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Abstract

Background: Childhood obesity represents the most common nutritional and metabolic disorder in
industrialized countries and constitutes a major public health concern. In Italy, 20-25% of school-
aged children are overweight and 10-14% are obese, with marked regional variability [1-6]. Excess
adiposity in childhood is frequently associated with hypertension, dyslipidemia, insulin resistance,
and non-alcoholic fatty liver disease (NAFLD), predisposing to future cardiovascular disease (CVD).
Objective: To investigate anthropometric indicators of cardiometabolic risk in 810 children and
adolescents aged 7-17 years who underwent assessment for competitive sports eligibility at the
Sports Medicine Unit of Modena, evaluate baseline knowledge of cardiovascular health aligned with
ESC, AAP [2023], and EASO guidelines. [4-6] Methods: 810 children and adolescents aged 7-17 years
undergoing competitive sports eligibility assessment at the Sports Medicine Unit of Modena
underwent evaluation of BMI percentile, waist circumference (WC), waist-to-height ratio (WHtR),
and blood pressure. Cardiovascular knowledge and lifestyle habits were assessed via a a previously
used questionnaire. Anthropometric parameters, blood pressure (BP), and lifestyle-related
knowledge and behaviors were assessed using standardized procedures. Overweight and obesity
were defined according to WHO BMI-for-age percentiles. Elevated BP was classified based on the
2017 American Academy of Pediatrics age-, sex-, and height-specific percentiles. Statistical analyses
included descriptive statistics, group comparisons, chi-square tests with effect size estimation,
correlation analyses, and multivariable logistic regression models. Results: Overall, 22% of
participants were overweight and 14% obese. WHIR > 0.5 was observed in 28% of the sample and
was more frequent among overweight/obese children (p <0.001). Elevated BP was detected in 12% of
participants with available measurements (n = 769) and was significantly associated with excess
adiposity (x2=7.21, p<0.01; Cramér’s V =0.27). In multivariable logistic regression analyses adjusted
for age and sex, WHtR > 0.5 (OR 2.14, 95% CI 1.32-3.47, p = 0.002) and higher sedentary time (OR 1.41
per additional daily hour, 95% CI 1.10-1.82, p = 0.006) were independently associated with elevated
BP, whereas BMI percentile lost significance when WHtR was included in the model. Lifestyle
knowledge scores were significantly lower among overweight and obese participants compared with
normal-weight peers (p < 0.01). Conclusions: WHIR is a sensitive early marker of cardiometabolic
risk, often identifying at-risk children missed by BMI alone. Baseline cardiovascular knowledge was
suboptimal. The observed gaps in cardiovascular knowledge underscore the importance of
integrating anthropometric screening with structured educational interventions to promote healthy
lifestyles and long-term cardiovascular prevention.
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1. Introduction

Childhood obesity has reached epidemic proportions globally and is increasingly recognized as
a major determinant of long-term cardiovascular morbidity [1-4]. Excess body weight acquired
during childhood tracks strongly into adulthood and contributes to the early development of
hypertension, dyslipidemia, insulin resistance, and structural cardiovascular alterations.
Importantly, atherosclerotic processes begin early in life, well before the clinical manifestation of
cardiovascular disease, highlighting the critical importance of early identification and prevention
strategies.

In Europe, and particularly in Italy, the prevalence of pediatric overweight and obesity remains
alarmingly high despite decades of public health initiatives [1-3]. National surveillance data indicate
that approximately one in three Italian children carries excess body weight, with significant regional
and socioeconomic disparities. These trends raise concern not only for future cardiovascular disease
burden but also for the early emergence of cardiometabolic alterations during childhood and
adolescence.

Pediatric obesity is not a homogeneous condition. Central adiposity plays a pivotal role in the
pathophysiology of early cardiometabolic risk. Visceral fat tissue is metabolically active and
promotes chronic low-grade inflammation through increased secretion of pro-inflammatory
cytokines and altered adipokine profiles, contributing to insulin resistance, endothelial dysfunction,
arterial stiffness, and ectopic fat deposition [7,8]. These mechanisms accelerate vascular aging and
may lead to early blood pressure elevation and cardiac remodeling even in young individuals [9,10].

Anthropometric indicators represent simple, low-cost, and widely applicable tools for early risk
stratification. Although BMI percentile remains the most commonly used measure in pediatric
practice, it does not adequately capture fat distribution or visceral adiposity. In contrast, waist-to-
height ratio (WHtR) provides a reliable and age-independent estimate of central fat accumulation
and has shown stronger associations with cardiometabolic risk factors, including hypertension,
dyslipidemia, insulin resistance, and subclinical atherosclerosis [10-15]. A WH{R threshold of 0.5 has
been proposed as a practical cut-off for identifying increased cardiometabolic risk in children and
adolescents.

Beyond biological risk factors, lifestyle behaviours and cardiovascular health literacy play a
crucial role in shaping early risk trajectories. Physical inactivity, excessive sedentary behaviour, and
unhealthy dietary habits frequently cluster with obesity and central adiposity. Educational
interventions focusing on nutrition and physical activity have demonstrated beneficial effects on both
knowledge and cardiometabolic profiles [15-18]. However, data integrating anthropometric
screening with cardiovascular education in Italian pediatric populations remain limited.

Children undergoing competitive sports eligibility assessment represent a unique and
underexplored population. Although they are often perceived as healthy and physically active,
cardiometabolic risk factors may remain undetected without targeted screening. Sports medicine
evaluations offer a structured and repeated point of contact with healthcare professionals and thus
represent an underutilized opportunity for both early risk identification and cardiovascular
education.

The present study aimed to assess anthropometric indicators of cardiometabolic risk and
baseline cardiovascular health knowledge in a large cohort of children and adolescents undergoing
competitive sports eligibility evaluation. By integrating biological and behavioural dimensions, this
study seeks to highlight the role of WHtR as an early marker of cardiometabolic vulnerability and to
underscore the importance of education in pediatric cardiovascular prevention.
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2. Methods

A cross-sectional study was conducted among 810 children and adolescents aged 7-17 years
presenting for mandatory competitive sports eligibility assessment at the Sports Medicine Unit of
Modena. In Italy, participation in competitive sports requires a specialist medical evaluation
including anthropometric measurements, blood pressure assessment, and electrocardiography.
Children with chronic systemic diseases affecting growth or metabolism were excluded.

2.1. Anthropometric Assessment

Height was measured to the nearest 0.1 cm using a wall-mounted stadiometer, and body weight
was measured to the nearest 0.1 kg using a calibrated digital scale, with participants wearing light
clothing and no shoes. BMI was calculated as kg/m? and expressed as age- and sex-specific percentiles
according to WHO growth reference standards. Waist circumference was measured midway between
the lowest rib and the iliac crest using a non-elastic tape, and WHtR was calculated as waist
circumference divided by height. A WHtR >0.5 was considered indicative of increased
cardiometabolic risk [11,13-15].

2.2. Blood Pressure Measurement

Resting blood pressure was measured after at least five minutes of seated rest using validated
pediatric devices and appropriate cuff sizes. Blood pressure was classified according to age-, sex-,
and height-specific percentiles in accordance with the 2017 American Academy of Pediatrics
guidelines.

2.3. Cardiovascular Knowledge and Lifestyle Assessment

Cardiovascular awareness and lifestyle habits were assessed using a 20-item questionnaire
previously used in pediatric cardiovascular prevention settings [16-18]. Items evaluated knowledge
of physical activity recommendations, dietary risk factors, sedentary behaviour, and the association
between overweight and cardiovascular disease. Responses were scored as correct or incorrect, and
a composite knowledge score was calculated as the percentage of correct answers. Internal
consistency in the present cohort was acceptable (Cronbach’s o = 0.76). Average daily sedentary time
was self-reported and expressed as hours per day [4,9,16].

2.4. Statistical Analysis

Data were analysed using descriptive statistics, with means + standard deviations (SD) for
continuous variables and percentages for categorical variables. Normality was assessed using
Shapiro-Wilk tests. Independent t-tests or Mann-Whitney U tests were used as appropriate. Chi-
square tests evaluated associations between categorical variables, with Cramér’s V estimating effect
sizes (small 0.1, medium 0.3, large 0.5).

Pearson correlation coefficients quantified relationships between anthropometric measures,
blood pressure, and sedentary behaviour. Multiple logistic regression analyses were performed to
assess the independent contribution of WHtR, BMI percentile, and sedentary time to elevated blood
pressure, adjusting for age and sex. Multicollinearity was assessed using variance inflation factors,
and model fit was evaluated using the Hosmer-Lemeshow test. Cardiovascular knowledge scores
were compared across BMI categories using analysis of covariance (ANCOVA), controlling for age
and sex. Analyses involving blood pressure were conducted using complete-case analysis. Statistical
significance was set at p <0.05.

3. Results

A total of 810 children and adolescents were included in the anthropometric analyses. Of these,
389 (48.0%) were female and 417 (51.5%) were male, while sex data were unavailable for four
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participants (0.5%), who were excluded from sex-stratified analyses. The mean age of the study
population was 13.6 + 2.1 years. Baseline demographic and anthropometric characteristics are
summarized in Table 1.

Table 1. Baseline demographic and anthropometric characteristics of the study cohort.

Variable Value

Participants, n 810

Age, years (mean * SD) 13.6 +2.1

Sex, n (%) Female 389 (48.0); Male 417 (51.5); Missing 4 (0.5)*
BMI, kg/m? (mean + SD) 203+3.4

Weight status (WHO BMI-for-age), % Normal weight 64; Overweight 22; Obesity 14
WHItR > 0.5, % 28

Blood pressure available, n 769

Elevated blood pressuret, % 12

* Four participants had missing sex data in sex-stratified analyses, as reported. tClassified according to 2017
American Academy of Pediatrics age-, sex-, and height-specific percentiles.

Mean body mass index was 20.3 + 3.4 kg/m2. According to WHO BMI-for-age percentiles, 64%
of participants were classified as normal weight, 22% as overweight, and 14% as obese.

A WHIR >0.5 was observed in 28% of the overall cohort, indicating a high prevalence of central
adiposity. Importantly, WHtR identified a subset of children with increased cardiometabolic risk who
would not have been classified as overweight or obese based on BMI criteria alone. Approximately
9% of participants with normal BMI percentiles exhibited a WHtR >0.5, highlighting the added
discriminatory value of WHtR beyond BMI classification (Figure 1).

Figure 1. Waist-to-height ratio identifies central adiposity and
cardiometabolic risk beyond BMI in children and adolescents

Proportion of

Children
s | |
- . |« WHIR >0.5 identified ~9%
& additional children at
Was cardiometabolic risk beyond
BMI classification
15% +—
14% e Independently associated with
i elevated blood pressure (OR 2.14)
il
5%
0% -

WHtR >0.5 BMI =95th percentile

* Waist-to-height ratio (WHtR) is a sensitive early marker of central adiposity, identifying many at-risk children by BMI alone.

The prevalence of WHtR >0.5 increased progressively across BMI categories, being lowest
among normal-weight participants and highest among obese children (p <0.001 by chi-square test),
confirming the strong association between excess body mass and central fat accumulation.
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Resting blood pressure measurements were available for 769 participants (94.9%). Elevated
blood pressure, defined according to age-, sex-, and height-specific percentiles, was detected in 12%
of the evaluated cohort.

Elevated blood pressure was significantly more prevalent among participants with excess
adiposity. Specifically, children classified as overweight or obese exhibited a higher proportion of
elevated blood pressure compared with their normal-weight peers (x? = 7.21, p <0.01), with a
moderate effect size (Cramér’s V = 0.27), indicating a clinically meaningful association (Table 2).

Table 2. Key associations reported in univariable analyses.

Association (Exposure —

Directi R T ic R -Val
Outcome) irection (as Reported) est/Metric Reported p-Value

Higher prevalence with

Overweight/obesity — Elevated BP . x2=7.21; Cramér’'s V = 0.27 <0.01
excess adiposity
. . More frequent in )
Overweight/obesity — WHtR >0.5 . Chi-square <0.001
overweight/obese
Overweight/obesity — Lower score vs. normal Group comparison (adjusted <0.05
Cardiovascular knowledge score weight analysis reported separately) '

When stratified by central adiposity, participants with WHtR >0.5 showed a markedly higher
prevalence of elevated blood pressure compared with those with WHtR <0.5 (p <0.001), underscoring
the relevance of central fat distribution in early blood pressure elevation.

To assess the independent contribution of anthropometric and lifestyle factors to elevated blood
pressure, multivariable logistic regression analyses were performed, adjusting for age and sex (Table
2; Figure 2).

Figure 2: Determinants of Elevated Blood Pressure in Pediatric Population

Predictors OR 95% €| p-value
WHtR > 0.5 —J— 214 132-347 0002
Sedentary time (hours/day) A 0= 182 0.006

BMI percentile = + 108 0894-125 0.21

Male sex 142 071 =178 0.62

1
1
1
1
1
T
1
1
1
1
|
T
1
|
1

1.0
Odds Ratio (95% Cl)

Forest plot displaying odds ratios (OR) with 95% confidence intervals (Cl) for factors associated with elevated blood pressure
in children and adolescents. WHtR > 0.5 and sedentary time were independently associated with elevated blood pressure.

whereas BMI percentile and male sex were not significant predictors in the multivariable analysis. = —m- ==
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In these models, WHtR >0.5 emerged as an independent predictor of elevated blood pressure
(OR 2.14, 95% CI 1.32-3.47, p = 0.002). Additionally, sedentary time was independently associated
with elevated blood pressure, with a 41% increase in odds per additional hour per day (OR 1.41, 95%
CI 1.10-1.82, p = 0.006).

In contrast, BMI percentile did not retain statistical significance when WH{R was included in the
model, suggesting that central adiposity, rather than overall body mass, represents the primary
anthropometric determinant of early blood pressure elevation in this population. No evidence of
multicollinearity was detected among predictors, and model fit was adequate.

Baseline cardiovascular health knowledge was generally limited across the cohort. Only 38% of
participants correctly identified recommended daily levels of physical activity, and 52%
underestimated the cardiovascular risks associated with excessive consumption of sugar-sweetened
beverages (Figure 3).

Cardiovascular knowledge scores differed significantly across BMI categories. Overweight and
obese participants demonstrated significantly lower knowledge scores compared with normal-
weight peers (mean difference 11%, p <0.05). This association remained statistically significant after
adjustment for age and sex using analysis of covariance (F =7.43, p = 0.007), indicating that reduced
cardiovascular awareness clustered with excess adiposity independently of demographic factors.

4. Discussion

The present study provides robust evidence supporting the integration of anthropometric
screening and educational strategies in early cardiovascular prevention among children and
adolescents. In a large cohort undergoing competitive sports eligibility assessment, waist-to-height
ratio (WHtR) emerged as a particularly sensitive indicator of early cardiometabolic risk,
outperforming BMI in identifying children with elevated blood pressure and central adiposity. In
parallel, the study highlights substantial gaps in cardiovascular health knowledge, especially among
overweight and obese participants, underscoring the critical role of education in shaping early risk
trajectories.

A key finding of this study is the high prevalence of central adiposity, as reflected by a WHtR
>(.5 in nearly one-third of participants. Importantly, WHtR identified a clinically relevant subgroup
of children with normal BMI percentiles but increased central fat accumulation (Figure 1). This
observation confirms and extends previous evidence showing that BMI alone may underestimate
cardiometabolic risk in pediatric populations, as it does not capture fat distribution or visceral
adiposity [11-15]. Central adiposity is metabolically active and plays a pivotal role in the
pathophysiology of early cardiovascular risk through mechanisms involving chronic low-grade
inflammation, altered adipokine secretion, insulin resistance, endothelial dysfunction, and increased
arterial stiffness [7-9]. These processes can accelerate vascular aging and promote early elevations in
blood pressure, even in the absence of overt obesity.

The association between central adiposity and elevated blood pressure observed in this study is
clinically meaningful. Elevated blood pressure was significantly more prevalent among children with
WHIR >0.5, and this relationship remained robust after adjustment for age and sex in multivariable
logistic regression analyses (Table 2; Figure 2). Notably, when WHtR was included in the model, BMI
percentile lost statistical significance, suggesting that fat distribution rather than overall body mass
is the primary anthropometric determinant of early blood pressure elevation in this population.
These findings align with growing evidence that WHtR represents a simple, age-independent, and
highly informative screening tool for early cardiometabolic risk stratification in children and
adolescents [11-13,15].

Beyond anthropometric factors, lifestyle behaviours emerged as important contributors to early
cardiovascular risk. Sedentary time was independently associated with elevated blood pressure, with
a progressive increase in risk for each additional hour of daily sedentary behaviour. This finding
reinforces the concept that physical inactivity and prolonged sedentary behaviour exert deleterious
effects on vascular health, independent of adiposity [19-21]. Sedentary lifestyles promote visceral fat
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accumulation, impair insulin sensitivity, and contribute to autonomic imbalance and vascular
dysfunction, thereby amplifying cardiometabolic vulnerability during critical developmental
periods.

Equally concerning is the low level of baseline cardiovascular health knowledge observed in this
cohort. Despite undergoing sports medical evaluation, fewer than half of participants demonstrated
adequate awareness of recommended physical activity levels, dietary risk factors, or the link between
obesity and cardiovascular disease (Figure 3). Importantly, cardiovascular knowledge scores were
significantly lower among overweight and obese children, even after adjustment for age and sex. This
clustering of biological risk and reduced health literacy suggests a bidirectional relationship in which
limited awareness may contribute to unhealthy behaviours, while excess adiposity may further
reinforce adverse lifestyle patterns.

Figure 3: Cardiovascular Health Awareness in the Study Cohort

Proportion of
Correct Answers

60% —
38% : |
50%. Lower cardiovascular awareness |
in overweight/obese children ‘
40%+ « —11% knowledge score .
vs normal weight |
30%- « Adjusted ANCOVA p = 0.007 |
20%-+
0%-
Recommended daily Cardiovascular risk of
physical activity sugar-sweetened beverages

(260 min/day)

Bars represent the proportion of correct answers for selected cardiovascular knowledge items.
Overall cardiovascular knowledge score was significantly lower in overweight/obese participants
compared with normal-weight peers (adjusted ANCOVA p = 0.007).

The relevance of these findings is further amplified by recent Italian data demonstrating a
persistent decline in youth physical activity and sports participation following the COVID-19
pandemic, accompanied by increased sedentary behaviour [22]. Although the present cohort
represents a positively selected population—children and adolescents eligible for competitive
sports—the prevalence of central adiposity, elevated blood pressure, and limited cardiovascular
knowledge remains substantial. This observation strongly suggests that the burden of early
cardiometabolic risk in the general pediatric population is likely even greater.

Sports medicine evaluations represent a unique and underutilized opportunity for early
cardiovascular prevention. These assessments provide structured, repeated contact with healthcare
professionals and allow for the simultaneous evaluation of anthropometric risk factors and delivery
of targeted educational messages. The integration of routine WHtR measurement into sports
eligibility screening is particularly appealing due to its simplicity, low cost, and strong association
with cardiometabolic outcomes. Coupling anthropometric screening with brief, structured
educational interventions may enhance awareness, promote healthier lifestyle choices, and facilitate
early behavioural change.

From a broader public health perspective, the findings of this study support a proactive,
multidimensional approach to pediatric cardiovascular prevention. Educational interventions
implemented in schools, sports settings, and family environments have been shown to improve
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physical activity levels, dietary habits, and cardiometabolic profiles [23-26]. Early lifestyle
modifications, even when modest, can yield meaningful physiological benefits, including improved
insulin sensitivity, reduced inflammatory burden, and enhanced endothelial function, with long-term
implications for cardiovascular health.

Overall, this study reinforces current international recommendations advocating for early
identification of cardiometabolic risk and the promotion of healthy behaviours beginning in
childhood [4-6,16-18]. The combined assessment of central adiposity, blood pressure, lifestyle
behaviours, and cardiovascular knowledge offers a comprehensive framework for early risk
stratification and intervention. By fostering awareness and healthy habits at a young age, such
strategies hold the potential to alter lifelong cardiovascular trajectories and reduce the future burden
of cardiovascular disease.

5. Limitations

Limitations include the cross-sectional design and reliance on self-reported lifestyle data. The
population was also limited to children and adolescents undergoing sports eligibility screening.
Nonetheless, the large sample and comprehensive assessment of anthropometric and behavioural
variables provide strong evidence for the early identification of risk and the critical role of education
in promoting cardiovascular health.

Longitudinal studies with objective activity monitoring, metabolic profiling, and cardiovascular
imaging are warranted to assess the long-term impact of early interventions.

Although the questionnaire was not originally developed as a formal psychometric instrument,
the acceptable internal consistency observed in this large pediatric cohort supports its use for
estimating baseline cardiovascular knowledge.

6. Conclusions

Early recognition of cardiometabolic risk in children is feasible using simple anthropometric
measures, particularly WHtR. Baseline cardiovascular knowledge is limited, particularly among
overweight/obese children, emphasizing the importance of education.

Educational interventions combining anthropometric screening with promotion of physical
activity, healthy nutrition, and cardiovascular awareness are essential for fostering healthy
behaviours, ensuring current well-being, and preventing long-term cardiovascular disease. [24-26]

These findings support the integration of structured school- and family-based prevention
programmes into routine pediatric care, complementing broader public health strategies to mitigate
long-term cardiovascular risk.
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