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Abstract

Introduction: Obesity in children and adolescents is a relevant public health problem, and
screening with acceptable accuracy using physical fitness tests supports their use as a health
assessment tool.

Aim: This study aimed to identify cutoff points for physical fitness tests for screening obesity
risk by the waist-to-height ratio in youth.

Methods: This study is a secondary analysis of the PROESP-Br database, selecting subjects with
anthropometric variables and physical fitness tests for flexibility, cardiorespiratory fitness, and
abdominal strength. The final sample consisted of 4645 children and adolescents aged between
6 and 17 years. For data analysis, we used the ROC curves.

Results: The study presents significant results for abdominal strength and 6-minute run tests
in both age groups (6-12 and 13-17 years), allowing cutoff points to be established with the
ROC curve. For the 6-12-year-old group, the 6-minute run (area under the curve AUC > 0.662)
optimal cutoff point was 852.5 m, and for abdominal strength (AUC >0.678), the cutoff point
was 26 per minute. For the 13-17-year-old group, the 6-minute run (AUC >0.668) cutoff point
was 880.50 m, and for abdominal strength (AUC >0.661), it was 30 per minute. Flexibility was
the only test that did not present significant results in either of the groups.

Discussion: The findings were consistent with previous research supporting the use of physical
fitness tests for screening obesity risk in youth, and these results stood out for incorporating
the waist-to-height ratio as the reference criterion.

Conclusion: The 6-minute run test and abdominal strength test showed sufficient accuracy for
screening obesity risk in youth aged 6-12 and 13-17 years.

Keywords
Anthropometrics; cutoff point; nutritional status; physical fitness.
Resumen

Introduccidén: La obesidad en nifios y adolescentes constituye un problema de salud publica
relevante, y su deteccion con aceptable precisidn mediante pruebas de condicién fisica favorece
su uso como herramienta de evaluacién de la salud.

Objetivo: Este estudio tuvo como objetivo identificar puntos de corte en pruebas de condicién
fisica para la deteccién del riesgo de obesidad mediante el indice cintura-estatura en jévenes.
Métodos: Se trata de un andlisis secundario de la base de datos del PROESP-Br, en el que se
seleccionaron participantes con variables antropométricas y pruebas de condicién fisica de fle-
xibilidad, condicion cardiorrespiratoria y fuerza abdominal. La muestra final estuvo compuesta
por 4645 nifios, nifias y adolescentes de entre 6 y 17 afios. Para el andlisis de los datos se utili-
zaron curvas ROC.

Resultados: El estudio present6 resultados significativos para la fuerza abdominal y la prueba
de carrera de 6 minutos en ambos grupos etarios (6-12 y 13-17 afios), lo que permitié estable-
cer puntos de corte mediante curvas ROC. Para el grupo de 6-12 afios, el punto de corte 6ptimo
en la carrera de 6 minutos (AUC > 0,662) fue de 852,5 m, y para la fuerza abdominal (AUC >
0,678), de 26 repeticiones por minuto. En el grupo de 13-17 afios, el punto de corte en la carrera
de 6 minutos (AUC > 0,668) fue de 880,5 m, y para la fuerza abdominal (AUC > 0,661), de 30
repeticiones por minuto. La flexibilidad fue la inica prueba que no presenté resultados signifi-
cativos en ninguno de los grupos.

Discusion: Los hallazgos coincidieron con investigaciones previas que respaldaban el uso de
pruebas de condicidn fisica para detectar el riesgo de obesidad en jovenes, destacandose estos
resultados por incorporar el indice cintura-estatura como criterio de referencia.

Conclusién: La prueba de carrera de 6 minutos y la prueba de fuerza abdominal demostraron
una precisién suficiente para detectar el riesgo de obesidad en jévenes de 6 a 12 aflosy de 13 a
17 afios.

Palabras clave

Antropometria; condicidn fisica; estado nutricional; punto de corte.
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Introduction
___________________________________________________________________________________________________________________________|
Overweight and obesity in children and adolescents represent a significant public health problem, re-
quiring simple and standardized methods for identification and monitoring (Megchin Herndndez et al.,
2022; Pelegrini et al., 2015). In this context, anthropometric indicators are the most widely used low-
cost and easy-to-apply tools (Quiroga-Torres et al., 2022), as they provide objective and quantifiable
information to describe the status of a population and detect higher-risk profiles in various fields such
as public health, nutrition, and epidemiological research (Piqueras et al., 2021). Some of the most used
anthropometric indicators are body mass index (BMI), waist circumference (WC), and waist-to-height
ratio (WtHR) (Megchun Hernandez et al., 2022).

BMI is the most widely used parameter for identifying obesity at different ages (Aune et al., 2016; Nut-
tall, 2015; Ramesh et al., 2024). However, current evidence shows that it has limitations in predicting
the risk of chronic diseases and measuring excess fat (Nevill et al., 2022; Wu et al,, 2024). In addition,
BMI does not distinguish between fat mass and lean mass, so it can classify people with high muscle
mass as obese and generate errors in epidemiological studies as well as in clinical, school, and public
health decisions (Buss, 2014; Hernandez-Jafa et al., 2025; Mokha et al., 2010). Therefore, previous stud-
ies suggest that WtHR is more sensitive, cheaper, and quicker to measure and calculate than BMI, and
can be applied to both girls and boys (Ashwell & Hsieh, 2005; Eslami et al., 2023). In addition, a high
WtHR value at an early age could predict a higher cardiometabolic risk in the future (Eslami et al.,, 2023).

Considering the pediatric population and the school setting, WtHR is positioned as a consistent and sim-
ple indicator for assessing abdominal obesity (Eslami et al., 2023), which is regarded as a particularly
adverse fat distribution pattern due to its association with cardiometabolic risk factors (Forkert et al.,
2016). In addition, a practical threshold close to 0.5 is proposed for the detection of central obesity in
children and adolescents (Browning et al., 2010). In this context, schools also allow physical fitness to
be assessed through field tests, to monitor health status using feasible and low-cost procedures
(Marques et al., 2021). However, there are limited studies analyzing physical fitness through field tests
and its relationship with WtHR (Dong et al., 2024). It has only been developed taking BMI into account,
as in the study by Silva et al. (2020), where they propose cut-off points in a physical fitness test to iden-
tify obesity using BMI as a criterion.

The relationship between physical fitness and obesity is crucial in the school context, as childhood and
adolescence are critical periods of development when habits and behaviors are established, influencing
future health trajectories (Arafa et al., 2024). During these stages, growth and biological maturation can
influence performance in physical fitness tests and, therefore, the relationship between obesity and
physical fitness (Jones et al., 2000; Lloyd et al., 2014; Malina, 2014). Physical fitness is not only an indi-
cator of overall health but is also directly related to the risk of developing overweight and obesity (Mil-
lard-Stafford et al., 2013), its main components being cardiorespiratory and muscular fitness (Burns et
al,, 2013). Precisely for this reason and given that WtHR classifies central obesity using a simple crite-
rion (Eslami et al,, 2023), it is relevant to explore its relationship with physical fitness tests and derive
cut-off points applicable in schools, where professors and health professionals can feasibly administer
these tests and obtain relevant information for health monitoring beyond physical condition. Therefore,
the objective of this study is to identify cutoff points for physical fitness tests for screening obesity risk
by the waist-to-height ratio in youth.

Method
|

Study Design

This study is characterized by a cross-sectional secondary analysis of the Projeto Esporte Brasil (PRO-
ESP-Br)(Reis Gaya et al., 2021) database. The public data are available to researchers and professors
from Brazil through a form and public download from the website.

The PROESP-Br is a repeated cross-sectional surveillance study designed to assess the anthropometry
and levels of physical fitness of Brazilian children and adolescents through a standardized data collec-
tion protocol since 1999. The data collection throughout the project (1999-2022) occurred over the
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years by previously trained volunteers. For all evaluation is written informed consent was obtained
from parents or legal guardians. Ethical approval for the project was originally obtained from the Uni-
versidade Federal do Rio Grande do Sul, Brazil, in 2002 under registration number: 2008010.

Volunteers register protocol

The volunteers for executing the data collection in all Brazilian states were physical education teachers,
sports coaches, and strength and conditioning professionals. These volunteers accessed the PROESP-
Br's guidelines19 on a website (https://proespbr-oficial.lovable.app/) for video training and orienta-
tion about the formulary, measurements, and fitness test. The PROESP-Br research team has been avail-
able by email or telephone for any additional necessary explanation.

After this step, the volunteers made a register using their personal Brazilian ID and completed a form
with the institution (e.g., school, sports club), city, state, phone number, and e-mail address. After data
collection, the volunteers sent the data using their individual register and received a general and indi-
vidual report about growth, skills- and health-related fitness of their students/athletes. For this study,
563 volunteers participated in data collection in 313 institutions (schools, sport clubs, scholar sport
teams, and educational sport teams).

Recruitment protocol

Using recruitment with intentional and non-random sampling methods, all regions of Brazil were re-
cruited in at least five cities, considering the wide geographic distribution of Brazil. Among recruitment
sites, primary and secondary schools account for more than 50%, the rest of the sites are made up of
public and private sports clubs, sports schools, social projects, and local cross-sectional research pro-
jects (linked to PROESP-Br). In all stages of the research, participants were invited to participate in the
study, aware that they could withdraw for any reason, without consequences.

Participants

Participants were considered eligible for this study if they were between 6 and 17 years old, able to
perform physical tests at maximum effort, and moderate to vigorous physical activities were not con-
traindicated by a pre-existing medical condition. Young people with disabilities had a protocol adapted
to participate in all assessments. Anthropometric results of young people with physical disabilities, in
which anthropometry must be analyzed separately, were not eligible for the present study.

For this study, all subjects with anthropometric variables, cardiorespiratory fitness, flexibility, and ab-
dominal strength were selected from the PROESP-Br database. Thus, the sample for this study consisted
of 4645 children and adolescents aged between 6 and 17 years, divided into 6-12 years old (n = 2149)
and 13-17 years old (n = 2496) (Table 1).

General Data Collection Procedures

For data collection, volunteers were trained to instruct children and adolescents about the project ob-
jectives and protocols. The children undertook the measurements wearing light clothes (e.g., physical
education class clothes) and without shoes.

For the measurement of height, they were instructed to use a portable stadiometer or measuring tape
with a precision of up to 2 mm. When the measuring tape was used (considering that it normally
measures 150 centimeters in length), it was advisable to attach it to the wall 100 centimeters from the
ground, extending it from bottom to top (in this case, the evaluator added 100 centimeters to the result
measured by the measuring tape). To read the height, a square device should be used (this procedure
eliminates errors resulting from possible material inclinations such as rulers or clipboards when freely
supported only on the children’s head). Height measurement was recorded in centimeters with two
spaces after the comma.

For a waist circumference assessment, an anthropometric tape measure (of unspecified make or model)
was used. The assessment was performed at the midpoint between the lower edge of the last rib and the
iliac crest, usually near the navel. To calculate the waist-to-height ratio (WtHR), the waist circumference
value in centimeters was divided by the height value in centimeters. The results were categorized fol-
lowing the recommendation of Ashwell and Hsieh, which indicates 0.50 as the single cutoff point for all
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ages and sexes (Ashwell & Hsieh, 2005). For the analysis, the categories used were: 1) WtHR < 0.50 as
healthy, and 2) WtHR = 0.50 as at risk due to excess abdominal fat.

For cardiorespiratory fitness, the 6-minute run test was used. Children were instructed to run for as
long as possible, avoiding peaks of speed interspersed with long walks. During the test, the student was
informed of the passage of time at 2, 4, and 5 minutes, and a signal indicated the end of the test. The
child remained in place where the test ended until the distance covered was recorded to the nearest
whole meter. The measurement is recorded in meters per minute (distance divided by 6 without a space
after the comma).

For the assessment of abdominal strength, sit-ups in 1 minute were used. The child was in a supine
position, with knees bent at 45° and arms crossed over the chest. The evaluator, with their hands, held
the child's ankles to fix them to the ground. Upon the signal, the child-initiated trunk flexion movements
until touching the elbows with the thighs and returning to the starting position. The child performed as
many complete repetitions as possible in 1 minute.

A measuring tape was placed on the floor, with a 30 cm piece of tape placed perpendicular to it at 38 cm.
The other end of the measuring tape was also fixed to the floor with tape. The student being evaluated
had to be barefoot, with heels positioned at the 38 cm mark on the tape and with a 30 cm separation
between them. With knees extended and hands overlapping, the student slowly leaned forward and ex-
tended their hands as far as possible, remaining in the position until their distance was recorded. Stu-
dents had two attempts.

Covariates

Sex and maturation were used as covariates. Maturation offset (M0O), defined as time before/after peak
height velocity (PHV), was calculated using predictive equations established by Moore et al. (2015). For
girls, MO =-7.709133 + 0.0042232 - CA - height; R2 = 0.90, Standard Error of Estimation (SEE) = 0.52.
For boys, MO = -7.999994 + 0.0036124- CA - height; R2 = 0.90, Standard Error of Estimation (SEE) =
0.54. (Height in cm and CA = chronological age).

Data cleaning

The data received underwent an initial screening to check the data of the volunteer responsible for data
collection (to avoid false data). The second screening assessed whether there were any typing errors,
and, at this stage, the data of the child/adolescent are correlated (measurements and physical fitness
tests), when observing the lack of agreement between the values and the marked data. The third step is
the deletion of data entered incorrectly, after confirmation by the PROESP-Br research team.

Data treatment

The PROESP-Br database was formally requested by the researchers through the project’s data access
procedure, with the intended analyses and objectives of the present study specified in the request. Fol-
lowing authorization, the database was downloaded and stored in a secure, access-restricted location.
Access was limited to the researchers involved in the study, and the dataset was used exclusively for the
purposes described in the approved request. The research team assumed responsibility for maintaining
data confidentiality and agreed not to share, transfer, or use the database in other studies without ob-
taining additional authorization from the PROESP-Br coordination team.

Before the statistical analyses, the database underwent a systematic verification and cleaning process.
First, the completeness and consistency of the variables required for the present study were examined.
Records were then screened for possible entry errors, implausible values, duplicate observations, and
inconsistencies between participants’ demographic, anthropometric, and physical fitness data. Values
identified as potentially incorrect were checked against the information available in the original data-
base and, when necessary, submitted to the PROESP-Br research team for confirmation. Records con-
taining confirmed entry errors or data that could not be reliably verified were removed. Participants
who did not meet the eligibility criteria or who had missing data for the variables included in the anal-
yses were also excluded. After completing these procedures, a study-specific analytical dataset was cre-
ated and securely stored. This dataset remains restricted to the present study and will not be used for
purposes other than those established in the original data request.
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Initially, a descriptive and exploratory analysis was conducted. In this procedure, the Kolmogorov-
Smirnov test was performed, and mean values and standard deviation were calculated. Differences be-
tween sexes were tested with the two-way ANOVA test, adjusting for covariates. To propose cutoff
points for the physical fitness variables, Pearson’s correlation was used as the first step, and the Re-
ceiver Operating Characteristic (ROC) curve analysis was used. Physical fitness variables were analyzed
separately and continuously (cardiorespiratory fitness, flexibility, and abdominal strength). The out-
come variable was analyzed categorically, using the predefined categories. The area under the ROC
curves between physical fitness variables (one by one, continuous variable) and the outcome, stratified
by sex and adjusted for maturation, was calculated. Analyses for identifying cutoff points were con-
ducted, ensuring that the lower limit of the 95% CI was not lower than 0.50. Cutoff points were defined
based on the best balance between sensitivity and specificity.

Results
|
Table 1 presents the description of anthropometric variables and physical fitness tests in boys and girls
categorized into two age groups. In the 6-12 age group, all evaluated variables show significant differ-
ences between boys and girls. In the 13-17 age group, WtHR does not show significant differences be-
tween boys and girls.

Table 1. Anthropometric characteristics and physical fitness of the sample

Total Boys Girls p-value
X+SD X+ SD X+SD

Age (year) 10.09 1.80 9.99 1.82 10.21 1.77 0.005

Weight (kg) 42.00 13.95 41.13 13.94 43.05 13.90 0.002

Height (cm) 145.08 13.53 144.21 13.92 146.11 12.97 0.001

Waist Circumference (cm) 65.90 11.67 66.73 12.21 64.91 10.92 <0.001

WtHR 0.45 0.07 0.46 0.07 0.44 0.06 <0.001

6-12 Maturity offset (cm/year) -2.09 1.58 -2.72 1.34 -1.32 1.52 <0.001
Age Abdominal Strength 27.68 9.96 29.38 10.51 25.73 8.91 <0.001

(rep/min)

Sit and Reach Test (cm) 34.25 13.61 33.36 13.62 35.31 13.53 0.001

6-Minute Run Test (m) 833.55 219.56 861.91 230.42 800.72 201.50 <0.001

Age (year) 14.58 1.23 14.54 1.25 14.61 1.21 0.154

Weight (kg) 59.14 14.18 61.50 15.11 56.31 12.40 <0.001

Height (cm) 165.56 10.39 169.77 9.55 160.52 9.04 <0.001

Waist Circumference (cm) 71.93 11.15 73.54 11.56 70.02 10.31 <0.001

WtHR 0.43 0.06 0.43 0.06 0.43 0.07 0.121

Maturity offset (cm/year) 1.51 1.24 0.93 1.07 2.19 1.06 <0.001

1§'17 Abdominal Strength 30.75 11.42 35.18 10.72 2547 9.96 <0.001

ge (rep/min)

Sit and Reach Test (cm) 35.50 13.20 33.66 12.88 37.66 13.59 <0.001

6-Minute Run Test (m) 950.88 315.02 1.067 321.43 810.44 241.47 <0.001

X: average value; SD: standard deviation; p-value: significance level.

Table 2 shows that in both age groups, negative correlations are observed between the 6-minute run
test, abdominal strength test and WtHR. Flexibility was just associated with WtHR in the total sample,
but not when analysis was stratified by age groups.

Table 2. Correlation between waist-to-height ratio (WtHR) and the physical fitness tests in children and adolescents

Total 6-12 age 13-17 age
r r r
Cardiorespiratory fitness -0.242** -0.203** -0.242**
Abdominal Strength -0.256** -0.264** -0.228**
Flexibility -0.033* -0.056 -0.002

** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed).

Table 3 presents, from the ROC curve criteria above 0.600, significant results are presented for the 6-
minute run test and for abdominal strength in both age groups. For the 6-12 age group, the AUC was
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0.662 (95% CI: 0.62-0.69; p<0.001) for the 6-minute run test, with a cutoff point of 852.5 m, and AUC
0.678 (95% ClI: 0.646-0.710; p<0.001) for abdominal strength, with a cutoff point of 26 repetitions. In
the 13-17 age group, the AUC was 0.668 (95% CI: 0.637-0.699; p<0.001) for the 6-minute run test, with
a cutoff point of 880.5 m, and AUC 0.661 (95% CI: 0.631-0.691; p<0.001) for abdominal strength, with
a cutoff point of 30 repetitions. Flexibility is the only test for which no cutoff point is presented, as the
ROC results are not significant.

Table 3. Cutoff points and ROC curve parameters for physical fitness tests by Waist-to-Height Ratio

Age AUC 95% CI p-value Cutoff Point
6-Minute Run Test (m) 0.662 0.62 - 0.69 <0.001 852.50
6-12 Abdominal Strength (rep/min) 0.678 0.646 - 0.710 <0.001 26
Sit and Reach Test (cm) 0.550 0.519 - 0.581 - -
6-Minute Run Test (m) 0.668 0.637 - 0.699 <0.001 880.50
13-17 Abdominal Strength (rep/min) 0.661 0.631 -0.691 <0.001 30
Sit and Reach Test (cm) 0.513 0.481 - 0.546 - -

AUC: Area Under the Curve; 95% CI: 95% Confidence Interval; p-value: statistical probability value.

Discussion

. ______________________________________________________________________|
The objective of this study is to identify cutoff points for physical fitness tests for screening obesity risk
by waist-to-height ratio in youth. The results show significant negative correlations between WtHR and
the 6-minute run and abdominal strength test, which allows specific cut-off points to be proposed for
both tests in the two age ranges. However, no cut-off points are presented for flexibility, as the ROC
curves are not significant. These findings suggest that lower performance on both tests is associated
with a higher probability of elevated WtHR. The novelty of this study lies in the fact that it is the first
research to propose specific cut-off points for the 6-minute run test and abdominal strength test based
on WtHR in the school population.

This proposal extends the approach of Silva et al. (2020), who established BMI-based cut-offs for the 9-
minute run test in 61,465 Brazilian schoolchildren. However, the present study uses WtHR as a refer-
ence criterion, which is a more accurate predictor of both obesity and cardiometabolic risk than BMI in
adults and children (Ashwell et al., 2012; Ashwell & Gibson, 2016; Ashwell & Hsieh, 2005; Savva et al.,
2000). This choice is further supported by recent evidence questioning the continued validity of BMI as
a screening tool, suggesting that waist-circumference-based indices represent a more appropriate alter-
native (Nevill et al,, 2022). In this regard, WtHR emerges as a more accurate and simpler indicator than
BMI for detecting obesity-related risk in children and adolescents, due to its ability to reflect central fat
distribution (Eslami et al., 2023; Kiling et al., 2019; Yan et al,, 2007), as well as its feasibility for use in
school and pediatric settings (Ukegbu et al., 2023). In that sense, the present study incorporates the 6-
minute run test and abdominal strength assessment, allowing the proposed cut-off points to be readily
applied in school contexts for both boys and girls, as these tests are quick and easy to administer by
physical education professionals, requiring only adequate space and a timing device, without the need
for additional instruments compared to conventional anthropometric measurements (BMI, WtHR).

The results of this study indicate that there is a negative relationship between WtHR and the 6-minute
run test. This finding coincides with Latorre Roman et al. (2025), who report r = -0.197 (p < 0.001)
between the 6-minute run test and WtHR in 1,165 Chilean children aged 3 to 10 years. Similarly, Alves
de Almeida (2025), reports r = -0.51 between WtHR and the 6-minute run test in Brazilian boys aged 6
to 17 years. Thus, higher WtHR values are associated with lower functional capacity. On the other hand,
our results show a negative relationship between WtHR and the abdominal strength test. This finding
coincides with that reported by Hsu et al. (2021) who indicated a significant negative correlation be-
tween WtHR and 1-minute sit-ups (r = -0.18; p < 0.001) in 360 Taiwanese schoolchildren aged 9-11
years. Similarly, in the study by Alves de Almeida (2025), r = -0.28 is reported between WtHR and sit-
ups in Brazilian males aged 6-17 years. This suggests that greater central obesity limits both cardi-
orespiratory capacity and abdominal strength, reinforcing the use of WtHR as a simple indicator for
detecting schoolchildren with lower physical fitness and higher obesity risk.

Flexibility was associated with WtHR in the overall sample; however, this relationship disappeared after
stratifying by age, and no cutoff point could be established because the ROC curve was not significant.
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This finding is consistent with the literature, which is also inconclusive on the topic. Some studies report
lower flexibility in children with excess weight measured by BMI (Thompson et al., 2021), whereas oth-
ers do not find a significant association (Castro-Pifiero et al., 2013), and none have specifically examined
this relationship using WtHR. The most likely explanation is that the initial association was more related
to maturational differences than to abdominal adiposity itself. Although it is possible that excess ab-
dominal adiposity mechanically limits trunk flexion, as has been observed in adults with obesity (Gil-
leard & Smith, 2007), no consistent relationship with WtHR was found in this sample. In that sense,
flexibility does not appear to meet the necessary conditions to be considered a screening test for obesity
risk in schoolchildren, unlike cardiorespiratory fitness and abdominal strength.

The present study finds that the AUC values for the association between obesity and the 6-minute run
test and abdominal strength are moderate. Specifically, AUC values ranging from 0.66 to 0.68 indicate
modest discriminatory ability and should not be interpreted as evidence that these tests can inde-
pendently diagnose abdominal obesity or replace anthropometric assessment. Nevertheless, the in-
tended application of the proposed cutoff points is not diagnostic. Rather, they are designed as an initial,
low-cost screening strategy to identify schoolchildren who may benefit from further assessment. Within
this context, moderate AUC values may still have practical utility, particularly when screening is con-
ducted in settings such as schools or primary healthcare, where simple and feasible tools are required.

These findings are consistent with previous studies that use field tests to measure cardiorespiratory
fitness and abdominal strength, suggesting that such tests are associated with health indicators and may
contribute to preliminary risk screening (Kasovi¢ et al., 2022; Marques et al., 2021; Ruiz et al,, 2016;
Silva et al.,, 2020; Tomkinson et al., 2018). For this application, identifying most children who may pre-
sent increased obesity risk is more relevant than achieving high specificity. Consequently, some false-
positive classifications may be acceptable because classification above the proposed cutoff does not con-
stitute a diagnosis but rather indicates the need for complementary assessment. Conversely, false-neg-
ative classifications should be minimized to avoid overlooking children who may require further evalu-
ation. Therefore, the proposed cutoff points should be interpreted as screening thresholds rather than
definitive clinical criteria.

Considering the high prevalence of school obesity in the Latin American context (Campos Rodriguez et
al,, 2020), this study provides useful information for physical education and health professionals, as the
proposed cut-off points in the 6-minute run test and abdominal strength offer quick and simple tools for
the preliminary identification of children and adolescents who may have elevated WtHR in school set-
tings.

This study presents several limitations that should be considered when interpreting the findings. First,
its cross-sectional design precludes establishing causal relationships between physical fitness compo-
nents and WtHR. Therefore, the identified associations should be interpreted as correlational rather
than indicative of cause-and-effect mechanisms. Second, the use of secondary data from the Projeto Es-
porte Brasil implies limited control over data collection conditions. Although standardized protocols
were followed, important environmental factors such as ambient temperature, testing surface, and con-
textual variability across schools were not controlled, which may have influenced physical performance
outcomes. Third, the assessment of cardiorespiratory fitness and muscular strength was conducted us-
ing field-based tests rather than laboratory-based gold-standard measures. While these tests are prac-
tical and widely used in school settings, they may introduce measurement variability and reduce preci-
sion compared to direct physiological assessments. Additionally, maturation was estimated using pre-
dictive equations rather than direct biological measures (e.g., skeletal age), which may introduce some
degree of misclassification, particularly during periods of rapid growth. The modest AUC values ob-
served in the present study should also be acknowledged. Although the proposed cutoff points may sup-
port preliminary screening in school and primary healthcare settings, their discriminatory ability is in-
sufficient for diagnostic purposes or individual clinical decision-making. These thresholds should there-
fore be used to identify children who may require subsequent anthropometric or clinical assessment. In
addition, their predictive performance and external validity should be examined in independent and
representative samples before widespread implementation.
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Conclusions

The 6-minute run test and the abdominal strength test presented sufficient accuracy for screening obe-
sity risk based on the waist-to-height ratio in youth aged 6-12 and 13-17 years. From these physical
fitness tests, it was possible to identify valid cut-off points, specifically 852.50 m and 26 repetitions for
those aged 6-12 years and 880.50 m and 30 repetitions for those aged 13-17 years. These results have
important practical applicability, suggesting the use of these tests and cut-off points in school settings,
given their simple implementation by physical education and health professionals.

In future research, longitudinal and interventional designs are warranted to confirm the predictive va-
lidity and causal relationships between physical fitness components and obesity risk. Additionally, ex-
ternal validation of these cutoff points in diverse populations and cultural contexts is necessary to en-
hance generalizability. Further studies should also consider incorporating more precise measures of
body composition and biological maturation, as well as exploring the combined predictive capacity of
multiple fitness components. Finally, integrating these cutoff points into school-based monitoring sys-
tems may contribute to early identification and targeted interventions aimed at improving youth health
outcomes.
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