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Abstract

Background: Cardiovascular risk factors may emerge early in life and track into adulthood.
Local data from inland and socioeconomically vulnerable regions remain limited. This
study aimed to describe cardiovascular risk indicators in school-aged children from inland
Portugal, focusing on body mass index (BMI), blood pressure (BP), and physical activity
patterns. Methods: A cross-sectional school-based screening study was conducted in
101 children and adolescents aged 10–15 years. Anthropometric measurements and BP
were obtained using standardized procedures. BMI categories were classified according
to age- and sex-specific WHO references. BP was classified using European pediatric
percentiles. Because measurements were obtained during a single visit, results were
interpreted as elevated BP at screening. Associations between variables were explored
using chi-square or Fisher’s exact tests and Spearman’s correlation. Results: The prevalence
of underweight, normal weight, and overweight/obesity was 25.7%, 67.3%, and 6.9%,
respectively. Overall, 24.8% of participants presented elevated BP at screening. The
BMI category was significantly associated with BP classification (p = 0.003), and BMI
correlated positively with systolic BP (ρ = 0.32; p = 0.001). Most children reported only
school-based physical education. Conclusions: This school-based screening suggests a
high proportion of elevated BP measurements and an unexpectedly high prevalence of
underweight children, indicating the coexistence of different nutritional vulnerabilities.
Findings should be interpreted cautiously due to the small, single-school sample and
single-occasion BP assessment but support the importance of early cardiovascular risk
monitoring in vulnerable settings.

Keywords: pediatric hypertension; body mass index; cardiovascular risk; physical activity;
malnutrition

1. Introduction
Childhood and adolescent obesity remains one of the most pressing public health chal-

lenges worldwide, contributing substantially to the global burden of non-communicable
diseases [1,2]. Although cardiovascular disease has long been considered an adult condi-
tion, it is now well established that several cardiometabolic risk factors—such as elevated
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blood pressure, excess body weight, and unhealthy lifestyle behaviors—emerge early in
life, tend to track into adulthood, and may contribute to the development of diseases later
in life [3,4].

Body mass index (BMI) is widely used as a practical indicator of nutritional status
and cardiometabolic risk in pediatric populations when interpreted according to age- and
sex-specific reference values [5,6]. Both extremes of the BMI distribution deserve clinical
attention: while overweight and obesity are strongly associated with hypertension, insulin
resistance, and early vascular changes, underweight in children may reflect nutritional
vulnerability, socioeconomic constraints, or disordered eating behaviors, potentially com-
promising healthy growth and long-term cardiovascular health [7,8]. Several large-scale
epidemiological studies have consistently demonstrated a positive association between
body mass index and blood pressure in pediatric populations. For example, a recent large
school-based study by Jiang et al. confirmed that increases in BMI are strongly associated
with higher blood pressure levels during childhood and adolescence [9].

Recent epidemiological data indicate a concerning increase in pediatric hypertension
worldwide [10]. In Europe, the prevalence of elevated blood pressure in children and
adolescents ranges between 5% and 15%, depending on age, methodology, and population
characteristics [11,12]. In Portugal, previous studies have reported significant rates of both
excess weight and elevated blood pressure among school-aged children, reinforcing the
need for early screening and preventive strategies [13,14].

Lifestyle behaviors, particularly physical activity, play a central role in the devel-
opment of cardiometabolic risk. Although regular physical activity is known to exert a
protective effect on body composition and blood pressure regulation, many children fail to
meet the World Health Organization recommendations, with girls consistently exhibiting
lower levels of extracurricular physical activity than boys [15–17]. In parallel, suboptimal
dietary patterns remain prevalent among European children and adolescents [18].

Importantly, most Portuguese epidemiological data originate from large urban or
coastal regions, while less is known about the cardiometabolic health profiles of children liv-
ing in inland or socioeconomically more vulnerable areas, where distinct environmental and
socioeconomic constraints may influence growth patterns and lifestyle behaviors [19,20].
Furthermore, previous epidemiological studies conducted in the same region have ad-
dressed other relevant health conditions, highlighting the importance of local surveillance
approaches to inform public health planning across different clinical domains [21,22].

Despite the availability of national surveillance initiatives, most epidemiological
data on pediatric cardiometabolic risk in Portugal originate from urban or coastal regions.
Consequently, local screening data describing cardiovascular risk indicators among children
living in inland and potentially socioeconomically vulnerable areas remain limited. In
addition, few studies have explored the simultaneous distribution of blood pressure levels
and nutritional status within school-based screening contexts in these regions.

Therefore, the present study aimed to describe early cardiovascular risk indicators
in a sample of school-aged children from inland Portugal, focusing on BMI categories,
blood pressure levels, and physical activity patterns. Specifically, we sought to estimate the
distribution of BMI and blood pressure classifications and to explore simple associations
between these variables within a descriptive school-based screening framework.

2. Materials and Methods
2.1. Study Design and Setting

This was an observational, analytical, cross-sectional school-based screening study
conducted in a public school located in inland Portugal. The objective was to describe
cardiovascular risk indicators in children and adolescents using simple clinical and anthro-
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pometric measurements. The school is located in an inland region of Portugal characterized
by lower population density and demographic aging when compared with coastal regions.
Such areas may present distinct social and environmental determinants of health, which
reinforces the importance of local health surveillance initiatives.

Because blood pressure was measured during a single assessment visit, the study
was not intended to diagnose hypertension but rather to identify elevated blood pressure
measurements at screening.

2.2. Participants

Children aged 10–15 years enrolled at the school were invited to participate. Par-
ticipation was voluntary and required written informed consent from parents or legal
guardians. Data collection was conducted during a school-based health screening initiative.
A total of 101 students participated in the study and were included in the analyses. Because
participation depended on parental consent and student availability on the day of the
screening, a precise participation rate could not be calculated.

2.3. Sociodemographic and Physical Activity Variables

Age and sex were recorded. Physical activity patterns were assessed using a previously
validated questionnaire and categorized as:

(i) school-based physical education only or
(ii) school-based plus extracurricular activity.

No information regarding frequency, duration, or intensity was collected.

2.4. Anthropometric Assessment

Body weight and height were measured using standardized procedures. BMI was
calculated as kg/m2.

BMI categories were defined according to the World Health Organization 2007 BMI-
for-age growth reference, which provides age- and sex-specific cut-offs for pediatric popu-
lations. Participants were classified as underweight, normal weight, or overweight/obese
according to these standards.

2.5. Blood Pressure Assessment

Blood pressure was measured using an automatic digital sphygmomanometer vali-
dated for pediatric use, with appropriately sized pediatric cuffs.

Three measurements were taken at 1–2 min intervals, and the mean of the last two
readings was used for analysis.

Blood pressure values were classified according to European Society of Hypertension
pediatric guidelines using age, sex, and height-specific percentiles.

Given the single-visit design, values were interpreted as elevated blood pressure at
screening rather than confirmed hypertension.

Given the single-visit design, the measurements were interpreted as elevated blood
pressure at screening rather than confirmed hypertension, in accordance with pediatric
hypertension guidelines recommending repeated measurements for diagnosis.

2.6. Statistical Analysis

Data were analyzed using IBM SPSS Statistics® version 27.
Continuous variables are presented as mean ± standard deviation and categorical

variables as frequencies and percentages.
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Associations between categorical variables were evaluated using the chi-square test or
Fisher’s exact test when expected cell counts were small. Correlations between continuous
variables were assessed using Spearman’s correlation coefficient.

Given the small sample size and exploratory nature of the study, analyses were
primarily descriptive.

Statistical significance was set at p ≤ 0.05. No multivariable analyses were performed
due to the relatively small sample size and the exploratory nature of the study.

2.7. Ethical Considerations

The study was approved by the Ethics Committee of the Polytechnic Institute of
Castelo Branco (Ref. 76/CE-IPCB/2022) and conducted in accordance with the Declaration
of Helsinki. Written informed consent was obtained from parents or legal guardians of all
participants.

3. Results
3.1. Sample Characteristics

A total of 101 school-aged children and adolescents aged 10–15 years participated in
the study. Of these, 57.4% (n = 58) were female, and 42.6% (n = 43) were male. The mean
age was 11.74 ± 1.47 years.

The mean body weight was 44.21 ± 12.53 kg, the mean height was 1.55 ± 0.10 m,
and the mean BMI was 18.06 ± 3.58 kg/m2. Mean systolic blood pressure (SBP) was
116.63 ± 10.70 mmHg, and mean diastolic blood pressure (DBP) was 78.81 ± 9.06 mmHg.

These characteristics are summarized in Table 1.

Table 1. Sample characteristics (n = 101).

Variable Mean ± SD or n (%)

Age (years) 11.74 ± 1.47
Female sex 58 (57.4%)
Male sex 43 (42.6%)

Weight (kg) 44.21 ± 12.53
Height (m) 1.55 ± 0.10

BMI (kg/m2) 18.06 ± 3.58
SBP (mmHg) 116.63 ± 10.70
DBP (mmHg) 78.81 ± 9.06

3.2. Distribution of BMI and Blood Pressure

According to BMI categories, 25.7% (n = 26; 95% CI: 17.5–34.9) of participants were
classified as underweight, 67.4% (n = 68; 95% CI: 57.5–76.2) as normal weight, and 6.9%
(n = 7; 95% CI: 2.8–13.6) as overweight or obese. The distribution of BMI categories is
shown in Figure 1.

With regard to blood pressure classification, 59.4% (n = 60) had optimal blood pres-
sure values, 14.9% (n = 15) were classified as having normal-high blood pressure, 23.8%
(n = 24) as stage I elevated BP, and 1.0% (n = 1) as stage II elevated BP. Overall, 24.8% of
the sample (95% CI: 16.9–34.1) presented blood pressure values above the normal range
during screening.

3.3. Association Between BMI and Blood Pressure

A statistically significant association was observed between BMI categories and blood
pressure classification (Chi-square test, p = 0.003) (Table 2).
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Figure 1. Distribution of Participants by BMI category (n = 101).

Table 2. Relationship between Blood Pressure Levels and Body Mass Index (n = 101).

Blood Pressure Levels
BMI Classes

Underweight Normal Weight Overweight/Obesity Total

Optimal Blood Pressure N 19 39 3 61
% 18.8 38.6 3.0 60.4

Normal-High Blood Pressure N 5 9 1 15
% 5.0 8.9 1 14.9

Stage I Elevated BP N 2 20 2 24
% 2.0 19.8 2.0 23.8

Stage II Elevated BP N 0 0 1 1
% 0 0 1.0 1.0

Total
N 26 68 7 101
% 25.7 67.3 6.9 100

Legend: %—percentage; N—number of individuals; BMI—Body Mass Index.

Children with excess weight presented a markedly less favorable blood pressure
profile compared to their normal-weight and underweight peers. Although not all children
classified as overweight or obese had elevated blood pressure values, the proportion of
high-normal and hypertensive measurements was substantially higher in this group.

Additionally, Spearman’s correlation analysis demonstrated a modest positive associa-
tion between BMI and systolic blood pressure (ρ = 0.32; p = 0.001), indicating that higher
BMI values tended to be associated with higher systolic blood pressure levels.

3.4. Physical Activity Patterns

Regarding physical activity patterns, 61.4% (n = 62) of participants reported engag-
ing exclusively in school-based physical education classes, whereas 38.6% (n = 39) also
participated in extracurricular physical activity. A statistically significant association was
observed between sex and physical activity patterns, with girls being more likely to engage
exclusively in school-based physical activity, while boys predominated among those par-
ticipating in extracurricular sports (Chi-square test, p = 0.001). No statistically significant
association was observed between physical activity patterns and blood pressure categories
in the overall sample. Prevalence estimates should be interpreted cautiously due to wide
confidence intervals resulting from the small sample size.

https://doi.org/10.3390/obesities6020016

https://doi.org/10.3390/obesities6020016


Obesities 2026, 6, 16 6 of 9

4. Discussion
This study provides an epidemiological characterization of early cardiovascular risk

indicators in a sample of school-aged children from inland Portugal, suggesting three
main observations within this school-based sample: (i) a high prevalence of elevated blood
pressure, (ii) a strong association between BMI and blood pressure, and (iii) an unexpectedly
high proportion of underweight individuals, indicating the coexistence of undernutrition
and cardiometabolic risk within the same population.

The proportion of elevated blood pressure measurements observed in our screening
(24.8%) appears higher than estimates reported in several pediatric studies. However,
this value should be interpreted cautiously, since blood pressure was measured during a
single visit and transient elevations are common in pediatric screening contexts. Current
pediatric hypertension guidelines recommend repeated measurements across multiple
visits or ambulatory monitoring before establishing a diagnosis of hypertension. Moraes
et al. [23] observed elevated blood pressure in 7.3% of Brazilian schoolchildren, while
Maldonado et al. [24] reported a prevalence of 12.8% among Portuguese children and
adolescents. Fraporti et al. [25], however, described values closer to ours, with 26.5% of
children presenting hypertension, suggesting that elevated pediatric blood pressure may
be more frequent in certain contexts. This variability likely reflects differences in age distri-
bution, measurement protocols, and regional socioeconomic and environmental factors.
A significant association between BMI and blood pressure was observed in the present
study, confirming the well-established link between excess adiposity and elevated blood
pressure from early life onwards. Children with excess weight showed a clearly less fa-
vorable blood pressure profile, with a substantially higher proportion of high-normal and
hypertensive values compared to their normal-weight peers. However, not all children
with excess weight presented abnormal blood pressure values, which is consistent with the
multifactorial nature of pediatric hypertension. Similar associations have been consistently
reported in previous studies, showing that increases in BMI during childhood are strongly
associated with parallel increases in blood pressure and future cardiovascular risk [26,27].

One of the most striking findings of this study is the very high prevalence of under-
weight (25.7%), which contrasts sharply with national surveillance data. The Portuguese
COSI study reported an underweight prevalence of only 1.3% in 2019 [28], while Marques
et al. [14] found values between 10% and 15% in northern Portugal. The relatively high
proportion of underweight observed in this sample contrasts with national surveillance
data and may reflect local contextual factors or sampling characteristics, although the
small sample size prevents firm conclusions. The predominance of underweight among
girls further raises concern about gender-specific pressures and behaviors during early
adolescence, as previously suggested in Portuguese populations [14].

Taken together, these findings may suggest the coexistence of different nutritional
vulnerabilities within this specific school population. This phenomenon, traditionally
described in low- and middle-income countries, is increasingly recognized in vulnerable
groups within high-income countries and represents a major challenge for public health
systems [29,30].

With regard to physical activity, most participants reported engaging exclusively
in school-based physical education, with limited participation in extracurricular sports,
particularly among girls. Although no statistically significant association was observed
between physical activity patterns and blood pressure categories in the present study, this
low level of extracurricular physical activity is concerning and may contribute, together
with other behavioral and environmental factors, to the unfavorable cardiovascular risk
profile observed in this population [31–34]. It is also important to note that physical activity
was assessed using a simplified binary classification (school-based physical education vs.
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school-based plus extracurricular activity). The absence of information regarding frequency,
duration, and intensity of physical activity likely limited the ability to detect meaningful
associations with blood pressure.

Several limitations should be acknowledged. First, the cross-sectional design pre-
cludes causal inference. Second, blood pressure was assessed during a single visit, which
may overestimate the proportion of elevated values due to measurement variability or
white-coat effects. Third, the relatively small sample and inclusion of a single school limit
generalizability. Fourth, physical activity assessment was based on a simplified ques-
tionnaire without information on frequency or intensity. Finally, only descriptive and
bivariate analyses were performed, which limits the evaluation of independent associations
between variables. Additional limitations should be acknowledged. BMI-based classifi-
cation may misclassify body composition in pediatric populations. Furthermore, blood
pressure measurements obtained during a single visit are subject to regression to the mean
and white-coat effects, potentially leading to overestimation of elevated blood pressure
prevalence. Finally, the absence of socioeconomic, dietary, and pubertal status data limits
the interpretation of potential determinants of the observed findings.

5. Conclusions
This school-based screening study suggests the presence of elevated blood pressure

measurements and heterogeneous nutritional status among children from an inland Por-
tuguese setting. Although findings should be interpreted cautiously due to the small
sample size and single-occasion blood pressure assessment, they highlight the potential
value of school-based cardiovascular risk screening initiatives in underrepresented re-
gions. Larger and longitudinal studies are needed to confirm these observations and better
understand the determinants of early cardiometabolic risk in these populations.
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