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Low cardiorespiratory fitness combined with excess adiposity is
associated with elevated diastolic blood pressure in Brazilian

children
Baja aptitud cardiorrespiratoria combinada con exceso de adiposidad se asocia con
presion arterial diastolica en nifios brasilefios
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Abstract

Objective: To describe indicators of physical fitness, general and central adiposity, and blood
pressure (BP) in schoolchildren aged 6-10 years in Curitiba (Brazil), comparing according to
sex, BP status, adiposity, and physical fitness, and analyzing the combined effect of cardiorespir-
atory fitness (CRF) and adiposity in relation to BP levels.

Methodology: Cross-sectional study with 167 children aged 6-10 years. Body mass, height,
waist circumference (WC), systolic BP (SBP), and diastolic BP (DBP) were measured. Body mass
index (BMI), BMI z-score (BMI-z), Tri-ponderal mass index (TMI), waist-to-height ratio (WHtR),
and mean BP (MBP) were calculated. Physical fitness was assessed by handgrip strength, hori-
zontal jump, and 20-meter shuttle run test. Adiposity was classified as normal or excessive
(BMI, TMI, WC, WHtR). Hypertension was defined as BP values P95 for sex and height. Analysis
was performed using t-tests, chi-square tests, kruskal-wallis test and binary logistic regression.
Results: Girls had higher body mass (p=0.038) and SBP (p=0.012) than boys. Frequencies of
excess general adiposity (BMI-z=40.1%), central adiposity (WHtR=50.3%), and hypertension
(17.4%) showed no differences between sexes. Children with high BP had higher means and
frequencies of excessive adiposity (p<0.05) and low CRF (p=0.015). Hypertensive measures
were associated with TMI (OR=3.15), WC (OR=2.92), WHtR (OR=2.77), and low CRF (OR=3.20)
(p<0.05). Children with low CRF combined with high WC or TMI presented higher DBP and MBP
than those with high CRF, regardless of adiposity classification (p<0.01).

Conclusions: Children with high BP and hypertension had more general and central adiposity,
and low CRF. The combination of low CRF and high adiposity was associated with higher DBP
and MBP. Assessments in schoolchildren are important for identifying health risk factors,
providing a basis for comprehensive preventive actions.

Keywords
Childhood; health; hypertension; physical activity; schoolchildren.
Resumen

Objetivo: Descripcion de los indicadores de aptitud fisica, adiposidad general y central, y pre-
sién arterial (PA) en escolares de 6-10 afios en Curitiba (Brasil), comparandolos segtn sexo,
alteraciones de la PA, adiposidad y aptitud fisica, y analizando la combinacién de aptitud car-
diorrespiratoria (ACR) y adiposidad en relacién con los niveles de PA.

Metodologia: Estudio transversal con 167 nifios de entre 6-10 afios. Se midieron masa corporal,
altura, circunferencia de la cintura (CC), PA sistélica (PAS) y PA diastdlica (PAD). Se calcularon
el indice de masa corporal (IMC), puntuacién z del IMC (IMC-z), indice de masa tri-ponderal
(IMT), relacién cintura-altura (RCA) y PA media (PAM). La aptitud fisica se evalu6 mediante
fuerza de prensiéon manual, salto horizontal y prueba de carrera de ida y vuelta de 20 metros.
La adiposidad se clasific6 como normal o excesiva (IMC, IMT, CC, RCA). La hipertension se defi-
ni6é como valores de PA =P95 para el sexo y altura. El andlisis se realizé mediante pruebas t,
pruebas de chi cuadrado, prueba de kruskal-wallis y regresion logistica binaria.

Resultados: Las nifias tenian mayor masa corporal (p=0,038) y PAS (p=0,012) que los nifios. No
se encontraron diferencias entre los sexos a la frecuencia de adiposidad general excesiva (IMC-
z2=40,1%), adiposidad central (RCA=50,3%) e hipertension (17,4%). Los nifios con PA alta te-
nian medias y frecuencias mas altas de adiposidad excesiva (p<0,05) y baja ACR (p=0,015). Las
medidas de hipertension se asociaron con IMT (OR=3,15), CC (OR=2,92), RCA (OR=2,77) y baja
ACR (OR=3,20) (p<0,05). Los nifios con bajo ACR combinado con alto CC o IMT presentaron
PAD y PAM mas altas que aquellos con ACR alto, independientemente de la clasificacion de adi-
posidad (p<0,01).

Conclusiones: Los nifios con PA alta e hipertension presentaron mas adiposidad general y cen-
tral, asi como una baja ACR. La combinacidn de baja ACR y alta adiposidad se asocié con una
PAD y PAM mas elevada. Las evaluaciones en escolares son importantes para diagnosticar fac-
tores de riesgo para la salud, lo que proporciona una base para acciones preventivas integrales.

Palabras clave

Actividad fisica; escolares; infancia; hipertension; salud.

806

I » ZOZLI
N

4


mailto:retosfeadef@gmail.com
https://doi.org/10.47197/retos.v78.118798

2026 (Mayo), Retos, 78, 806-819 ISSN: 1579-1726, eISSN: 1988-2041 https://revistaretos.org/index.php/retos

Introduction
___________________________________________________________________________________________________________________________|
Health-related risk factors should be identified and monitored in children and adolescents, especially in
the presence of excess body mass (De Simone et al., 2022), with the school environment being the most
appropriate place to promote health education initiatives in this population (WHO, 2025). Non-invasive
measures enable early analysis of general and central excess adiposity, as well as hypertension in
schoolchildren. Thus, epidemiological studies that include anthropometric measurements and blood
pressure (BP) in schoolchildren are fundamental for preventive and health surveillance actions in the
child and adolescent population (Nimkarn et al., 2023; Falkner et al., 2023). However, early diagnosis of
hypertension in schoolchildren is difficult due to the low frequency of BP measurement (De Simone et
al,, 2022). The approach to hypertension in childhood has recently been updated in Brazil, aligning with
international recommendations, reflecting an increasing concern about early cardiovascular risk. Unlike
previous protocols, current guidelines emphasize that high BP in children should be interpreted as a
marker of systemic health, not just an isolated numerical value (Brandao et al., 2025).

Global trends show an increase in the prevalence of childhood hypertension (WHO, 2025), which has
concerned the scientific community, especially due to the strong association between excess body mass
and reduced regular physical activity (PA) among children and adolescents (Falkner et al., 2023; De
Simone et al.,, 2022). In adolescents, several studies demonstrate the onset of hypertension associated
with excessive adiposity, both general (Rodrigues et al., 2018; Nogueira-de-Almeida et al., 2023) and
central (Tozo et al,, 2020), associated with the presence of metabolic and systemic inflammatory pro-
cesses (De Simone et al., 2022; Zhang et al., 2025). The risk of hypertension increases sixfold when as-
sociated with central obesity and threefold with general obesity (Tozo et al., 2020), as well as being
higher in the presence of a sedentary lifestyle and a family history of hypertension (Pinheiro etal., 2021).
Conversely, children who regularly engage in PA and spend less time being sedentary tend to have a
better adiposity profile, and even in the presence of excess weight, regular PA has a protective effect on
diastolic BP (DBP) (Tozo et al., 2020).

Within this context, overweight and obesity are established as the primary modifiable predictors for
hypertension in young populations, who are more likely to have low cardiorespiratory fitness (CRF)
(Dykstra et al., 2024). These findings converge with the concerns of the World Health Organization
(WHO, 2025) about the pandemic spread of obesity, reinforcing that preventing excess weight in child-
hood is a crucial strategy for mitigating cardiovascular risk in adulthood (WHO, 2025), which includes
regular PA. Physical fitness appears to function as a mediator and protector, directly influencing the
relationship between anthropometric indicators and BP levels (Chuang et al., 2023). Recent evidence
indicates that better physical fitness is associated with lower waist circumference, playing a key role in
reducing cardiovascular risk in children (Vasquez et al., 2025). Similarly, studies in schoolchildren have
shown that lower CRF and higher adiposity are associated with elevated BP and a greater cardiometa-
bolic risk (Alvarez et al., 2020).

However, identifying hypertension is challenging in children under 10 years of age, as there has been a
significant increase in the prevalence of overweight in this age group in recent years (WHO, 2025a), and
the cut-off points for diagnosing hypertension vary during physical growth (De Simone et al.,, 2022).
Thus, few epidemiological studies have investigated BP in children alone, with most pediatric research
addressing samples that include children and/or adolescents (Tozo et al., 2020; Yazdi et al., 2020; Pin-
heiro et al,, 2021; Nogueira-de-Almeida et al., 2023). A recent study of Chilean schoolchildren aged 6 to
10 years showed that more than half (58.7%) were overweight, which was associated with increased
systolic blood pressure (SBP) and reduced physical fitness (Pefia-Jorquera et al.,, 2026). Studies con-
ducted in Portugal indicated an increase in the prevalence of hypertensive disorders in children, ranging
from 8.2% to 19.6% (Rodrigues et al.,, 2018; Leite et al., 2026). In Brazil, the prevalence of hypertension
in children has increased, ranging from 6.7% to 10% (Souza et al., 2021; Quitério et al., 2025), reaching
higher percentages among overweight children (Nogueira-de-Almeida et al., 2023).

Thus, in children under 10 years of age, there is a gap related to the identification of hypertensive BP
levels, and in the understanding of how excess adiposity and low physical fitness interact in the early
stages of cardiovascular risk. Most epidemiological studies have focused on adolescents or mixed sam-
ples of children and adolescents, limiting the understanding of these relationships during early child-
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hood. Furthermore, few studies have simultaneously examined multiple indicators of general and cen-
tral adiposity together with CRF when analyzing BP levels in schoolchildren. Investigating the combined
influence of CRF and adiposity may help clarify whether higher levels of physical fitness can attenuate
the adverse effects of excess adiposity on BP during childhood. Therefore, the objective of this study was
to describe physical fitness indicators, general and central adiposity, and BP in schoolchildren aged 6 to
10 years in Curitiba (Brazil), comparing according to sex, BP status, adiposity, and physical fitness, and
to analyze the combined influence of CRF and adiposity on BP levels.

Method
[

Design study

Cross-sectional study conducted between October and December 2025. The protocol was approved by
the Research Ethics Committee of the Health Sciences Sector of the Federal University of Parana (CAEE:
86186424.1.0000.0102) and by the Research Ethics Committee of the Municipal Health Secretariat and
the Municipal Education Secretariat (CAEE: 86186424. 1.3001.0101) and authorized by the Municipal
Secretariat of Education of Curitiba (Brazil) (protocol no.: 01-130662/2025). Informed consent was ob-
tained from the parents and/or legal guardians of the participating children, as well as informed assent
from the schoolchildren themselves, in accordance with the criteria of the Brazilian National Council of
Ethics in Research (CNS resolution no. 466/2012).

Participants

The study involved 167 children enrolled in full-time education in the Curitiba Municipal Education sys-
tem. Schoolchildren were recruited according to the following inclusion criteria: (a) aged between six
and 10 years; (b) enrolled in full-time education; (c) no contraindications for performing CRF, muscle
strength, and flexibility tests; (d) participating in school physical education (approximately 100
min/week); (e) not taking medications that interfere with the interpretation of research results, such as
drugs for BP or weight control. The exclusion criteria were: (a) not participating in all assessments; (b)
presence of heart, lung, and osteoarticular diseases that cause clear health impairments.

Procedure

Anthropometric variables

Standardized techniques for measuring height and body mass were followed according to criteria es-
tablished in the literature. Height was measured with a stadiometer with a resolution of 0.1 cm, and
body mass was measured with a digital scale. Body mass index (BMI (kg-m-2)) was calculated to classify
normal weight and excess weight, and BMI z-score (BMI-z) was used to classify normal weight and ex-
cess weight (Onis et al., 2007). Tri-ponderal mass index (TMI (kg:m-3)) was used to classify as normal
weight and excess weight (Niu et al.,, 2023). Waist circumference (WC) was measured using a flexible,
inextensible tape measure with a resolution of 0.1 cm, and used to classify as normal weight and excess
weight (Fernandez et al., 2017). Waist-to-height ratio (WHtR) was used to classify as normal weight and
excess weight (Nambiar et al., 2010).

Blood pressure

To measure BP and rest heart rate (RHR), the schoolchild was positioned comfortably in a seated posi-
tion for 10 minutes, using a digital sphygmomanometer and a cuff size appropriate for the arm circum-
ference (Omron®, model HBP-1120). Two BP and RHR measurements were taken, and the mean value
was used for analysis. Mean BP (MBP) was estimated by considering one-third of SBP added to two-
thirds of DBP. BP was considered high when values were = 90th percentile and < 95th percentile for sex,
age, and height, and values = 95th percentile for sex, age, and height were considered hypertension
(Brandao et al., 2025).

Physical fitness

Muscle strength was assessed by evaluating upper and lower limb performance. Upper limb strength
was assessed using a handgrip strength test with a hydraulic hand dynamometer (Saehan®, model
SH5001). The test was performed with the subject standing, positioned with the shoulder adducted, the
\\”’» = 7
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elbow flexed at 90°, and the forearm in a neutral position. Finally, the wrist position could vary from 0
to 30° extension. The dynamometer was set to zero prior to testing. The highest value (kg) obtained in
the three attempts was adopted. The final value of upper limb muscle strength was obtained as the mean
of both hands.

The horizontal jump test was used to assess lower limb strength. The child stood behind a marked line,
with feet parallel, slightly apart, semi-flexed knees, and torso slightly bent forward. At the evaluator's
signal, the subject was instructed to jump as far as possible, bending knees and hips, and landing with
both feet simultaneously. The test was performed twice, and the best result was considered for evalua-
tion purposes (cm).

The CRF was measured using the 20-meter shuttle run test (SR-20m). The initial speed of the test was
8.5 km/h, increasing by 0.5 km/h at the end of each one-minute stage. The final score was recorded as
the last stage fully completed. The equation by Menezes-Junior et al. (2020) was used to estimate peak
oxygen consumption (VOzpeak). Participants were classified as having low or normal/high CRF according
to age- and sex-specific cut-off points proposed by Sagat et al. (2023).

Data analysis

In the statistical analysis, continuous variables were represented as means * standard deviation (SD),
while categorical variables were presented as absolute values and percentages (%). Normality was as-
sessed using the Shapiro-Wilk test, and diagnostic analysis of standardized residuals via Q-Q plot did
not suggest substantial deviations from normality. To verify differences between groups, Student's t-
test for independent samples was used. The chi-square test was used for comparisons of categorical
variables. To verify differences between groups, a one-way analysis of variance was performed, followed
by Bonferroni post hoc tests for multiple comparisons. To verify the association with hypertensive
measures, binary logistic regression was performed to determine the odds ratio (OR) and the respective
confidence intervals (95% CI). Additionally, the kruskal-wallis test was applied to compare the CRF and
adiposity classification groups (high CRF x low CRF x high WC/TMI x low WC/TMI) considering SBP,
DBP, and MBP as dependent variables, followed by pairwise comparisons with Bonferroni adjustment.
Statistical significance was defined as p<0.05. All analyses were performed using SPSS version 29.0.

Results

. ______________________________________________________________________|
A total of 167 children (45.5% boys) aged 6-10 years (mean age 8.49 + 0.93 years) participated in the
study. Table 1 shows the descriptive characteristics of the schoolchildren stratified by sex. No differ-
ences were observed between boys and girls in the anthropometric variables, except for higher body
mass in girls (p = 0.038). Regarding BP measurements, girls had a higher mean SBP (p = 0.012) com-
pared to boys. The frequencies of hypertensive measurements were similar between the sexes.

Table 2 shows the descriptive characteristics of the children according to BP categorization (normal,
elevated BP, and hypertension) and the frequencies of health-related risk factors, such as general adi-
posity (BMI, BMI-z, TMI) and central adiposity (WC, WHtR), as well as physical fitness classification. In
comparison, children with elevated BP and hypertension had higher means in all variables of general
and central adiposity (p < 0.05), as well as higher means of DBP (p = 0.025), but did not differ in SBP
and MBP compared to children with normal BP. Regarding physical fitness, lower mean CRF values were
observed (p = 0.015), but there were no differences in the mean values of upper and lower limb strength.

Regarding proportions, there was a higher frequency of excessive general adiposity according to TMI (p
=0.007) and central adiposity by WC (p = 0.030) and WHtR (p = 0.012) in children with elevated BP and
hypertension compared to those with normal BP. Children with elevated BP and hypertension had
higher proportions of low CRF (p = 0.015) compared to children with normal BP. The proportion of
adequate upper limb strength was similar among children with normal BP, elevated BP, and hyperten-
sion, but those with elevated BP had a higher proportion of low lower limb strength than those with
normal BP and hypertension (p = 0.034).
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Table 1. Descriptive characteristics of the schoolchildren stratified by sex

Variables Overall (n=167) Boys (n=76) Girls (n=91) P value
Age (years) 8.49+0.93 8.42+0.95 8.54 £0.92 900
Height (cm) 134.0 £ 8.6 133.8+8.7 134.2 +£8.5 712
Body mass (kg) 32.8+£8.7 31.7+£7.5 33.8+9.5 .038
Body mass index (kg-m-%) 18.1+3.3 17.6 £3.0 18.5+3.5 161
Body mass index z-score 0.85+1.3 0.76 +1.3 093+1.3 .756
Tri-ponderal mass index (kg-m3) 13.5+23 13.2+21 13.7+24 .529
Waist circumference (cm) 61.7+79 61.5+7.1 61.9+8.6 116
Waist-to-height ratio 0.46 £ 0.05 0.46 £ 0.04 0.46 £ 0.05 .219
Upper body strength (kg) 11.6+28 11.4+27 11.7+28 .805
Lower body strength (cm) 120.4 £ 21.3 124.5+21.7 117.0 £ 20.4 441
VOzpeak (mL-kg™*-min™") 52.8+7.8 56.3+7.6 50.0 £ 6.8 .233
Systolic blood pressure (mm Hg) 103.7£12.3 103.1+£11.1 104.1£13.3 .012
Diastolic blood pressure (mm Hg) 639+9.6 62.4+£9.7 65.2+9.4 .388
Mean blood pressure (mm Hg) 77.2+9.4 76.0 £8.9 78.2+9.8 .601
Rest heart rate (bpm) 85.7+12.5 84.3+13.1 869 +119 .182
Body adiposity
Body mass index (kg-m-%)
- Normal weight 113 (67.7%) 54 (71.1%) 59 (64.8%) .392
- Excess weight 54 (32.2%) 22 (28.9%) 32 (35.2%)
Body mass index z-score
- Normal weight 100 (59.9%) 49 (64.5%) 51 (56.0%) .268
- Excess weight 67 (40.1%) 27(35.5%) 40 (44.0%)
Tri-ponderal mass index (kg-m3)
- Normal weight 128 (76.6%) 60 (78.9%) 68 (74.7%) 521
- Excess weight 39 (23.4%) 16 (21.1%) 23 (25.3%)
Waist circumference (cm)
- Normal weight 138 (82.6%) 62 (81.6%) 76 (83.5%) 742
- Excess weight 29 (17.4%) 14 (18.4%) 15 (16.5%)
Waist-to-height ratio
- Normal weight 83 (49.7%) 40 (52.6%) 43 (47.3%) 489
- Excess weight 84 (50.3%) 36 (47.4%) 48 (52.7%) )
Physical fitness
Upper body strength
- Low 19 (11.4%) 11 (14.5%) 8 (8.8%) 096
- Normal/High 148 (88.6%) 65 (85.5%) 83 (91.2%) '
Lower body strength
- Low 55(32.9%) 20 (26.3%) 35 (38.5%) 249
- Normal/High 112 (67.1%) 56 (73.7%) 56 (61.5%) '
VOZpeak
- Low 30 (17.9%) 13 (17.1%) 17 (18.7%) 792
- Normal/High 137 (82.1%) 63 (82.9%) 74 (81.3%) '
Blood pressure
Stage
- Normal 115 (68.9%) 59 (77.6%) 56 (61.5%)
- Elevated BP 23 (13.8%) 7 (9.2%) 16 (17.6%) .079
- Hypertension 29 (17.4%) 10 (13.2%) 19 (20.9%)

The category "hypertension" refers to diastolic blood pressure alone or combined with systolic blood pressure, including stage 1
hypertension and combined stage 2 hypertension. Bold = p-values with a significant level of p<0.05

Table 2. Descriptive characteristics of the children and prevalence of health risks factors and physical fitness condition

Variables Normal BP (n=115) Elevated BP (n=23) Hypertension (n=29) P value
Age (years) 8.6+0.9 8.1+0.9 82+0.8 .069
Height (cm) 134.2+88 133.2+9.7 1339+7.1 .892
Body mass (kg) 31.8+6.8 36.0 +13.8 344 +9.6 .057
Body mass index (kg/m?) 17.5£2.5 19.7£ 4.9 189+ 39 .003
Body mass index z-score 0.66+1.1 14615 1.12+1.6 .014
Tri-ponderal mass index (kg/m?3) 13.7+1.8 14.7 £3.0 14.1+26 .001
Waist circumference (cm) 60.6 + 6.4 65.2+12.4 62.9+8.2 .026
Waist-to-height ratio 0.45+0.0 0.48 + 0.0 0.47 +0.0 .004
Upper body strength (kg) 11.5+27 11.9+29 114 +26 .798
Lower body strength (cm) 121.4+21.2 114.8 £ 23.9 120.9 £19.0 402
VO2zpeak (mL-kg™*min™?) 53.8+7.3 48.8+7.9 52.1+8.6 .015
Systolic blood pressure (mm Hg) 103.8+12.0 102.3+13.6 104.3£13.0 .827
Diastolic blood pressure (mm Hg) 62.6 £ 8.4 67.4+10.5 66.5+12.2 .025
Mean blood pressure (mm Hg) 76.3+8.5 79.0+10.4 79.1+11.7 224
Rest heart rate (bpm) 86.5+12.4 81.0+12.4 86.2+12.8 152
Body adiposity
Body mass index (kg-m?)
Normal weight 84 (73.0%) 13 (56.5%) 16 (55.2%) .087
Excess weight 31 (27.0%) 10 (43.5%) 13 (44.8%)
Body mass index z-score
Normal weight 73 (63.5%) 11 (47.8%) 16 (55.2%) .320
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Excess weight 42 (36.5%) 12 (52.2%) 13 (44.8%)
Tri-ponderal mass index (kg-m3)
Normal weight 96 (83.5%) 15 (65.2%) 17 (58.6%) .007
Excess weight 19 (16.5%) 8 (34.8%) 12 (41.4%)
Waist circumference (cm)
Normal weight 101 (87.8%) 16 (69.6%) 21 (72.4%) .030
Excess weight 14 (12.2%) 7 (30.4%) 8 (27.6%)
Waist-to-height ratio
Normal weight 84 (73.0%) 7 (30.4%) 10 (34.5%) 012
Excess weight 31 (27.0%) 16 (69.6%) 19 (65.5%) )
Physical fitness
Upper body strength
Low 15 (13.0%) 1(4.3%) 3(10.3%) 478
Normal/High 100 (87.0%) 22 (95.7%) 26 (89.7%) '
Lower body strength
Low 33 (28.7%) 13 (56.5%) 9 (31.0%) 034
Normal/High 82 (71.3%) 10 (43.5%) 20 (69.0%) '
VOZpeak
Low 14 (12.2%) 7 (30.4%) 9 (31.0%) 015
Normal/High 101 (87.8%) 16 (69.6%) 20 (69.0%) )

The category "hypertension" refers to diastolic blood pressure alone or combined with systolic blood pressure, including stage 1 hyperten-
sion and combined stage 2 hypertension. Bold = p-values with a significant level of p<0.05.

Table 3 shows the association with the risk of hypertensive measurements (odds ratios - OR). A signif-
icant association was observed between hypertensive measurements (elevated BP and hypertension)
and indicators of general and central adiposity. The risk of hypertensive measurements was twice as
high in girls (OR = 2.16; 95% CI: 1.09-4.30; p = 0.027), as well as with high BMI (OR = 2.14; 95% CI:
1.08-4.26; p = 0.029), high WC (OR = 2.92; 95% CI: 1.28-6.64; p = 0.010), and excess weight according
to WHtR (OR = 2.77; 95% CI: 1.39-5.51; p = 0.004). This risk was higher when analyzed by TMI (OR =
3.15; 95% CI: 1.50-6.64; p = 0.002). Regarding physical fitness, low VOzpeak Was associated with a three-
fold higher risk of hypertensive measurements (OR = 3.20; 95% CI: 1.42-7.22; p = 0.005).

Table 3. Odds ratios for the risk of hypertensive measurements

Hypertensive Risk

0Odds ratio CI95% P-value
Sex (female) 2.16 1.09 to 4.30 .027
Body mass index (general excess adiposity) 2.14 1.08 to 4.26 .029
Body mass index score z (general excess adiposity) 1.60 0.82to0 3.12 .160
Tri-ponderal mass index (general excess adiposity) 3.15 1.50 to 6.64 .002
Waist circumference (excess central adiposity) 2.92 1.28 to 6.64 .010
Waist-to-height ratio (excess central adiposity) 2.77 1.39to 5.51 .004
Upper body strength (low) 1.80 0.56to 5.71 319
Lower body strength (low) 1.82 0.92 to 3.60 .085
VOzpeak (low) 3.20 1.42 to 7.22 .005

VOzpear = peak oxygen consumption; bold = p-values with a significant level of p<0.05.

Multiple comparisons analysis was performed between the groups formed by the combination of CRF
(high CRF; low CRF) and WC (high WC; low WC - Figure 1.A-C) and TMI (high TMI; low TMI - Figure 1.D-
F) for SBP (Figure 1.A; 1.D), DBP (Figure 1.B; 1.E) and MAP (Figure 1.C; 1.F).
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Figure 1. Differences in blood pressure according to cardiorespiratory fitness levels combined with adiposity central and general
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interquartile range, and extreme values). H and p values refer to the Kruskal-Wallis test.

After Bonferroni adjustment, a significant difference was observed for DBP between the High CRF + High
WC and the Low CRF + High WC (Z=-4.300; p < 0.001), as well as between the High CRF + Low WC and
the Low CRF + High WC (Z=-3.999; p < 0.001). These results indicate that schoolchildren with low CRF
and high WC presented significantly higher DBP values compared with those with high CRF, regardless
of WC classification. Similarly, significant differences were observed for MBP between the High CRF +
High WC and the Low CRF + High WC (Z = -3.556; p = 0.002), as well as between the High CRF + Low
WC and the Low CRF + High WC (Z = -3.575; p = 0.002), indicating higher MBP values among school-
children with low CRF and high WC, regardless of WC classification.

For TMI classification, significant differences in DBP were observed between the High CRF + High TMI
and the Low CRF + High TMI (Z = -3.269; p = 0.006), as well as between the High CRF + Low TMI and
the Low CRF + High TMI (Z=-3.730; p = 0.001). Likewise, significant differences were observed for MBP
between the High CRF + High TMI and the Low CRF + High TMI (Z = -2.718; p = 0.039), as well as be-
tween the High CRF + Low TMI and the Low CRF + High TMI (Z = -3.205; p = 0.008). These findings
indicate that schoolchildren with low CRF and high TMI presented significantly higher DBP and MBP
values compared with those with high CRF, regardless of TMI classification.

Discussion
___________________________________________________________________________________________________________________________|
This study identified the presence of health risk factors in a sample of schoolchildren aged six to 10, with
an emphasis on BP status, anthropometricindicators of adiposity (general and central), and low physical
fitness. Our results are concerning, as, regardless of sex, almost one-fifth of the sample had hypertension,
while one-third had excess general adiposity, and the frequency of excessive central adiposity adjusted
for height (WHtR) reached half of the sample. This finding reinforces the urgency of the preventive
measures recommended by the Brazilian Guidelines for Hypertension (Brandao et al., 2025). These data
not only corroborate the prevalence rates recently observed in Chile (Pefia-Jorquera et al., 2026) and
Portugal (Rodrigues et al., 2018) but also position overweight and low CRF as the main modifiable chal-
lenges for reducing the risk of hypertension in children and adolescents (Pinheiro et al., 2021).
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Regarding sex, girls had higher mean body mass and SBP, as well as a higher risk of hypertensive meas-
urements than boys, but the frequency of hypertensive measurements was similar between the sexes.
These results reinforce those found in children and adolescents, whose prevalence of hypertension was
higher in Iranian girls than in boys (Yazdi et al., 2020), as well as in Portuguese girls (Rodrigues et al,,
2018). A recent study in Portuguese schoolchildren (Leite et al., 2026) found higher DBP and RHR in
girls than boys, no differences in the proportions of hypertension between the sexes. Pefia-Jorquera et
al. (2026) identified higher mean SBP in boys but also found no differences in the frequency of hyper-
tensive measurements between the sexes. These differences in BP means may be explained by the char-
acteristics of the samples in each study and the lifestyle of boys and girls. In our study, girls had a higher
body mass and a higher risk of hypertensive measurements than boys, while in the Chilean study, no
anthropometric differences were found between the sexes, but girls had a higher proportion of adequate
WHtR and upper limb strength (Pefia-Jorquera et al., 2026).

An important aspect of this study was the observation of the risk of general and central overweight in
relation to hypertensive measurements in children, which was observed across all anthropometric in-
dicators. The risk of hypertension was twice as high in children with high BMI, WC, and WHtR. Notably,
this risk increased threefold when analyzed by TMI. Our results are consistent with studies that indi-
cated TMI as a more significant anthropometric marker for discriminating body fat distribution than
BMI and show a stronger relationship with high BP in children and adolescents (Kuciene et al., 2023).
Increased central adiposity, assessed by WC and WHtR, presents a higher risk of hypertension and
greater prognostic value for predicting changes in BP in adolescents (Tozo et al., 2020). However, re-
search in Iranian children and adolescents reports that anthropometric measures of central (WC) or
general adiposity (BMI) have similar but weak predictive power to identify risk factors for increased BP
(Yazdi etal., 2020).

Results from Rodrigues et al. (2018) in Portuguese children under 10 years of age revealed that the risk
of high BP associated with general adiposity was six times higher in boys and four times higher in girls,
while central adiposity tripled the risk in boys and doubled it in girls. It is noteworthy that girls were
more likely to be classified with hypertensive BP levels, with a fivefold increase in the presence of gen-
eral adiposity and a twofold increase for central adiposity, results that were not significant in boys (Ro-
drigues et al., 2018). Quitério et al. (2025) observed that excess BMI increased the risk of diastolic hy-
pertension by almost three times in girls with high BP, when compared to girls with normal BMI and to
boys, but without significance in the risk of hypertension for high TMI and WC. Another aspect was age
group. Pereira et al. (2020) observed that while general obesity doubles the risk of high BP in children
aged six to seven years, this probability quadruples in the eight to nine-year-old age group, reinforcing
the progressive impact of adiposity on the pediatric hemodynamic profile. Other results in Portuguese
girls revealed higher risks of hypertension associated with maternal overweight and lack of PA outside
school (Rodrigues et al.,, 2018).

Regarding physical fitness, the present study did not show differences between the sexes, both in terms
of means and in the proportions of adequate and low frequencies in the physical fitness variables. Our
data corroborate the American study by Gahche et al. (2017), which also found no differences in CRF
between boys and girls aged six to nine years. Most of our sample had satisfactory levels of physical
fitness, with less than one-fifth of children showing reduced VO3peax values, both boys and girls, even
with adiposity levels reaching almost half of our sample. It is interesting to note that our results differ
from those found in the Chilean study, in which two-thirds of children had low CRF and approximately
half had reduced upper and lower limb muscle strength, especially boys. Similarly, Chilean children with
overweight had higher mean SBP, hypertension proportions, and inadequate CRF than children with
normal weight (Pefia-Jorquera et al., 2026). These findings are consistent with those of Dykstra et al.
(2024) and Nascimento et al. (2023), who associate obesity with a higher probability of low CRF.

In the present study, children classified with elevated BP and hypertension had higher proportions of
low CRF, reaching almost one-third of these subgroups. This finding reinforces the evidence from Dong
etal. (2020) showing the inverse association between physical fitness and hypertension. In a systematic
review conducted by Mintjens et al. (2018), about half of the articles reported inverse associations be-
tween ACR (in childhood and adolescence) and BMI, higher adiposity, and metabolic syndrome in the
future. However, they presented controversies regarding the evidence for other cardiovascular risk fac-
tors. According to the authors, many studies did not consider the control of confounding variables, such
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as adiposity. It should be emphasized that, in the study by Gahche et al. (2017), children with overweight
and obesity had a higher prevalence of low physical fitness compared to children with normal weight.

Our findings regarding the combined influence of CRF and adiposity on BP are consistent with previous
research conducted in Latin-American schoolchildren. Alvarez et al. (2020) observed that lower levels
of CRF were associated with higher adiposity indicators and increased SBP, DBP, and MBP in schoolchil-
dren from Colombia, Brazil, and Chile. Moreover, the authors showed that the phenotype characterized
by high CRF combined with low adiposity presented the lowest BP levels, whereas the combination of
low CRF and high adiposity resulted in the highest cardiovascular risk profile. These findings reinforce
the hypothesis that the interaction between fitness and fatness plays a crucial role in the early develop-
ment of cardiometabolic risk in children.

Furthermore, in our study, more than half of the children with high BP had low lower limb strength,
which represented a higher proportion than normal BP and hypertensive children, but there were no
differences in the proportion of adequate upper limb strength between the three groups. Regarding
lower limb muscle strength, our results converge with the study by Chuang et al. (2023), which pointed
out that lower performance in the long jump was a factor associated with pediatric hypertension inde-
pendently of BMI percentile. Thus, explosive lower limb strength appears to influence BP levels, as well
as low CRF. Similarly, overweight Chilean children had higher proportions of low lower limb strength
and WHtR but had a higher proportion of adequate upper limb strength than children with normal
weight (Pefla-Jorquera et al.,, 2026).

The differences in muscle strength, adiposity, and BP levels may be related to the fact that, in the prepu-
bertal age group, muscle performance is primarily mediated by neuromuscular adaptations. Wilmore et
al. (2020) explain that in children at this stage, strength gains occur without significant hypertrophy,
given the low concentration of testosterone. Unlike adolescents and adults, in whom strength is closely
related to muscle mass and hormone levels, strength in young children depends on the efficiency of
motor unit recruitment and intramuscular coordination (Malina et al., 2009). These factors appear to
remain preserved, even in the early stages of BP changes.

In our study, low lower limb muscle strength was not associated with the risk of hypertensive measure-
ments in children, while low CRF was a critical factor, increasing the probability of this outcome fourfold.
These data corroborate the findings of Diaz et al. (2021), which indicate that high levels of CRF are as-
sociated with a lower probability of hypertension, especially in children with excessive adiposity, sug-
gesting that improving CRF can mitigate metabolic risks regardless of body weight. In addition, Lukhele
et al. (2024) reinforces that children with normal weight tend to have higher levels of CRF and, conse-
quently, a lower risk of developing obesity and hypertension at an early age. These results are partially
supported by a systematic review on the subject, which found that high levels of CRF in childhood and
adolescence were associated with lower general (BMI) and central (WC) adiposity, as well as a lower
prevalence of metabolic syndrome in adulthood. However, the authors did not observe associations be-
tween CRF in the pediatric phase and future BP measurements, lipid profile, and glucose homeostasis,
suggesting the importance of standardizing CRF in objective measures such as VO2max (Mintjens et al.,
2018).

Although muscle strength may be preserved during childhood, low CRF and being overweight are warn-
ing signs for future cardiometabolic health impairment. In this sense, CRF has been highlighted as a key
modulator for cardiovascular risk trajectories, in which high levels of fitness in childhood can neutralize
the development of cardiovascular diseases, not only in the pediatric phase but also in adulthood
(Hauser et al., 2023).

Therefore, structured exercise and extracurricular PA programs that simultaneously address obesity
and high BP are essential to promote significant improvements in children's public health (Zhou et al,,
2025; Pano et al.,, 2025). The prevention of childhood obesity is no longer purely a nutritional goal but
has become a central strategy in mitigating early cardiovascular risk. It is noteworthy that in the study
with Portuguese schoolchildren, girls showed lower participation in moderate-to-vigorous PA and
higher participation in light PA during weekdays and on weekends compared to boys (Leite et al., 2026),
a factor that may have contributed to higher DBP and increased risk of elevated BP in girls, but no dif-
ferences in the frequency of hypertension were observed. Moderate-to-vigorous PA is inversely associ-
ated with the risk of increased BP (Pinheiro et al., 2021). Therefore, differences in physical fitness and
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lifestyle may be decisive in the mean BP of boys and girls, but in this age group, they may not yet repre-
sent an increase in the frequency of hypertension.

It should be emphasized that insufficient levels of PA and sedentary behavior are directly related to
increased adiposity and worsening cardiometabolic health (Moraes-Junior et al., 2025). In the present
study, the risk related to general and central overweight and BP was evident, converging with findings
from other national and international investigations. Pereira et al. (2020) observed that this risk was
present, as well as that overweight significantly increased the probability of hypertension in Brazilian
children aged six to 10 years. This trend is corroborated by other studies (Quitério et al., 2025; Pefia-
Jorquera et al., 2026), which also identified overweight and obesity as determining predictors for the
development of high BP levels in this age group.

This study has some limitations. BP was measured during a single assessment session, although two
measurements were performed. According to clinical guidelines, the diagnosis of hypertension in chil-
dren should be confirmed by repeated measurements obtained on different occasions. Therefore, these
results should be interpreted with caution. Furthermore, it did not consider the multifactorial determi-
nants of childhood hypertension, including as both non-modifiable and modifiable factors. Among the
non-modifiable factors, we highlight genetic predisposition, family history, and prenatal conditions,
such as exposure to tobacco, gestational diabetes, and low birth weight (Falkner et al., 2023). Regarding
modifiable factors, lifestyle plays a central role, with hypertension being aggravated by high sodium
intake, physical inactivity, and diets lacking in vegetables (Pileggi et al., 2021), factors not addressed in
this study. In addition, socioeconomic and environmental determinants, such as low parental education
and passive smoking, are directly associated with the prevalence of the disease (Annisa et al., 2024).
Thus, the inclusion of additional variables and further investigation of the causal mechanisms of hyper-
tension in this population should be addressed in future studies. Such investigations will be essential to
refine early intervention strategies and clinical monitoring of children aged six to 10 years.

The positive aspect of this study was the screening of schoolchildren, including BP measurements, which
enables risk profiling and the development of health promotion strategies for early BP management
(Chuang et al.,, 2023). Hypertension in childhood should be addressed and lifestyle changes encouraged,
with an emphasis on regular PA (De Simone et al.,, 2022). The literature reiterates the importance of CRF
as a marker of health in childhood, as moderate levels of CRF act as protective factors that optimize
growth and biopsychosocial development during late childhood (Nascimento et al., 2023). It should be
noted that the assessment of CRF in the school environment should not be seen only as a momentary
measure, but as an essential tool for the continuous monitoring of child public health (Nascimento et al.,
2023). Thus, there is a need for policies that encourage active play over sedentary behaviors, with a
view to maintaining adequate levels of physical fitness, especially CRF, which emerges as an indispen-
sable strategy for the prevention of hypertension.

Conclusions
___________________________________________________________________________________________________________________________|
Children with excess general and central adiposity had a higher proportion of elevated BP, with the risk
of hypertension being significantly increased by BMI and WC. Children with hypertensive BP levels had
less favorable physical fitness, although upper limb muscle strength was preserved in this age group.
However, the frequencies of low lower limb strength and low CRF were higher and proved to be im-
portant risk factors for both elevated BP and hypertension. Furthermore, the combined analysis of CRF
and adiposity showed that children with low CRF and high adiposity presented higher DBP and MBP
levels. We found a higher risk of hypertension in girls aged six to 10 years, a factor that should be eval-
uated in future studies, especially in relation to PA during weekdays and weekends. Periodic assess-
ments in the school environment are important for the early identification of overweight, hypertension,
and low physical fitness in children. The identification of risk factors in childhood can inform compre-
hensive preventive actions and the planning of strategies to improve future health.
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