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ABSTRACT

The aim of this study was to examine the relationship between «nutritional status» and phy-
sical fitness of 903 (484 boys and 419 girls), 7-14-year-old Ellisras rural primary school children
of South Africa. «Nutritional status» was determined from anthropometric indices, i.e. weight-for-
age z-scores (WAZ) and height-for-age z-scores (HAZ). Physical fitness was assessed by 10x5
m shuttle run (SHR), standing long jump (SLJ), sit and reach (SAR), sit-ups (SUP), flamingo
balance (FLB), bent arm hang (BAH), plate tapping (PLT), 50m sprint and 1600m run as descri-
bed in EUROFIT and AAHPERD test batteries. Regression analysis was used to investigate the
relationship between anthropometric indicators of «nutritional status» and physical fitness para-
meters. Gender and age were included in the analysis as covariates. Results revealed that anth-
ropometric indicators of «nutritional status» were positively related to SLJ, SHR, SAR, FLB and
PLT, but inversely to BAH, 1600 meter run and 50m sprint. It can be concluded that «lower
nutritional status» was partially related to lower physical fitness. Especially the fitness tests,
which were not inversely related to body weight per se.
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Introduction South Africa, because of its socio-econo-

Poor nutritional status is a major pro-
blem in children of developing countries.
Poor nutritional status constrains the well-
being and full potential of a child (28)
which might have a negative health impact
later in life (9). Poor nutritional status is
acute in provinces, which are predominan-
tly rural like in the Limpopo Province of

mic status (8). Malnutrition can be classi-
fied as stunting (lower height-for-age),
which reflects chronic malnutrition and as
wasting (lower weight-for-age and weight-
for-height), which reflects acute malnutri-
tion for children (6). Low weight-for-he-
ight in African children were generally di-
stinguished from European children by a
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“tendency towards lower weight-for-age at
a given height”. Moreover, the long-term
consequences of stunting in children mi-
ght be a loss of physical work capacity and
health in later life (18).

Studies of undernutrition and physical
fitness of children in developed countries
have been done in Mexico (13, 14, 17),
Brazil (2, 24), Colombia (26) and few in
developing countries like Zaire (12), Sene-
gal (3, 4), and Mozambique (23). These stu-
dies generally show relatively lower physi-
cal performances in undernourished children
compared with well-nourished children, but
also stress the role of small body size in the
outcomes (3, 4, 23, 12, 24).

In South Africa, despite high prevalen-
ce of malnutrition (7, 19), little work has
been undertaken concerning the relation-
ships between anthropometric indicators of
nutritional status and physical fitness in
rural areas. A study conducted by Sloan
(25) on the interracial high school children
in Cape Town indicated that malnutrition
(indicated by height and weight) impaired
performance of African children than other
racial groups. Similar findings were ob-
served by Pienaar et al., (22) on growth
and motor performances in urban South
African children, which revealed that the
undernourished children suffered from
motor deficiency. It is not known that the
same trend will hold for rural primary
school children residing in Ellisras areas.
The purpose of this report is therefore, to
present initial cross-sectional data on the
relationship between anthropometric in-
dicators of «nutritional status» (as indi-
cated by height-for-age and weight-for-
age) and physical fitness of Ellisras rural
children of South Africa. It is assumed that
«lower nutritional status» as far as esti-
mated by anthropometric measurements
of height and weight will have a negative
effect on the performance of physical fit-
ness.

Methods
Geographical location

The participants of the study were 903
children (484 boys and 419 girls), betwe-
en 7-14 years of age who were drawn, from
rural villages situated within the north we-
stern area of the Limpopo Province of So-
uth Africa. These villages, situated appro-
ximately 70 km from the regional town of
Ellisras (23° 40S 27°44E), are adjacent to
the Botswana border. The Iscor coal mine
and Matimba electricity power station are
the major sources of employment for many
of the Ellisras rural residents, whereas the
remaining workforce are involved in sub-
sistence farming and cattle rearing, and a
minority in education and civil service.
Unemployment in the province is high,
being 46% in the 1996 Census. Many fa-
milies neither have access to electricity nor
have running water (27).

Subjects

The study was undertaken at 12 prima-
ry schools randomly selected from a total
of 68 primary schools within the Ellisras
area. Each of the 12 schools was assigned
an age category (7, 8, 9, 10, 11, 12, 13,
14), and only children whose verified age
was within the category for a particular
school were assessed. This means that in
all selected schools children within the age
7 and 14 were measured. Birth records were
obtained from the principals of each scho-
ol. Only those birth records that had been
verified against health clinic records were
used to determine the ages of the partici-
pants. Out of 930 children 27 children were
excluded due to non verified age. The stu-
dy therefore consisted of a total number of
903 children (7-14 years) who participa-
ted in the anthropometric measures and
physical fitness tests in 2001. The measu-
rements for anthropometric measurements
were collected between April and May, and
tests for physical fitness were performed
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between June and July by a team of 18 tra-
ined research assistants. The project was
approved by the Research Ethics Commit-
tee of the University of the North. Prior to
the study, the children and their parents
were informed about its objectives and pro-
cedures. Written consent was obtained for
each participant.

Anthropometric Measurements

Height and weight were measured ac-
cording to the standard procedures descri-
bed by the International Society for Ad-
vancement of Kinanthropometry (ISAK)
(21). A Martin anthropometer was used to
measure height to the last complete 0.1 cm
and a Schoenle electronic scale to measure
weight to the last complete 0.1 kg. Before
the survey was conducted all research team
members participated in an intensive two
weeks special training course conducted by
KD Monyeki (Level 3 — Criteria of ISAK)
to show a quality control of the survey. In
all the survey the intra-tester technical er-
ror of measurement (TEM) (between two
anthropometrist at the same station) ran-
ged from 0.1 to 0.5 cm for height and 0.1
to 0.2 kg for weight. The intra-tester (an-
thropometrist and Level 3 criterion) TEM
was between 0.1 to 0.3 cm for height and 0
to 0.2 kg for weight. This falls within the
recommendations of Norton and Olds (21).
Intra and inter tester correlation coefficients
for height and weight were r=0.98. All the
anthropometric measurements were taken
inside the different classroom by sex. He-
ight-for-age (HAZ) and weight-for-age
(WAZ) values were based on the NHAN-
NES II reference sample (11) and were
used as indicators for nutritional status.

Physical Fitness Measurements

Nine physical fitness tests (taken from
the EUROFIT (10) and AAHPERD (1) test
batteries) were performed by each subject.
The seven EUROFIT tests included: (1) 10
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x 5 m shuttle runs (SHR), designed to me-
asure running speed and expressed in se-
conds. (2) Standing long jump (SLJ), desi-
gned to measure explosive strength and
expressed in cm. (3) Sit and reach (SAR),
designed to measure back/upper thigh fle-
xibility and expressed in cm; (4) Sit-ups
(SUP), designed to measure functional
strength, and expressed in the number of
sit-ups in 30 seconds. (5) Flamingo balan-
ce (FLB), designed to measure static ba-
lance, and expressed in seconds. (6) Bent
arm-hang (BAH), designed to measure sta-
tic arm strength and expressed in seconds.
(7) Plate tapping (PLT), designed to me-
asure arm speed and expressed in the time
(in seconds) to achieve 25 taps. Additio-
nally, 50m sprinting and a 1600m run (both
expressed in seconds) were performed by
each participant according to the protocol
of American Association for Health, Phy-
sical Education, Recreation and Dance
(AAHPERD). Each school was visited
once a day for a period of six weeks (3
weeks scheduled for anthropometric me-
asures and 3 weeks for physical fitness).
The tests were carried out in an open field
in the morning, to avoid hot temperature.
The order of the measurements was as fol-
low: anthropometric measurements were
taken during April/May and followed by
physical fitness test in June/July. The phy-
sical fitness tests were arranged into 9 sta-
tions: 1) shuttle run, 2) plate tapping, 3)
standing long jump, 4) flamingo balance,
5) 50m sprint, 6) sit and reach, 7) sit-ups,
8) bent arm hang, and 9) 1600m and sprint.
For all tests which are stressful, 1 hour rest
was allowed so that children could reco-
ver between tests in agreement with the
observations by Benefice (3). Prior to the
survey, a pilot survey was conducted to
ascertain the reliability of the EUROFIT
and AAHPERD tests items. A total of 46
subjects of the same age groups as the ones
in the study who were not part of the stu-
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dy, but residing within the area repeated
the tests at 5 days interval. The following
Pearson’s test-retest reliability coefficients
were obtained: plate tapping (r=0.56-0.75),
standing long jump (r=0.76-0.86), flamin-
go balance (0.31-0.55), sit and reach
(r=0.58-0.74), 10x5m shuttle run (r=0.48-
0.68), sit-ups (0.51-0.75), bent arm hang
(0.33-0.60), 50m sprint (0.59-0.77), 1600m
run (0.58-0.79). This test-retest among the
research assistant was satisfactory.

Statistical Analysis

Since the data were approximately nor-
mally distributed means and standard de-
viations have been reported for all varia-
bles. Measurements of height-for-age z-
score (HAZ) and weight-for-age z-score
(WAZ) were used as continuous variables
and values of less than —2 SD were used as
indicators for a «low nutritional status».
Differences between boys and girls and
between different ages were analyzed with
independent sample t-tests. To analyze the
relationship between physical fitness (out-
come variables) and «nutritional status»
(independent variables) linear regression
analyses were used, adjusting for age and
gender. Furthermore, interactions between

the indicators for «nutritional status» and
both gender and age were added to all line-
ar regression models in order to investigate
whether the observed relationships were
different between age groups or between
boys and girls. All statistical analysis were
performed by the Statistical Package for the
Social Sciences (SPSS). The statistical si-
gnificance level was set at p<0.05.

Results

Table 1 shows the gender and age spe-
cific means and standard deviations (SD)
of height-for-age z-score (HAZ) and we-
ight-for-age z-score (WAZ). A significant
difference between boys and girls was ob-
served in WAZ in ages 7, 9 to 11 years. No
significant differences were noticed in
HAZ between boys and girls. Table 2
shows the gender and age specific means
and SD of the 9 fitness tests. The mean age
as derived from calendar age was 10
(SD=1.90) years for boys (n=484), and that
of girls (n=419) was 10 (SD=1.80) years.
All motor performances increase signifi-
cantly (p<0.05) with age. Significant sex
differences were found for standing long
jump, sit and reach, sit ups, bent arm hang,
sprinting and 1600m run.

Table 1. Mean (M) and standard deviation (SD) of anthropometric characteristics of the 7-14 years old

Ellisras rural children

Age Height-for-age z-scores Weight-for-age z scores
(Years) Boys| Girls | Boys Girls Boys Girls

n n M SD M SD M SD M SD

48 37 -0.06 (1.19) -0.07 (1.08) | -0.46 (0.91) -0.79 (0.87)*

61 56 -0.23 (0.92) -0.30 (0.98) | -0.94 (0.67) -0.80 (0.56)

73 67 -0.49 (1.02) -0.33 (0.70) | -1.05(0.57) -0.84 (0.45)*
10 &5 75 -0.55 (0.95) -0.44 (0.82) | -1.10(0.54) -0.84 (0.63)*
11 71 74 -0.46 (0.78) -0.42 (0.71) | -1.01 (0.37) -0.88 (0.48)*
12 93 72 -0.68 (0.82) -0.73 (0.88) | -1.03 (0.45) -1.04 (0.51)
13 35 26 -0.95 (1.00) -1.02 (1.00) | -1.29 (0.53) -1.25 (0.34)
14 18 12 -1.73 (0.98) -1.92 (1.63) | -1.83 (0.50) -1.61 (0.65)

*=indicate a significant difference between boys and girls (p<0.05).




| E97

(60" 0>d) S[13 pue sK0q U9AMIOQ IUSISYIP JUBILJIUSIS B AJRIIPUI=,
‘SPU029S="00s ‘I0JoWNUD =wd ‘Suey uire Juoq = v Surdde; ayerd = 71d ‘yoee1 pue J1s = YVS sdn 11s =g ‘oouereq oSurwe[y =g ‘dwnl Suof Surpuels = (S ‘uni a(nnys = YHS

NUTRITIONAL STATUS AND FITNESS OF RURAL SOUTH AFRICAN CHILDREN

(6'68) | (L'9S) | (9 [ (o) | (66) |(1T0oD | (') |(@D) |(@9 | (@S | | (19 | O | (1'9) | (9D |(€vD) | (1'D) | (T
+8CS | 80F 06 €8 €S | SIL | %181 | TSI [«S61 | I'PI | ¥'I1 | 861 €6 88 [x0'8EI| 9 ISI | «b0S | L0T 4! 81 vl
es) [(Svve)| 8D | ©D | €y |6 | 6D |G |[@y | €9 [L | &y | Sy | @ [ GvD [QvD | (€D | @D
«0S | 8¢€v €6 98 | x€¥ | TII | OLL | LT |«9LI | 8Tl |[«8€l | 6LI 6'8 6'8 [«TTHL| I'6¥1 | 91T | €1C 9T ¢ €l
(Ivy) | For) | 90 |60 | L) |F) |9 [6D [0 | 8 [F9 | &) | @) | O [GCsD (LD | €D | 9D
«01S | 0St I'6 68 | xLv | 68 | 691 | €Ll [«8LI| €l |SLL | SLI | TOI €6 |«9vEl | 6°0v1 | 6'1C | 81T L €6 4!
(€09) |1 | (1'D [ OD | 6v) | Q0 | D) | 82D | (19 | (19 |99 | (19 |6y | (€9 | (LD |(€sD | D | (61
«867 | 0SH ¥'6 16 |+€LT |« €L [«€LT | €81 | 691 | L'ST |«0SI| 181 €6 96 | v'eel | €LET | 1'CT | 81T YL IL 1
0€9) | (968) | (80) | (8°0) | (T8) |[(sL) | BD |6 |OH | (16) [(€9) | (89 |(€8) | (I'9) [ OvD s | (6D | (T
«0IS | 9S¥ | «86 | €6 8¢S €L |+061 | €0T |[«8SI| ¥¥l | 0Ll | TLL | S0l 86 |*C¥Cl|61€l | 8CC | 0°TC SL 8 01
(1'9) | (0er) | (60) [ (O | ®L | @ | O |0 |9y | (19 |9 | L9 |09 | (09 |ErD | (oD | LD | (1)
xCCS | YLV | %66 | L'6 | «9F% | I'L | €0C |90 |96l | €¥l 091 | TSI | 601 | €01 [«S6I1|96Tl | 9CC | 0CC L9 €L 6
#09) [ (1) | (60) | ('D | Wy |99 | (6D [(€) | B8 | @Y [FS) | (€9 | F9) | (9 [y [(0sD | @D | 8D
«8CS | 98Y |« 101 | L6 | «8€ | €9 |xCIC | +CC |S9l | ST | €SI | I'SL | €01 | LII | TLIL |OLIT | €€C | 8CC 9¢ 19 8
@®ch) |90 | (rD | oD | e |[we) |6y [y | | @y [@9 | @y |9 | 8L | &eD [6vD | (1) | (€0
«9%S | 9IS | S0 | S0l 67T 9¢ | TYC |8YT |¥PI | I'PI | 8% | 8€I | 0TI | SII | L€l | TIIT | €%T | 9T LE 81 L
as as as as as as as as as as as as as as as as as as
W W W W W W W W W W W W W W W W W W u u
S S
st | skog | spn | skog | st | skog | spin | skog | sHiD | skog | spiD | skog | s | skog | s | shog | s | skog | 111D Kog
(098) (099) (09s) (+098) (wo) (-098) (+098) (wo) (09s) (sreag)
uni woQ9| | juuds wpg HvVd I'ld AVS dns qd71d 1S AHS By

UAPIIYD [DANA SDASI]]H PJO SADIK p[-/ 2yl Jo $o1IS121000Yd ssaujtf (po1syd Jo (qS) uouviaap pivpupis puv () uvap g 91qeL,




NUTRITIONAL STATUS AND FITNESS OF RURAL SOUTH AFRICAN CHILDREN

E98 |

Table 3. Regression coefficients and 95% confidence intervals (CI) from the regression analysis relating

height-for-age z-scores and weight-for-age z-scores to strength parameters

Standing long jump

Bent arm hang

Sit-ups

Heigh-for-age
z-scores

3.83 (2.71 to 4.94)*

-0.26 (-0.75 to 0.24)

-0.21 (-1.18 to 0.77)

2.88 (1.20 to 4.55)%!3
5.32 (2.64 to 7.99)*

Weight-for-age
z-scores

0.90 (-1.51 to —0.29)*

0.10 (-1.11 to 1.32)

! Data for boys 2 Data for girls
* = p<0.05

3 A positive interaction with age

Table 4. Regression coefficients and 95% confidence intervals (CI) from the regression analysis relating
height-for-age z-scores and weight-for-age z-scores to running parameters

Shuttle run

1600 m run

50 meter sprints

Height-for-age
z-scores

-0.08 (-0.21 to 0.06)

1.10 (-2.47 to 4.65)

-0.16 (-0.32 to -0.09)*

Weight-for-age | 0.23 (0.03 to 0.42)*!

6.26 (1.87 to 10.65)*

-0.14 (-0.23 to -0.06)*

Z-Scores -0.26 (-0.60 to 0.08)?
! Data for boys 2 Data for girls
* = p<0.05

Table 5. Regression coefficients and 95% confidence intervals (CI) from the regression analysis relating
height-for-age z-scores and weight-for-age z-scores to flexibility, balance and arm speed

Sit and reach

Flamingo balance

Plate tapping

Height-for-age | 0.12 (-0.24 to 0.47)

Z-SCOres

0.63 (0.26 to 1.01)*

~0.47 (-0.78 to —0.16)*!
-0.75 (-1.08 to —0.42)*?

Weight-for-age | 0.74 (0.30 to 1.18)*

0.42 (-0.06 to 0.89)?

-0.25 (-0.60 to 0.10)"*

Z-scores -1.19 (-1.17 to —0.66)*?
! Data for boys 2 Data for girls * A positive interaction with age * A negative interaction with age
* —

= p<0.05

Tables 3, 4 and 5 show the results of
the linear regression analyses relating an-
thropometric indicators of «nutritional sta-
tus» (indicated by HAZ and WAZ) to
physical fitness of Ellisras rural children,
corrected for age and gender. Standing long
jump (Table 3) was positively related to
both HAZ and WAZ. A significant interac-
tion with gender was observed for WAZ,
so separate coefficients were calculated for
boys and girls. For boys, also a positive
significant interaction with age was found,
which indicates that the relationship betwe-
en WAZ and standing long jump for boys
increased with age. Bent arm hang was in-
versely related to anthropometric indica-

tors of «nutritional status», although only
for WAZ (regression coefficient (B) = -
0.90, 95% CI [-1.51; -0.29]), this inverse
relationship was significant. Sit-ups were
not significantly related to both HAZ and
WAZ. Table 4 shows the results regarding
the running parameters. For shuttle run
(only for boys) and 1600 meter run, a po-
sitive and significant relationship was fo-
und for WAZ (B =6.26, 95% CI [1.87,
10.65]), while for 50 meter sprint an in-
verse and significant (B =-0.14,95% CI [-
0.23;-0.06]) relationship was found. The
latter was also true for HAZ (B = - 0.16,
95% CI [-0.32; -0.09]), and these negative
associations indicates a better performan-
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ce. Looking at flexibility, balance and arm
speed (Table 5) anthropometric indicators
of «nutritional status» were related to a
better performance, i.e. positive relation-
ships were found between anthropometric
indicators of «nutritional status» and sit and
reach, and flamingo balance. Inverse rela-
tionships were found between anthropome-
tric indicators of «nutritional status» and
plate tapping. For the relationship betwe-
en flamingo balance and WAZ, a positive
interaction with age was found, indicating
that the magnitude of the relationships in-
crease with age, while for the relationship
between plate tapping and WAZ for boys a
negative interaction with age was observed.

Discussion

In this study, it was possible to analyze
the relationship between anthropometric
indicators of «nutritional status» as indi-
cated by height-for-age and weight-for-age
and physical fitness of 903 boys and girls
age 7-14 years in Ellisras rural area.

Regarding the relationship between an-
thropometric indicators of «nutritional sta-
tus» and physical fitness, the present re-
sults could not fully confirm the hypothe-
sis that «lower nutritional status» as far as
estimated by measurements of height and
weight is associated with a poorer perfor-
mance in physical fitness tests. In general,
such a relationship was found for standing
long jump, sprinting, sit and reach, flamin-
go balance, and plate tapping, while the
opposite was found for bent arm hang and
endurance running. So it seems that the
performance on tests which requires mu-
scle power, flexibility or balance are inver-
sely influenced by anthropometric indica-
tors of «nutritional status». In all the speed
test the negative associations with anthro-
pometric indicators of nutritional status
shows a better performance. Fitness tests
such as bent arm hang require muscle po-
wer, but are probably more influenced by
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the amount of body weight per se, and the-
refore for these physical fitness tests «lo-
wer nutritional status» was positively rela-
ted to performance.

The results of the present study are so-
mewhat different from the results reported
in other developed countries. In Brazilian
children for instance (24), it was revealed
that malnourished children generally sco-
re lower in tests of running speed, jumping
strength, long distance running and thro-
wing when compared to «normal» nouri-
shed children. Comparable findings were
reported in Senegal (4). In this study in
Senegalese children, two groups were for-
med according height-for-age and weight-
for-age. It was found that the «normal»
group performed better on all motor fitness
tests than the «undernourished» group. In
a more recent study performed in Mozam-
bique (23) not all fitness test performances
were influenced by «lower nutritional sta-
tus». The Mozambique study was based on
children aged 8 to 15 years. No differen-
ces between «nutrition» groups were ob-
served in sit and reach and 1600 meter run-
ning, while significant differences were
found in handgrip and 2400 meter running
in both boys and girls, and in 10 x 5 meter
shuttle run (only for boys) and in sit-ups
only for girls. Comparable to the results in
the present study, the significant differen-
ces in the long distance running were in
favor of the «lower nutritional status» gro-
up. All other significant differences were
in favor of the «normal» group.

One must realize that although many of
the relationships were statistically signifi-
cant (p<0.05), the amount of explained
variance by «nutritional status» was rather
low. This is probably due to the fact that
there are many other factors influencing the
results of the motor fitness tests performed
in the present study. First of all, body size
seems to play an important role in the per-
formance. Malina (15) and Spurr et al. (26)
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observed that in tasks where speed and
power are required, performance is normal-
ly reduced in small individuals coming
from populations at nutritional risk. Cultu-
ral factors are also suggested to have a
strong effect on performance of physical
fitness tests. Lack of motivation has been
reported as negatively affect fitness perfor-
mances in works done on African children
(12, 20). Inter-individual variation in ma-
turation at the onset of puberty also needs
to be considered because, especially in the
case of boys; early maturers tend to be
stronger and better in physical fitness than
late maturers (16). Unfortunately, reliable
information on maturation was not availa-
ble in the present study. Other factors that
can influence the performance on the phy-
sical fitness tests are the amount of habitu-
al physical activity (which is in general very
high for the population under study), so-
cio-economic status (which is in general
very low for the population under study,
and which is partly reflected in the anthro-
pometric indicators of «nutritional status»)
and genetic predisposition. Nevertheless
despite all these possible influences not
assessed in the present study, significant
relationships were observed between an-
thropometric indicators of «nutritional sta-
tus» and physical fitness. It should further
be noted that the relationships between
«nutritional status» and physical fitness
were more or less the same for «chronic
low nutritional status» (as indicated by low
height-for-age) and «acute low nutritional
status» (as indicated by low weight-for-
age).

From the results it can further be seen
that «acute low nutritional status» (as indi-
cated by low weight-for-age) of the boys
seems to be more reduced than for the girls
(except for children aged 7 years). Howe-
ver, this difference was not found for «chro-
nic low nutritional status» (as indicated by
low height-for-age). Furthermore, there is

an increasing trend in low nutritional sta-
tus with age. Similar findings were also
reported about African children in Gam-
bia (5) and Senegal (4). If we look at the
proportion of children who can be defined
as wasted (i.e. have values for weight-for-
age z-score lower than -2 SD), the propor-
tion was about 7% for boys and 5% for
girls. The proportion of subjects who were
stunted (i.e. have lower values for height-
for-age z scores lower than -2 SD) was
about 6% for both boys and girls. For both
stunting and wasting the proportion of sub-
jects generally increased with age.

An interesting aspect of the present stu-
dy is that a longitudinal study will be un-
dertaken, wherein the repeated measure-
ments are planned for both the anthropo-
metric indicators of «nutritional status» and
of the physical fitness tests in the future.
With this longitudinal information we will
be able to investigate whether the observed
relationships are consistent over time and
whether changes in anthropometric indi-
cators of «nutritional status» are related to
changes in physical fitness.

From the present study it can be conc-
luded that «lower nutritional status « as
indicated by height-for-age z-scores and
weight-for-age z-scores was associated
with lower physical fitness for those phy-
sical fitness tests for which muscle power,
flexibility or balance are important requ-
irements. «Low nutritional status» as indi-
cated by height-for-age z-scores and we-
ight-for-age z-scores was on the other hand
associated with better physical fitness for
those physical fitness tests, which are more
dependent on body weight per se.
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