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ABSTRACT

SILVENTOINEN, K., J. MAIA, E. SILLANPÄÄ, R. SUND, É. R. GOUVEIA, A. ANTUNES, G. MARQUES, M. THOMIS, J. KAPRIO,

and D. FREITAS. Genetic Regulation of Physical Fitness in Children: A Twin Study of 15 Tests from Eurofit and Fitnessgram Test Batteries.

Med. Sci. Sports Exerc., Vol. 56, No. 10, pp. 2000-2006, 2024. Purpose:This study aimed to analyze the shared genetic background of phys-

ical fitness tests in children.Methods: Physical fitness was assessed in 198 Portuguese twin pairs (6–18 yr old, 40%monozygotic) through 15

tests from the Eurofit and Fitnessgram test batteries. Genetic twin modeling was used to estimate the heritability of each test and the genetic

correlations between them. Results: Girls performed better than boys in flexibility, whereas boys performed better than girls in cardiorespiratory

endurance and muscular strength. No sex differences were found in the influence of genetic factors on the physical fitness tests or their mutual cor-

relations. Genetic factors explained 52% (standing long jump) to 79% (sit and reach) of the individual variation in motor performance, whereas

individual-specific environmental factors explained the remaining variation. Most of the tests showed modest to moderate genetic correlations.

Out of all 105 genetic correlations, 65% ranged from 0.2 to 0.6 indicating that they shared from 4% to 36% of genetic variation. The correlations

between individual-specific environmental factors were mostly negligible. Conclusions: Tests measuring the strength of different muscle groups

showed only modest correlations, but moderate correlations were found between tests measuring explosive strength, running speed/agility, and car-

diorespiratory endurance. Genetic factors explained amajor portion of the variation in tests included in the Eurofit and Fitnessgram test batteries and

explained the correlations between them. Themodest tomoderate genetic correlations indicated that there is little redundancy of tests in either Eurofit

or Fitnessgram test batteries. Key Words: CHILDREN, GENETIC CORRELATIONS, HERITABILITY, PHYSICAL FITNESS
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High levels of physical fitness in childhood play a key
role in a healthy adult life (1). However, physical fit-
ness is not a single operational concept but rather a

combination of interrelated components, most importantly
cardiorespiratory endurance, muscular strength, and agility
(2). Each component of physical fitness might be related to
somewhat different health outcomes, even when they all pre-
dict good health (3). During the last decades, the levels of
physical fitness have declined in school-aged children and ad-
olescents creating a major public health challenge (4,5). Phys-
ical fitness assessment is crucial in responding to this challenge
because it allows us to evaluate the need and effectiveness of
intervention programs and to identify and follow children
who need additional support. In the optimal case, the tests
used to assess physical fitness should be valid, reliable, and
practical so that they can be conducted in schools and youth
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 on 11/29/2024
sports settings without requiring specialized instruments or
technical expertise (6).

Studying the factors behind individual differences in cardio-
respiratory endurance, muscular strength, and motor perfor-
mance can also provide insight into the background of these
physical fitness components. There is a strong body of evi-
dence on the importance of genetic factors behind the variation
in physical fitness. Twin studies have shown moderate herita-
bility for different measures of physical fitness (7–9), and
genome-wide association studies have identified a number of
genetic variants associated with muscular strength (10) and car-
diorespiratory endurance (11). There is also information on how
genetic factors contribute to the covariation between physical
fitness tests. A Dutch twin study with information on four phys-
ical fitness tests (7) and a Swedish twin and family study with
information on three muscular strength tests (12) found that
the major part (47%–99%) of the covariation between these
tests was due to shared genetic factors. A limitation of these
studies is the small number of tests, which does not allow for
a full assessment of the components of physical fitness.

A comprehensive analysis of the shared genetic background
of multiple tests covering different components of physical fit-
ness would have both scientific and clinical importance. From
a scientific perspective, a high genetic correlation between two
tests may suggest a shared biological background, such as
measuring the performance of the same muscle groups. From
a clinical perspective, high correlations indicate redundancy
and can help select the most informative tests, especially if the
time for testing is limited. This study addresses this gap using
twin data on children who performed 15 tests from two widely
used physical fitness test batteries. We aim to analyze the under-
lying structure of correlations between all tests and to estimate
how much they share common genetic variation. The twin de-
sign also allows for controlling intraindividual variation in phys-
ical performance, which can contribute to the correlations of per-
formance in different physical fitness tests.
A
PPLIED

SC
IEN

C
ES
DATA AND METHODS

Our study cohort was derived from the Madeira Twin Fam-
ily Study (13). Information on twins was obtained by con-
tacting the executive boards of all public and private schools
in the Autonomous Region of Madeira, Portugal, and asking
whether they had twin students. Invitation letters were then
sent to 434 families with twins. A total of 216 families partic-
ipated in a clinical exam in the capital city of Funchal. We re-
moved 18 twin pairs less than 6 yr of age because the physical
fitness tests were not adjusted to these ages, and thus, we had
198 twin pairs (6–18 yr of age; 51% girls) in the analyses. The
Scientific Board of the University of Madeira approved the
study protocol. The participants and/or their parents or legal
guardians provided written informed consent. Zygosity was
assessed based on 15 autosomal genetic markers and a sex-
determining marker (AmpFISTR Identifiler kit) from a blood
test the children gave during the clinical examination (14):
GENETIC REGULATION OF PHYSICAL FITNESS
78 were monozygotic (MZ), 69 same-sex dizygotic, and 51
opposite-sex dizygotic pairs.

Physical fitness was assessed through two test batteries: the
Eurofit and the Fitnessgram. The Eurofit included nine tests
(flamingo balance, plate tapping, sit and reach, standing long
jump, handgrip, sit-ups, bent arm hang, shuttle run of
10 × 5 m, and 12-min run/walk). The Fitnessgram included
six tests (sit and reach right, sit and reach left, trunk lift, curl
up, push-up, and 20-m shuttle run). Researchers with exten-
sive experience in Kinanthropometry assessed the participants
according to the Eurofit (15) and Fitnessgram (16) test battery
protocols. The children performed the tests with their twin sib-
lings and were accompanied by their parents. In statistical
modeling, we reversed the scales of flamingo balance, plate
tapping, and shuttle run of 10 × 5 m so that for all tests higher
values indicate better performances. Furthermore, we adjusted
the physical fitness tests for age and the square of age because
they showed statistically significant associations with most of
them. This was done by calculating regression residuals for
each test separately in boys and girls using the Stata statistical
package, version 17 forWindows (StataCorp, College Station,
TX). Because means and SD differed between boys and girls
(Supplemental Table 1, Supplemental Digital Content, http://
links.lww.com/MSS/D54) for most tests, we also standardized
them in boys and girls to be able to present pooled analyses.
However, we presented the sex-specific results in appendixes
to confirm that presenting pooled analyses does not conceal
any differences between boys and girls. Linear regression
models were used for statistical testing in descriptive analyses
after correcting the standard errors for the lack of statistical in-
dependence of twins sampled as pairs (17).

We used genetic twinmodeling to obtain information on the
contribution of genetic and environmental factors to the varia-
tion and covariation of the test items (18). This method is
based on the principle that MZ twins share virtually the same
genomic sequence, whereas dizygotic (DZ) twins share, on av-
erage, 50% of their genes identical-by-descent, similar to ordi-
nary siblings. This allows for estimating the underlying corre-
lation structure within co-twins and decomposing the variation
of the performance in each test and the covariation between the
performance in different tests into genetic and environmen-
tal components. Additive genetic variance (A; correlation 1
within MZ and 0.5 within DZ pairs) includes the effects of all
loci affecting the test performance. Shared environmental vari-
ance (C; correlation 1 within both MZ and DZ pairs) includes
the effects of all environmental factors that make co-twins sim-
ilar. Unique environmental variance (E; correlation 0 within
both MZ and DZ twins) includes the effects of all environmen-
tal factors that make co-twins different including measurement
error and interindividual fluctuation in physical performance.

We started the analyses using univariate genetic models to
test the assumptions of twin modeling, find the best-fitting
model, and calculate heritability estimates (18). DZ correla-
tions were more than half of MZ correlations indicating a pos-
sible role of shared environmental factors (Supplemental
Table 2, Supplemental Digital Content, http://links.lww.com/
Medicine & Science in Sports & Exercise® 2001
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TABLE 2. Additive genetic and unique environmental variance components of physical fit-
ness tests in boys and girls.

Additive Genetic Factors Unique Environmental Factors

a2
95% CI

e2
95% CI

LL UL LL UL

Eurofit
Flamingo balance 0.60 0.47 0.70 0.40 0.30 0.53
Plate tapping 0.72 0.61 0.79 0.28 0.21 0.39
Sit and reach 0.79 0.70 0.86 0.21 0.14 0.30
Standing long jump 0.52 0.37 0.64 0.48 0.36 0.63
Handgrip 0.71 0.61 0.78 0.29 0.22 0.39
Sit-ups 0.76 0.65 0.83 0.24 0.17 0.35
Bent arm hang 0.79 0.70 0.85 0.21 0.15 0.30
Shuttle run (10 × 5 m) 0.65 0.52 0.74 0.35 0.26 0.48
12-min run/walk 0.75 0.66 0.81 0.25 0.19 0.34

Fitnessgram
Sit and reach right 0.74 0.63 0.81 0.26 0.19 0.37
Sit and reach left 0.74 0.65 0.81 0.26 0.19 0.35
Trunk lift 0.60 0.47 0.70 0.40 0.30 0.53
Curl up 0.62 0.48 0.72 0.38 0.28 0.52
Push-up 0.64 0.52 0.73 0.36 0.27 0.48
20-m shuttle run 0.76 0.68 0.83 0.24 0.17 0.32

LL and UL, the lower and upper limits of the CI.
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 on 11/29/2024
MSS/D54). Therefore, we used the additive genetic/shared
environment/unique environment (ACE) model as the starting
point of genetic analyses. The model fit statistics are presented
in Supplemental Table 3 (Supplemental Digital Content,
http://links.lww.com/MSS/D54). We did not find any evi-
dence for sex-specific genetic effects and were able to have
the same parameter estimates for boys and girls. When we ap-
plied a more parsimonious additive genetic/unique environ-
ment (AE) model, it fit well compared with the ACE model,
suggesting that shared environmental factors are not needed
in the model. This is also consistent with previous twin stud-
ies, as summarized in three meta-analyses, which did not find
evidence of the effect of shared environmental factors on
physical fitness (7–9). Thus, we used the AE model without
sex-specific genetic factors and the same parameter estimates
for boys and girls for further genetic modeling. For most phys-
ical fitness tests, this model fit the data well when compared
with the saturated model—which does not make any assump-
tions and estimates all possible statistics freely—suggesting
that there is no violation of the assumptions of twin modeling
(i.e., the same means and SDs for both co-twins in the pair as
well as MZ and DZ twins). Using the conventional P value of
0.05, less than optimal fit was found for 6 tests, but for three of
them, the P value was above the Bonferroni-corrected P value
(0.003 for 15 tests) and might be due to multiple testing. How-
ever, for bent arm hang, 12-min run/walk and curl up, themodel
suggested some violations. When we analyzed this in detail, we
found some differences in means and SDs betweenMZ and DZ
twins, but they did not show any systematic pattern (Supple-
mental Table 1, Supplemental Digital Content, http://links.
lww.com/MSS/D54). Thus, we needed to expect that for these
traits, twins are representative of the same basic population.

After conducting univariate models, we used bivariate
Cholesky decomposition to calculate the genetic and environ-
mental covariation underlying the correlations between the tests
(19). Cholesky decomposition is a model-free method and thus
does not make any assumption about the underlying correlation
structure but decomposes all variation and covariation in the
TABLE 1. Means and SD of physical fitness tests by sex.

Boys Girls P Value of Sex
DifferenceaMean SD Mean SD

Eurofit
Flamingo balance (N of
attempts)

21.0 8.27 21.4 8.01 0.7090

Plate tapping (s) 17.1 4.63 16.9 4.62 0.7720
Sit and reach (cm) 15.4 6.11 19.2 6.89 <0.0001
Standing long jump (cm) 130 33.1 116 25.5 <0.0001
Handgrip (kg) 19.7 10.58 17.1 8.22 0.0280
Sit-ups (N in 30 s) 16.9 6.91 14.0 5.85 <0.0001
Bent arm hang (s) 9.6 11.81 3.7 3.95 <0.0001
Shuttle run (10 × 5 m) (s) 23.4 3.39 24.6 2.57 0.0010
12-min run/walk (m) 1756 470 1524 366 <0.0001

Fitnessgram
Sit and reach right (cm) 22.8 6.69 26.0 6.90 <0.0001
Sit and reach left (cm) 22.2 6.65 25.4 7.17 <0.0001
Trunk lift (cm) 24.8 5.28 25.7 4.78 0.1130
Curl up (N) 14.3 20.45 8.8 12.63 0.0070
Push-up (N) 8.5 7.97 5.0 4.93 <0.0001
20-m shuttle run (lap number) 27.8 18.0 19.0 10.6 <0.0001

a Adjusted for age.

2002 Official Journal of the American College of Sports Medicine
data into uncorrelated latent factors. Standardizing these covariates
provides us with the estimates of additive genetic and unique envi-
ronmental correlations. The genetic twin modeling was conducted
using the OpenMx package, version 3.0.2, of the R statistical
software (20). The model parameters and their 95% confidence
intervals (CI) were estimated through the structural equation
methodology and using the maximum likelihood estimator.

RESULTS

Table 1 presents the descriptive statistics by sex. Girls were
ahead of boys in all three sit and reach tests, whereas boys per-
formed better than girls in the standing long jump, handgrip,
sit-ups, bent arm hang, curl up, and push-up, as well as in
the three running/walking tests. For flamingo balance, plate
tapping, and trunk lift, there were no statistically significant
differences between boys and girls.

We began the genetic modeling by using univariate genetic
models to analyze the relative contributions of additive genetic
and unique environmental factors to the physical fitness tests
(Table 2). All tests showed moderate to high heritabilities.
The proportions of individual variation explained by genetic
factors varied from 52% (standing long jump) to 79% (sit
and reach and bent arm hang). When the analyses were strati-
fied by sex, no clear sex differences were observed. Boys
showed higher heritability estimates than girls in some tests,
whereas girls showed higher heritability estimates than boys
in other tests (Supplemental Table 4, Supplemental Digital
Content, http://links.lww.com/MSS/D54).

We then analyzed the pairwise correlations between all
physical fitness tests. Figure 1 presents the correlations be-
tween all tests in boys (right triangular matrix) and girls (left
triangular matrix); the 95% CIs of these correlations are avail-
able in Supplemental Table 5 (Supplemental Digital Content,
http://links.lww.com/MSS/D54). The trait correlations were
roughly similar in boys and girls. The largest sex difference
in these correlations was 0.27. For 70 of the 105 pairwise
http://www.acsm-msse.org
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FIGURE 1—Trait correlations for boys (right triangular matrix) and
girls (left triangular matrix) between physical fitness tests. Scales of fla-
mingo balance, plate tapping, and shuttle run (10 × 5 m) were reversed,
and therefore, a high score indicates a better performance. barmhang,
bent arm hang; curlup, curl up; fbalance, flamingo balance; handgrip,
handgrip; longjump, standing long jump; platetap, plate tapping; pushup,
push-up; run12min, 12-min run/walk; shuttlerun, shuttle run 10 × 5 m;
sitreach, sit and reach; sitreachl, sit and reach left; sitreachr, sit and reach
right; situps, sit-ups; srun20m, 20-m shuttle run; trunklift, trunk lift.

FIGURE 2—Additive genetic correlations (right triangular matrix) and
unique environmental correlations (left triangular matrix) between phys-
ical fitness tests in boys and girls. Scales of flamingo balance, plate tap-
ping, and shuttle run (10 × 5m) were reversed, and therefore, a high score
indicates a better performance. barmhang, bent arm hang; curlup, curl
up; fbalance, flamingo balance; handgrip, handgrip; longjump, standing
long jump; platetap, plate tapping; pushup, push-up; run 12min, 12-min
run/walk; shuttlerun, shuttle run 10 × 5 m; sitreach, sit and reach;
sitreachl, sit and reach left; sitreachr, sit and reach right; situps, sit-ups;
srun20m, 20-m shuttle run; trunklift, trunk lift.

A
PPLIED

SC
IEN

C
ES

D
ow

nloaded from
 http://journals.lw

w
.com

/acsm
-m

sse by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 11/29/2024
correlations, the difference was 0.10 or less. Only 12 of these
correlations showed statistically significant sex differences
(P < 0.05), and none of them were statistically significant
using the Bonferroni-corrected P value (<0.00048 for 105
tests; Supplemental Table 6, Supplemental Digital Content,
http://links.lww.com/MSS/D54).

Finally, we conducted Cholesky decomposition to decom-
pose these trait correlations into genetic and environmental
components. Figure 2 presents additive genetic (right triangu-
lar matrix) and unique environmental correlations (left trian-
gular matrix) in the pooled data of boys and girls; the 95%
CIs of these correlations are available in Supplemental Table
7 (Supplemental Digital Content, http://links.lww.com/MSS/
D54). Additive genetic correlations were systematically higher
than the trait correlations (Fig. 1), whereas unique environ-
mental correlations were weak and many of them negative.
The highest genetic correlations (rA ≥ 0.91) were found be-
tween the three sit and reach tests, but otherwise, most of them
varied from modest to moderate. Generally, nearly all tests
showed some genetic correlations with each other. Out of the
105 genetic correlations, 65% (68 genetic correlations) varied
between 0.2 and 0.6 indicating that from 4% to 36% of the ge-
netic variation was shared between these tests. When these
analyses were stratified by sex, we did not find any systematic
differences in the additive genetic (Supplemental Table 8,
Supplemental Digital Content, http://links.lww.com/MSS/
D54) or unique environmental correlations between boys
and girls (Supplemental Table 9, Supplemental Digital Con-
tent, http://links.lww.com/MSS/D54).
GENETIC REGULATION OF PHYSICAL FITNESS
DISCUSSION

In this genetically informative study of children and adoles-
cents, we aimed to gain more insight into the factors underly-
ing individual variation in physical fitness. Boys outperformed
girls in tests measuring cardiorespiratory endurance and mus-
cular strength, as has been systematically demonstrated in pre-
vious studies (21). However, we found only minor sex differ-
ences in the genetic background of test performance. First, we
did not find any evidence of sex-specific genetic factors, and
the heritability estimates were roughly similar in both sexes.
Second, we found that both trait and genetic correlations
between physical fitness tests were roughly similar in boys
and girls.

Our data allowed for the comparison of heritability esti-
mates among several physical fitness tests, which has been
rare in previous twin studies. Three meta-analyses reported
the lowest heritability for balance (a2 = 0.35) and the highest
heritability for V̇O2max (a2 = 0.68) (7–9). However, the
V̇O2max was not objectively measured in the current study. A
limitation of the previous meta-analysis is that these estimates
come from different studies, making it difficult to compare
them given the differences between the study populations. A
notable exception is a Belgian study of 10-yr-old twins, which
used the Eurofit test battery but included slightly different tests
and protocols compared with our study (22). Because this
study utilized a somewhat different statistical model, we
recalculated the heritability estimates based on the reported
Medicine & Science in Sports & Exercise® 2003
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 on 11/29/2024
twin correlations using the same model used in our study (the
parameters’ estimates and modeling details are available in
Supplemental Table 10, Supplemental Digital Content,
http://links.lww.com/MSS/D54). The heritability estimates
compared well with the ones of the current study. The sit-
and-reach test showed the highest heritability in our study
(a2 = 0.79) and in the Belgian study (a2 = 0.84), whereas the
lowest heritability was found for the standing long jump
(a2 = 0.52) and flamingo balance test (a2 = 0.48) in these stud-
ies, respectively.

When compared with other traits, the heritability estimates
of physical fitness tests were similar or slightly lower than
those for height (23) and body mass index (24) during child-
hood and adolescence and higher than those found for person-
ality and other psychological traits in early adulthood (25).
This suggests that physical fitness primarily reflects biological
characteristics, whereas behavioral and psychological factors
may also have an impact. The contributions of these different
factors may also vary between test items, as seen in the varying
heritability estimates. Interestingly, high heritability estimates
for the sit-and-reach tests were found in the children who par-
ticipated in our study and the 10-yr-old Belgian twin pairs
(22). The high heritability of the sit-and-reach test may be
due to its reflection of purely anatomical factors, whereas other
tests, such as flamingo balance, may be affected by additional
factors, such as training and personality, resulting in lower her-
itability. However, it is important to exercise caution when
drawing any firm conclusions about the size of heritability es-
timates due to the mainly overlapping CIs.

Our results on the shared genetic background between the
physical fitness tests are novel. Apart from the three sit-and-
reach tests, which showed nearly perfect genetic correlation
(rA ≥ 0.91), the genetic correlations between the physical fit-
ness tests varied from modest to moderate. In a Swedish study
using clinical measures of knee extension, hand grip, and el-
bow flexion strength, moderate genetic correlations were
found (rA = 0.43–0.54), supporting the conclusion that differ-
ent genetic components affect the performance of different
muscle groups (12). It is worth noting that we found relatively
high genetic correlations between tests measuring different
components of physical fitness. For example, standing long
jump showed a genetic correlation of 0.55 with flamingo bal-
ance, 0.60 with sit-ups, and 0.69 with shuttle run of 10 × 5 m.
Nevertheless, even when moderate, the genetic correlations
were much higher than the unique environmental correlations.
This shows that genetic factors underlie the covariance of dif-
ferent physical fitness tests as found in previous studies (7,12).
These genetic correlations also demonstrate that the correla-
tions between these physical fitness tests are not caused by in-
terindividual variation, as this variation is modeled as part of
unique environmental correlations.

The multidimensional structure of physical fitness can con-
tribute to the moderate or modest genetic correlations between
the physical fitness tests. Physical fitness is influenced by both
physiological factors, especially body composition (26), and
behavioral factors, particularly physical activity (27,28), which
2004 Official Journal of the American College of Sports Medicine
may also be influenced by genetic factors (29,30). The genetic
background of these physical fitness tests is likely multidi-
mensional, including genetic factors associated with body
composition, physical activity, and even motivation (31).
Thus, it is understandable that, for example, the genetic predis-
position to aerobic fitness develops lower limb strength and
balance, leading to genetic correlations between them.

From a clinical perspective, the moderate and modest
genetic correlations indicate little redundancy in the tests in-
cluded in these test batteries. The exception is the two sit-
and-reach tests from Fitnessgram, which seem unnecessary
considering their very high trait and genetic correlations. The
genetic correlations between trunk lift and the other tests were
generally low, suggesting that this test captures variation not
captured by the other tests. On the other hand, push-up, stand-
ing long jump, and 20-m shuttle run showedmoderate correla-
tions with nearly all other tests. Thus, if there is a possibility
for only one or a few tests, these tests are good options because
they capture variation from the whole test batteries. It is also
interesting that many of the unique environmental correla-
tions, even when small, were negative. This may suggest that
the performance in one test negatively affects the performance
in another test. Thus, extensive testing may decrease the reli-
ability of individual tests.

There is previous evidence that both family- (32) and
neighborhood-level factors can affect the physical fitness of
children (33). However, all these effects are shared by co-
twins and are thus modeled as part of shared environmental ef-
fects for which we did not find evidence. This is in accordance
with a previous study fromMadeira, which found little and un-
systematic differences in physical fitness among children from
high, average, and low socioeconomic status (34). These re-
sults suggest that there are no major differences between fam-
ilies and neighborhoods affecting physical fitness in our data.
However, these results can be context-specific, and in some
other populations, social-level factors can havemore influence
on the physical fitness in children.

Our data have both strengths and limitations. Our main
strength is the very detailed measures of physical fitness—15
tests from two widely used physical fitness test batteries—in
genetically informative data. To our knowledge, no previous
study has been able to analyze in such detail the common ge-
netic background of different physical fitness tests. In addi-
tion, Southern European populations are less well studied in
human genetics than Northern European and North American
populations of European ancestry. The children and adolescents
who participated in the examination did so voluntarily, along
with their twin siblings and parents. This may have increased
their motivation compared with a scenario where the tests were
conducted as part of physical education. Our main limitation is
that the sample size was too small to study any age differences,
and generally separating common environmental effects from
additive genetic effects needs considerable statistical power
(35).We did not find evidence that common environmental fac-
tors would affect the variation of physical performance. How-
ever, it is still possible that common environmental effects
http://www.acsm-msse.org
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may be present in early childhood but disappear as children
grow up and gain more independence, as found, for example,
for body mass index (24). This would require larger samples
and preferably longitudinal data to allow investigating how
much genetic factors contribute to the correlations of physical
fitness tests over age, as demonstrated previously (36). Twin
studies including standardized interventions would also be im-
portant to analyze the role of genetic factors in the response to
interventions. The extensive testing may also have negatively
influenced the motor performance of the children. This does
not affect genetic correlations but may have decreased unique
environmental correlations and make some of them negative.

CONCLUSIONS

In conclusion, genetic factors explain a major part of the
variation in tests from the Eurofit and Fitnessgram test batte-
ries and almost exclusively account for their mutual correla-
tions. However, the genetic correlations between the tests
mainly varied from modest to moderate, which may reflect
the multidimensional structure of physical fitness. Because
the genetic correlations are generally not high, there is not
likely to be redundancy in either of the Eurofit and Fitnessgram
test batteries. This is important because extensive testing can
negatively affect the validity of individual tests.
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