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Summary

Objective: We examined secular trends in physical fit-
ness and BMI status in 8- to 9-year-old Greek children
during an 11-year period (1997-2007). Methods: Popula-
tion data derived from a yearly health survey performed
in over 85% of Greek schools. Anthropometric measure-
ments and physical fitness tests from 651,582 children
were analyzed. The gender- and age-specific BMI cut-off
points by the International Obesity Task Force were used
to define overweight/obesity. Results: Aerobic perform-
ance decreased by 4.9% (p < 0.001) for boys and 4.4%
(p < 0.001) for girls between 1997 and 2007 while obesity
increased by approximately 50% in both genders (p <
0.001). Time-series analyses revealed that the increasing
trends in obesity were independent of the reduction in
fitness levels. An increase from 21% in 1997 to 48.2% in
2007 was observed in the prevalence of the low quartile
of aerobic performance for girls (p < 0.001) and from
25.7% in 1997 to 38.7% in 2007 (p < 0.001) for boys. Ap-
proximately 80% and 85% of obese boys and girls, re-
spectively, failed to pass the low quartile of all aerobic
tests in 2007. Conclusions: Inverse but independent
trends in obesity and fitness levels were observed
among Greek children during an 11-year period (1997-
2007), a fact that predisposes our children to serious
health risks as they grow older.

Introduction

Childhood obesity has been recognized as an epidemic in
most developed countries [1]. In Greece, the prevalence of
obesity has increased by approximately 50% in the last dec-
ade, and nowadays over 40% of children are overweight and
obese [2]. These findings raise serious concerns for the health
status of Greek children. Childhood obesity has been shown
to be directly associated with the development of metabolic
syndrome [3] and future cardiovascular disease (CVD) events.
The current epidemic of obesity, at least partly, has been
attributed to an environment that promotes excessive food
intake and discourages physical activity [4].

Adequate fitness level in childhood is likely to carry favo-
rable behavioral and biological effects into later life [S]. Ac-
cumulating epidemiologic evidence demonstrate that im-
provement in physical fitness, mainly aerobic capacity, is re-
lated to better health in children [6-11] in a dose response
fashion [12]. In a previous study from our institution we found
that central and total adiposity are lower in overweight and
obese children with high cardiorespiratory fitness [13]. Fur-
thermore, individuals with high aerobic fitness during adoles-
cence may have lower levels of body fatness as adults [14].
Among adults, a meta-analysis showed that the relative risk
for CVD was higher among those who were below the 25th
percentile of the fitness distribution compared with those in
higher percentiles [15]. In order to prevent an early develop-
ment of CVD risk factors in childhood and to develop preven-
tive strategies, it is important to monitor trends in the rela-
tionship between obesity and physical fitness in children.

There is strong evidence that aerobic fitness varies widely
among children around the world [16]. Recent studies report

KA RG E R © 2011 S. Karger GmbH, Freiburg
1662-4025/11/0042-0165$38.00/0
Fax +49 761 4 52 07 14
Information@Karger.de

www.karger.com

Accessible online at:
www.karger.com/ofa

Labros S. Sidossis, PhD

Laboratory of Nutrition and Clinical Dietetics

Department of Nutrition and Dietetics, Harokopio University
70 E. Venizelou Street, Athens 17671, Greece

Tel. +30 21095491-54, Fax -41

Isidossis@hua.gr


http://dx.doi.org/10.1159%2F000327994
STEIMLEJ
CopyBAhoch


Table 1. Number of children that participated in the study by gender and

year
Year Boys Girls Total (n)
n % n %
1997 31,822 51.3 30,173 48.7 61,995
1998 31,802 51 30,566 49 62,368
1999 30,264 513 28,714  48.7 58,978
2000 33,501 51.8 31,110 485 64,611
2001 31,550 51 30,224 49 61,774
2003 33,660 51.5 31,662 48.5 65,332
2004 33,175  50.8 32,109 492 65,284
2005 35234  50.5 34,083 495 69,817
2006 35863 511 34333 489 70,196
2007 36,396 51.1 34,831 48.9 71,227
Total 333,267 51.2 317,805 48.8 651,582

an inverse correlation between obesity and aerobic fitness as
measured by the 20 m shuttle run test in children [17, 18].
However, very sparse data, coming from selected geographic
areas, are available for the Greek population [19-21]. There-
fore, the aim of the present work was to evaluate the trends in
physical fitness and obesity levels between 1997 and 2007, in
almost all 8- to 9-year-old children in Greece and to examine
their potential inter-relationship.

Participants and Methods

Participants

Population data derived from 10 consecutive, national school-based
health surveys. Specifically, anthropometric and aerobic fitness data as
well as information on age and gender were collected yearly during spring
time of each year from 1997 to 2007, with the exception of 2002 in almost
all Greek schools of primary education (~85%); schools that did not par-
ticipate were from borderland areas with only small numbers of children.
Thus, from 1997 to 2007 a total of 651,582, 8- to 9-year-old children (51%
boys, 49% girls; >95% of the total student population) participated in the
present study (table 1).

Study Approval
Ethical approval for the health survey was graded by the Ethical Review
Board of the Ministry of Education.

Fitness Tests

The following four fitness tests were administered by two trained physical
education professionals in each school: a) vertical jump to assess lower
body explosive power (jumping up as high as possible from a squatting
position), b) small ball throw (1 kg with both hands in a standing position)
to assess upper body explosive strength, ¢) 30-meter sprint ) from a stand-
ing start to evaluate the speed of movement (participants were instructed
to run at the highest speed possible in a straight line), and d) ‘multi-stage
20-meter shuttle run’ with 1-min stages to estimate maximal oxygen con-
sumption (VO using the formulas proposed by Leger et al. [22, 23].
The 20-meter shuttle run consists of measuring the number of laps com-
pleted by subjects running up and down between two lines, set 20 meters
apart, at an initial speed of 8.5 km/h which increases by 0.5 km/h every
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minute, using a pre-recorded audio tape. Several shuttle runs make up
each stage of the test, and students are instructed to keep pace with the
signals for as long as possible. The highest speed (km/min) attained dur-
ing the final stage was recorded for each student and subsequently used to
estimate aerobic fitness in ml Oy/kg/min. The validity and reliability of the
test to predict VO, in children and adolescents have been previously
reported [23-25]. The aforementioned, widely used fitness tests were se-
lected as being representative of explosive, anaerobic and aerobic per-
formance. Repeat tests (2 trials) were allowed for 30-meter sprint, verti-
cal jump and ball throws, and the best performance was recorded.

Anthropometric Measurements

Children’s height and weight were measured in the morning without
shoes using a standardized procedure. Weight was measured with elec-
tronic scales with a precision of 100 g. Standing height was determined to
the nearest 0.5 cm with the child’s weight being equally distributed on the
two feet, head back and buttock on the vertical land of the height gauge.
BMI was calculated as the ratio of body weight to the square of height
(kg/m?). As the most proper for epidemiologic studies, age- and gender-
specific BMI cut-off points (according to International Obesity Taskforce
(IOTF)) were used for underweight, normal-weight [26], overweight and
obese [27] participants.

Data Analysis

Descriptive information on anthropometric measurements (i.e. height,
weight) and fitness tests performances are presented as mean + standard
deviation (SD). We determined the age- and gender-specific BMI catego-
ries of the participants (i.e. underweight, normal weight, overweight and
obese) according to the cut-off points proposed by the IOTF [26, 27]. In
the current study ‘underweight’ includes children in all three grades of
thinness (i.e. grades 1, 2 and 3). We stratified the results of each fitness
test performance in quartiles separately for boys and girls and according
to the reference values of quartiles in 1997. Thus, children were classified
according to their fitness score of the 1997 in the following categories:
lower or poor (Ist quartile), middle or good (2nd-3rd quartiles) and
upper or excellent (4th quartile). This approach allowed for comparison
of children’s fitness level between 1997 and 2007 by the use of the same
fitness tests. Children in the 4th quartile of the 30-meter sprint and the in
first quartile of the remaining three tests were classified as having poor
performance. To evaluate the relationships between BMI and fitness
tests, the percentage of children in each quartile was calculated among
different BMI groups. Comparisons of the categorical variables (i.e. gen-
der, BMI categories and quartiles of performances) were performed using
Pearson’s chi-square test. To test for differences on fitness levels between
1997 and 2007, the t-test for normally distributed and the Mann-Whitney
test for skewed variables were used. Normality was graphically assessed
through P-P plots. Tests for monotonous trends by group of gender were
performed using time series analysis having the prevalence rate or mean
values of VO,,,,, or low quartile of VO,,,,, as the dependent outcome and
the year of examination as the independent factor (with lag 0). Serial de-
pendency was evaluated using the partial autocorrelation function; no au-
tocorrelation was observed for various lags. Furthermore, we applied lin-
ear mixed models with fixed effects to investigate whether the time series
of overweight and obesity is associated with aerobic fitness levels of the
participants during the investigated period. Results are presented as b-
coefficients + SE. The interaction term between gender and fitness on the
investigated outcomes was also evaluated. Finally, logistic regression
analysis was used to evaluate the association of BMI categories on the
likelihood of recording a poor performance in fitness tests. Results are
presented as odds ratios (OR) and 95% confidence intervals (95% CI).
Hosmer-Lemeshow statistic evaluated the goodness-of-fit of the esti-
mated models. Statistical significance level for two-sided hypotheses was
set at 0.05. All statistical analyses were performed using the SPSS version
18.0 software for Windows (SPSS Inc., Chicago, IL, USA).
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Results

Secular Trends in Fitness Levels

The level of aerobic fitness decreased by 4.9% (p < 0.001) for
boys and 4.4% (p < 0.001) for girls between 1997 and 2007.
Specifically, the annual rate of decrease for VO,,,,, was —0.24
+ 0.01 ml O,/kg/min/year in boys (p < 0.001) and -0.20 + 0.01
ml O,/kg/min/year in girls (p < 0.001). The percentage of boys
in the lowest quartile of aerobic performance increased from
25.7% in 1997 to 38% in 2007 (p < 0.001), with an annual
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trend equal to 1.16 = 0.23% (p < 0.001). In girls this percent-
age increased from 21% in 1997 to 48.2% in 2007 (p < 0.001),
with an annual trend equal to 2.35 = 0.32% (p < 0.001) (fig. 1,
upper plot). The overall annual trend was higher (almost
doubled) in girls as compared with boys (p = 0.06). Stratified
analysis by BMI category (fig. 2) revealed that the annual in-
crease in the percentage of boys classified in the lowest quar-
tile of aerobic performance was: 1.13 + 0.29% (p = 0.005) for
underweight, 0.99 + 0.22% (p = 0.002) for normal-weight,
0.88 £ 0.31% (p = 0.022) for overweight and 0.72 + 0.29%
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(p = 0.04) for obese boys. Similarly, in girls, the corre-
sponding annual increase was: 2.04 + 0.34% (p < 0.001) for
underweight, 2.14 + 0.31% (p < 0.001) for normal-weight,
2.10 = 0.47% (p = 0.002) for overweight and 1.99 + 0.30%
(p < 0.001) for obese girls. The independent effect of gender
on fitness levels was analyzed separately in underweight,
normal-weight, overweight and obese children. Except for
overweight children where boys had a significantly lower
rate of low aerobic fitness as compared with girls (4.0 + 1.7%;
p = 0.03), gender differences were not observed, neither in
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2001 2002 2003 2004 2005 2006 2007

Year

underweight (p = 0.28) nor in normal-weight (p = 0.09) nor in
obese children (p = 0.48).

The distribution of boys and girls by quartile of aerobic
fitness and category of body weight is presented in table 2.
Between 1997 and 2007, the percentage of boys and girls
with excellent aerobic performance (i.e. 4th quartile) de-
creased within all BMI categories (all p < 0.05), while poor
performance (i.e. 1st quartile) showed a substantial increase
(all p < 0.05). Furthermore, the higher the percentage of
children in the lowest quartile of aerobic fitness the higher

Tambalis/Panagiotakos/Psarra/Sidossis



Table 2. Performance changes between 1997

and 2007 in quartile ranks of physical fitness % Boys ellSai
testsaccording to BMI* poor good excellent poor good excellent
1997
Shuttle run
Underweight 21.1 39.1 39.8 16.9 435 39.6
Normal weight 21.8%* 41.9 36.3* 17.8% 46.4 35.8%
Overweight 315 47.5 21.0 30.6 48.0 214
Obese 43.7 46.0 10.3 418 45.6 12.6
Sprint 30 m
Underweight 20.4 532 264 21.7 49.2 29.1
Normal weight 20.0% 51.0° 29.0% 20.8% 50.6° 28.6%
Overweight 34.0 49.5 16.5 30.9 52.0 18.1
Obese 50.4 421 7.5 473 417 11.0
Vertical jump
Underweight 27.3 358 36.9 18.1 432 387
Normal weight 27.7% 34.4 37.9% 18.7* 42.5 38.8%
Overweight 423 351 22,6 26.5 473 262
Obese 583 29.9 11.8 382 43.4 18.4
Ball throw
Underweight 355 50.5 14.0 374 48.7 13.9
Normal weight 26.7 50.7 22.6° 26.6 49.6 23.8*
Overweight 235 49.1 274 224 487 28.9
Obese 213 46.8 31.9 20.0 44.8 352
2007
Shuttle run
Underweight 26.1 46.3 27.6 374 30.0 32.6
Normal weight 32.1% 46.8° 21.1% 42.6% 30.1 27.3%
Overweight 44.5 46.0 9.5 55.6 29.5 14.9
Obese 55.8 371 5.1 66.5 24.8 8.7
Sprint 30 m
Underweight 153 45.6 39.1 16.4 43.1 37.5
Normal weight 17.3* 443 38.5% 16.7* 48.4 34.9%
Overweight 321 48.9 18.9 30.4 50.0 19.6
Obese 47.4 43.1 9.5 46.9 40.7 12.4
Vertical jump
Underweight 204 50.0 29.5 18.7 473 34.0
Normal weight 25.2% 47.5% 27.3% 19.5% 472 33.3*
Overweight 37.6 46.0 16.4 31.1 475 214
Obese 51.6 379 10.4 37.6 46.3 16.1
Ball throw
Underweight 39.3 41.6 19.1 33.6 45.6 20.8
Normal weight 30.4 42.6 27.0° 241 46.6 29.3¢
Overweight 30.2 394 304 21.8 454 32.8
Obese 252 373 375 19.0 39.9 411

“Results are presented as percentages. Poor = 1st quartile; good = 2nd/3rd quartiles;

excellent = 4th quartile.

*p < 0.05 for differences in quartile ranks between normal weight and overweight, obese.
$p < 0.05 for differences in quartile ranks between normal weight and obese.
P-values derived through the application of chi-square test.

the rates of overweight/obesity (1% increase in the percent-
age of low quartile of aerobic fitness corresponded to an
increase of the prevalence of overweight/obesity by 0.72 +
0.16%, (p < 0.001) in boys and 0.41 + 0.04% (p = 0.002)
in girls).

Fitness and Obesity in Greek Children

Overweight / Obesity Secular Trends and Fitness Levels

Figure 1 (lower plot) illustrates the concurrent increase in the
prevalence of obesity throughout the studied period for boys
and girls separately. Evaluating the effect of gender on obes-
ity levels, it was observed that boys as compared with girls had
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a higher prevalence of obesity (1.4 + 0.4%, p = 0.003) after
adjusting for fitness levels. Further stratified analysis in the
secular trend of obesity (1997-2007) by quartile of aerobic
fitness and gender (fig. 3) revealed significant differences in
the rates of obesity among different fitness quartiles in boys
(p < 0.0001, upper plot) and girls (p < 0.0001, lower plot). As a
consequence, and taking into consideration our recent report
on the significant increase in the prevalence of overweight
(~30%) and obesity (~50%) between 1997 and 2007 [2], one
may hypothesize that the decrease in aerobic fitness levels
may explain, at least in part, the observed increase of over-
weight/obesity prevalence. The results from the time series
analysis revealed that when we introduced the aerobic fitness
variable in our models the effect of time on obesity trends re-
mained highly significant (p < 0.001) and the effect size meas-
ure (i.e. b-coefficient) remained practically unchanged, sug-
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gesting that the reduction in aerobic fitness levels over time
cannot fully explain the increase in the prevalence of over-
weight and obesity in our population.

The mean value for speed between 1997 and 2007 in-
creased by 1.2% in boys (p = 0.008) and by 2.0% in girls
(p = 0.001). The mean values for upper body (ball throw) and
lower body strength (vertical jump) did not change during the
study period. The proportions of poor, good and excellent
performances for 30-meter sprint, ball throw and vertical
jump tests by weight status are presented in table 2. In total,
compared with normal-weight children, overweight and obese
children showed better performances only in upper body
strength test; on the other hand obese children performed
worst in all other tests. Taking all four fitness tests together,
we calculated an overall fitness index (scale ranging from 0 to
4 according to the number of fitness tests ‘succeeded’). Using

Tambalis/Panagiotakos/Psarra/Sidossis



Table 3. Changes between 1997 and 2007 in the prevalence of the number of fitness tests failed to pass 25th percentile®

Number of fitness tests failed % Boys % Girls
to pass 25th percentile* ) ; ; .
underweight normal overweight obese underweight normal overweight obese
weight weight

1997
0 (fit) 413 44.3% 30.1 17.3 434 48.3% 38.1 25.6
1 292 29.8 31.0 27.6 319 29.8 323 321
2 18.7 16.1° 222 27.0 15.8 14.5° 18.2 245
3 8.1 7.5% 12.8 217 6.9 5.8 8.7 13.7
4 2.6 2.4 39 6.4 21 1.6 2.7 42

2007
0 (fit) 413 41.3° 30.0 20.3 37.0 375 25.6 16.5
1 34.5 342 312 29.0 34.1 358 34.0 335
2 16.5 15.9 20.8 27.0 19.8 17.9% 237 278
3 6.1 6.3 11.8 16.7 7.2 6.6° 12.5 16.6
4 1.6 2.3 6.1 7.0 1.9 228 4.3 5.6

“Results are presented as percentages.
*25th percentile: the low quartile in any of the four fitness tests.

Sp < 0.05 for differences in the proportions of children failed to pass 0, 1, 2, 3 or 4 fitness tests, between normal weight and overweight, obese.

P values derived through the application the chi-square test.

this index, we classified children according to the number of
the four physical fitness tests that failed to pass the low
quartile (table 3). Approximately 80% and 85% of obese boys
and girls, respectively, failed to pass the low quartile in all
tests in 2007. Moreover, in 2007 the proportion of fit girls in
all BMI groups was significantly lower in comparison to 1997
(p < 0.001). Overall, the crude coefficients (b-coefficient +
SE) between the combined fitness index and BMI were
0.45 = 0.01 in 1997 (p < 0.0001) and 0.65 + 0.01 in 2007
(p < 0.0001). A highly significant interaction between com-
bined index and gender on BMI levels in 1997 (p < 0.0001) was
observed, whereas a borderline interaction was found in 2007
(p = 0.092). Thus, further gender-specific analysis showed that
there was a gender difference in the crude effects of fitness
on BMI levels in 1997 (0.51 + 0.01, p < 0.0001 for boys and
0.38 + 0.02, p < 0.0001 for girls; p for gender differences <
0.001), but not in 2007 (0.67 + 0.02, p < 0.0001 for boys and
0.62 = 0.02, p < 0.0001 for girls, p for gender differences = 0.06).

The results of poor performance in each physical fitness
test according to BMI category are presented in table 4. The
likelihood of low performance was higher for overweight and
obese children in all tests, except for ball throw. In contrast,
underweight children were less probable to present poor
performances compared with their normal-weight counter-
parts (except for ball throw).

Discussion

Our data confirm the hypothesis that overweight and obese
children have lower performances in all fitness tests exam-

Fitness and Obesity in Greek Children

ined, with the exception of the upper body strength test. It is
noteworthy, albeit disturbing, to note that between 1997 and
2007, the percentage of 8- to 9-year-old Greek boys and girls
with low aerobic fitness increased significantly, irrespective of
BMI status.

The present study shows a significant decrease in aerobic
fitness for both genders with a mean yearly rate of about
0.40%. Our results are in line with two recently published
reviews [16, 28], reporting a rapid secular decline in 20-meter
shuttle run performance in children and adolescents over the
last 20 years (mean yearly decline of 0.44% and 0.40% for
boys and girls respectively). Low fitness is an independent
predictor of all-cause and CVD mortality — after adjustment
for other mortality predictors including body mass [29]. In
children, low fitness has been associated with risk factors such
as hyperlipidemia, hypertension and obesity [6, 30]. Andersen
et al. [12] examining the association between aerobic fitness
and the clustering of CVD risk factors in children, showed
that the OR for clustering in each quartile of fitness, using the
quartile with the highest fitness score as reference, were 13.0,
4.8 or 2.5, independently of country, age and sex. On the other
hand, it has been suggested that being fit, per se, may reduce
the risk of obesity in children [13, 17]. With regard to the low
aerobic fitness level in Greek children [21] it is imperative to
design programs aiming at improving aerobic fitness levels in
children.

Our study suggests that overweight and obesity are indica-
tive of poor performances in aerobic and motor fitness, with
the exception of upper body strength, in both sexes (tables 2,
4). These findings are in agreement with studies by Mamalakis
et al. [20], Koutedakis et al. [19] and Tokmakidis et al. [21]
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Table 4. Association between BMI categories on poor physical fitness tests performances (dependent outcome), in Greek 8- to 9-year-old children

Poor physical fitness test performance*

shuttle run 20 m sprint 30 m vertical jump upper body strength
OR (95% CI) OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value
1997
Boys
Underweight 0.96 (0.86-1.07)  0.477 1.02 (0.92-1.14) 0472 0.98 (0.89-1.07)  0.670 1.51(1.38-1.66)  <0.001
Normal weight ~ 1.00 reference  1.00 reference  1.00 reference  1.00 reference
Overweight 1.65 (1.54-1.76) ~ <0.001 2.06 (1.93-2.19)  <0.001 1.92 (1.80-2.04)  <0.001 0.84 (0.79-0.90)  <0.001
Obese 2.78 (2.55-3.03)  <0.001 4.06 (3.72-4.42)  <0.001 3.65(3.36-3.98)  <0.001 0.74 (0.67-0.82)  <0.001
Girls
Underweight 0.94 (0.84-1.04)  0.249 1.08 (0.99-1.18)  0.078 0.96 (0.87-1.06)  0.437 1.65 (1.52-1.78)  <0.001
Normal weight ~ 1.00 reference  1.00 reference  1.00 reference  1.00 reference
Overweight 1.67 (1.56-1.79)  <0.001 1.72 (1.61-1.83)  <0.001 1.57 (1.47-1.68)  <0.001 0.79 (0.74-0.85)  <0.001
Obese 2.69 (2.44-2.96)  <0.001 3.17 (2.89-3.47)  <0.001 2.69 (2.44-2.96)  <0.001 0.69 (0.62-0.77)  <0.001
2007
Boys
Underweight 0.87(0.79-0.95)  0.002 0.78 (0.69-0.88)  <0.001 0.86 (0.78-0.95)  0.003 1.48 (1.36-1.62)  <0.001
Normal weight ~ 1.00 reference  1.00 reference  1.00 reference  1.00 reference
Overweight 1.69 (1.60-1.78)  <0.001 2.33(2.19-2.47)  <0.001 1.79 (1.69-1.89)  <0.001 0.99 (0.94-1.05)  0.721
Obese 2.67 (2.48-2.85)  <0.001 4.29 (3.98-4.62)  <0.001 249 (2.32-2.67)  <0.001 0.77 (0.17-0.83) ~ <0.001
Girls
Underweight 0.80 (0.74-0.87)  <0.001 0.99 (0.90-1.11)  0.96 0.95 (0.86-1.05)  0.337 1.59 (1.47-1.73)  <0.001
Normal weight 1.00 reference  1.00 () reference  1.00 reference  1.00 reference
Overweight 1.68 (1.59-1.77)  <0.001 2.08 (1.95-2.21)  <0.001 1.87 (1.76-1.99) ~ <0.001 0.93 (0.88-0.99)  <0.024
Obese 2.67 (2.47-2.88)  <0.001 3.46 (3.20-3.74)  <0.001 2.49 (2.30-2.69)  <0.001 0.74 (0.67-0.81) ~ <0.001

*Test scores lower than the 25th percentile. Results derived through the application of logistic regression analysis.

OR =0dds ratio; 95% CI = 95% confidence interval.

from selected regions of Greece, reporting that aerobic fitness
was inversely related with obesity in children and adolescents.
Moreover, our findings are in line with those from recent
studies in children and adolescents, e.g. Stigman et al. [17],
Stratton et al. [18], Westerstahl et al. [31] and Huotari et al.
[32], reporting that aerobic fitness and obesity rates follow op-
posite trends. Most of these studies have used the 20-meter
shuttle run and IOTF cut-off points; therefore, their data are
directly comparable to ours.

One would expect a relationship between the rise in obes-
ity and the concurrent decline in aerobic fitness of Greek chil-
dren over the past 11 years. However, time series analyses
revealed that the increasing trends in the prevalence of over-
weight and obesity in Greek children were independent of the
reduction in fitness levels in this population. Aerobic fitness
depends on both nonmodifiable (i.e. genetics, maturation)
and modifiable (i.e. physical activity levels) factors [33, 34].
On the other hand, an increase in fatness may be due to in-
creased energy intake, decreased energy expenditure or a
combination of both. Apparently, apart from physical fitness,
other factors (e.g. energy intake, genetic predisposition to
obesity etc.) seem to play an important role in the regulation
of body weight in young children.
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In the present study we observed a small improvement for
speed (0.02-0.03%/year) and no significant changes for
strength over the last 11 years. These findings are in agree-
ment with data from previous studies, suggesting that there is
a relative stability in anaerobic fitness test performances in
the last decade, with a small annual improvement of 0.03%
and 0.04% for power and speed, respectively [35]. In children
information in children on the relationship between perform-
ance in anaerobic tests and weight status is limited [21, 36-38].
Moreover, the variety of fitness tests used makes the compari-
son between studies difficult. Our results confirm the notion
that not only aerobic fitness but also other components of
physical fitness such us speed and lower body explosive power
are negatively related with obesity in cross-sectional analyses.
In a study by Bovet et al., 2007 [36], using similar tests to
those used in the present study for assessing body strength
(ball throw, vertical jump) and speed (30-meter sprint), re-
sults are similar. Specifically, the authors reported that over-
weight and obese students performed better in ball throw
than their normal-weight and lean counterparts while in verti-
cal jump and 30-meter sprint BMI category is inversely to the
performance. The earlier finding is probable due to the fact
that the specific test requires mainly strength and is insensi-
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tive to body weight.Although the excess body weight of over-
weight/obese children can affect their performance, obese
children may be less keen to participate in moderate or vigor-
ous intensity physical activities because of fear of poor per-
formance and stigmatization by their counterparts. In other
words, low participation in physical activities may lead to a
vicious circle of perpetuation of obesity. On the other hand,
even small increases in physical activity could significantly
improve insulin sensitivity and delay or abolish the onset of
the metabolic syndrome, even in the absence of any changes
in body weight [39]. From the public health care perspective,
we must focus on all ‘underfit’ and obese children, creating an
encouraging environment for participation in physical activity
and sports at school and other settings, which is accompanied
by psychological and social support.

Although a common protocol was used to evaluate anthro-
pometric and fitness tests all over Greece, a very large number
of professionals participated as evaluators in this study over the
11 years. Furthermore, potential confounding factors such as
physical activity, maturation status, and nutrition habits were
not evaluated. The selection of appropriate cut-off points for
the fitness tests is another potential limitation. Although our
choice for the quartile ranks in fitness tests is arbitrary, the Na-
tional Children and Youth Fitness Study II suggested that for
6- to 9-year-old children test scores above the 25th percentile
(the poor quartile) should be considered acceptable from a
health perspective [40]. Moreover, because of the large sample,

statistical significance can easily be achieved for both sexes. Fi-
nally, the cross-sectional design of our study cannot provide
causal relationships, but only hypotheses for further research.

In conclusion, the present study revealed that, simultane-
ously to an increase in obesity rates, aerobic fitness levels
decreased over the last 11 years in Greek children. Moreover,
we observed a rapid increase of poor quartile performances
among 8- to 9-year-old children of both genders. Overweight/
obese children presented a higher risk of low performance
compared with their normal-weight counterparts in almost all
fitness tests. Urgent actions need to be taken from public
health policy makers while parents and teachers should
encourage physical activity and promote healthy food habits
of the children.
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