants gave their written informed consent.
This study was approved by the ethics committee of the State
Chamber of Physicians of Baden-Wuerttemberg (Germany).

2.2. Measures

2.2.1. Physical Activity Assessment

All participants completed a standardized online physical
activity questionnaire to declare whether they were athletes
or non-athletes (General sports participation).

Furthermore, athletes were asked to report type, duration,
frequency and intensity ofexercise. Based on these questions,
which were assessed separately for winter and summer seaso
n, the overall exercise induced energy expenditure (kcal/we
ek) was calculated (Sports activity, SA). The formula
consisted of the stated minutes per week multiplied by the
average energy expenditure per minute (MET) regarding the
type of sport[21] and weight: Kcalsa=min*kg*MET. In
addition, participants were asked about their average time
spent walking or cycling during a regular week (Habitual

physical activity, HA). The formula for assessing HA
comprised the minutes spent per week multiplied with 3.5
MET*weight. Work-related physical activity (WRA) was
assessed with a question on weekly minutes being physically
active with mediumor high intensity at work multiplied with
an average of 5.0 MET*weight according to Ainsworth et
al.[21]. To clarify the role of exercise intensity, participants
were divided into a MPA (low to moderate sports activity)
and a VPA (vigorous sports activity) group based on their
answers to the question (3-scaled) about average exercise
intensity.

2.2.2. Anthropometric Measurements

For the anthropometric measurements, participants were
barefooted and wore form-fitting underwear or swimsuits.
They had their height, waist and hip circumferences measur
ed by two experienced investigators using a stadiometer and
a plastic tape measure. Body Mass Index (BMI) and Waist-t
o-Hip Ratio (WHR) were calculated from the obtained data.
Subsequently, body mass and body composition were meas
ured via air-displacement plethysmography using a BOD
POD Gold Standard® System (Life Measurement Inc., USA,;
now: COSMED, Italy). The BOD POD utilizes the principles
of whole body densitometry to estimate percentage and
absolute amount of fat and body lean mass and was proved to
be a reliable and valid method for estimating body fat in a
heterogeneous sample of adults[22].

2.3. Statistical Analysis

Data are reported as means and standard deviations. Diffe
rences in body composition between groups (general sports
activity status / intensity of activity) were tested for statistic
al significance using one-way analysis of covariance with
age and gender as covariates. Multiple linear regression
adjusted for age and sex was employed to assess the relation
between the amount of PA and body composition measures.
Partial correlation coefficients are reported. Residuals did
not violate the assumption of multiple linear regression
modeling. All statistical analysis was performed using SPSS
Statistics 19.0. The levelof significance was set at p<0.05 for
all testing. The data set showed no missing data. All
discussed outcome variables were assessed for all
participants.

Table 1. Mean #SD values for participant demographic, body composition and PA data
Variable All participants Females Males
N 148 44 104
Age (years) 23.5+30 22726 23.8+3.1
Body Fat (%) 19.0 +8.4 28.3+68 152 +55
Body Fat (k) 132459 17.546.0 114 47
BMI (kg/m?) 226422 222424 228420
Waig to Hip-Ratio 0.82 +0.07 0.76 +=0.06 0.85 +0.06

TotalPA (kcal/week) 3292.0 £25184

3011.2 +2811.2 34145 +2386 .8

SA (kcal/week) 2256.2 £1910.1 1599.9 +15453 2533.8 +£1987.1
HA (kcal/week) 6325 +432.2 6415 +378.0 628.7 £455.1
WRA (kcal/week) 4094 +1305.8 7699 +1844.2 2554 +962.7

! Body Fat % and kg = measured with BOD POD Gold Standard air-displacement plethysmography
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3. Results

3.1. General Trends

Demographic and physical activity data for all participants
are provided in Table 1.

Men had a lower absolute and relative amount of body fat
than women (p<0.05, n?=0.235 and p<0.05, 1°=0.511).
Furthermore, men had a higher Waist to Hip-Ratio compared
to women (p<0.05,71°=0.277). No significant difference was
observed for BMI between men and women (p=0.09,
n%=0.020).

A significant age effect was found for WHR, showing a
higher ratio with increasing age (p<0.05, n2=O.035). BMI
(p=0.11, n>=0.018), fat percentage (p=0.67, n>=0.001) and
absolute amount of fat (p=0.66, n?=0.001) were not
significantly affected by age.

3.2. Body Composition and General Sports Partici pation

Differences between general sports participation, i.e.
inactive vs. active in body composition are given in Table 2.

Irrespective of age and gender, active participants had a
significantly lower percentage and absolute amount of body
fat than inactive ones. However, no differences could be
observed for BMI and WHR between active and inactive
participants.

3.3. Body Composition and Amount of Activity

Correlation coefficients between the amount of activity
with respect to sports activity (SA), habitual activity (HA)
and work-related activity (WRA) and body composition are
provided in Table 3.

After adjusting for age and gender, neither the amount of
sports nor habitual activity was significantly related to any
body composition measure except for BM I, which showed a
small and significant correlation to SA. Furthermore, no
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significant relationship could be detected between total
amount of PA and body composition.

Interestingly, WRA was moderately and significantly
related to absolute body fat mass (Figure 1a). Since this
relationship was positive, indicating a higher fat mass with
increasing WRA, the relationship between PA and body fat
was re-analyzed by correcting for the influence of WRA.
Excluding WRA from total PA lead to a significant negative
correlation (r=-.21) with body fat percentage (Figure 1b).

3.4. Body Composition and Intensity of Activity

Participants who report to exercise with moderate intensit
y showed a BMI of 22.1+ 1.8, participants performing with
higher intensity showed a BMI of 23.2 +2.1 (F=7.5; p<.01,
n2.06). After adjusting for age and sex, amount of fat was not
significantly (F=.51; p<=.48; n2.01) lower in the group of
people exercising with vigorous activity (12.3 +5.2 kg body
fat) than among participants exercising with moderate
activity (12.5 5.1 kg body fat).

The correlations for total amount of SA in kcal and body
composition differed between participants performing mediu
m and high intensity exercise is summarized in the bottom
column of Table 3.

There were no associations between SA and BOD POD fat
percentage and total fat mass in both intensity groups. A
significant positive correlation was found between SA and
BMI within the vigorous intensity group. Further, a negative
correlation between PA and WHR could be detected within
the moderate intensity group.

4. Discussion

4.1. Major Findings
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Figure 1. Association between body fat mass and work related activity per wek(a) and between body fat percentage assessed via air-displacement
plethysmography andtotal physical activity per week without work related activity (b). Linear trend symhbolized by drawn line. Each mark represents one

participant
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Table 2. Gender-separated differences between active and inactive part

icipants in body composition and ANCOVA adjusted for age and sex

BOD POD (%) BOD POD (kg) BMI WHR
Active? Inactive Active Inactive Active Inactive Active Inactive
Males 14.8 17.1 111 13.0 22.8 22.8 084 0.86
152 6.6 .3 6.5 +.8 430 .06 +0.05
Females 26.7 31.3 16.4 19.8 21.9 22.6 0.77 0.75
6.3 +.0 154 6.7 2.3 07 .05 .07
F 8.20 6.66 .45 .00
ANCOVA p <.01 .01 50 .98
n? .054 .044 .003 .000

1Sample sizes: Active: =117, Inactive: n=31; Males: n=104, Females: N=44.
General sports activity was assessed by the question “Are you physically active — Yes or No”

Table 3. Correlations rpar (adjusted for age and sex)

between body composition and amount of activity

BOD POD fat % (p BOD POD fat kg BMI WHR

Value) (p Value) (p Value) (p Value)

SA! (n=117) -.11(24) -.06 (.56) .18* (.05) -.05 (58)

HA® (n=147) -.04 (.66) -.00 (.98) .06 (.50) -.10 (.24)
WRA! (n=223) .33 (.16) .54* (01) .38 (.10) -.21(37)
TotalPA' (n=147) -.14 (.09) -.10(23) .05 (.58) -.03(.71)
Tmaw?n";"ltz;’)“ WRA -.21% (01) -16 (06) 08 (32) -.06 (48)

MPA® (n=66) -.14 (26) -.10 (44) -.04 (.77) -.25* (.05)
VPA® (n=51) -.08 (.59) -.01 (.93) .31* (.03) .08 (.61)

lsa= Sports activity; HA= Habitual activity; WRA= Work-related physical activity; Total PA: Physical activity (SA+HA+WRA)

2Among 147 participants, only 22 reported work related activity
3MPA: Amount of SA from those participants who exercised with m

The present study shows that neither amount nor intensity
of PA/SA is a good predictor for body composition in young
adults. Only a slight correlation between total PA and fat
percentage could be found after excluding WRA. WRA
showed a positive correlation with body fat, indicating that
participants with higher W RA had higher body fat. SA itself
showed only numerically low, non-significant associations
with body fat.

Finally, general sports activity as indicated by the simple
distinction between active and inactive participants was a
significant predictor for body fat percentage as well as
absolute amount of body fat and explained 5.4% and 4.4% of
variance, respectively. Active men showed 2.3% less body
fat than inactive, active females showed 4.6% less body fat
than inactive.

4.2. Comparison with Previous Research & Possible
Explanations

Tremblay et al.[23] investigated 1366 women and 1257
men as part of the 1981 Canada Fitness Survey and found
that subjects engaging in the most intense forms of exercise
had the lowest skinfolds and waist-to-hip ratios. These effec
ts remained significant after controlling for total energy
expenditure and leisure time activity and are supported by
recent literature[24]. Thus, the finding of the present study
that neither SA itself nor exercise intensity revealed a
significant impact on body composition seems puzzling. A
striking difference between the Canadian Fitness Survey and
the present study pertains to sample size and characteristics.

oderate intensity, VPA: with vigorous intensity

While Tremblay et al. were able to investigate extreme grou
ps, the present sample can be considered as typical within a
group of students at a technical university with regard to the
distribution of gender, age and general physical activity
status. It is a rather homogenous group of young, healthy
adults compared to more representative samples including
different age groups and various professional and social
backgrounds. The power to detect any significant relationsh
ips with regard to SA and intensity might therefore be
jeopardized by relatively narrow ranges in outcome measur
es. Aside statistical significance, the numerical data of the
present study constantly show negative correlations between
SA, HA, MPA, VPA and body composition variables. The
significant correlation between BMI and VPA, indicating
higher BM1 values for people participating in physically
intense activities, can be explained by an increased muscle
mass associated with high-intensity exercise among already
active participants.

There is no dispute about the fact that PA leads to an
increase in energy expenditure which should in turn lead to
an inverse relationship between PA and body fat percentage.
Randomized, controlled trial studies showthis unequivocally
for SA if energy intake is controlled[25] or amount of exerc
ise is very high[26]. Problems with finding this relationship
in crosssectionally assessed collective studies are mostly
explained by methodological issues and e xpected effect sizes.
When PA is measured objectively by using accelerometers,
the results are mainly consistent, but reveal low effect
sizes[13],[14]. In the present study we could show, that a
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closer look at the type of activity is necessary to find this
relation when using self-reported PA. Without excluding
WRA, no association could be found in the data. After
excluding WRA, the correlation coefficient of r = -.21 fits
into the range of effect sizes previously reported in the
studies mentioned above. This can be explained by the
positive correlation between WRA and fat percentage. Thou
gh this finding may seem unexpected, it is in line with
previous studies, failing to find a positive influence of WRA
on body composition and health[20]. Data from Gutierrez-F
ijsac et al.[19] also showed that a higher amount of WRA is
numerically associated with adiposity parameters. In their
study, 11.5% of women who report intense work-related PA
were obese, but only 5.9% of those who report no WRA.. The
numbers are 9.2% vs. 7.7% for men, respectively. We
conclude that a closer look at the type of PA that leads to
increased total energy expenditure (TEE) is needed to
evaluate its effect on body composition. In a recent study by
Pontzer et al.[27] they compared TEE of traditionally living
Hadza hunter-gatherers with western adults. No differences
in TEE could be found after controlling for weight. Neverth
eless, Hadza hunter-gatherers showed significantly lower
BF%. In addition they used TEE and basal metabolic rate to
estimate physical activity level. A higher physical activity
level was not significantly but numerically positively
correlated with higher body fat percentage in their western
sample. This outcome is exactly what we expect if physical
activity level is calculated from TEE with no regard for the
type of PA. Or in other words: Without excluding WRA
fromTEE.

We do not suggest that the inverse relationship between
WRA and body fat percentage is founded in an inverse caus
ality structure between body composition and the activity
itself. More likely energy expenditure which is not linked to
any health relevant intentions is compensated by an increase
in energy intake and therefore loses its impact on body
composition. Looking froma more elemental pointofview it
seems logical that frequent PA like WRA has to be
compensated by a genetically disposed increase in energy
intake to avoid long-term negative energy balances. This is
in line with reports from controlled trial studies like the one
from Ross et al.[25] reporting an increased energy intake in
already obese men who exercise without the intention of
losing weight. Whereas it is very likely that the amount of
WRA might vary fromtime to time, habitual energy intake is
much more stable. Once increased, it is very hard to lower it
in time periods after or between weeks with high amounts of
WRA. Pihl &Jlrim&e [28] report that former top athletes who
remained physically passive after their sporting career was
discontinued, gained an average of 10.2 kg body weight thr
oughout a duration of 15 to 40. Other factors like social
status associated with physically intense occupational work
could of course also add up for these findings. Nevertheless,
all forms of activities can only explain a small amount of
variance in body fat. The explaining factor for total body fat
is the ratio between total energy intake (TEI) and TEE[29].
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Whereas TEI is defined by dietary habits, TEE is mostly
defined by the resting metabolic rate and the so-called
non-exercise activity thermogenesis NEAT[30],[31]. As
previously reported by Levine[30], the majority of people
engaging in sports exercise less than 2 hours per week and
the additional activity-related energy expenditure [EAT]
only accounts for about 100 kcal per day. Trial studies show
that it is nearly impossible to lose a significant amount of
weight with these small amounts of EAT only[25]. Recent
studies suggest that a major cause for obesity could be
related to the uncoupling of cell respirationby brown adipose
tissue (BAT)[32],[33]. With increasing amount of BAT,
individuals show a higher amount of NEAT, which effectiv
ely increases metabolic rate. While regular physical activity
might have a potential beneficial effect on BAT and its
activation[34], it is mostly defined by genetics, gender and
age[35] and therefore PA itself only accounts for a small
amount of the variance in body composition.

Interestingly, the simple question “Are you physically
active?” turned out to be a good predictor for body fat
percentage and amount. One could conclude that it is more
important to know whether one calls himself active than to
knowthe exactamountor intensity of PA in order to estimate
body fat. However, BMI could not be explained by general
PA. BMI simply reflects the ratio between body weight to
height and does not differentiate between body fat and fat
free mass which tends to be higher in active people.

We suggest that the question “Are you physically active”
not only reflects the existence or abstinence of PA, but also
separates people by their general attitude towards a healthy
and active way of life. Therefore the answer is linked to
many other factors like nutrition or sedentary lifestyle which
in sum explain the difference in body composition between
active and inactive people. Especially in older collectives it
also differentiates between those who are unable to
participate in SA for health reasons and those who are able to.
Future research is clearly needed to reveal the underlying
factors that determine the answer to the question “are you
physically active?”

4 3. Limitations of the Study

It should be noted that the present study is certainly limit
ed by its cross-sectional nature and we do not intend to infer
causality fromour results. Furthermore, PA was assessed by
a self-report and energy expenditure per week was estimated
from different items of the questionnaire. This method has
various limitations including recall bias andsocial-desirabili
ty. Measuring PA by objective methods such asacceleromet
ers is more accurate but is always limited to a short time
interval. Using a questionnaire offered the chance to assess
different types of exercise as well as other PA parameter like
amount and intensity of exercise in detail within one year
prior to the study.

Another limitation of our study is the sample, which is
only representative for a student population and pictures a
very homogenous group of young, healthy and physically
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active students at a German university. However, the study
population is known to be typical within a group of students
at a technical university in relation to gender and age
distribution as well as percentage of physically active and
inactive participants, respectively.

4.4, Conclusions

We do not want to question the fact that PA has positive
effects on several health parameters or that PA leads to an
increase in energy expenditure, which should consequently
lead to an inverse relationship between all types of PA and
body fat percentage. However, whereas SA shows only small
effect sizes, some types of PA like WRA show no positive
influence on body composition in collectives at all. It is
suggested that this is explained by small amounts of burned
calories plus the compensation by an equivalent increase in
energy intake when PA is not linked to weight loss or perfor
mance related intentions. That means on the one hand it is
very hard to add up a substantial amount of burned calories
with normal amounts of work out, e.g. jogging 90 minutes a
week. And on the otherhand, every day activity like having a
physically intense occupation is compensated by agenetical
ly regulated increased food intake to avoid potentially
destructive long term negative energy balances.

Finally, we found the simple participants’ rating different
jating an active and inactive lifestyle to have the strongest
impact on body composition. We conclude that factors
which come along with the feeling of being active like an
active lifestyle and a balanced diet are more important in
maintaining a healthy body composition thanexercise-assoc
iated thermogenesis (EAT) itself. Therefore future intervent
ions should not only aim at increasing SA itself, but also
foster a general healthy lifestyle considering dietary habits
and sedentary behaviour, leading to subjective long-term
perception as being physically active.
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