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Abstract: The early identification of modifiable risk factors and their monitoring, also within school
physical education (PE) classes, are becoming indispensable in the context of public health. The aim
of this study was to test whether making use of waist circumference (WC) measurements increases
the possibility of predicting the results of cardiorespiratory fitness (CRF) in school-age children,
as compared with body mass index (BMI) and other somatic indicators related to body fat. The
cross-sectional study covered 190 children aged 10 to 15 years, participating in school PE classes.
Body height (BH), body weight (BW), WC, hip circumference (HC) and percentage of body fat (BF%)
were measured. BMI, waist to hip ratio (WHR) and waist to height ratio (WHtR) were calculated, and
a CRF test was performed by means of a 20 m shuttle run test (20mSRT). The peak heart rate (HRpeak)
of the children was also measured. The regression model that was developed showed that WC
(R2 = 47.1%), beyond BF% (R2 = 50.3%) and WHtR (R2 = 50.0%), was a useful measure of CRF, and
stronger than BMI (R2 = 45.8%) or WHR (R2 = 39.2%). The risk of obtaining the CRF result classified
below a good level (below the percentile range of P60-P80) was significantly higher in children with
a larger WC (odds ratio (OR) for the WC change of 1 cm equals 1.14 (95% CI: 1.09–1.20; p < 0.001)).
The simplicity of measuring WC and the possibility of using this measurement in the calculation of
WHtR with reference to CRF indicate its usefulness in the prophylactic exams of school children.

Keywords: risk factors; body composition; WC; CRF; health and well-being; prevention; H-RF

1. Introduction

In studies concerning population health, anthropometric measurements and ratios,
including body height (BH) and body weight (BW), body fat (BF), body mass index (BMI),
waist to hip ratio (WHR), waist to height ratio (WHtR) and waist circumference (WC), are
most commonly used as screening measures [1], as they are considered predictors of certain
chronic diseases [2,3]. It has been shown that BMI and WC are essential independent factors
affecting high blood pressure in children of pre-school age, in particular boys [4]. In clinical
practice, the measurement of WC is not performed routinely, and the BMI alone, which is
used most often, is not sufficient enough for the appropriate assessment and management
of cardiometabolic risks related to obesity [5,6]. Excessive abdomen adiposis, determined
on the basis of WC measurement, is a better measure of the risk of metabolic disorder
occurrence in children at any age than BMI [5]. In view of the worldwide spread of the
obesity problem and its health consequences, the need arises for more efficient preventive
measures which would embrace mostly children and adolescents [6–10]. Children and
adolescents with excessive visceral body fat should be carefully observed, as this type of
obesity is connected with future serious health complications [5,11,12].
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Among Polish 8-year-olds, 30.7% are overweight or obese; 21.5% are characterized by
too large a waist circumference; and 20.8% have an increased systolic blood pressure [13]. In
the years 2016–2021, Poland witnessed a significant increase in the percentage of 8-year-old
children with overweight, obesity and increased values of blood pressure [7]. What is more,
over the last 30 years, there has been observed a systematic decrease in the physical fitness
of Polish children [14], accompanied by an increase in overweight and obesity [7–9]. That is
why, currently in Poland, it is recommended that within PE lessons more attention should
be paid to monitoring the level of physical fitness orientated at health among children
and adolescents, in accordance with the concept of health-related fitness (H-RF) [15]. The
elements of fitness associated with health are as follows: cardiorespiratory fitness (CRF),
strength and muscular fitness and flexibility and body composition [16]. The key markers of
health are CRF, considered an essential variable most strongly related to health results, and
body composition components, including body fat which should be assessed in screening
exams [11,12,17,18].

CRF, whose low level is strongly and independently related to all-cause mortality in
adults [19,20], is an important predictor of human health. In adolescents, it is a predictor
of, e.g., cardiometabolic health, premature cardiovascular disease, academic achievements
and mental health [21]. A significant correlation has been found between CRF changes
and the systolic blood pressure in the study of 12–18-year-olds over a period of 2 years.
The adolescents with a consistently low CRF had the highest levels of systolic blood
pressure [22]. CRF can be measured by laboratory tests, which are expensive and require
specialized equipment, or by means of field-based tests [21], as well as by predictive
equations [23]. According to a literature review, the most commonly used test for assessing
CRF is the validated [24] 20mSRT, which can be conducted in big groups, e.g., in schools,
and can be used to monitor the health of the population [19,25,26], though not all of the
researchers support this view [27]. Lang et al. (2018) recommend this test as a holistic health
marker which can help to identify children and adolescents at risk of poor health [28]. The
results of cross-sectional studies imply a correlation between body fat and the CRF level.
Body fat negatively influences CRF levels among children and adolescents with normal
BMI [29]. Hence, the early identification of modifiable risk factors and monitoring them
among the population of children by means of simple measures is becoming a modern
necessity in the scope of public health [30,31]. In Polish schools, in accordance with the
current core curriculum of general education in PE, within PE lessons, physical fitness,
BH and BW are assessed, which only allow for calculating the BMI [32]. There are studies,
however, which point out that determining the BMI alone is insufficient due to the lack of
reference of this index to body fat [33].

The aim of this study was to test whether making use of the WC measurement increases
the possibility of predicting CRF results in school children, as compared to the BMI and
other somatic indicators related to body fat.

2. Materials and Methods
2.1. Participants and Study Procedures

The study covered school children within the age group 10–15 years, without any med-
ical contraindications to participating in school PE lessons. The sampling was purposive,
and the tests were performed in a school with which the Physical Education Department
(WWF) of Rzeszow University (UR) had entered a cooperation agreement. The tests were
performed in the school’s venue, in the morning. Prior to the tests, written consent of the
school authorities, of the parents or legal guardians and of the children was obtained. The
children whose parents did not consent to the tests and those who did have the consent yet
were absent on the days of the tests were excluded from the study. The participants of the
study were informed about the purpose and the procedure of the trials and measurements.
Within the study, anthropometric measurements were taken, and a cardiorespiratory fitness
test was performed. Ultimately, 190 school children (41.6% of whom were boys and 58.4%
were girls) participated in the tests. The age of the tested children was determined based
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on the information provided by the parents. The study was conducted in 2017 with the
approval of the Rzeszow University bioethics committee (No. 1/06/2014).

2.2. Anthropometric Measurements

In accordance with the measuring protocol adopted, body height was measured
by means of the Seca 213 stadiometer (Seca GmbH & Co. KG., Hamburg, Germany)
with accuracy to 0.1 cm. Body weight and BF% were determined through an electrical
bioimpedance analysis with the use of the Tanita TBF 300 (Tanita Corporation, Tokyo,
Japan): a body composition analyzer. These measurements also provided information
on the BMI expressed as BW (kg)/BH squared (m). The BMI was classified according to
WHO criteria [34]. Waist circumference and hip circumference (HC) were measured by
means of the Gulick anthropometric tape (BASELINE) with accuracy to 0.1 cm. The WC
measurement was performed midway between the bottom edge of the lower rib and the
upper iliac crest. Hip circumference was measured at the maximum circumference over the
buttocks. Circumference was measured in a standing position with arms resting at the side
of the body and weight evenly distributed between the feet. The children were barefoot and
lightly dressed. All measurements were performed twice and the arithmetic mean of the
two measurements constituted the final value [11,35]. The measurements were performed
in circumstances providing privacy and respecting the dignity of the tested children: they
were measured individually, with boys and girls separately. The WHR was calculated by
dividing the WC (cm) by the HC (cm). The WHtR was calculated as WC (cm)/BH (cm).

2.3. Cardiorespiratory Fitness Measurement

The cardiorespiratory fitness was assessed on the basis of the 20 m shuttle run test [36].
The test consisted of performing a shuttle run (‘back and forth’) over the distance of 20 m.
The distance had been established with a measuring tape and marked with a line and cones.
The speed of the run was regulated by means of audio signals which occurred more and
more frequently.

The starting speed of the run was 8.5 km/h, and it was increased by 0.5 km/h with
each stage. The tested person was supposed to move in such a way as to be at one of the
two ends of the 20 m line at the moment of hearing the signal. In the case of school-aged
children, it is recommended that they run with a leader—a pacemaker—who helps them to
keep up with the audio signals. This recommendation was followed in our study. The aim
of the trial was for the participant to maintain the set rhythm for as long as possible. The
result of the test was the number of fully completed 20 m laps. The trial was terminated the
moment the participant failed to maintain the imposed rhythm twice in a row or declared
himself/herself unable to continue.

All the participants were provided with identical conditions and the test was con-
ducted in the school sports hall. At the end of the 20 m shuttle test, the peak heart rate of the
children (HRpeak; beats per minute) was established by means of the Polar Team2 system
(Polar Electro Oy, Kempele, Finland).

2.4. Data and Statistical Analysis

The number of laps completed by the participants referred to the centile norms as sug-
gested by Tomkinson [37]. In order to facilitate the interpretation of the results, the numbers
of laps run were classified into a 7-stage adjective scale, with respect to centile norms specific
to sex and age. The conversion used was <P5 = very poor, P5–P20 = poor, P20–P40 = fair,
P40–P60 = average, P60–P80 = good, P80–P95 = very good and >P95 = excellent, where P
indicates percentiles.

For the presentation of the findings, the tested children were divided into 3 age groups:
10–11 years, 12–13 years and 14–15 years, and in the statistical analysis (correlations,
regression models) age was treated as a quantitative variable.

In the descriptive statistics of the variables, arithmetic means (M) were used, together
with standard deviations (SD) as well as minimum (Min) and maximum (Max) values.
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In order to determine correlations between the somatic indicators and the results of the
cardiorespiratory fitness test, a regression analysis was applied. Five models were created,
in which each of the somatic indicators (BMI, BF%, WHR, WHtR and WC) was consecu-
tively introduced as an independent variable. The models also considered sex and age.
Comparisons of the predictive value of particular somatic indicators were made on the
basis of the coefficient of determination (R2). For example, for one-way comparisons of CRF
centile classifications among girls and boys, and with respect to age, the Mann–Whitney
test was used, alongside Spearman’s rank correlation coefficient. A logistic regression
model was also created, by means of which the influence of WC on the probability of
the occurrence of the CRF value classified below the good level (P60–P80 = good) was
assessed. The results of the logistic regression analysis were presented by means of an odds
ratio (OR). In the interpretation of the results, the values of p ≤ 0.05 were considered as
statistically significant. All analyses were performed in the Statistica 13.3 software (TIBCO
Software Inc., Palo Alto, CA, USA).

3. Results
3.1. Test Group Characteristics

The analysis concerns a group of 190 school children aged 10 to 15 years. The group
consisted of 111 girls and 79 boys. The age distribution in both groups was similar: the
mean age of the girls was 12.5 ± 1.8 years, and 12.4 ± 2.0 in the case of the boys. According
to the BMI classification ranges [34], 24% of the tested group was overweight and 18% was
obese. Among the girls, 32% were overweight and 12% were obese; among the boys, they
were 13% and 27%, respectively. The characteristics of the tested cohort with respect to the
somatic indicators and the CRF test results (number of laps) are presented in Table 1.

Table 1. Test group characteristics.

Measure Sex

Age (Years)

10–11 (N = 68) 12–13 (N = 62) 14–15 (N = 60)

M SD Min Max M SD Min Max M SD Min Max

BH (cm) F 152.5 8.0 134.0 165.0 160.5 6.4 149.0 173.5 162.3 5.6 149.0 172.5
M 148.2 7.6 131.0 168.0 163.2 10.1 148.3 180.0 172.9 7.6 160.4 190.4

BW (kg) F 47.9 11.1 31.4 72.9 54.2 8.3 39.4 70.5 53.9 11.2 39.6 93.6
M 46.2 12.1 24.2 67.9 53.1 14.0 34.2 84.9 60.3 11.7 41.2 88.2

HC (cm) F 86.0 8.6 72.5 100.5 91.6 6.2 80.0 103.5 92.2 9.8 79.5 124.5
M 83.2 10.9 65.0 102.5 86.0 9.6 71.5 108.0 90.4 7.6 79.0 104.0

BMI
F 20.5 3.9 15.0 30.3 21.0 3.0 16.0 27.2 20.5 4.1 15.5 32.0
M 20.9 4.7 14.1 29.6 19.7 3.7 15.2 29.0 20.1 3.5 14.6 27.6

BF%
F 23.6 7.5 8.0 37.3 26.2 6.1 9.0 40.2 21.8 7.5 7.1 37.1
M 19.0 9.8 5.1 35.4 12.0 6.6 3.6 29.1 11.0 7.2 1.4 29.1

WHR
F 0.78 0.06 0.68 0.96 0.74 0.05 0.63 0.84 0.72 0.03 0.66 0.78
M 0.84 0.05 0.72 0.94 0.81 0.05 0.74 0.93 0.79 0.05 0.72 0.90

WHtR
F 0.44 0.06 0.37 0.59 0.42 0.04 0.35 0.51 0.41 0.05 0.34 0.50
M 0.47 0.07 0.38 0.60 0.43 0.04 0.37 0.58 0.41 0.04 0.36 0.55

WC (cm) F 67.3 8.8 54.5 87.5 68.1 6.9 54.5 80.0 66.1 6.9 56.0 86.0
M 70.1 11.0 55.0 90.0 69.5 7.6 58.0 89.0 71.2 7.3 61.0 90.0

Laps F 32.8 11.4 16.0 66.0 37.8 14.0 12.0 78.0 46.7 14.8 24.0 82.0
M 42.3 19.7 18.0 92.0 60.2 19.4 22.0 94.0 67.7 21.7 23.0 112.0

HRpeak (bpm) F 197.4 6.9 180.0 213.0 195.7 9.5 176.0 213.0 194.5 9.2 177.0 216.0
M 200.6 5.6 190.0 210.0 200.4 8.3 185.0 219.0 198.0 7.0 183.0 212.0

F—female, M—male, BH—body height, BW—body weight, HC—hip circumference, BMI—body mass index,
BF%—body fat percentage, WHR—waist to hip ratio, WHtR—waist to height ratio, WC—waist circumference,
Laps—laps of the 20 m shuttle test, HRpeak—heart rate peak, M—mean, SD—standard deviation, Min—minimum
values, Max—maximum values.
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3.2. Classification of the Cardiorespiratory Fitness for the Groups of Girls and Boys

By means of the regression analysis, it was shown that the results of the 20 m shuttle
run test (20mSRT) viewed as the number of laps covered were significantly higher among
the boys (p < 0.001). They were also significantly varied with respect to the age (p < 0.001).
Based on the value of regression coefficients it can be noted that, on average, the number of
laps covered by the boys was higher than that of the girls by 17.4. Furthermore, with each
year of age, the results of the school children increased by 4.4 laps (Table 2).

Table 2. Regression analysis results: sex and age vs. fitness test results (number of laps).

Independent
Variables

Laps
R2 = 34.7% F = 49.6 p < 0.001

B (95% CI) p

Sex (male vs. female) 17.4 (12.6; 22.2) <0.001
Age (years) 4.4 (3.1; 5.6) <0.001

R2—coefficient of determination; F—test statistic and p value for significance of whole model; B—regression
coefficient with 95% CI; p value for significance of each regression coefficient; Laps—laps of the 20 m shuttle test.

Next, considering sex and age, the numbers of laps run were classified into the 7-point
adjective scale and presented for the whole cohort and separately for the girls and for the
boys (Table 3). On the basis of the Mann–Whitney test result (p = 0.643), it can be said
that with reference to the centile norms adopted from Tomkinson, the CRF of the boys and
the girls was at a similar level. Most results obtained by the school children were at least
at an average level. It was also verified how correlated the CRF classification was to age:
for that purpose, the values of Spearman’s rank correlation coefficient were calculated. A
statistically significant, yet weak, correlation between the fitness level and the age existed
in the group of girls (rS = 0.28).

Table 3. Classification of cardiorespiratory fitness with regard to age and sex of the school children as
well as to centile norms.

Classification
CRF

Sex (p = 0.643)
Total (N = 190)

N (%)Female (N = 111)
N (%)

Male (N = 79)
N (%)

very poor (<P5) 0 (0.0) 0 (0.0) 0 (0.0)
poor (P5–P20) 2 (1.8) 4 (5.1) 6 (3.2)
fair (P20–P40) 16 (14.4) 10 (12.7) 26 (13.7)

average (P40–P60) 30 (27.0) 14 (17.7) 44 (23.2)
good (P60–P80) 19 (17.1) 18 (22.8) 37 (19.5)

very good (P80–P95) 25 (22.5) 18 (22.8) 43 (22.6)
excellent (>P95) 19 (17.1) 15 (19.0) 34 (17.9)

rs (p) 0.28 (0.003) 0.17 (0.126) 0.23 (0.001)
p value calculated using Mann–Whitney test, P—percentiles, rs (p)—Spearman coefficient of correlation with
p value.

3.3. Correlations between Somatic Indicators Measured in the School Children and
Cardiorespiratory Fitness

The above-presented analyses suggest that the number of laps is influenced by the
sex and the age of the school children; hence, five separate regression models were cre-
ated in which the number of laps was a dependent variable while sex, age and, in turn,
each of the considered somatic indicators BMI, BF%, WC, WHR and WHtR were the
independent factors.

Table 4 presents the values of the coefficient of determination (R2) for each of the
models (additionally, the F statistic value and the p value for the significance of the whole
model). All of the models were statistically significant, and their predictive value was very
similar: the coefficient of determination ranged between 39.2 and 50.3%.
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Table 4. Predictive values of the CRF test (number of laps) with reference to particular somatic
indicators: the results of regression analysis.

Model Independent
Factors

Statistics of Regression Models

R2 F p

1 Age, sex, BMI 45.8% 54.2 <0.001
2 Age, sex, BF% 50.3% 64.9 <0.001
3 Age, sex, WC 47.1% 57.2 <0.001
4 Age, sex, WHR 39.2% 41.6 <0.001
5 Age, sex, WHtR 50.0% 64.1 <0.001

R2—coefficient of determination, F, p—test statistic and p value for significance of whole model, BMI—body
mass index, BF%—body fat percentage, WC—waist circumference, WHR—waist to hip ratio, WHtR—waist to
height ratio.

The regression model that was developed showed that WC (R2 = 47.1%), alongside
BF% (R2 = 50.3%) and WHtR (R2 = 50.0%), was a useful measure of CRF, and stronger than
BMI (R2 = 45.8%) or WHR (R2 = 39.2%).

The correlation between WC and the number of the 20 m laps run is presented by
means of the scatter graph, with regard to sex and age (Figure 1).
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Table 5 presents the coefficients of the regression model by means of which one could
perform the preliminary estimation of the number of laps on the basis of the information
on the sex, age and waist circumference of the child. With the variable WC, this coefficient
equalled −0.9, which means that each centimeter of waist circumference translated into the
decrease in the number of laps by this value. Boys of the same age and with the same WC
had, on average, the number of laps higher by approx. 20, and with each year of age, the
expected increase in the number of laps was approx. 4.3.
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Table 5. Results of regression analysis: sex and age vs. fitness test results (number of laps).

Independent
Variables

Laps
R2 = 47.1% F = 57.2 p < 0.001

B (95% CI) p

Intercept 46.1 (23.5; 68.8) <0.001
Sex (male vs. female) 20.1 (15.8; 24.5) <0.001

Age (years) 4.3 (3.2; 5.4) <0.001
WC (cm) –0.9 (–1.2; –0.6) <0.001

R2—coefficient of determination; F—test statistic and p value for significance of whole model; B—regression
coefficient with 95% CI, p value for significance of each regression coefficient; Laps—laps of the 20 m shuttle test;
WC—waist circumference.

Among the tested school children, a group was singled out in which CRF results
(number of laps) were classified below the good level (below P60–P80). Next, a logistic
regression analysis was applied to estimate the odds ratio (OR) for the occurrence of CRF
below the good level with the WC change of 1 cm. The OR value amounted to 1.14 (95% CI:
1.09–1.20; p < 0.001). That means that 1 cm of waist circumference translated, on average,
into the increase in the risk of the occurrence of CRF below the good level by 14%. In the
case of a difference in the waist circumference of 5 cm, the increase in the risk of being in
the CRF group at the level below the good one was almost twofold (1.145 = 1.92), and with
10 cm of the difference, this increase was nearly fourfold (1.1410 = 3.70).

4. Discussion

Research aims at finding more than one simple-to-measure indicator which, when
combined with BMI, allows for a better estimation of a health risk measure [26,33,38–40].
It has been noted that over the last years, abdominal adiposis in infants, children and
adolescents has increased more than general adiposis, which indicates that the frequency
of obesity’s occurrence may be underestimated, if it is based exclusively on BMI [5]. The
possibility to precisely assess body fat, especially the central one, requires specialized diag-
nostic equipment; hence, in practice, in order to determine BF distribution, WC as well as
WHtR and WHR are used [11]. In the recommendations of the International Atherosclerosis
Society (IAS) and International Chair on Cardiometabolic Risk (ICCR) Working Group on
Visceral Obesity it can be read “that measurements of waist circumference and BMI should
become a standard part of clinical encounters (that is, an accepted ‘vital sign’)” [6].

It is emphasized that the measurement of WC is the simplest, and at the same time,
the most effective measure of truncal obesity in children and adolescents in comparison
with WHR [41]. In our studies, WHR turned out to be the least sensitive predictor of CRF
(R2 = 39.2%).

It is more and more often suggested that it is WHtR that can be a more effective
indicator of ‘early health risks’ related to central obesity [42]. WHtR is also indicated as a
much better predictor of cardiovascular diseases than BMI and WC [43,44]. In our studies,
WHtR also turned out to be a stronger predictor for the CRF result in comparison with
BMI and WC. Research suggests that the measurement of BF through BIA and manual
methods for measuring WC are interchangeable [45]. The results of the studies presented
here suggest that the predictive value for the CRF result with reference to the measures
WC (R2 = 47.1%) and WHtR (R2 = 50.3%) was close to the predictive value of the BF%
(R2 = 50.3%) estimated by means of bioimpedance. In addition, in other studies comprising
children, significant correlates of BF and WC were noticed [46].

The condition of CRF in the population of children and adolescents may help to
predict future diseases, including heart diseases, cancers, chronic respiratory diseases or
diabetes [47]. A review of studies suggests that better results in the 20 m shuttle run test
(20mSRT) are correlated with various positive health indicators, from lower levels of obesity
to positive cardiometabolic biomarker profiles and physical self-assessment [28]. In the
study presented here, the highest number of people in total (23.2%) was classified into the
average CRF range (P40–P60). The total percentage of the school children below the good
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level of CRF (P60–P80) amounted to 40%. The risk of obtaining the CRF result classified
below the good level (below the percentile range of P60–P80) was significantly higher in
the school children with a larger WC. One centimeter of waist circumference translated, on
average, into the increase in the risk of CRF below the good level by 14%. In the case of
a 5 cm difference in the waist circumference, the increase in the risk of being in the CRF
group at the level below the good one was almost twofold, and with the 10 cm difference,
it was as high as almost fourfold. The Polish Institute of Mother and Child, in its latest
report (2022) on the health of children, recommends considering the introduction of WC
measurement and calculating WHtR into the current national screening test for detecting
disorders in the physical development of the student [7]. CRF should be an important aim
already at a young age, preventing general and abdominal obesity in the future [48].

As other authors point out, school may play an important role in identifying chil-
dren with a lower level of physical fitness [16,30]. The assessment of physical fitness,
in accordance with the H-RF concept, as well as the measurements of body height and
body mass, together with their interpretation (allowing only for calculating general obesity
indicator, BMI), are obligatory in Poland for all children above 10 years of age, within
PE lessons [32]. There are, however, no health recommendations concerning body mass,
e.g., BF or WC measurement. The results of our analyses showed that BF% and WHtR are
stronger predictors of the CRF result and their obtainment requires the use of specialized
measuring equipment or numerical computations. That is why the measurement of WC,
due to its simplicity as well as the possibility of using the results for calculating WHtR
can be commonly performed within school PE lessons and included and recommended in
the core curriculum for this subject. According to McCarthy (2006), the information that
can be obtained from the waist measurement of children, as well as adults, together with
the recent changes in the distribution of body fat should constitute an impulse to perform
it routinely [5]. It is emphasized that early interventions and supporting prophylactics
(e.g., in schools) aimed at promoting CRF of adolescents can help children in attaining and
maintaining better health later in life [49].

Rollo et al. (2022) note that currently there is too broad a range of health-related cut-
points with reference to CRF among adolescents to indicate universal thresholds specific
to age and sex [50]. Similarly to other countries [30,40,51], in the population of Polish
children there is undoubtedly a need for broader studies with reference to current cut-
points for cardiorespiratory fitness associated with overweight/obesity in children, serving
the purpose of identifying children and adolescents at risk of bad health. Within studies
of that type, it is worth considering an opinion about applying stricter and more scientific
assessments of CRF [27].

In our opinion, a strong point of this study consists of the fact that the participants
performed the 20 m shuttle test with full commitment, which can be proved by the high
mean values of HRpeak at the end of the test, which implies that not only the school children
who are more physically active were motivated to do the test. What is more, to the best of
our knowledge, little research is available covering the population of Polish children, which
would take into consideration in one study (such as in our research) the results of CRF
with reference to several, commonly used, simple screening measures for the health of the
population. For example, in one big Polish population study on children and adolescents,
the 20 m shuttle run test was performed within the Eurofit test, but only BH and BW
were measured and BMI calculated [52]. On the other hand, in recently published studies
covering Polish children with overweight and obesity, the results of CRF measured with a
laboratory test referred to BF% and BMI, but not to the other three indicators used in our
study [53].

The limitation of this study is the relatively small population of children from one
school, which still allowed for the adopted CRF classification to be represented by both
sexes in all the adopted centile CRF categories except for the ‘very poor’ one. However,
due to its cross-sectional character, this study cannot determine the causality of the relation
between CRF and the anthropometric indicators, hence the need for further longitudinal
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studies covering a bigger sample. Despite its limitations, the value of our study was to
provide relevant data on the health of school-aged children.

5. Conclusions

It has been shown that waist circumference, alongside BF% and WHtR, is a useful
CRF predictor. Additionally, it has been demonstrated that somatic indices related to BF%,
except for WHR, were stronger CRF predictors than BMI, which confirm the claim that
BMI should not be the only index used. WC measurement allows the additional usage of
its result for calculating WHtR, whose predictive value with respect to CRF was, in our
study, at the level of BF% measured by means of BIA, which indicates its usefulness in the
prophylactic exams of school children.
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Fizyczne; Ośrodek Rozwoju Edukacji: Warszawa, Poland, 2017; pp. 11–16.

33. Liu, X.; Huang, Y.; Lo, K.; Huang, Y.; Chen, J.; Feng, Y. Quotient of Waist Circumference and Body Mass Index: A Valuable
Indicator for the High-Risk Phenotype of Obesity. Front. Endocrinol. 2021, 12, 697437. [CrossRef]

34. WHO. Growth Reference 5–19 years—BMI-for-Age (5–19 years). Available online: https://www.who.int/tools/growth-reference-
data-for-5to19-years/indicators/bmi-for-age (accessed on 28 October 2022).

http://doi.org/10.1001/jamapediatrics.2019.3310
http://doi.org/10.21101/cejph.a4153
http://www.ncbi.nlm.nih.gov/pubmed/26841149
http://doi.org/10.1038/sj.ijo.0803774
http://www.ncbi.nlm.nih.gov/pubmed/18043605
http://doi.org/10.1136/bjsm.2008.056499
http://www.ncbi.nlm.nih.gov/pubmed/19158130
http://doi.org/10.1016/j.pcad.2019.01.002
http://www.ncbi.nlm.nih.gov/pubmed/30639135
http://doi.org/10.1161/CIR.0000000000000461
http://doi.org/10.1093/eurjpc/zwab169
http://doi.org/10.1161/CIR.0000000000000866
http://www.ncbi.nlm.nih.gov/pubmed/32686505
http://doi.org/10.1016/j.jpeds.2017.09.055
http://doi.org/10.1080/02701367.2015.1124969
http://www.ncbi.nlm.nih.gov/pubmed/26889586
http://www.ncbi.nlm.nih.gov/pubmed/26336340
http://doi.org/10.1249/MSS.0000000000002637
http://doi.org/10.1371/journal.pone.0201048
http://www.ncbi.nlm.nih.gov/pubmed/30067796
http://doi.org/10.1136/bmjsem-2019-000627
http://www.ncbi.nlm.nih.gov/pubmed/31921438
http://doi.org/10.1016/j.jsams.2017.08.002
http://www.ncbi.nlm.nih.gov/pubmed/28847618
http://doi.org/10.1097/HJR.0b013e328336975e
http://doi.org/10.17309/tmfv.2022.1.07
http://doi.org/10.1007/s00431-022-04623-4
http://doi.org/10.3389/fendo.2021.697437
https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age
https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age


Int. J. Environ. Res. Public Health 2023, 20, 851 11 of 11

35. World Health Organization. Waist Circumference and Waist-Hip Ratio: Report of a WHO Expert Consultation, Geneva, 8–11 December
2008; World Health Organization: Geneva, Switzerland, 2011. Available online: https://apps.who.int/iris/handle/10665/44583
(accessed on 5 November 2021).

36. Léger, L.A.; Lambert, J. A Maximal Multistage 20-m Shuttle Run Test to Predict VO2 Max. Eur. J. Appl. Physiol. 1982, 49, 1–12.
[CrossRef]

37. Tomkinson, G.R.; Lang, J.J.; Tremblay, M.S.; Dale, M.; LeBlanc, A.G.; Belanger, K.; Ortega, F.B.; Léger, L. International Normative
20 m Shuttle Run Values from 1,142,026 Children and Youth Representing 50 Countries. Br. J. Sports Med. 2017, 51, 1545–1554.
[CrossRef]

38. Padilla-Moledo, C.; Castro-Piñero, J.; Ortega, F.B.; Mora, J.; Márquez, S.; Sjöström, M.; Ruiz, J.R. Positive Health, Cardiorespiratory
Fitness and Fatness in Children and Adolescents. Eur. J. Public Health 2012, 22, 52–56. [CrossRef] [PubMed]

39. Luz, R.H.; Barbosa, A.R.; d’Orsi, E. Waist Circumference, Body Mass Index and Waist-Height Ratio: Are Two Indices Better than
One for Identifying Hypertension Risk in Older Adults? Prev. Med. 2016, 93, 76–81. [CrossRef] [PubMed]
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