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OBJECTIVE

To investigate 1) differences in cardiometabolic risk and HOMA of insulin resistance
(HOMA-IR) across BMI categories (underweight to morbid obesity), 2) whether fit
children have lower cardiometabolic risk/HOMA-IR than unfit children in each BMI
category, and 3) differences in cardiometabolic risk/HOMA-IR in normal-weight unfit
children and obese fit children.

RESEARCH DESIGN AND METHODS

A pooled study including cross-sectional data from three projects (n = 1,247 children
aged 8–11 years). Cardiometabolic risk was assessed using the sum of the sex- and
age-specific z scores for triglycerides, HDL cholesterol, glucose, and the average of
systolic and diastolic blood pressure and HOMA-IR.

RESULTS

A significant linear association was observed between the risk score and BMI cate-
gories (P trend£0.001), with every incremental rise in BMI category being associated
with a 0.5 SD higher risk score (standardizedb = 0.474, P < 0.001). A trendwas found
showing that as BMI categories rose, cardiorespiratory fitness (CRF) attenuated the
risk score, with the biggest differences observed in the most obese children (20.8
SD); however, this attenuation was significant only in mild obesity (20.2 SD, P =
0.048). Normal-weight unfit children had a significantly lower risk score than obese
fit children (P < 0.001); however, a significant reduction in the risk scorewas found in
obese fit compared with unfit children (20.4 SD, P = 0.027). Similar results were
obtained for HOMA-IR.

CONCLUSIONS

As BMI categories rose so did cardiometabolic risk and HOMA-IR, which highlights
theneed for obesity prevention/treatment programs in childhood. Furthermore, CRF
may play an important role in lowering the risk of cardiometabolic diseases in obese
children.
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Childhood obesity is a great public health
problem (1), and this is of serious concern
as it is associated with a cluster of cardio-
metabolic risk factors such as dyslipide-
mia, hypertension, and insulin resistance
(2). Measuring insulin resistance is impor-
tant as it is a precursor to type 2 diabetes,
with the HOMA of insulin resistance
(HOMA-IR) being themost commonmea-
sure of insulin resistance in large-scale
studies (3,4).Metabolic syndrome (MetS)
has been defined in adults (5); however,
no consolidated definition has been cre-
ated for children and adolescents to date
(6). Many studies have investigated the
prevalence of cardiometabolic risk scores
or factors versus BMI categories in chil-
dren and have shown that higher BMI
categories have a greater prevalence of
unhealthy cardiometabolic risk factors
(7–10). However, to date, no study has
looked at the effect of severe or morbid
obesity on cardiometabolic risk in Euro-
pean children.
Cardiorespiratoryfitness (CRF) is an im-

portant marker of health in children and
adolescents (11,12); however, the role of
CRF in the aforementioned associations
remains to be elucidated. Currently, there
is no firm evidence regarding if CRF has
an effect on cardiometabolic risk factors
irrespective of adiposity (13,14). A medi-
ation analysis investigating the role of
BMI on the association between cardio-
metabolic risk and CRF observed that BMI
had a strong effect on the association be-
tween levels of CRF and components of
MetS in children (8). More studies are
needed to better understand the rela-
tionship between CRF and cardiometa-
bolic risk throughout BMI categories in
children.
The fat but fit paradox denotes individ-

uals who are considered obese but have
moderate-to-high CRF (15), and evi-
dence indicates that fat but fit adults
do not have a significantly higher risk of
mortality from cardiovascular disease
than normal-weight unfit adults (15). In
children/adolescents, evidence regarding
this paradox is inconsistent (8,16–21). It
is noteworthy that the majority of stud-
ies in this age-group used a median split
for both fitness and fatness categories
and not standardized cut points. Re-
cently, Tomkinson et al. (22) created sex-
and age-specific centiles for CRF from
the 20-m shuttle run using over one mil-
lion children/youth from 50 countries,
which will allow for more accurate,

universal, and standardized classifica-
tion of CRF.

Given the inconsistent results regard-
ing the influence of CRF on the associa-
tion of fatness with cardiometabolic
risk in children/youth, we pooled data
together from three projects in 8- to 11-
year-old Spanish children to investigate
the following: 1) differences in cardiome-
tabolic risk and HOMA-IR across BMI cat-
egories (underweight to morbid obesity),
2) whether fit children have significantly
lower cardiometabolic risk scores and
HOMA-IR than unfit children in each
BMI category, and 3) differences in cardi-
ometabolic risk scores and HOMA-IR in
normal-weight unfit children versus
obese fit children (fat but fit paradox).

RESEARCH DESIGN AND METHODS

Study Design and Population
We used a relatively large-scale study
(MOVI-2) (23), which included .1,000
children. We then complemented this
data with two other projects with chil-
dren of similar age (ActiveBrains [24] and
EFIGRO [25]) where the children were
overweight or obese in order to increase
the sample size for mild, severe, andmor-
bid obesity (i.e., type I, II, and III obesity),
which is the main focus of this paper. This
study used the baseline data from the
three projects and included a total of
1,247 children aged 8–11 years (n =
1,067 MOVI-2, n = 92 ActiveBrains, and
n = 88 EFIGRO). All parents/caregivers
provided written, informed consent, and
each study was approved by the local
authorized institutional review boards
and complied with the Declaration of
Helsinki. All three trials were registered at
clinicaltrials.gov (MOVI-2: NCT01277224;
ActiveBrains: NCT02295072; and EFIGRO:
NCT02258126).

Measurements

Anthropometry and Covariates

Weight and height were measured when
the children were wearing minimal cloth-
ing and no shoes using an electronic scale
and wall stadiometer, respectively. BMI
(kg/m2) was calculated as weight (kg) di-
vided by height (m) squared. The cut
points established by the World Obesity
Federation (http://www.worldobesity
.org/) were used to classify the children
into BMI categories from underweight to
morbid obesity (26,27). In regards to per-
centiles, severe and morbid obesity in

children correspond to the 99.8th and
99.95th percentile, respectively (26,27).
Parental education was self-reported,
and the highest level of parental educa-
tion in the household was used in sensi-
tivity analyses.

Cardiometabolic Variables

As previously described (23–25), blood
samples and blood pressure were col-
lected after an overnight fast according
to standardized procedures. Mean arte-
rial blood pressure (MAP) was calculated
as diastolic blood pressure + (0.333 3
[systolic blood pressure2 diastolic blood
pressure]). HOMA-IR was calculated as
(fasting insulin [mU/L] 3 fasting glucose
[mg/dL])/405.

Using the above components, we cal-
culated two cardiometabolic risk scores
(MetS score 1 and MetS score 2) based
on sex- and age-specific z scores. Z scores
were calculated using data from MOVI-2
that included all BMI categories (23).
MetS score 1 for all children was com-
puted using the sum of the sex- and age-
specific z scores for the classical variables
included in the most-used and well-
accepted definition of MetS, i.e., triglyc-
erides (TG), HDL cholesterol, glucose, and
the average of systolic and diastolic blood
pressure (28). MetS score 2, created by
Martı́nez-Vizcaı́no et al. (29,30), has
shown good structural validity in cross-
sectional and longitudinal studies in
children and was calculated as the sum
of the sex- and age-specific z scores for
TG-to-HDL ratio, MAP, and fasting insulin.
Finally, we computed the z score for both
cardiometabolic risk scores and HOMA-
IR, which were used in the analyses.
Higher scores indicate greater cardiome-
tabolic risk.

CRF

CRF was assessed using the 20-m shuttle
run test (31). The children ran between
two lines 20 m apart with an initial run-
ning speed of 8.5 km/h, which increased
by 0.5 km/h each minute. The test end-
ed when a child failed to reach the end
lines on two consecutive occasions or
if the child stopped due to exhaustion.
The children were then classified as fit
($20th centile) or unfit (,20th centile)
using the sex- and age-specific centiles
created by Tomkinson et al. (22), which
is in accordance with the standard defini-
tion of fit/unfit in adults (quintile 1 = unfit
and quintiles 2–5 = fit) (15).
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Statistical Analyses
Linear regression analyses with MetS
score 1 or 2 or HOMA-IR as the depen-
dent variable and BMI category, age, and
sex as the independent variables were
used to estimate the standardized b and
the P value for trend. Differences be-
tween BMI categories for both MetS
scores and HOMA-IR were analyzed
using a one-way ANCOVA using the
Bonferroni adjustment. Differences in
MetS scores and HOMA-IR between dif-
ferent BMI categories andCRF levelswere
analyzed using a two-way ANCOVA to
obtain adjusted means, and a one-way
ANCOVA was used to test the influence
of CRF within each BMI category. Due to
the low number of children with severe
and morbid obesity, they were merged
into one group for this analysis. To test
the fat but fit paradox, we divided the
eligible children into four categories:
normal-weight and fit, normal-weight and
unfit, obese and fit, and obese and unfit.
Using the two cardiometabolic risk scores
andHOMA-IR,weusedaone-wayANCOVA
to test the differences among the four
groups using the Bonferroni adjustment.
All analyses were adjusted for age and
sex. Differences across the groups for car-
diometabolic risk and HOMA-IR z scores
were interpreted as standardized indica-
tors of effect size. For example, a differ-
ence between groups of 0.5 z score units
means that the two groups differed in 0.5
SD.AccordingtoCohen(32), a standardized
mean difference of 0.2, 0.5, and $0.8
indicates a small, medium, and large
effect size, respectively. This is used for a
more meaningful interpretation of the dif-
ferences observed between groups. Due to
the skewed distribution of HOMA-IR, it was

log transformed. All statistical analyses were
conducted using SPSS version 23 (IBM, Ar-
monk, NY) using the two-sided 5% level of
significance.

RESULTS

The characteristics of the study sample
are shown in Supplementary Table 1,
whereas Table 1 provides the means
and SDs for the cardiometabolic risk fac-
tors stratified by BMI categories.

Figure 1 shows the differences in MetS
score 1, MetS score 2, and HOMA-IR
through the different BMI categories.
When using regression analysis, every in-
cremental rise in BMI category was asso-
ciated with a 0.5 SD higher MetS score 1
(b = 0.474, P , 0.001) (P trend,0.001).
When using ANCOVA, compared with
normal-weight children, children who
were overweight or mildly, severely,
or morbidly obese had 0.4, 0.8, 1.3, and
1.6 SD higher MetS score 1, respectively.
There were significant differences in
MetS score 1 between each BMI category
(pairwise comparison range: P # 0.001–
0.036), apart from severe and morbid
obesity (P . 0.9). Similar linear associa-
tions for greater cardiometabolic riskwith
rising BMI categories were also observed
for MetS score 2 (b = 0.517, P , 0.001)
and HOMA-IR (b = 0.537, P , 0.001)
(both P trend ,0.001). In comparison
with normal-weight children, under-
weight children had a lower risk overall;
however, it was only significant for MetS
score 1 and HOMA-IR (P = 0.01 and P ,
0.001, respectively).

In a sensitivity analysis, when also ad-
justing the models for highest parental
education (n = 679), similar results were
obtained. Thus, higher BMI categories

were associated with higher MetS scores/
HOMA-IR (all P trend,0.001).

Figure 2 displays the influence of CRF
on MetS score 1 and 2 and HOMA-IR for
the different BMI categories. There was a
trend forbothMetSscore1and2showing
that CRF attenuated the cardiometabolic
risk scores particularly in the highest BMI
categories. For example, forMetS score 1,
it was observed that children who were
fit and overweight, mildly obese, or
severely/morbidly obese had 0.1, 0.2, and
0.8 SD lower cardiometabolic risk score
than their unfit counterparts, with this
difference only being significant in mild
obesity (P = 0.048). Similar results were
also observed for MetS score 2, where fit
children had a significantly lower cardio-
metabolic risk score than unfit children
with mild obesity (P = 0.027). The largest
differences were observed in the fit
severely/morbidly obese children who
had 0.8 and 0.5 SD lower MetS score
1 and 2, respectively, than their unfit
counterparts. However, this did not reach
significance because the sample size
was small. For HOMA-IR, there was also
a trend showing that CRF attenuated
insulin resistance; however, it was only
significant in the mildly obese children
(P = 0.007). When testing for interactions
between BMI and CRF in continuous
models, the P values for MetS score 1,
MetS score 2, and HOMA-IR were 0.103,
0.001, and 0.356, respectively. Further-
more, when adjusting for parental educa-
tion, similar results were obtained.

The differences in the cardiometabolic
risk scores and HOMA-IR for the fat but fit
paradox are presented in Fig. 3. For MetS
score 1 and 2 as well as HOMA-IR, no
significant differences for normal-weight

Table 1—Means and SDs for the cardiometabolic risk factors stratified by BMI categories* (n = 1,247)

Underweight
(n = 76)

Normal-weight
(n = 567)

Overweight
(n = 341)

Mild obesity
(n = 195)

Severe/morbid
obesity (n = 68)

TG (mg/dL) 54.1 6 18.4 60.5 6 27.2 74.6 6 35.8 92.2 6 51.0 111.7 6 55.0

HDL cholesterol (mg/dL) 65.0 6 13.4 62.3 6 12.9 56.9 6 11.9 51.4 6 11.7 47.4 6 10.3

LDL cholesterol (mg/dL)† 92.8 6 19.3 94.7 6 23.3 100.8 6 22.4 101.86 24.1 101.8 6 26.0

TG-to-HDL ratio (mg/dL) 0.9 6 0.4 1.0 6 0.7 1.4 6 1.0 2.0 6 1.4 2.6 6 1.7

Glucose (mg/dL) 80.1 6 6.7 83.4 6 6.4 84.3 6 5.8 85.6 6 6.5 85.9 6 6.4

Insulin (mU/L) 5.0 6 2.7 6.6 6 3.6 9.0 6 4.2 12.9 6 7.2 15.9 6 11.3

Systolic blood pressure (mmHg) 99.3 6 10.2 99.0 6 8.3 101.1 6 9.3 102.16 11.1 106.8 6 12.5

Diastolic bloodpressure (mmHg) 60.9 6 7.8 60.8 6 6.8 62.0 6 7.4 62.6 6 10.1 66.2 6 11.5

MAP (mmHg) 73.7 6 8.0 73.5 6 6.7 75.0 6 7.1 75.8 6 9.5 79.7 6 11.0

*BMI categories were computed using the cut points established by the World Obesity Federation (26,27). †Nine children had missing data for LDL
cholesterol (underweight = 76; normal-weight = 567; overweight = 339; mild obesity = 193; severe/morbid obesity = 63), and the rest of the variables had
complete information.
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fit or unfit children (all P . 0.9) were
observed. There were significant differ-
ences in both MetS scores and HOMA-IR
between normal-weight fit and normal-
weight unfit children as well as between
obese fit and obese unfit children (all P,
0.001). Interestingly, MetS score 1 and 2
as well as HOMA-IR were lower in obese
fit than in obese unfit children (20.4 SD,
P = 0.027; 20.5 SD, P = 0.001; and 20.4
SD, P = 0.046, respectively). Within BMI
categories, CRF did not affect the cardio-
metabolic risk scores in normal-weight
children; however, an attenuation in
both MetS scores as well as HOMA-IR
were observed in the obese children.
When further adjusting for parental edu-
cation (n = 439), the statistically signifi-
cant differences in MetS score 1 and
2 and HOMA-IR between the obese fit
and the obese unfit children remained
(all P # 0.026).

CONCLUSIONS

Themainfindings of the current study are as
follows: 1) cardiometabolic risk scores and
HOMA-IR rose linearly throughout the
whole spectrum of BMI (underweight to
morbid obesity),2) CRF attenuates the car-
diometabolic risk scores and HOMA-IR,
particularly in children within the highest
BMI categories, and 3) fit obese children
have significantly lower cardiometabolic
risk scores and HOMA-IR than unfit obese
children, whereas no significant differences
were observed between fit and unfit
normal-weight children, suggesting that
the effect of CRF in childhood occurs only
in the presence of the obesity phenotype.
This study adds to the existing literature
by investigating the influence of CRF on
cardiometabolic risk throughout BMI cat-
egories. To our knowledge, the influence of
severe and morbid obesity on cardiome-
tabolic risk has only been investigated in
American children using individual risk
factors (7).

Despite the fact that there is stabiliza-
tion of childhood overweight and obesity
in many countries (33,34), there has been
an increase in the amountof childrenwho
are morbidly obese (34,35) and thus it is
vital to examine the effect of a higher BMI
on cardiometabolic risk. Our results are in
line with those found in other studies
demonstrating that cardiometabolic risk
(7–10) and HOMA-IR (4) become greater
with BMI status. Nevertheless, it is note-
worthy that only one of these studies (7)
conducted in American children/youth

Figure 1—Differences in the two cardiometabolic risk scores as well as HOMA-IR across BMI
categories. The figure represents adjusted means from ANCOVA models and 95% error bars, after
adjustment for age and sex. The dashed line represents a value of zero for the scores, and a higher
score represents greater cardiometabolic risk. Different letters (e.g., a and b) indicate statistically
significant differences (P, 0.05), whereas the same letters indicate no differences between the two
groups, after Bonferroni adjustment. The standardized b for MetS score 1, MetS score 2, and
HOMA-IR were 0.474, 0.517, and 0.537, respectively (all P , 0.001), and the P value for a linear
trendwas,0.001 (all models).MetS score 1was calculated as the sum of the sex- and age-specific z
scores for TG, HDL cholesterol, glucose, and the average of systolic and diastolic blood pressure (28).
MetS score 2 was calculated as the sum of the sex- and age-specific z scores for TG-to-HDL ratio,
MAP, and fasting insulin (29,30). Sample sizeswere as follows: UW, n = 76;NW,n = 567;OW, n = 341;
OB I, n = 195; OB II, n = 52; and OB III, n = 16. NW, normal-weight; OB I, mild obesity; OB II, severe
obesity; OB III, morbid obesity; OW, overweight; UW, underweight.
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was able to classify obesity into mild, se-
vere, andmorbid. No European studies in
children/youth have been conducted in-
vestigating the effect of morbid obesity
on cardiometabolic risk. Due to the re-
cently developed cut points to define
morbid obesity (27), which were used in
this study, new possibilities for further re-
search in this area are now possible.

Very few studies have investigated
cardiometabolic risk in relation to under-
weightinchildren.OnestudyinIndianchil-
dren found that underweight children
had significantly lower cardiometabolic
risk factors in comparison with children
who were not underweight (36). Another
study in Dutch children found the cluster-
ing of cardiovascular risk factors the low-
est in the underweight children (37). Our
results are in line with these two studies;
however, we had a small sample size and
therefore these results need to be inter-
preted with caution.

In this study, we found that BMI had
a stronger influence than CRF on the car-
diometabolic risk scores, which is in line
with previous research (8,14,38). How-
ever, there was a trend demonstrating
that CRF attenuated the cardiometabolic
risk scores the greatest in the most obese
children, showing no effect in normal-
weight children. It is important to high-
light that in general, children are rather
healthy, especially if they are normal-
weight, which leaves little room for a pos-
itive effect from CRF. For instance, 91% of
our children have a CRF level above the
health-related cut points developed by
Ruiz et al. (39), which further supports
that our sample is relatively healthy. As
an example, a child with normal glycemic
levels is not expected to, and perhaps
it is not even desirable to, further lower
their glucose level nomatter if they are fit
or unfit. In adults, the metabolic profile,
even in normal-weight adults is more al-
tered and it therefore makes sense that
being fit versus unfit has a larger effect on
the metabolic profile than in children. In
fact, it has been demonstrated in adults
that unfit normal-weight individuals
have a significantly higher risk of all-cause
and cardiovascular disease mortality than
fit normal-weight individuals (15), a dif-
ference not observed in the children par-
ticipating in this study. Additionally, in
adults, the obesity paradox is also being
discussed, where it has been found that
thosewhoare overweight ormildly obese
have improved cardiovascular disease

Figure 2—Role of CRF on the two cardiometabolic risk scores and HOMA-IR across BMI categories.
The figure represents adjustedmeans from two-way ANCOVAmodels after adjustment for age and
sex. The dashed line represents a value of zero for the scores, and a higher score represents a greater
cardiometabolic risk. The asterisk denotes a significant difference between fit and unfit children in
OB I (P = 0.048 for MetS score 1, P = 0.027 for MetS score 2, and P = 0.007 for HOMA-IR). The arrow
shows the reduction in the cardiometabolic risk scores (expressed in the number of SDs) for the fit
children compared with the unfit children in the OB II-III group, which did not reach statistical
significance due to the low number of children in the OB II-III group.MetS score 1 was calculated as
the sum of the sex- and age-specific z scores for TG, HDL cholesterol, glucose, and the average of
systolic and diastolic blood pressure (28). MetS score 2 was calculated as the sum of the sex- and
age-specific z scores for TG-to-HDL ratio, MAP, and fasting insulin (29,30). Sample sizes were as
follows: UW, n = 72 (fit) and 4 (unfit); NW, n = 498 (fit) and 69 (unfit); OW, n = 255 (fit) and 86 (unfit);
OB I, n = 73 (fit) and 122 (unfit); andOB II-III n = 13 (fit) and 55 (unfit). NW, normal-weight; OB I, mild
obesity; OB II-III, severe/morbid obesity; OW, overweight; UW, underweight.
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prognosis in the short/medium term than
their underweight or normal-weight coun-
terparts,with it beingevenmoreprominent
in those with low CRF levels (40,41). How-
ever, studies in both children and adults
agree on the beneficial effect of CRF on
the cardiometabolic risk profile in obese
individuals. For instance, a recent review
indicated that a greater level of CRF
should be included as a characteristic of
themetabolically healthy phenotype (42).

Comparisons between studies are dif-
ficult due to the different methods used
to analyze data. However, one study
found that CRF in 9 and 15 year olds
was significantly associated with cardio-
metabolic risk factors independent of ad-
iposity (13). On the contrary, another
study in 11 year olds reported that higher
CRF was associated with a better meta-
bolic profile, but after adjusting for waist
circumference, the associations were
negligible (14). Nevertheless, these stud-
ies did not investigate whether the asso-
ciation of CRF with cardiometabolic risk
differed across the whole range of BMI,
total body fat, or waist circumference.
This may be of importance since our re-
sults suggest that CRF attenuates both
MetS scores and HOMA-IR, particularly
in obese children. Hence, more studies
are needed to investigate if CRF has a pos-
itive influence on cardiometabolic risk,
specifically focusing on children classified
with mild, severe, or morbid obesity.

The fat but fit paradox showing
that normal-weight unfit children have
cardiometabolic risk scores similar to
obese fit children is not supported by
our results, since CRF showed a benefi-
cial effect on the metabolic profile only
in the obese children but not in the
normal-weight children, as previously
discussed. The significantly lower MetS
scores and HOMA-IR observed in obese
fit children in comparison with obese un-
fit children in our study is in line with pre-
vious studies using cardiometabolic risk
scores (16–19), with no studies, as far as
we are aware, having found these results
using HOMA-IR. Our study provides evi-
dence that CRF has a positive effect on
the metabolic profile in children with
severe and morbid obesity, as this effect
was actually larger than in children with
mild obesity. Two studies in children/
youth observed no statistically significant
differences in cardiometabolic risk scores
between low body fat/BMI and low fit
children and high body fat/BMI and high

Figure 3—Differences in the two cardiometabolic risk scores and HOMA-IR for the fat but fit
paradox. The figure represents adjusted means from ANCOVA models and 95% error bars, after
adjustment for age and sex. The dashed line represents a value of zero for the scores and a higher
score represents a greater cardiometabolic risk. Different letters (e.g., a and b) indicate statistically
significant differences (P, 0.05), whereas the same letters indicate no differences between groups,
after Bonferroni adjustment. The arrow shows the reduction in the cardiometabolic risk scores
(effect size, SD) for the fit children compared with the unfit children in the OB group. MetS score
1was calculatedas the sumof the sex- and age-specific z scores for TG,HDL cholesterol, glucose, and
the average of systolic and diastolic blood pressure (28). MetS score 2 was calculated as the sum of
the sex- and age-specific z scores for TG-to-HDL ratio, MAP, and fasting insulin (29,30). Sample sizes
were as follows: total (n= 830), NWandfit (n= 498), NWandunfit (n= 69),OB andfit (n =86), andOB
and unfit (n = 177). NW, normal-weight; OB, obese.
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fit children (16,19). It is important to note
that in our study, we used precise cut
points for both fatness and fitness,
whereas only one of the aforementioned
studies (19) used specific cut points.
Therefore, more studies using precise
cut points for fatness and fitness, as well
as studies including only obese children in
the high-fat group, are warranted.
This study was strengthened by the

fairly large sample size, narrow age range,
standardized methods used to collect the
data, use of precise cut points to classify
children into groups for the fat but fit
analysis, and the use of two cardiometa-
bolic risk scores and HOMA-IR. Further-
more, it is important to note that even
though BMI has inherent limitations
(i.e., inability to distinguish between fat
and fat-free mass), in adults it has been
found to be a good predictor of mortality
from cardiovascular disease, even better
than accurate measures of body fat (43).
This study was limited by the cross-
sectional design, which limits the ability
to make casual inferences; the inability to
adjust for biological maturity; only having
parental education in a subsample of the
population (however, sensitivity analyses
showed similar results); and a small sam-
ple size in underweight and severe and
morbid obesity. Even though the number
of children classified with severe and
morbid obesity was relatively small, the
observed results are valuable, because as
far as we know, no other study has been
able to investigate the combined associa-
tion of severe/morbid obesity and CRF in
cardiometabolic risk in children.
The results obtained in this study have

implications for both clinical care and pub-
lic health. Currently, obesity treatment is
focused largely on energy restriction; how-
ever, we observed that CRF can attenuate
cardiometabolic risk, especially in obese
children. Therefore, the promotion of
physical activity with the aim to increase
CRF from an early age should be incorpo-
rated into childhood obesity treatment
programs. Even though increasing CRF
did not have an effect on cardiometabolic
risk scores in the normal-weight popu-
lation, it is important to promote good
CRF, as it has been demonstrated that
this reduces the risk of developing over-
weight/obesity throughout puberty (44).
Therefore, from a public health perspec-
tive, increasing CRF in all children could
reduce cardiometabolic risk, especially in
those that need it the most.

In conclusion, our results support that
cardiometabolic risk becomes greater
throughout the whole BMI spectrum
in a linear fashion, with severe and mor-
bid obese children having more than one
SDworsemetabolic profile than their nor-
mal-weight peers. Furthermore, our data
suggest that in these generally healthy
young individuals, obesity has a larger
negative effect on the metabolic profile
than low CRF. Nevertheless, it is notewor-
thy that CRFmarkedly attenuates the car-
diometabolic risk scores and HOMA-IR,
particularly in those in the highest BMI
categories, and that fit obese children
have significantly lower cardiometabolic
risk and HOMA-IR than unfit obese chil-
dren. Further studies with larger sample
sizes of severe andmorbid obese children
and intervention studies are needed in
order to confirm or contrast these findings.
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