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Abstract

Objective: To assess classical and non-classical metabolic risk biomarkers in
prepubertal children with different levels of cardiorespiratory fitness (CRF).
Design: CRF was assessed by the 20m shuttle run test. To estimate physical
activity, participants were observed while engaged in an after-school programme.
Additionally, a short test based on a validated questionnaire was used to obtain
information about physical activity practice and sedentary habits. Anthropometric
parameters, blood pressure, and classical and non-traditional metabolic risk
biomarkers — plasma lipid profile, glucose and insulin, homeostasis model
assessment—insulin resistance index (HOMA-IR), plasma uric acid, transaminases
and C-reactive protein (CRP) — were measured.

Setting: The study was conducted in local elementary schools in Cérdoba, Spain.
Subjects: One hundred and forty-one healthy children (eighty-eight boys, fifty-
three girls) aged 7-12 years, in Tanner stage I, were recruited. They were divided
into two groups after they performed the 20 m shuttle run test: equal or higher
cardiovascular fitness (EHCF) group and low cardiovascular fitness (LCF) group.
Results: The LCF group displayed significantly higher TAG (P = 0-004) and lower
HDL cholesterol levels (P=0-001), as well as significantly lower values for the
non-traditional lipid marker apo-Al (2= 0-001) compared with the EHCF group.
The LCF children displayed higher plasma glucose (= 0-003) and insulin levels,
higher HOMA-IR scores (P<0-001) and higher plasma uric acid and CRP levels
(P<0-05). After adjustment for BMI, age and sex, no statistically significant
differences were found between groups for the biomarkers analysed.
Conclusions: The study provides new information to understand the role not only
of weight status but also of the level of CRF on the metabolic health profile of
prepubertal children.
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Childhood

The metabolic syndrome (MetS) refers to the clustering
of cardiovascular risk factors driven by peripheral insulin
resistance. Data from recent studies involving a population
of children and adolescents indicate that the prevalence of
MetS varies between 3% and 12%". Suggestions for future
research include establishing which individual components
of the MetS cluster confer the greatest risk on future
morbidity in children. There is no universally accepted
definition of MetS in childhood® but for investigating
associations between cardiorespiratory fitness (CRF) and
metabolic risk, a total risk score has been calculated in
various studies as the sum of Zscores for the single risk
factors defining MetS"®.

However, the International Diabetes Federation con-
sensus defines MetS in children and adolescents as central
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obesity plus any two of the following classical para-
meters: (i) raised TAG levels, (ii) reduced HDL cholesterol
(HDL-C) levels, (iii) hypertension and (iv) elevated fasting
plasma glucose”. Moreover, some non-classical factors
such as plasma uric acid elevation have been associated
with features of insulin resistance; indeed, it has been
suggested that uric acid could be a key link for the diagnosis
of MetS in obese prepubertal children®. The homeostasis
model assessment—insulin resistance index (HOMA-IR) and
levels of total cholesterol, LDL cholesterol (LDL-C), apo-Al
and apo—B(S’”, transaminases™ and C-reactive protein
(CRP)® are also altered in children with MetS, but they
are considered non-traditional features of MetS.

Going from moderate to high levels of CRF has con-

sistently been associated with a lower risk of developing
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MetS, CVD or type 2 diabetes’”. CRF involves a set of
health or skill-related attributes with a strong genetic
component that remains relatively static, needing some
time to change, and it is assessed using a battery of field
tests. Nevertheless, variability in CRF is known to influence
metabolic status”. Physical activity (PA) is often used
interchangeably with energy expenditure and physical
fitness and has been defined as any bodily movement
produced by skeletal muscles which results in energy
expenditure. Some authors suggest that CRF and PA may
affect metabolic risk but the relationship is weak and they
may act through different pathways""!? .

In children, some studies have shown that CRF is
independently associated with clustered metabolic risk
factors" ¥, Non-traditional factors have been also
researched in children in relation to CRE®'?. Nevertheless,
further research is needed to ascertain whether changes in
fitness in the general population of children predict changes
in cardiovascular risk profile and whether fitness and fatness
independently influence metabolic risk®'>. Thus the aim of
the present study was to assess classical and non-classical
metabolic risk biomarkers, including insulin resistance,
plasma lipid profile, uric acid, liver transaminases and CRP,
in prepubertal healthy children with different levels of CRF.

Experimental methods

Participants and design

A group of 141 healthy children, eighty-eight boys (=10
years, n 52; >10 years, n 36) and fifty-three girls (all =10
years), at prepubertal stage was selected from local ele-
mentary schools in Cordoba, Spain. Children were asked
to perform a 20 m shuttle run test (20-mSRT) in order to
evaluate their CRF.

Inclusion criteria were age 7—12 years and prepubertal
stage (Tanner stage D), as validated by appropriate plasma
sex hormone levels. Exclusion criteria were as follows:
presence of pubertal development, disease, long periods
of rest after illness, use of any medication that alters blood
pressure or glucose or lipid metabolism, consumption of
any special diet and failure to get the same record reached
in the first attempt in the 20-mSRT®. Written informed
consent was obtained from parents or legal guardians and
the study was approved by an institutional ethics committee
at the University Reina Sofia Hospital.

The validated scale developed by Olds et al'” was
used to measure CRF after the 20-mSRT. The test perfor-
mances are expressed as mean and standard deviation
relative to all children of similar age and sex from all
countries. In the present study, children were split into two
groups according to the methodology used in previous
studies"®”; (i) the children recording a score equal to or
greater than the average reference value (seventy-five par-
ticipants) were assigned to the group designated ‘equal or
higher cardiovascular fitness’ (EHCF); and (i) those with
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less-than-average scores (sixty-six —participants) were
assigned to the group ‘low cardiovascular fitness’ (LCF).

Furthermore, children were divided into quintiles after
estimating their Voomax Obtained by cross-referencing the
final level and shuttle number completed, using the for-
mula developed by Leger et al®” (¥, ml/kg body weight
per min), from the speed (X, km/h) corresponding to
that stage (speed = 8+0-5 stage no.) and age (4, years):
Y = 31:025 4+ 3-238X —3-2484 + 0-15364AX.  Voomax
correlates oxygen consumption with exercise duration,
and estimated relative Voonax and extrapolated absolute
Vozamax are used to determine fitness. Thus top and bot-
tom groups were compared.

Pbhysical examination and measurements
Anamnesis and a physical examination were assessed by
paediatricians despite illness in all of the children. Sexual
maturity was observed by physical examination according
to the Tanner five-stage scale®".

Weight and height were measured by standard techni-
ques, using a beam balance and a precision stadiometer
(SC700; Seca, Hamburg, Germany), with participants lightly
dressed and barefooted. BMI was calculated as weight
(kg)/[height (m)>. Waist circumference was measured in
duplicate with an inelastic tape according to standardized
methods. These anthropometric measurements were com-
pared with Spanish reference standards®*** and with the
age- and sex-specific cut-off points proposed by Cole
et al®? to define obesity. Thus we ensured that most of the
children of the study were healthy.

Systolic and diastolic blood pressures (BP) were measured
in the right arm in a sitting position, using a random-zero
sphygmomanometer (Dinamap V-100; GE Healthcare,
Spain) after the participants had rested without changing
position for at least 5 min.

Children were observed while engaged in an after-school
programme at least three times weekly for at least 1 year to
estimate PA. Additionally, a short test based on the validated
questionnaire of the National Institute of Child Health
and Human Development® was used for both groups to
obtain information about PA practice and sedentary habits.

Evaluation of cardiorespiratory fitness
Standardized Eurofit battery tests*** were performed to
evaluate fitness; the 20-mSRT was used to assess CRF, and
upper and lower body strength were also evaluated.

The 20-mSRT required participants to run back and forth
between two lines set 20 m apart. Running speed started at
8-5km/h and increased by 0-5km/h each minute, reaching
18-:0 km/h at minute 20. Running speed cues were indicated
by signals emitted by a commercially available CD-ROM.
Participants were allowed to voluntarily withdraw from the
test after being verbally encouraged to maximally perform
during each assessment. The test finished when the parti-
cipant failed to reach the finishing lines concurrent with the
audio signals on two consecutive occasions'®”.
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Upper-body muscular strength was assessed by means
of the handgrip strength and the bent arm hang tests with a
digital hand dynamometer (Takei TKK Q4-5110, precision
0-1 kg and range 5 to 100kg; Takei Scientific Instruments
Co., Ltd, Niigata, Japan) and another test evaluating the
number of abdominals performed within 30s. Lower-body
muscular strength was assessed by using the standing
broad jump test.

Sampling

Baseline fasting blood samples were obtained from all
children using an indwelling venous line to draw a 3 ml
sample for the measurement of plasma glucose and
insulin levels, lipid profiles and uric acid levels.

Biochemical analysis

Fasting gonadotrophins and sex hormones — follicle sti-
mulating hormone (CV =3-6%), luteinizing hormone
(CV=31%), testosterone (CV=2%) and oestradiol
(CV=1-8%) — were measured by chemiluminescence
using an automatic analyser (Architect 14000; Abbott
Laboratories, Abbott Park, IL, USA) to validate that the
children selected by clinical signs and Tanner stage were
truly prepubertal.

Glucose was analysed using the glucose oxidase method
in an automatic analyser (CV =1%). Plasma TAG (CV =
1-5%)), total cholesterol (CV = 0-9%), HDL-C (CV = 0-8%),
LDL-C (CV = 1-5%), apo-Al (CV = 1-7%), apo-B (CV = 2-6
%), uric acid (CV=19%), aspartate aminotransferase
(CV = 1-7%), alanine aminotransferase (CV = 3%) and CRP
were also measured using an automatic analyser (Accel-
erator APS system, Architect-c16000; Abbott Laboratories).
CRP (CV = 4 %) was measured by particle-enhanced turbidi-
metric immunoassay (Dade Behring Inc., Deerfield, IL,
USA). Plasma insulin was analysed by RIA with an automatic
analyser for microparticles (Axsym; Abbott Laboratories).
Insulin resistance was calculated by means of HOMA-IR,
defined by the equation: HOMA-IR = [fasting glucose
(mmol/D X fasting insulin (WU/mD]/22-5.

The criteria using classical features agreed by the
International Diabetes Federation in 2007 were used in
the present study to estimate the presence of MetS in the
sample of prepubertal children.

Statistical analysis

Data were expressed as means and standard deviations.
Normal distribution of data was assessed by the Shapiro—
Wilk test. Homogeneity of variances was estimated using
the Levene test. Comparison of means between groups for
continuous variables with normal distribution was done
using Student’s ¢ test for unpaired samples and for those
with an asymmetric distribution by the Mann—Whitney U
test. The x* test was applied for comparison of proportions.
Comparisons between the two groups of children after tests
were performed using analysis of covariance after adjusting
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for age, sex and BMI. Correlations between variables were
assessed using Pearson’s test.

Cohen typified differences (d) in the studied parameters
between children in the top and bottom quintiles of fitness
and effect size correlation were calculated in order to
quantify the magnitude of the difference (effect size).

The statistical software package PASW® Statistics 18 (SPSS
Inc., Chicago, IL, USA) was used for all statistical analyses.

Results

Anthropometric and BP measurements and PA performance
between groups of children with different levels of CRF are
shown in Table 1. BMI and waist circumference values were
significantly higher in the LCF group than in the EHCF
group but none of these children were obese. There were
no differences in BP levels between both groups.

For the Eurofit physical test battery, the EHCF group dis-
played significantly higher results in the abdominals test and
the horizontal jump test; no between-group differences were
observed in the dynamometry test. Most children (72%) in
the EHCF group practised PA regularly in an after-school
programme (Table 1). A positive significant correlation was
observed between CRF and PA (r= 0-346; P<<0-001).

Results for classical MetS biochemical parameters were
as follows: the LCF group displayed significantly higher
TAG and lower HDL-C levels, as well as significantly
lower values for the non-traditional lipid marker apo-Al
(Fig. 1. The LCF group also displayed significantly higher
plasma glucose (Fig. 2(a)) and insulin (Fig. 2(b)) and
HOMA-IR scores (Fig. 2(¢)).

Table 1 Anthropometric parameters, blood pressure and physical
activity as a function of cardiorespiratory fitness level in healthy
prepubertal children (n 141) aged 7—12 years, Cérdoba, Spain

EHCF group (n 75) LCF group (n 66)

Variable Mean SD Mean SD P
Age (years) 9-57 1-20 9-68 1-09 0-5708
Weight (kg) 38-35 9-58  45-89 12-54 <0-0001
Height (cm) 142-33 9-51 14474 8-85 0-1229
BMI (kg/m?) 18-69 2-89 2155 3-99 <0-0001
WC (cm) 63-20 7-64 71-21 11-56 <0-0001
SBP (mmHg) 120-00 10-36 12325 16-09 0-1527
DBP (mmHg) 66-94 9-14  67-32 10-53 0-8213
20-mSRT (periods) 4-91 1-79 2-12  0-87 <0-0001
Abdominals (no.) 14-55 5-52 11-94 5-22  0-0047
HJ (m) 1-35 0-19 116  0-17 <0-0001
RHD (kg) 16-00 4-47 1690 512 0-2734
LHD (kg) 1516 4-23 1634 622 0-1869
PPA (%) 72 42 0-0007t

EHCF, equal or higher cardiovascular fitness; LCF, low cardiovascular fit-
ness; WC, waist circumference; SBP, systolic blood pressure; DBP, dia-
stolic blood pressure; 20-mSRT, 20m shuttle run test; abdominals,
abdominal exercises; HJ, horizontal jump; RHD, right hand dynamometry;
LHD, left hand dynamometry; PPA, performed physical activity.

*Statistical significance after application of a Student ttest to data expressed
as mean and sb.

t+Statistical significance after application of a y® test to data expressed as a
percentage.
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Fig. 1 Lipid biomarkers (TC, total cholesterol; HDL-C, HDL
cholesterol; LDL-C, LDL cholesterol) in healthy prepubertal
children (n 141) aged 7—12 years, Cérdoba, Spain, according
to cardiorespiratory fitness (I, equal or higher cardiovascular
fitness (EHCF) group; M, low cardiovascular fitness (LCF)
group). Values are means and standard deviations repre-
sented by vertical bars; P values indicate statistical signifi-
cance after application of a Student t test to the data
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Fig. 2 Insulin resistance biomarkers in healthy prepubertal
children (n 141) aged 7—12 years, Cérdoba, Spain, according
to cardiorespiratory fithess ({7, equal or higher cardiovascular
fitness (EHCF) group; M, low cardiovascular fitness (LCF)
group): (a) plasma glucose; (b) plasma insulin; (c) homeostasis
model assessment-insulin resistance index (HOMA-IR).
Values are means and standard deviations represented by
vertical bars; P values indicate statistical significance after
application of a Student t test to the data

With regard to non-classical MetS biomarkers, the EHCF
group had significantly higher aspartate aminotransferase
levels (Fig. 3(a)), and CRF was associated with this transa-
minase (7= 0-206; P=0-002). Plasma uric acid (Fig. 3(b))
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Fig. 3 Non-traditional biomarkers in healthy prepubertal
children (n 141) aged 7-12 years, Cordoba, Spain, according
to cardiorespiratory fithess (7, equal or higher cardiovascular
fitness (EHCF) group; B, low cardiovascular fitness (LCF) group):
(a) aspartate aminotransferase (AST); (b) uric acid; (c) C-reactive
protein (CRP). Values are means and standard deviations
represented by vertical bars; P values indicate statistical
significance after application of a Student t test to the data

and CRP levels (Fig. 3(c)) were significantly higher in the
LCF group than in the EHCF group.

After adjustment for BMI, age and sex, no significant
differences were found between groups for the bio-
markers analysed. However, using the criteria suggested
by Zimmet et al”, 4-25% of the children were diagnosed
as having MetS and all of them belonged to the LCF
group. In the correlation analysis, CRF was inversely
associated with HOMA-IR (r= —0-240; P=0-05), TAG
(r=—0-196; P=0-023), LDL-C (r= —0-227; P=0-008)
and uric acid (r= —0-178; P=0-042).

Moreover, when we compared the top and the bottom
quintiles after estimating Voomax data, we found differ-
ences between these groups regarding age, height and
systolic and diastolic BP. Children included in the bottom
quintile were older and taller and showed higher BP
levels than the children in the top quintile, who presented
better CRF levels. Apart from the results obtained in
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Table 2 Comparison between the top and bottom quintiles of the studied parameters after estimating Voomax: healthy prepubertal children

(n 141) aged 7—-12 years, Cérdoba, Spain

Quintile 1 (n 30)

Quintile 5 (n 29)

Variable Mean SD Mean SD P Typified difference (Cohen d) Effect size
Age (years) 10-33 0-96 9-37 1-30 0-002 0-84 0-39
Weight (kg) 51-72 13-73 35-03 6-29 <0-001 1-56 0-62
Height (cm) 148-72 9-88 140-40 6-83 <0-001 0-98 0-44
WC (cm) 76-33 1117 60-73 5-45 <0-001 1-78 0-66
SBP (mmHg) 129-60 15-30 118:03 11-45 0-002 0-86 0-39
DBP (mmHg) 71-27 9-23 65-14 9-61 0-015 0-76 0-35
BMI (kg/m?) 23-04 4-27 17-69 2-38 <0-001 1-55 0-61
TC (mg/dl) 176-34 35-62 169-10 23-38 0-364 0-24 0-12
HDL-C (mg/dl) 52-96 10-54 61-48 10-18 0-003 -0-82 —0-38
LDL-C (mg/dl) 111-54 25-92 95-62 18-56 0-010 0-71 0-33
Apo-A1 (mg/dl) 139-10 18-84 152-83 15-88 0-001* -0-79 -0-37
Apo-B (mg/dl) 77-55 15-05 67-00 11-20 0-004 0-79 0-37
TAG (mg/dl) 72-43 20-53 57-96 17-38 0-003* 0-76 0-35
Glucose (mg/dl) 82-44 7-38 82:26 6-84 0-884 0-03 0-01
HOMA-IR 2:07 1-01 1-05 0-58 <0-001 1-24 0-53
CRP (mg/l) 1-61 1-33 1-29 1-64 0-115* 0-21 0-11
AST (UI/l) 22-48 5-70 27-50 4-63 <0-001* -0-97 —0-44
ALT (UI/T) 22-31 28-05 17-38 6-85 0-779* 0-24 0-12
Uric acid (mg/dl) 4-02 1-13 3:15 0-75 0-001 0-91 0-41

Quintile 5, top quintile with the best fitness; quintile 1, bottom quintile with the worst fitness; WC, waist circumference; SBP, systolic blood pressure; DBP,
diastolic blood pressure; TC, total cholesterol; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; HOMA-IR, homeostasis model assessment—insulin resistance
index; CRP, C-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase.

*Statistical significance after application of the Student t test or the Mann—-Whitney U test to data expressed as mean and sp; Cohen d and effect size analysis

has been done for these groups.

relation to EHCF and LCF groups, we also found higher
LDL-C and apo-B levels in the lower quintile (Table 2).

As far as the top and bottom quintiles are concerned,
we did not find relevant differences between groups due to
the effect size when Cohen’s d and effect size correlations
were applied. Most of these values were between 0-2 and
0-8 (Table 2), which indicates a moderate effect size.

Discussion

In the present study, the major finding was that prepubertal
children in the LCF group (with low CRF) displayed higher
levels for some MetS risk factors such as lipid profile and
insulin resistance and for certain non-traditional markers
such as uric acid and CRP than did children in the EHCF
group. After adjustment for BMI, age and sex, there were
no significant between-group differences, suggesting a
probable influence of body mass on fitness condition.
Moreover, the correlations between traditional and non-
traditional risk factors of MetS suggest that individual
components of MetS might be influenced by CRF.
Paediatric data are inconsistent regarding whether fit-
ness or fatness is most relevant to health outcomes in
children. Only recently, a small number of prospective
studies systematically examined the independent and
joint associations of CRF and body mass with health
outcomes®. Some research in children suggests that CRF
has a protective influence on metabolic health'"*”
whereas other studies report that the effects of fitness
may be indirect, mediated through its relationship to
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fatness(zg’so);

cardiovascular risk than CR

In the present study, CRF was assessed using the
20-mSRT”; since this is a weight-bearing activity,
the test might conceivably prompt overestimation of the
relationship between CRF and both fatness and MetS risk
factors. In other studies, however, measures were not
modified by weight status"” and others support the
validity of using clinical measurements of physical fitness
to predict insulin resistance. Low CRF is strongly associated
with high BMI and recent investigations suggest that
further research is required to explore more fully this
relationship">*”*". The results obtained in the current
study provide additional information about non-traditional
metabolic factors in prepubertal healthy children in relation
to different levels of CRF and the influence of fatness.

In the present work, children in the EHCF group had
lower BMI and a better metabolic profile (lower levels of
TAG and higher levels of HDL-C and apo-Al, and lower
levels of insulin and HOMA-IR) than did children from the
LCF group, suggesting that children with good CRF seem to
have better weight status and enjoy better metabolic health.
Moreover, this group had lower uric acid and CRP levels.
Similarly to our study, higher cardiovascular fitness has
been associated with a favourable metabolic profile’!?.

The inverse association seems to be consistent with
some findings in adolescent studies®*~* although others
do not find these associations with insulin resistance
markers®”. The clinical value of fasting glucose as a risk
biomarker has been questioned, although in our study
there were significant differences between CRF groups.

fatness appears to be more predictive of
p(1213
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In the LCF group, glucose, insulin and HOMA-IR were
higher than in the EHCF group, although neither group
reached pathological levels (Fig. 2(c)). After adjustment
for BMI, however, there were no significant between-
group differences, suggesting an influence of body mass
on glucose metabolism. In a sample of 1140 children,
Ruiz et al"® found a positive association between these
parameters and body fat after adjusting for CRF, and a
negative association between both HOMA-IR and fasting
insulin and CRF. This inverse association appears to be
consistent with findings in adolescent research®?3%
although these associations with insulin resistance mar-
kers are not reported in other studies*®. Indeed, HOMA-
IR has been independently associated with lower CRF in
children™>?73® and an inverse correlation between
HOMA-IR and PA has been also reported®?.

High CRF is associated with low levels of TAG,
suggesting that CRF more than PA influences the lipid
profile®®> . Another remarkable result in the present
study was that 72% of the children who performed PA
were in the EHCF group. PA has been inversely associated
with metabolic risk factors®” independently of CRF and
adiposity"*'V. However, in other studies, its relationship
was attenuated™” or unchanged” even after further
adjustment according to adiposity"® and CRF. Research
suggests that exercise training improves glucose metabo-
lism“?, inflammation® and both lipid and lipoprotein
profiles, thus highlighting the impact of PA on cardio-
vascular risk“?. In our results, the positive significant
correlation between PA and CRF may indicate the influ-
ence of the different pathways involved in either PA or
CRF. PA may thus exert an independent beneficial effect
on health regardless of fatness™".

To study these relationships, several studies have used
mixed populations of children and adolescents>*® | thus
ignoring to evaluate the pubertal state. Puberty is asso-
ciated with a decrease in insulin sensitivity(47); due to this,
working only with prepubertal children can reduce this
effect. Nevertheless, little research has been done with
homogeneous sub-populations'®'"¥” In fact, the low sig-
nificance in the results of the present study may partly be due
to the early age of our groups.

With regard to non-traditional markers, a decline in
plasma apo-Al levels has been associated with low levels
of HDL-C, and thus with increased cardiovascular risk™”.
In the present study, the LCF group displayed lower levels
for these lipid parameters than the EHCF group (Fig. 1).
Moreover, although uric acid has been put forward as a
new biomarker for metabolic risk in childhood obe-
sity®* its relationship to CRF or PA has not been ana-
lysed. Only a study in patients with type 2 diabetes
mellitus showed that uric acid was negatively associated
with CRF“”. Children from the LCF group of the present
study had higher uric acid levels than EHCF children
(Fig. 3(b)), suggesting that CRF may improve this meta-
bolic alteration; a significant negative correlation was
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also noted between uric acid and CRF. Nevertheless,
aspartate aminotransferase was higher in the EHCF group
(Fig. 3(a)). The increase in liver transaminases has usually
been associated with other components of MetS, particularly
insulin resistance; some authors have found a relationship
between alanine aminotransferase and CRF or PA in
youth®** despite no changes being reported by others®”.

An increase in pro-inflammatory cytokines and acute-
phase reactants has been associated with cardiovascular
risk factors. CRP is an indicator of a range of inflammatory
processes of both vascular and non-vascular origin; ele-
vated CRP may reflect a pro-atherogenic metabolic state
that predisposes to atherothrombotic events®". Recent
studies in children have shown strong evidence for the
association between CRP increase and various markers
for MetS"H>? | diabetes mellitus and CVD®>| and it has
been reported that other potential factors and processes
such as reduced CRF could contribute to low-grade
inflammation in apparently healthy individuals. Here, the
EHCF group had lower CRP levels than the LCF group
(Fig. 3(c)). In prepubescent children, CRF has been
inversely associated with CRP“?.

Concerning effect size results, there was little or mod-
erate effect size in the present study. Moreover, none of
the P values for the parameters compared between top
and bottom quintiles groups were near significance. So,
perhaps effect size did not have had an important role.

Finally, the International Diabetes Federation con-
sensus report was used to evaluate associations of CRF
with MetS, leaving aside the summarized metabolic risk
score due to some limitations™. In a longitudinal study
by McMurray et al®®, children with MetS (4:6%) had
lower PA levels and CRF outcomes than the non-MetS
group. Some 4-25 % of prepubertal children in the current
study presented MetS; these children belonged to the LCF
group and did not perform PA. A similar percentage has
been reported in another study of children”. The clas-
sical features for MetS appear to be present even in our
general prepubertal paediatric sample and to be related to
low CRF. It is therefore important to clarify the impact of
CRF and PA on non-traditional risk factors in children.

In relation to overall public health, new research is
needed to evaluate metabolic risk as well as the factors
related to it in children with low fitness measured by
Voamax, in different stages and ages. This would con-
tribute to establish the groups with health risk in child-
hood that could benefit from scheduled PA programmes.

Conclusions

The metabolic health profile of prepubertal children dis-
playing high levels of CRF is characterized by low TAG,
HOMA-IR, uric acid and CRP levels, and higher levels of
HDL-C and apo-Al, compared with children with low
CRF. The present study provides new information to
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understand the role not only of weight status but also
of the level of CRF on the metabolic health profile in
prepubertal children in relation to traditional and non-
traditional metabolic risk factors.
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