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Abstract

The main objective of this study is to examine the relationship between elevated Body Mass Index (BMI)
and selected physical fitness variables in male handball players. In addition, we investigated whether this
relationship is age-dependent, i.e., whether a higher BMI has the same implications for physical fitness in
adolescents as in adult players. Therefore, adolescent (n = 57, aged 14.9±1.4 yr) and adult (n = 39, 26.6±5.7
yr) participants performed a series of anthropometric and physical fitness measures. In adolescent players,
BMI was inversely related with countermovement jump (r = -0.26, P<0.05), mean power during a 30-s Bosco
test (r = -0.30, P<0.001) and handgrip muscle strength (r = -0.52, P<0.001). Further, BMI was in direct
relationship with fatigue index of the Wingate anaerobic test (r = 0.29, P<0.05). Correspondingly lower and
non-significant correlations were found in adult players. Also, in the latter players, there was an inverse
association between BMI and maximal anaerobic power during the force-velocity test (r = -0.34, P<0.05). The
present findings indicate that elevated BMI is more strongly inversely related to physical fitness in adolescent
compared to adult team handball players.
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Introduction

The research on the determinants of handball
performance from a physiological perspective has
focused on profiling of physical fitness characteristics
of elite players. It is now well-established that elite
handball players should have high stature and body
mass and high anaerobic power (16). In addition, it
has been indicated that certain characteristics (e.g,
anaerobic power) discriminated team handball players
from other team sport players (17).

On the other hand, the achievement of an optimal

weight is a main concern in daily sport practice.
Body Mass Index (BMI) is an easily-administered
and inexpensive tool to monitor weight status.
Although it is commonly used in a health-setting to
classify humans as underweight, normal weight,
overweight and obese (35), its application in sport
populations has been questioned, because it is
associated with fat mass, as well as with fat free
mass (27). Independently from this limitation, it still
can evaluate athlete’s body weight for a given stature,
and thus, contribute to weight control. However, BMI
is often overlooked in studies on sport populations
and there are many studies on team handball players
which present data on stature and body weight, but
not on BMI (8, 9, 17, 23, 31).

Although team handball is a widely practiced sport
worldwide, with about 19 million players worldwide
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for test performances in the adolescent players in
this cohort compared to the adult players due to the
lower fat free mass in the former.

Material and methods

Study design and participants : In the present cross-
sectional study, we used two approaches; first, we
examined the correlations between BMI and physical
fitness, and second, we compared physical fitness
between groups different BMI (namely between those
classified as normal weight and those as overweight)
in adolescent and adult team handball players
separately.

Testing procedures were performed during the
competitive period of season 2011-12. The study
protocol was performed in accordance with the ethical
standards from the Declaration of Helsinki in 1975,
and approved by the local Institutional Review Board.
Ninety-six male handball players were divided into
two groups, adolescent players (younger than 18 yr,
n=57, aged 14.9±1.4 yr, training experience 4.0±1.7
yr and weekly training volume 5.9±1.8 h) and adult
players (older than 18 yr, n=39, aged 26.6±5.7 yr,
training experience 14.4±6.1 yr and weekly training
volume of 8.4±2.0 h) (Table I).

All players were members of competitive sport clubs
participating in national tournaments and volunteered
for this study. Oral and written informed consent
was received from all participants or their guardians,

according to the International Handball Federation
web page (16), no study has ever been conducted to
investigate the effect of elevated BMI on physical
fitness in a male team handball population. There is
evidence from research conducted chiefly on general
young populations that BMI is associated with
reduced physical fitness (4, 7, 10, 12, 21) and the
same has recently been shown on sport populations
(24, 26). The comparison between groups with
different BMI in the abovementioned studies has
revealed that the groups with lower or normal BMI
perform bet ter  in physical  f i tness tests than
overweight/obese (i.e., higher BMI). While such
findings would be attributed to the association of
BMI with fat mass, in the case of sport populations,
in which there is an increased fat free mass, we
would not expect the same association between BMI
and physical fitness.

Therefore, the objective of this study was to examine
the relationship between elevated BMI and selected
physical fitness characteristics of male handball
players, with an emphasis on the characteristics
which are l inked with sport  excel lence (e.g.,
anaerobic power, vertical jump, handgrip muscle
strength). The hypothesis that an elevated BMI was
associated with decreased physical fitness was
examined. Also, we investigated whether this
relationship was age-dependent, i.e., whether a
higher BMI had the same implications for test
performances in adolescents as in adult players, and
expected to find that elevated BMI was more negative

TABLE I : Physical characteristics, body composition and somatotype of participants.

Adolescent players (n = 57) Adult players (n = 39)

Total Normal weight Overweight Total Normal weight Overweight
(n = 57) (n = 33) (n = 24) (n = 39) (n = 17) (n = 22)

Age (yr) 14.9±1.4 14.8±1.4 15.0±1.4 26.6±5.7 25.8±6.2 27.2±5.3
Body mass (kg) 68.0±11.6 60.9±8.6 77.6±7.5‡ 87.2±8.4 82.2±7.7 91.1±6.8‡

Height (m) 1.73±0.08 1.73±0.08 1.73±0.08 1.85±0.07 1.87±.08 1.84±.06
BMI (kg.m–2) 22.72±3.21 20.35±1.45 25.98±1.76‡ 25.51±2.36 23.54±1.55 27.03±1.65‡

BF (%) 18.0±5.4 14.6±3.2 22.8±4.0‡ 18.1±3.8 16.2±4.3 19.5±2.7†

FFM (kg) 55.3±8.0 52.0±7.2 59.9±6.7‡ 71.3±5.6 68.7±5.8 73.2±4.7†

WHR 0.77±0.04 0.75±0.03 0.80±0.04‡ 0.81±0.04 0.80±0.04 0.82±0.04
Endomorphy 4.2±1.9 3.0±1.1 5.9±1.6‡ 3.8±1.2 3.3±1.2 4.2±0.9†

Mesomorphy 4.7±1.3 3.9±0.6 5.8±1.2‡ 5.3±1.2 4.5±0.8 5.9±1.1‡

Ectomorphy 2.6±1.3 3.6±0.7 1.3±0.7‡ 2.1±1.1 2.9±0.9 1.4±0.6‡

Data are mean±SD. BMI – body mass index, BF – body fat percentage, FFM – fat-free mass, WHR – waist-to-hip ratio.
*P<0.05, †P<0.01, ‡P<0.001. These values denote significance level of differences between normal and overweight participants
using independent student t-test.
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in the case of underage players (age <18 yr), after
verbal explanation of the experimental design and
potential risks of study. Exclusion criteria included
history of any chronic medical conditions and use of
any medication. All participants visited our laboratory
once and underwent a series of anthropometric and
physiological measures.

Equipment and protocols : Height, body mass and
skinfolds were measured with subjects barefoot and
in minimal clothing. An electronic weight scale (HD-
351 Tanita, Illinois, USA) was employed for body
mass measurement (to the nearest 0.1 kg), a portable
stadiometer (SECA, Leicester, UK) for stature (to
the nearest 1 mm) and a caliper (Harpenden, West
Sussex, UK) for skinfolds (to the nearest 0.5 mm).
BMI was calculated as the quotient of body mass
(kg) to height squared (m2), and body fat (BF) was
estimated from the sum of 10 skinfolds (cheek, wattle,
chest I, triceps, subscapular, abdominal, chest II,
suprailiac, thigh and calf; BF = -41.32 + 12.59 •
logex, where x the sum of 10 skinfolds) (29). A two-
component model of body composition divided the
body into fat mass (FM), calculated as the product
of body mass by BF, and fat-free mass (FFM),
estimated as the difference between body mass and
FM. All participants performed the following physical
fitness tests in the respective order:

(a) Sit-and-reach test (SAR).The SAR protocol (34)
was employed for the assessment of low back
and hamstring flexibility. An advantage of 15 cm
was set at the position of just reaching the toes.

(b) Physical working capacity in heart rate 170
beats.min–1 (PWC170). PWC170 was performed
according to Eurofit guidelines (1) in a cycle
ergometer (828 Ergomedic, Monark, Sweden).
Seat height was adjusted to each participant’s
satisfaction, and toe clips with straps were used
to prevent the feet from slipping off the pedals.
Participants were instructed before the tests that
they should pedal with steady cadence 80
revolutions per minute, which was given by both
visual (ergometer’s screen showing pedaling
cadence) and audio means (metronome set at
80 beats per minute). This test consisted by three
stages, each lasting 3 min, against incremental

braking force in order to elicit heart rate between
120 and 170 beats per minute. Based on the
linear relationship between heart rate and power
output, PWC170 was calculated as the power
corresponding to heart rate 170 min–1 and
expressed as W kg–1. Heart rate was recorded
continuously during all tests by Team2 Pro (Polar
Electro Oy, Kempele, Finland).

(c) YMCA step test. This test was performed in a
30-cm height  s tep for  3  min us ing a 24
ascent.min–1 cadence (13). Heart rate was
recorded in the end of the test, as well as in the
end of the first minute of recovery after the test.

(d) Countermovement jump with arm-swing (CMJ).
The participants performed two countermovement
jumps (3). Height of each jump was estimated
using the Opto-jump (Microgate Engineering,
Bolzano, Italy), the best trial was recorded and
was expressed as cm.

(e) Modi f ied  30-s  Bosco tes t .  Th is  tes t  was
conducted on the equipment as the CMJ did.
The participants were instructed to jump as high
as possible, while trying to stay on the ground
as little as possible (30). The mean power during
the 30-s test was recorded in W.kg–1.

(f) Handgrip strength test (HST). The participants
were asked to stand with their elbow bent at
approximately 90  and instructed to squeeze the
handle of the handgrip dynamometer (Takei,
Tokyo, Japan) as hard as possible for 5 s (1).
HST was calculated as the sum of the best efforts
for each hand divided by body mass and
expressed as kg kg–1 of body mass.

(g) Force-velocity test (F-v). The F-v test was
employed to assess maximal anaerobic power
(Pmax expressed as W kg–1). This test employed
various braking forces that elicit different pedaling
velocities in order to derive Pmax (33). The
participants performed four sprints, each one
lasting 7 sec, against incremental braking
force (2, 3, 4 and 5 kg) on a cycle ergometer
(Ergomedics 874, Monark, Sweden), interspersed
by 5-min recovery periods.
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(h) Wingate anaerobic test (WAnT). The WAnT (5)
was also performed on a cycle ergometer
(Ergomedics 874, Monark, Sweden). Briefly,
participants were asked to pedal as fast as
possible for 30 s against a braking force that
was determined by the product of body mass in
kg by 0.075. Mean power (Pmean) was calculated
as the average power during the 30 s period,
peak power (Ppeak) was the highest power during
a period of 5 s, minimal power (Pmin) was the
lowest power during a period of 5 s. Ppeak,
Pmean and Pmin were expressed as W kg–1.
Fatigue index (FI) was the decrement of power
dur ing the 30 s per iod and calculated as
FI=100•(Ppeak-Pmin)/Ppeak.

Statistical and data analysis :

Statistical analyses were performed using IBM SPSS
v.20.0 (SPSS, Chicago, USA). Data were expressed
as mean and standard deviations of the mean (SD).
International cut-off points of BMI were employed to
classify adult participants as normal (≤25 kg m–2),
overweight (25-30 kg m–2) or obese (>30 kg m–2)
(WHO, 1995), while in the case of adolescents, age-
dependent cut-off points were used (11). Due to the
smal l  number  o f  obese par t i c ipants  ( th ree
adolescents and two adults), overweight included
obese. Chi-square examined differences in the
prevalence of overweight between adolescent and
adult players. Student independent t-test was
employed to test differences in physical fitness
between normal and overweight participants for each
age group. Association between physical fitness, and
BMI was examined using Pearson’s product moment
correlation coefficient (r). Magnitude of correlation
coefficients were considered as trivial (r<0.1), small
(0 .1<  r  <0 .3)  modera te  (0 .3< r <0.5) ,  la rge
(0.5< r <0.7), very large (0.7< r <0.9) and nearly
perfect (r>0.9) and perfect (r=1) (15). The level of
significance was set at α=.05.

Results

In adolescent players, BMI was inversely correlated
with measures of anaerobic power and muscle
strength (CMJa, mean power during 30-s Bosco test
and handgrip muscle strength), while lower and non-

significant correlations were found in adult players,
correspondingly. In the latter players, there was an
inverse association between BMI and maximal
anaerobic power during force-velocity test (Table II).
In addition to BMI, we examined the correlations
between BF and physical fitness. In adolescents,
BF correlated moderately to very largely (r-values
from –0.32 to –0.75, P<0.05) to all physiological
variables except from SAR. Among adult players we
found moderate to large relationships (r-values from
–0.37 to –0.52, P<0.05) between BF and Pmax,
Pmean in WAnT and CMJa respectively.

TABLE II : Correlation (Pearson coefficient r) between BMI,
BF and physical fitness in adolescent and adult
participants.

Adolescent players Adult players
(n = 57) (n = 39)

BMI BF BMI BF

PWC170 0.03 –0.32* –0.07 –0.18
HRrecovery 0.07 0.35† –0.03 –0.01
Pmax –0.13 –0.33* –0.34* –0.37*
Pmean –0.22 –0.62‡ –0.26 –0.38*
SAR –0.05 –0.08 –0.04 0.01
HST –0.52‡ –0.75‡ –0.11 –0.19
CMJ –0.26* –0.59‡ –0.32 –0.52†

Bosco –0.30* –0.55‡ –0.14 –0.36*

BMI – body mass index, BF – body fat percentage,
PWC170 – physical working capacity in heart rate 170 beats/
min, HRrecovery – heart rate one minute after the end of the
step test, Pmax – maximal power output estimated by the
Force-velocity test and Pmean – mean power during the
Wingate anaerobic test, SAR – sit-and-reach test, HST –
handgrip strength test, CMJ – countermovement vertical jump
and Bosco mean power during 30-s jumping performance.
*P<0.05, †P<0.01, ‡P<0.001. These symbols denote
significance level of correlation between BMI, BF and physical
fitness using Pearson product moment coefficient (r).

BMI was correlated with BF for both adolescent
(r = 0.82, P<0.001) and adult (r = 0.74, P<0.001)
players. In both age-groups, BMI was closer higher
correlated with FM (r = 0.92, P<0.001 in adolescent
and r = 0.80, P<0.001 in adult players) than with
FFM (r = 0.64, P<0.001 and r = 0.41, p=0.009,
respectively). BMI was also correlated with waist-to-
hip ratio (r = 0.55, P<0.001 and r = 0.45, P=0.004,
respectively).

No statistical difference (χ2 = 1.90, p=0.213) in the
prevalence of overweight was found between the two
groups, as 42.1% (n = 24) of the adolescent and



Indian J Physiol Pharmacol 2013; 57(4) BMI and Fitness in Handball 365

56.4% (n = 22) of the adult  part ic ipants were
classified as overweight. Although participants
classified as normal weight on average had somewhat
superior physical fitness compared to the overweight
cohort, we only found statistical difference (t55 = 3.5,
p = 0.001) in HST score between the normal weight
adolescent players compared to their overweight
counterparts (Table III). No differences in physical
fitness were found among the adult players. In
contrast, many differences were found with regard to
physical characteristics, body composition and
somatotype (Table I). Overweight adolescent players
were more endomorph and mesomorph, and less
ectomorph than their normal weight counterparts. In
addition, they had higher values in body mass, BF,
FFM and waist-to-hip ratio. Except the waist-to-hip
ratio, the corresponding differences in adult players
were in the same direction.

HR in the end of 30 s WAnT was 182.3±11.2 bpm in
adolescents corresponding to 88.9±5.3% of their
theoretical maximal HR, whereas the respective
values in adults were 172.7±12.1 bpm (compared with
adolescents t87 = 3.80, P<0.001) and 89.2±6.0%
(t87 = –0.26, p = 0.792). HR in the end of 30 s Bosco
test was 163.9±14.6 bpm in adolescents corresponding
to 80.0±6.9% of their theoretical maximal HR,
whereas the respective values in adults were
159.0±13.7 bpm (t85 = 1.56, p = 0.121) and 81.9±6.7%

(t85 = –1.32, p = 0.191). No difference was found
between normal and overweight groups. Therefore,
we considered that both adolescent and adult players
exerted a similar effort during these two anaerobic
tests.

Discussion

In the present study we investigated the effect of
BMI on physical fitness of team handball players
using a twofold methodological approach: first, we
examined the correlations between BMI and physical
fitness characteristics, and second, we compared
these characteristics between normal and overweight
players. We found a negative correlation between
BMI and performance-related physiological characteristics
(e.g., countermovement jump, handgrip strength) in
team handball players. We interpret this finding to
indicate that the excess of body mass had a negative
effect on performance in handball players. When we
examined whether this effect was the same in
adolescent and adult players, we found stronger and
signif icant correlations in the f irst age group.
Overweight players had higher FFM as well as BF,
and were more endomorph, mesomorph and less
ectomorph than their normal weight counterparts.
While these differences were found in both adolescent
and adult players, they were more pronounced in
the former case (Table I).

TABLE III : Physiological characteristics of participants.

Adolescent players (n = 57) Adult players (n = 39)

Total Normal weight Overweight Total Normal weight Overweight
(n = 57) (n = 33) (n = 24) (n = 39) (n = 17) (n = 22)

PWC170 (W·kg–1) 2.56±0.85 2.59±0.76 2.52±0.98 3.04±0.66 3.21±0.58 2.90±0.70
HRstep (min–1) 142.0±17.8 139.8±17.3 145.3±18.6 134.6±15.5 133.4±12.6 135.5±17.5
HRrecovery (min–1) 96.9±19.5 95.8±18.4 98.7±21.2 93.8±13.0 92.5±9.7 94.6±15.2
Pmax (W ·kg–1) 12.4±2.6 12.7±2.8 12.0±2.3 13.9±2.0 14.6±2.0 13.5±1.9
Pmean (W ·kg–1) 7.6±1.1 7.8±1.0 7.4±1.3 8.4±0.5 8.5±0.4 8.4±0.5
SAR (cm) 18.4±8.5 18.1±8.1 18.9±9.2 23.1±9.1 22.4±8.5 23.7±9.6
HST (kg ·kg–1) 1.23±0.25 1.32±0.23 1.10±0.23† 1.34±0.18 1.35±0.17 1.33±0.19
CMJ (cm) 34.7±6.8 36.0±6.2 32.9±7.4 43.6±5.6 44.1±3.7 43.2±6.8
Bosco (W ·kg–1) 26.3±6.0 27.1±4.6 25.1±7.4 34.2±6.0 35.1±5.9 33.5±6.0

Data are mean±SD. PWC170 – physical working capacity in heart rate 170 beats/min, HRstep – heart rate in the end of the
step test, HRrecovery – heart rate one minute after the end of the step test, Pmax – maximal power output estimated by the
Force-velocity test and Pmean – mean power during the Wingate anaerobic test, SAR – sit-and-reach test, HST – handgrip
strength test expressed as the sum of the best trial of each hand adjusted to body mass, CMJ – countermovement vertical
jump and Bosco mean power during 30-s jumping performance. *P<0.05, †P<0.01, ‡P<0.001. These values denote significance
level of differences between normal and overweight participants using student independent samples t-test.
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The inverse association between BMI and CMJa,
mean power during Bosco test, handgrip muscle
strength (in adolescents) and Pmax (in adults) means
that the higher the BMI the lower the performance in
these tests. In adolescents, BMI was in direct
relationship with fatigue index during WAnT, i.e.,
the higher the BMI the higher the decrement in
power during this test. Although there was not any
significant correlation between BMI and the rest
indices of WAnT, all of these associations were
negative indicating a causal relationship between BMI
and muscle power output. These findings imply that
the players with higher BMI have lower jumping
abilities and lower anaerobic capacity, i.e., cannot
maintain a high performance during repeated actions
(e.g., performance during continuous jumps, Fig. 1).

The inverse relationship between BMI and mean
power during the 30 s WAnT, which was not
significant neither for adolescent nor for adult team
handball players, came partially to terms with
previous research. Previous studies on soccer players
had revealed similar, but statistically significant,
scores r = -0.24 (p = 0.002; (26) and r = -0.30

(P<0.001; (24)), respectively. Therefore, the fact that
the relationship was not signif icant should be
attributed more to the number of participants rather
to that it does not exist. There was non-significant
and t r i v ia l  cor re la t ion  be tween BMI  and
cardiorespiratory power (PWC170) in both adolescent
and adu l t  team handba l l  p layers ,  wh i le  the
aforementioned studies on soccer players had
revealed respective scores r = 0.28 (P<0.001) and
r = -0.08 (p = 0.300).

A l though there  was on ly  one phys io log ica l
characteristic (handgrip strength), and only in the
case of adolescents, in which normal weight players
had statistically significant superior performance
compared to their overweight counterparts, a
tendency for differences in the same direction were
found among other variables. For instance, while there
was not any significant difference in the various
jumping tests and the WAnT, it may indicate that
the lack of statistical significance could be attributed
to the sample size (Figs. 2 & 3). Also, the differences
were more pronounced in adolescent players
compared to adult players (e.g., HST 1.32 kg.kg–1 in

Fig. 1 : Relationship between body mass index and mean power during Bosco test in adolescent (o) and adult (Δ) players.
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Fig. 2 : Scores in squat jump (SJ), countermovement jump without arm swing (CMJ) and with arm swing (CMJa), and mean
power during Bosco test (Bosco) for normal weight (n) and overweight (o) adolescent and adult players.

normal weight vs.  1.10 kg .kg–1 in overweight
adolescents, 1.35 kg.kg–1 vs. 1.33 kg.kg–1 in adults).
Therefore, it was reasonable to assume that the
excess of body mass had a more negative effect on
physiological characteristics in adolescent than in
adult players.

Our findings came partially to terms with previous
studies on general (4, 7, 10, 12, 21) and sport
populations (24, 26). Chen and colleagues (10)
showed that normal-weight male chi ldren and
adolescents 6-18 yr had superior performance in
cardiorespiratory endurance and in muscle strength
and muscle endurance than their  overweight
counterparts. In line with the aforementioned study,
Mak and colleagues (21) also revealed higher values
in cardiorespiratory endurance, muscle strength and
muscle endurance in normal-weight than in overweight

male adolescents 12-18 yr. In a corresponding age
group of male adolescents (13-18.5 yr), Artero and
colleagues (4), overweight participants achieved lower
performances in most of the test that they were
examined. The results of this study were also in
agreement with those of Bovet and colleagues (7) in
male adolescents 12-15 yr and with those of
Duvigneaud and colleagues (12).

In contrast with the abomentioned studies, we did
not  f ind  any  d i f fe rence in  the  two tes ts  o f
cardiorespiratory endurance (physical working
capacity in heart rate 170 min–1 and in YMCA step
test). This discrepancy can be explained by the fact
that while a minimum of endurance is needed in
order the handball players to cope with the demands
of  t ra in ing  and gameplay ,  p layers  a re  no t
characterised by high levels of endurance. Flexibility
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was  the  on ly  parameter  to  be  cons is ten t ly
independent from BMI in the present as well as in
the previous research (4, 10). The higher values in
normal-weight subjects was highligheted especially
in tests requiring propulsion of lifting of body mass
(4) or involving agility and mobility as compared to
tests relying more on strength (7).

However, the mechanisms behind the abovementioned
associat ions between BMI and phys ica l  and
physiological characteristics were not clarified. The
excess body fat observed in overweight adolescents
could explain these differences, because it is an
extra load to be moved while performing the tests
(4). We find this assumption strengthened by the
closer association of BMI with BF and FM in
adolescent than in adult players (Fig. 4). Our analysis

revealed a stronger correlation of BF than BMI with
most of the physical fitness parameters under
examination in both age groups. In addition, BMI
was more strongly correlated with BF and FM than
with FFM. Consequently, it was reasonable to support
that BMI exerted a similar effect on physical fitness
as BF did, but with lower magnitude.

Although the application of BMI in sport populations
has been questioned (27), it might have performance
and health-related implications in team handball. In
contrast to other team sports (e.g., elite soccer
players BMI 23±1 kg.m–2 (6), American football
players 30 kg.m–2 (20)), adult handball players in the
present study did not reveal clearly a particular weight
status that could classify them according to their
BMI (25.5±2.4 kg.m–2). The present cohort mean value

Fig. 3 : Peak (Ppeak), mean (Pmean) and minimal power (Pmin) during Wingate anaerobic
test for normal weight (n) and overweight (o) adolescent and adult players.
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was in the lower spectrum of overweight category
(25-30 kg.m–2), 68.2% (±1 SD) fell between 23.1 and
27.9 kg.m–2, and 95.4% (±2 SD) between 20.7 and
30.3 kg.m–2. Since about half of handball players
are classified as overweight, further research needs
to investigate potential implications of the elevated
BMI for health.The prevalence of overweight including
obesity in our study (42.1% and 56.4% in adolescent
and adult players, respectively) was higher than
what has been indicated by research in the general
population. A prevalence of 21.7% and 21.6%
has been previously reported in schoolchildren
aged 11-17 yr in France (32) and Greece (19),
respectively and 23% in schoolchildren aged 16-19
yr in Sweden (2). However, this was not the first
time that data about higher prevalence of overweight
in a sport than in general population were reported,
as a recent study showed a similar trend in 9-14 yr
American footballers (22). With regards to the
adult populations, in male conscripts of Greek army,
38.9% was overweight/obese(28), while respective
value from a study conducted on the general
population of three Balkan countries was 43.8%
(18). Hence, we interpret the current f indings
to indicate that overweight affects team handball
p layers  in  a  h igher  extent  compared to  the
general population. Furthermore, our findings about
the possibly higher prevalence in adult than in
adolescent  p layers were in  accordance wi th
the respective age-dependent trend in the general
population, but not with other sport populations
(e.g., the opposite trend has been noticed in soccer,
(25)).

The cross-sectional design of this study consist a
main limitation of its findings. Another choice of
design would be to monitor players for a long period
and to examine the effect of a possible fluctuation of
body mass on physical fitness. However, we chose
the present study design because we considered
that there would not be significant changes in body
mass sufficient to examine their effect on physical
fitness (14). Another limitation of the present study
was the sample size, which did not allow comparing
many BMI groups. Previous studies that compared
more than two BMI groups (4, 7, 24, 26) have
mentioned that the relationship between BMI and
most of physical fitness parameters follows an inverse
“U” pattern rather than to be linear. This can explain
partially the lack of statistically important differences
between normal-weight and overweight groups, as
well as the relatively small correlations between BMI
and most of physical fitness parameters.

Conclusions

We interpret the present findings to confirm previous
observations among the general population about the
negative effect of elevated BMI on selected parameters
of physical fitness and sport performance. The
present results indicate that the excess body mass
has a more negat ive ef fect  on physical  and
physiological characteristics in adolescent than in
adult players. Therefore, the achievement of an
optimal body mass should be considered by coaches
and fitness trainers as mean of physical fitness
amelioration especially in adolescent players.

Fig. 4 : Relationship between body mass index, fat mass (o) and fat free mass (Δ) for adolescent (left) and adult (right) players.
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