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ABSTRACT

Purpose. The study aim was to verify if there were associations between performance-related physical fitness levels and
the clustered cardiometabolic risk score among children and adolescents.

Methods. The cross-sectional study involved 1200 (655 females) children and adolescents aged 7-17 years. Performance-
related physical fitness levels (upper limb strength [ULS], lower limb strength [LLS], agility, speed, and cardiorespiratory
fitness [CRF]) were evaluated and categorized as healthy or unhealthy levels. Waist circumference, systolic blood pressure,
glucose, and blood lipoprotein (triglycerides, total cholesterol, and high-density lipoprotein cholesterol) were measured.
The clustered cardiometabolic risk score constituted the sum of internationally-derived standardized values (z-scores) for
each risk factor divided by 5. Associations between performance-related physical fitness levels and the clustered cardio-
metabolic risk score were determined with linear regression models.

Results. Participants with healthy ULS levels exhibited a less favourable clustered cardiometabolic risk score, whereas
healthy levels of LLS, agility (only in girls), and CRF (only in boys) were related with a more favourable clustered cardiometabolic
risk score. ULS (B: -0.091 [95% CI: -0.120; -0.062]), LLS (B: -0.272 [95% CI: -0.368; —0.177]), and CRF (B: -0.218 [95%
CI: -0.324; -0.112]) were inversely associated with the clustered cardiometabolic risk score, while agility (3: 0.112 [95% CI:
0.082; 0.142]) and speed (B: 0.079 [95% CI: 0.039; 0.119]) demonstrated a positive association with the clustered
cardiometabolic risk score.

Conclusions. Our results emphasize the importance of following moderate-to-vigorous physical activity guidelines to better
develop physical fitness levels for the maintenance of cardiometabolic health during childhood and adolescence.
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Introduction

The simultaneous increase of risk factors as behav-
ioural habits and metabolic disorders characterizes
the metabolic syndrome (MetS) [1]. The majority of
children and adolescents do not present chronic out-
comes related to MetS, but they are already in the ini-
tial stages of MetS risk factors development [2]. These
risk factors are metabolic disorders such as higher
levels of triglycerides and total cholesterol, hyperten-
sion, body composition, insulin resistance, and lower

levels of high-density lipoprotein cholesterol. Addition-
ally, the literature includes such behavioural habits as
low health-related physical fitness levels on the risk
factor list [3]. It has been reported that these risk fac-
tors for MetS start early in childhood [4], and they can
track into adulthood [5].

MetS among children and adolescents has been
widely investigated by using a clustered cardiometa-
bolic risk score [2]. It is considered more efficient to
verify the effective risk for cardiovascular diseases com-
pared with traditional MetS diagnosis criteria because
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it comprises as much information concerning the risk
factors as possible, with the consideration of the tradi-
tional risk factors for cardiovascular diseases, to con-
struct a composite score [6].

Previous studies reported that low levels of health-
related physical fitness components were associated
with less favourable levels of cardiometabolic risk fac-
tors. Moreover, it is established that there is an inverse
association with the clustering of cardiometabolic risk
[7-9]. In agreement with those findings, active children
and adolescents seem to be less likely to present an un-
healthy cardiometabolic profile [10] once the physical
activity practice positively affects overall health, the
cardiorespiratory, metabolic, and musculoskeletal sys-
tems [11], and motor competence, which directly influ-
ences the performance-related physical fitness levels
[12].

Research has often demonstrated the relationship
between health-related physical fitness and the clus-
tered cardiometabolic risk; as far as we know, however,
this is the first study involving a Brazilian sample to
investigate performance-related physical fitness levels
with the clustered cardiometabolic risk score among
childhood and youth. Furthermore, one can assume
that the cardiometabolic risk develops when children
and adolescents exhibit low performance-related physi-
cal fitness levels. This assumption becomes important
since motor competence is closely related to daily physi-
cal activities and sport practice. The present study aimed
to verify if there were associations between performance-
related physical fitness levels and the clustered cardio-
metabolic risk score among children and adolescents.

Material and methods
Participants and study design

This cross-sectional study involved a sample com-
posed of 1200 children and adolescents (655 females)
aged 7-17 years from public and private schools of Santa
Cruz do Sul, Brazil. The present research is part of
a larger survey named ‘Schoolchildren’s Health -
Phase IT".

The study was carried out in 25 randomly selected
schools in Santa Cruz do Sul municipality, which has
a total of 50 registered schools and a population of
20,380 students. The data collected represent the en-
tire municipality (urban and rural areas), in view of the
density of schoolchildren population in each region
(centre, north, south, east, and west). The sample power
calculation was performed by using the G*Power 3.1
program (Heinrich-Heine-Universitit, Diisseldorf, Ger-
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many). A minimum of 655 students were stipulated,
with the consideration of a test power of (1 - ) = 0.95,
a significance level of o. = 0.05, and an effect size of 0.30,
as suggested by Faul et al. [13] for the Poisson regres-
sion analysis (presence vs. absence of cardiometabolic
risk as a dependent variable).

Body composition and socioeconomic status
assessment

All evaluations were carried out in the University
of Santa Cruz do Sul facilities by trained professionals.
Body mass index (BMI) was calculated as the ratio
between weight and height squared and classified as
normal weight, overweight, or obesity [14]. The par-
ticipants were categorized as having a low, medium, or
high socioeconomic background as self-reported by
using the Brazilian Economic Classification Criteria
questionnaire [15].

Performance-related physical fitness assessment

The performance-related physical fitness levels were
determined in accordance with the standards, criteria,
and tests established by the Projeto Esporte Brasil
(PROESP-BR) [16]. The following components were
evaluated: (1) upper limb strength, verified through
the medicine ball throw test; (2) lower limb strength,
verified through the horizontal jump test; (3) agility,
verified through the square test; (4) speed, verified
through the 20-meter run test; and (5) cardiorespira-
tory fitness, verified through the 9-minute running and
walking test. Data were categorized by the cut-off points
established by PROESP-BR (weak, reasonable, good,
very good, and excellent), with the consideration of sex
and age, and dichotomized as: (1) unhealthy levels
(weak or reasonable); and (2) healthy levels (good, very
good, or excellent).

Clustered cardiometabolic risk score

The waist circumference (WC) was evaluated by
using an inelastic plastic tape measure. The systolic
blood pressure (SBP) was measured with the children
sitting at rest, by using a sphygmomanometer (B-D®,
aneroid, Germany) with a cuff suitable for the children’s
arm circumference and a stethoscope (Premium, Rap-
paport, China). The levels of fasting glucose, triglycer-
ides, total cholesterol (TC), and high-density lipoprotein
cholesterol (HDL-C) were determined through blood
collection, after 12-hour fasting, carried out with Mi-
ura 200 automated equipment (I.S.E., Rome, Italy) by
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using commercial DiaSys kits (DiaSys Diagnostic Sys-
tems, Germany).

Before analysis, skewed variables (WC, TC/HDL-C
ratio, and triglycerides) were logarithmically trans-
formed by the natural logarithm. The risk factors vari-
ables (WC, SBP, glucose, triglycerides, and TC/HDL-C
ratio) were standardized in accordance with sex- and
age-specific international reference values by using the
following equation, suggested by Stavnsbo et al. [17]:

z-score = (X()hserved Brazilian value — XPredicted mean)/

SDInternational reference

The clustered cardiometabolic risk score was de-
rived by summing the SBP, WC, triglycerides, glucose,
and TC/HDL-C ratio z-scores and dividing the value
by 5.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS,
version 23.0, IBM, Armonk, NY, USA) software was
used for all statistical analyses. A descriptive analysis
was performed to describe the Brazilian sample. The
independent Student’s t-test was applied to verify mean
differences between sexes. The quantitative variables
were also analysed by linear regression models consid-
ering the performance-related physical fitness levels
as independent variables and the clustered cardio-
metabolic risk score as a dependent variable. Unstand-

ardized and standardized coefficients (8) with 95%
confidence intervals (CI) were presented. Preliminary
analyses evaluated which confounders should adjust
the models. The confounder variable tested should be
associated with both the independent and dependent
variables. The models were adjusted for BMI and so-
cioeconomic status (more details within Table 3). The
values of p < 0.05 were considered significant in all
analyses.

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the Com-
mittee of Ethics in Research with Human Subjects of
the University of Santa Cruz do Sul, under protocol
number 2959/2011.

Informed consent
Informed consent has been obtained from the par-
ents of all individuals included in this study.

Results

Table 1 presents the descriptive characteristics of
the participants. Regarding the performance-related
physical fitness, boys performed better in all tests, and
these differences were statistically significant (p < 0.05).

Table 1. Descriptive characteristics of the participants

Boys (n = 545)

Girls (n = 655) Total (n = 1200)

Characteristics
Mean (SD)
Upper limb strength (m) 3.2(1.3) 2.7 (0.8) 29 (1.1)*
Lower limb strength (m) 1.5 (0.3) 1.3(0.2) 1.4 (0.3)*
Agility (s) 7.1 (1.0) 7.5 (0.9) 7.3 (1.0)*
Speed (s) 4.6 (0.7) 5.0 (0.7) 4.8 (0.7)*
Cardiorespiratory fitness (km) 1.42 (0.30) 1.17 (0.20) 1.28 (0.28)*
Clustered cardiometabolic risk score 0.06 (0.63) 0.09 (0.62) 0.07 (0.63)
n (%)
Body mass index
Normal 379 (69.5) 488 (74.5) 867 (72.3)
Overweight 116 (21.3) 127 (19.4) 243 (20.3)
Obesity 50 (9.2) 40 (6.1) 90 (7.5)
Socioeconomic status**
A-B (high) 300 (55.0) 346 (52.8) 646 (53.8)
C 233 (42.8) 286 (43.7) 519 (43.3)
D-E 12 (2.2) 23 (3.5) 35 (2.9)

* difference between boys and girls verified with the independent Student’s ¢-test (p < 0.05)

** A-E scores in accordance with the Brazilian Economic Classification Criteria questionnaire
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Furthermore, the majority of the participants were from
families with high socioeconomic status (53.8%). Lastly,
20.3% and 7.5% of the sample were overweight and
obese, respectively.

Table 2 shows high percentages of unhealthy levels
for all 5 performance-related physical fitness compo-
nents: upper limb strength (47.2% in boys and 49.0%
in girls), lower limb strength (78.2% in boys and 64.1%

Table 2. Comparison of the clustered cardiometabolic
risk score between performance-related physical
fitness levels

Clustered cardiometabolic

Factors n (%) risk score
Mean (SD) p*

BOYS
Upper limb strength

Healthy levels 288 (52.8)  0.149 (0.660) _ .,

Unhealthy levels 257 (47.2) -0.043 (0.583) ’
Lower limb strength

Healthy levels 119 218) -0.107(0599) .,

Unhealthy levels 426 (78.2)  0.104 (0.633) '
Agility

Healthy levels 106 (19.4) -0.020 (0.659)

Unhealthy levels 439 (80.6)  0.077 (0.624) '
Speed

Healthy levels 25 (4.6) -0.004 (0.685) 0617

Unhealthy levels 520 (95.4) 0.061 (0.629) ’
Cardiorespiratory fitness

Healthy levels 234 (42.9) -0.066 (0.567) < 0.001**

Unhealthy levels 311 (57.1)  0.151 (0.661) ’
GIRLS
Upper limb strength

Healthy levels 334(510)  0.148(0.627) o

Unhealthy levels 321 (49.0)  0.022 (0.608) ’
Lower limb strength

Healthy levels 235(35.9) 0.014 (0.578) 0.025%*

Unhealthy levels 420 (64.1)  0.127 (0.640) ’
Agility

Healthy levels 128(19.5) -0.034 (0.608) .,

Unhealthy levels 527 (80.5)  0.115 (0.620) ’
Speed

Healthy levels 37 (5.6) -0.089 (0.575) 0.077

Unhealthy levels 618 (94.4)  0.097 (0.622) ’
Cardiorespiratory fitness

Healthy levels 206 (31.5)  0.017 (0.560) 0.052

Unhealthy levels 449 (68.5)  0.118 (0.644)

* p-value calculated with the independent Student’s ¢-test,
** significant values (p < 0.05)
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in girls), agility (80.6% in boys and 80.5% in girls),
speed (95.4% in boys and 94.4% in girls), and cardi-
orespiratory fitness (57.1% in boys and 68.5% in girls).
The table also presents the comparison of the clustered
cardiometabolic risk score between performance-re-
lated physical fitness healthy and unhealthy levels.
Among boys, participants with healthy levels of upper
limb strength showed a less favourable clustered car-
diometabolic risk score (p < 0.001), whereas those with
healthy levels of lower limb strength (p = 0.001) and
cardiorespiratory fitness (p < 0.001) exhibited a more
favourable clustered cardiometabolic risk score. In girls,
participants with healthy levels of upper limb strength
showed a less favourable clustered cardiometabolic
risk score (p = 0.009), whereas those with healthy lev-
els of lower limb strength (p = 0.025) and agility (p =
0.015) presented a more favourable clustered cardio-
metabolic risk score.

The linear regression models (Table 3) indicated that
the upper limb strength (-0.091 [-0.120; -0.062]),
lower limb strength (-0.272 [-0.368; -0.177]), and
cardiorespiratory fitness (-0.218 [-0.324; -0.112]) were
inversely associated with the clustered cardiometa-
bolic risk score. Also, a positive association was deter-
mined of agility (0.112 [0.082; 0.142]) and speed (0.079
[0.039; 0.119]) with the clustered cardiometabolic risk
score. Among girls, there were no associations of speed
or cardiorespiratory fitness with the clustered cardio-
metabolic risk score.

Discussion

The present study demonstrated a high percentage
of unhealthy levels of all physical fitness components
in the sample. Overall, the high prevalence of unhealthy
performance-related physical fitness levels is in line
with the results obtained by Mello et al. [18] among
8750 Brazilian children and adolescents by using the
PROESP-BR database. A recent tracking study con-
ducted by True et al. [19] evaluating 9 measures of
physical fitness at 5 time points throughout child-
hood to adolescence/young adulthood demonstrated
the importance of developing healthy physical fitness
early in life since physical fitness levels track into
young adulthood for boys (r: 0.29; 0.79) and girls (r:
0.23; 0.89); the same refers to the cardiometabolic risk
factors from childhood to adolescence [20] and adult-
hood [5]. These findings suggest a potential future
problem for our sample since being physically fit during
childhood and adolescence is associated with a lower
cardiometabolic risk later in life, as evidenced by a sys-
tematic review of longitudinal studies [21].
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Table 3. Association between performance-related physical fitness and the clustered cardiometabolic risk score

Clustered cardiometabolic risk score

Factors
B (95% CI) B* p
All participants
Upper limb strength (m) -0.091 (-0.120; -0.062) -0.158 <0.001**
Lower limb strength (m) -0.272 (-0.368; -0.177) -0.135 <0.001**
Agility (s) 0.112 (0.082; 0.142) 0.175 <0.001**
Speed (s) 0.079 (0.039; 0.119) 0.094 <0.001**
Cardiorespiratory fitness (km) -0.218 (-0.324; -0.112) -0.098 <0.001**
Boys
Upper limb strength (m) -0.077 (-0.112; -0.041) -0.160 <0.001**
Lower limb strength (m) -0.337 (-0.461; -0.213) -0.184 <0.001**
Agility (s) 0.124 (0.080; 0.167) 0.190 <0.001**
Speed (s) 0.113 (0.055; 0.171) 0.134 <0.001**
Cardiorespiratory fitness (km) -0.285 (-0.428; -0.143) -0.138 <0.001**
Girls
Upper limb strength (m) -0.141 (-0.200; -0.083) -0.177 <0.001%**
Lower limb strength (m) -0.211 (-0.375; -0.047) -0.085 0.012**
Agility (s) 0.102 (0.059; 0.146) 0.154 < 0.001%**
Speed (s) 0.049 (-0.011; 0.108) 0.054 0.110
Cardiorespiratory fitness (km) -0.161 (-0.366; 0.045) -0.052 0.126

Linear regression model considering the performance-related physical fitness levels as independent variables and
the clustered cardiometabolic risk score as a dependent variable (p < 0.05). All models adjusted for body mass index.

B* - standardized coefficient

* model adjusted for body mass index and socioeconomic status, ** significant values (p < 0.05)

According to our results, performance-related physi-
cal fitness levels were associated with the clustered
cardiometabolic risk score. Children and adolescents
with healthy upper limb strength showed a less favour-
able clustered cardiometabolic risk score, whereas
healthy levels of lower limb strength, agility (only in
girls), and cardiorespiratory fitness (only in boys) im-
plied more favourable clustered cardiometabolic risk
scores. In turn, the linear regression models revealed
an inverse association between upper limb strength
and the clustered cardiometabolic risk score. These
findings concerning the upper limb strength are not
in concordance with evidence that demonstrates the
preventive importance of a better muscular strength
level during youth for overall and cardiometabolic
health [22]. This might be attributable to methodologi-
cal differences concerning muscular strength assess-
ment: studies usually calculate z-scores from 2 or more
muscular power measurements to obtain a muscular
fitness variable. Also, the association between healthy
upper limb strength and a less favourable clustered
cardiometabolic risk score found in the present study
could be explained by physical fitness differences
depending on the body composition. Lopes et al. [23]

investigated levels of upper and lower limb strength
among obese and non-obese adolescents. Their results
demonstrated that obese individuals outperformed
the non-obese ones in both muscular strength tests.
Additionally, the higher body composition levels as-
sessed by the BMI equation and the bioelectric imped-
ance method were directly and significantly correlated
with both upper and lower limb strength.

With respect to the other performance-related physi-
cal fitness components, the linear regression models
showed that lower limb strength and cardiorespira-
tory fitness were inversely associated with the clus-
tered cardiometabolic risk score for all participants,
whereas agility and speed presented a positive asso-
ciation with the clustered cardiometabolic risk score.
These results demonstrate that the better the perfor-
mance-related physical fitness components are, the
more favourable the clustered cardiometabolic risk
score seems to be. Zaqout et al. [7], in a 2-year longi-
tudinal study with 1635 European children aged 6-11
years, observed a similar association between all per-
formance-related physical fitness components evalu-
ated and the clustered cardiometabolic risk score,
except for the upper limb strength (which slightly
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contrasts with the current study). On the basis of this
evidence, children and adolescents should be encour-
aged to follow moderate-to-vigorous physical activity
guidelines to better develop their motor competence
skills and, consequently, their performance-related
physical fitness levels [24, 25].

The literature demonstrates that children with
higher motor competence outperform those with lower
motor competence in physical fitness tests [12]. This
cause and effect relationship could be explained by
the fact that children who are more physically active
have more chances to develop their motor skills and,
consequently, continue their participation in sports
across growing [26], which could lead to a better fu-
ture cardiometabolic profile [10]. Besides, for a better
cardiometabolic health, it is important to present low
body composition levels, and also healthy performance-
related physical fitness levels. An analysis between
physical fitness components and cardiometabolic
risk mediated by body composition variables demon-
strated that higher physical fitness was associated with
a more favourable cardiometabolic risk, particularly
when it was also accompanied by a good body com-
position level [27, 28].

The present study has some strengths. The first one
is the representative randomly selected sample of chil-
dren and adolescents from a municipality of Southern
Brazil. Secondly, a major strength is the use of common
international reference values to standardize each of
the cardiometabolic risk factors, as suggested by Stavns-
bo et al. [17], rather than the traditional MetS diagno-
sis criteria. This is an accepted method for defining
children’s and adolescents’ cardiometabolic health in
the literature, more accepted than sample-specific
methods to calculate z-scores. However, the present
study also has some limitations that should be noted.
The cross-sectional design makes it impossible to es-
tablish the cause and effect impact between the per-
formance-related physical fitness components and the
clustered cardiometabolic risk. The physical fitness lev-
els during childhood and adolescence and the better
future cardiometabolic profile hypothesized in our
discussion remain an interesting theoretical construct,
not fully supported by our data, which could and should
be further tested within future studies with different
methodological design approaches. Finally, the results
may have been influenced by other potential confound-
ing variables that were not available in the statistical
analysis (e.g., moderate-to-vigorous physical activity
level and the pubertal status).
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Conclusions

In conclusion, the levels of performance-related
physical fitness components were inversely associated
with the cardiometabolic risk. Our results emphasize
the importance of following moderate-to-vigorous
physical activity guidelines to better develop physical
fitness levels for the maintenance of cardiometabolic
health during childhood and adolescence.
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