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Abstract: Introduction: Over the past 40 years, there has been a significant increase in the global
prevalence of childhood obesity, which is associated with an increased risk of heart problems and the
earlier onset of heart diseases. Objective: The aim of this research is to assess the prevalence of obesity
and its risk factors in children and adolescents among students from the second and third cycle and
secondary education of a school grouping in the interior of Portugal. Materials and Methods: The
sample was collected from a school grouping in Alcains, among attending students from the fifth
to the twelfth grade. The sample consisted of a total of 156 students aged between 10 and 18 years.
A questionnaire was proposed, and blood pressure measurement and lipid profile evaluation were
performed for each individual. The collection and statistical treatment of data for this study required
a submission and authorization request to the Ethics Committee of the Polytechnic Institute of Castelo
Branco, followed by authorization from the school group’s administration. Results: The percentage
of elevated BMI was 30.8%, and was higher in males. A higher prevalence of hypertension (37.8%),
elevated triglyceride levels in students who did not exercise outside of school, and in individuals
who consumed larger amounts of meat, who also showed a higher prevalence of lower-than-expected
high-density lipoprotein (HDL) cholesterol levels, were observed. Discussion: A high percentage
of elevated BMI, high blood pressure levels, and changes in lipid profile were observed among
high school students in this school in the interior of Portugal, as has been observed in other studies.
Conclusions: It is essential to conduct more studies, screenings, and investigations that can identify
these cases early, in order to mitigate risk factors.
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1. Introduction

Over the past three decades, the global prevalence of obesity has surged, becoming
a major health concern worldwide, with a particularly rapid increase in cases of morbid
obesity [1,2]. Excess body weight is associated with a heightened risk of heart problems
and an earlier onset of cardiovascular diseases. Notably, there has been a substantial rise
in childhood obesity across the world over the last 40 years. In Portugal, there has been a
constant change in the prevalence of overweight and childhood obesity, which is tending
to increase [3].

Obesity is a complex, chronic disease characterized by excessive fat accumulation that
can impair health. The diagnosis of overweight and obesity is determined by measuring an
individual’s weight and height to calculate the body mass index (BMI): weight (kg)/height?
(m?). Obesity and excess weight primarily result from an imbalance between food intake
and energy expenditure, a discrepancy influenced by genetic, metabolic, environmental,
behavioral, social, and cultural factors [4-6].

Weight issues often begin in childhood and can worsen into adulthood, potentially
leading to conditions such as type 2 diabetes and heart disease. A lack of physical activity
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also elevates the risk of developing chronic diseases. Primary and primordial prevention
is crucial to reduce the prevalence of obesity in the long term, with controlling obesity
currently being the main challenge [5]. Therefore, promoting the maintenance of a healthy
body weight throughout life is essential to prevent adverse consequences. Encouraging
healthy lifestyles should start with a balanced diet and regular physical activity as early as
possible to maintain weight and adiposity within desirable limits. Upon diagnosing obesity,
a comprehensive lifestyle change should be initiated, encompassing dietary adjustments
and increased physical activity [7-9].

Understanding the risk factors associated with adolescent obesity is particularly
important. Adolescence is a critical developmental period where habits and behaviors are
formed that often carry into adulthood. Identifying and addressing these factors early can
help mitigate the risk of chronic diseases later in life. Research in this area can provide
valuable insights into effective prevention strategies and inform public health policies
aimed at reducing obesity rates [10].

Moreover, the increasing prevalence of obesity places a significant burden on health-
care systems and economies due to the associated healthcare costs and productivity losses.
Studies on the risk factors for obesity among adolescents can help identify high-risk groups
and develop targeted interventions, thereby improving health outcomes and reducing the
economic impact of obesity [11-13].

Research into the risk factors for adolescent obesity is essential for developing effective
prevention and intervention strategies. By understanding and addressing these factors,
we can promote healthier lifestyles, reduce the incidence of obesity-related diseases, and
alleviate the long-term economic burden on society [14,15].

2. Materials and Methods

This research is part of a project entitled Teen Without Risk (TWR), a school-based
intervention project that focuses on the health and well-being of children and adolescents,
promoting health education within the school community in schools in the Beira Baixa and
Beira Alta regions. The scientific supervisor, Professor Dr. Patricia Coelho, is the research
coordinator of the project.

For the implementation of the study protocol and data collection, it was essential
to obtain informed consent from the parents or guardians. The questionnaire requested
information about the level of education, physical exercise habits, dietary habits, and the
presence of a family history of cerebrocardiovascular disease among immediate family
members. The variables obtained through the questionnaire, the blood pressure assessment,
and the anthropometric data of each individual were coded using the Statistical Package for
the Social Sciences (SPSS) program. After data collection and variable coding, a quantitative
and qualitative descriptive analysis was conducted to test the hypotheses among the
variables under study. The normality distribution of the sample was tested using the
Kolmogorov-Smirnov test, confirming that non-parametric tests should be used.

Study Protocol and Data Collection

A meeting was held to present the study and clarify the informed consent, which was
signed by the parents or guardians, or by the student themselves if they were of legal age.
The questionnaire filled out by each student requested information about their level of
education, physical exercise habits, smoking habits, alcohol consumption, dietary habits,
and the presence of a family history of heart disease among immediate family members.
The application of the questionnaire by the research team had been previously validated in
a similar population.

On the day of the assessment, information regarding age, weight, and height was
collected, and the body mass index (BMI) was calculated using the formula of dividing the
weight by the square of the height. The BMI of the individuals was classified according
to percentile tables for sex and age. According to the Directorate General of Health, an
individual is considered obese if their BMI is above the 95th percentile (P95); overweight
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if their BMI is between the 85th and 95th percentiles (P85-P95); has an adequate weight
if their BMI is below the 85th percentile (P85) and above the 5th percentile (P5); and
has a lower-than-expected BMI if it is below the 5th percentile (P5) (Directorate General
of Health).

For the blood pressure assessment, it was mandatory for the minor to have a rest
period of at least five minutes and to adopt the correct position (sitting with their back
supported, legs uncrossed, feet flat on the floor, and the chosen arm for the assessment
relaxed and supported on a table with the palm facing up at heart level). The cuff size
used was always adjusted to the circumference of each child’s arm. Before proceeding to
inflation, the cuff had to be centered on the brachial artery. Systolic blood pressure (SBP)
and diastolic blood pressure (DBP), measured in millimeters of mercury (mmHg), were
assessed using an automatic method with the help of an automatic sphygmomanometer.
An Omron blood pressure monitor was used. According to the Guidelines of the European
Society of Hypertension, after the assessment, the blood pressure classification was made
according to percentiles for age, sex, and height (Table 1).

Table 1. Classification of hypertension in children and adolescents.

Category 0-15 Yee.lrs <16
(Percentile) (mmHg)
Normal <90p <130/85
High Normal >90-95p >130-139/85-89
Hypertension >95p >140/90
Hypertension Grade 1 >95-99p >140-149/90-99
Hypertension Grade 2 >99p >160-179/100-109

For the assessment of the lipid profile in children and adolescents, an appropriate
device that operates by collecting capillary blood was used—Lux: Professional Monitoring
of Lipids, Glucose and Hemoglobin. Following the collection of values for total cholesterol,
HDL cholesterol, LDL cholesterol, and triglycerides, they were classified according to
the reference values from the NCEP Expert Panel on Cholesterol Levels in Children [16]
(Tables 2 and 3).

Table 2. Reference value classification for lipids and lipoproteins in children and adolescents—
Directorate General of Health [17].

Acceptable, Borderline- .
Category Low, mg/dL mg/dL High, mg/dL High, mg/dL
Total cholesterol — <170 170-199 >200
LDL — <110 110-129 >130
Triglycerides . <75 75_99 >100
0-9 years
Triglycerides
10219 years — <90 90-129 >130
HDL <40 >45 40-45

Legend: mg/dL—milligrams per deciliter Source: [10]. adaptaed Lurbe E, Agabiti-Rosei E, Cruickshank JK,
Dominiczak A, Erdine S, Hirth A, Et Al. European Society Of Hypertension Guidelines For The Management Of
High Blood Pressure In Children And Adolescents. ] Hypertens. 2016 Oct;34(10):1887-920, LDL—low-density
lipoprotein, HDL—high-density lipoprotein.
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Table 3. Reference values for blood glucose according to the Directorate General of Health.

Classification of Glycemia Jejum 2 h after Meal
Hypoglycemia <70 mg/dL <70 mg/dL
Normal 70-110 mg/dL 70-140 mg/dL
Pre-diabetes 110-126 mg/dL 140-200 mg/dL
Diabetes >126 mg/dL >200 mg/dL

Legend: mg/dL—milligrams per deciliter; <—less than; >—greater than; Source: [9]. Capillary blood glucose
measurements were conducted using the OneTouch Verio glucometer, and its classification was carried out
according to the guidelines of the Directorate-General of Health. Legend: mg/dL—milligrams per deciliter.

3. Results
The sample for this study consists of 156 individuals spanning various educational
stages, from the fifth grade (2° cycle) to secondary education (12° cycle) (Table 4).

Table 4. Distribution of students by grade level attended.

Grade Level Attended Absolute Number %
2° Cycle 52 33.30%
3° Cycle 72 46.20%
Secondary education 32 20.50%

The individuals who participated in this study range in age from 10 to 18 years old,
with the age group of 13 to 14 years being the most frequent in this sample (Figure 1).
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Figure 1. Distribution of ages of individuals.

In this sample, 82 (47%) individuals were male and 74 (53%) were female (Figure 2).

Female

47%

Figure 2. Distribution of gender among individuals.
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The average weight of this population is 55.09 kilograms (kg), with a minimum of
28 kg and a maximum of 108 kg, and a standard error of 13.959. Regarding height, the
average was 1.60 meters (m), ranging from 1.32 m to 1.82 m, with a standard error of 10.868.

In terms of body mass index (BMI), it was found that 27 students (17.3%) were
overweight, predominantly males. Ten boys and eleven girls were classified as obese
(13.5%), while one student (0.6%) had a BMI below the expected range. The remaining
students (68.6%) had a BMI within the normal range (Figure 3).

60
54 53
50
40
30
20 17
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Figure 3. Distribution of BMI among individuals by gender.

In the analysis of the group of individuals who are overweight and obese, 7.7% (n = 12)
and 9% (n = 14), respectively, almost all eat meat. Among those who almost always eat
meat in their meals, 10.3% (n = 16) have high blood pressure, 7.7% (n = 12) are overweight,
and 6.4% (n = 10) are obese.

Regarding the frequency of physical exercise among individuals, 69 students (44.2%)
reported only exercising during physical education classes at school, while the remaining
55.8% of individuals engage in physical exercise both at school and outside school. Among
those who exercise beyond physical education classes, 19 students (12.2%) exercise once a
week, 36 students (23.1%) exercise twice a week, 18 students (11.5%) exercise three times a
week, and 14 students (9%) exercise daily (Figure 4).

One time a week 19
Two times a week 36
Three times a week 18
Every day 14
Only at school 69
0 10 20 30 40 50 60 70 80

Figure 4. Distribution of frequency of physical exercise practice.
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Regarding the study of hereditary factors, 48.7% (n = 76) of students report having
direct family members with diabetes, and 36.5% (n = 57) report having direct family
members with hypertension (HTA).

It was found that 31.4% have more than one type of cerebrocardiovascular disease in
direct ancestors, with 24.4% of students (n = 38) having direct family members who have
suffered a stroke (AVC), 6.4% (n = 10) having direct family members who have suffered
a myocardial infarction (EAM), and 0.6% (n = 1) having a direct family member who has
suffered both a stroke and a myocardial infarction.

Males show a higher prevalence of family history with one or more cerebrocardio-
vascular disease. Using the Chi-square test, it was observed that there is no statistically
significant relationship between family history and gender (p = 0.060).

Total Cholesterol Assessment: According to the lipid profile evaluation, it was con-
cluded that 95.5% (n = 149) of students had acceptable levels of total cholesterol, 3.9% (n = 6)
had borderline-high levels, and 0.6% (n = 1) had high levels of total cholesterol. Females
(3.2%) showed a higher percentage of altered cholesterol levels compared to males (1.3%),
with the majority being female. Among students with borderline-high total cholesterol,
1.3% were obese, while the remaining percentage had a normal or below-normal BMI.

High-Density Lipoprotein (HDL) Assessment: It was observed that 28.2% (n = 44) of
students had acceptable levels of HDL cholesterol, 9.6% (n = 15) had borderline-high levels,
and 62.2% (n = 97) had reduced levels of HDL cholesterol. Specifically, 40.4% (n = 63) were
males and 31.4% (n = 49) were females. A Chi-square test showed a marginally significant
relationship between HDL cholesterol and gender (p = 0.055). Among students who were
overweight and obese, 14.1% and 9%, respectively, had reduced HDL values. In terms of
dietary habits, students who consumed higher amounts of meat tended to have lower HDL
levels, and among those with low HDL levels, 62.3% (n = 43) only engaged in physical
exercise during physical education classes.

Low-Density Lipoprotein (LDL) Assessment: When evaluating LDL cholesterol levels,
92.3% (n = 144) of students had acceptable levels, 6.4% (n = 10) had borderline-high levels,
and 1.3% (n = 2) had high levels of LDL cholesterol. Individuals who were overweight and
obese had LDL values within the normal range.

3.1. Triglyceride Assessment

According to the lipid profile evaluation, it was found that 66% of students (n = 103)
had acceptable triglyceride levels, 27.6% (n = 43) had borderline-high levels, and 6.4% (n = 10)
had high triglyceride levels. Females showed a higher percentage of borderline-high and
high triglyceride levels compared to males. However, this relationship was not statistically
significant (p = 0.551).

Increased triglyceride levels were associated with obesity, and were present in 1.9% of
students who were overweight or obese.

3.2. Blood Pressure Evaluation

Based on the assessment of blood pressure values and analysis using appropriate
percentiles for sex, age, and height, it was found that 37.8% (n = 59) of students had blood
pressure values above normal, while 62.2% (n = 97) had a normal blood pressure. Among
those with elevated blood pressure values, 17.3% (n = 27) had hypertension (HTN), 11.5%
(n=18) had HTN stage 1, and 9% (n = 14) had HTN stage 2 (Figure 5).
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Figure 5. Blood pressure classification.

Male individuals show a higher prevalence of high blood pressure (10.9% vs. 6.4%)
and stage 2 hypertension (5.8% vs. 3.2%). However, stage 1 hypertension is more prevalent
in females (3.8% vs. 7.7%).

In the group of students with stage 1 hypertension and stage 2 hypertension, 7.7%
(n=12) and 3.8% (n = 6), respectively, do not engage in physical exercise outside of school.
Among students with stage 1 hypertension, 7.7% (n = 12) almost always eat meat, as do
6.4% (n = 10) of students with stage 2 hypertension.

Of the individuals who are overweight, 1.9% have hypertension, 2.6% with stage
1 hypertension.

In the analysis of the group of individuals who are overweight, 3.2% rarely eat veg-
etables in their meals, while 1.9% of individuals who rarely eat vegetables in their meals
are obese.

4. Discussion

The study of cerebrocardiovascular pathology and its risk factors in society is of
enormous importance, considering the high rates of morbidity and mortality associated
with these conditions. Healthy habits should be implemented early in children and young
people to reduce the prevalence of these pathologies in the future of modern societies [1,7,8].
The sample for this study consists of 156 individuals from different educational levels
between the second cycle and secondary education, with 53% of participants being male
and 47% being female.

In the analysis of this study, it was observed that the percentage of individuals with
overweight was 17.3%, which is lower than what was found in two studies conducted in
Portugal by Ribeiro et al. (28.3%) and Cabral et al. (18%) [18,19]. Conversely, the percentage
of obese youths (13.5%) in this study was higher than the studies by Ribeiro et al. [18] and
Cabral et al. Thus, in the study by Cabral et al. [19], the percentage of individuals with a
normal BMI was higher (74.9%) than what was found in this study (68.6%). On the other
hand, other studies observed different values [20,21]. These discrepancies can be attributed
to different dietary patterns and lifestyles between Chinese and Portuguese societies.

Zhang et al. found that the highest percentage of overweight students was observed
in males, which was also seen in the studied sample [22]. Conversely, Muhihi et al. [23],
in studying high BMI, found it was more prevalent in females, as did Mohan et al. [24],
differing from the data observed in the group of overweight students in the present study.
Regarding the relationship between hypertension (HTA) and BMI, Ribeiro et al. [18] and
Rodrigues et al. [25] found a statistically significant relationship between BMI and HTA,
contrary to what was observed (p = 0.657), as well as in the study by Cabral et al. [19].
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In this study, the highest percentages of hypertensive students were in the group with
normal BMI, which was also seen in the study by Cabral et al. [19]. Conversely, Zhang
etal. [22] and Figueirinha et al. [26] found that elevated systolic and diastolic blood pressure
were more present in the group of obese students. According to Marrodan et al. [27], it was
found that the majority of students had normal blood pressure levels, which was observed
in this study (60.1%), with 38.8% of individuals having elevated blood pressure values,
contrary to what was observed in the study by Cabral et al. [19].

Indeed, these high rates of overweight at these ages may be related to eating habits,
which are extremely important for general health, influencing body weight, cerebrocardio-
vascular health, and emotional well-being. Several factors can harm eating habits, such as
the availability and easy access to highly processed foods, lack of nutritional education,
and sociocultural issues.

In this study, lipid profile alterations were found, with reduced HDL and altered
triglyceride values observed in the studies by Reuter et al. [28], Cabral et al. [19], and
Cunbha et al. [29], which present lower percentages of reduced HDL levels compared to the
study in question. In the study by Manios et al. [30], 1.8% of individuals had higher than
expected triglyceride levels and 8.4% had reduced HDL levels, contrary to the alarming
percentages of 62.2% and 34%, respectively, observed in this school. Supporting these
results, Gabriella et al. [31] found a percentage of 52.7% of individuals with reduced HDL
levels. The study by Cabral et al. found a higher percentage of altered triglyceride levels
than this study [19].

In Portugal, there is still a significant consumption of red meats, cured cheeses, and
sausages, promoting the increase in fatty acids and lipids, leading to arterial wall stiffness
and poor cardiac function. According to Cunha [32] and Cabral et al. [19], females showed
a higher prevalence of elevated total cholesterol (TC) and triglyceride levels than males, as
observed in these students. According to Mach et al. [33], high concentrations of LDL in the
blood vessels can lead to the adherence of these lipoproteins to the intima of the arteries,
leading to the formation of atheroma plaques, which subsequently cause atherosclerosis.
In this study, it was observed that individuals with HTA (5.7%) had altered LDL values,
showing a statistically significant relationship between assessed blood pressure and LDL
cholesterol (p = 0.0001), disagreeing with the study by Cabral et al., which did not find this
relationship [19].

Addressing health literacy in children and adolescents is fundamental for develop-
ing healthier lifestyle changes, promoting health growth throughout life. Regarding the
presence of known heart disease, 1.9% of individuals in this study had it, disagreeing with
the results obtained by Ribeiro et al., 2019 [20], who did not find individuals with this
pathology. In the case of type 2 diabetes mellitus, no individuals with this pathology were
found in this study, agreeing with the results of Ribeiro et al., 2019 [20]. Conversely, the
study by Cabral et al., 2022 [19] found individuals with this pathology.

The group of students with a family history of cerebrocardiovascular disease and dia-
betes constitutes 67.9%, which is much higher than the prevalence of students with a family
history of heart disease in studies conducted by Ribeiro et al., 2019 [20] (40.9%), Okpokowu-
ruk et al. [34] and Kurnianto et al. [35]. Based on the observed results, the importance
of considering family history to assess the individual risk of developing cerebrocardio-
vascular pathologies is highlighted, reinforcing the need for preventive interventions and
management strategies tailored to these factors.

Figueirinha et al. [26] found that the majority of participants had a family history of
HTA, observing a statistical significance in the relationship between family history and
blood pressure, contrary to what was observed in the study conducted in this school
grouping in the interior of Portugal (p = 0.068). This discrepancy can be attributed to the
lack of sample representativeness in relation to the population, as the sample in the study
by Figueirinha et al. was a convenience sample [26]. It is essential to conduct more studies,
screenings, and investigations that can identify these cases early, as well as the factors
that potentiate obesity to mitigate risks. Therefore, primary health care in schools about
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the risk factors for these pathologies is crucial, especially in the follow-up of children at
potential risk.

5. Conclusions

In conclusion, addressing the risk factors for adolescent obesity is crucial for mitigating
the growing global health crisis associated with obesity. This study has highlighted the
multifaceted nature of obesity, influenced by genetic, metabolic, environmental, behavioral,
social, and cultural factors. By identifying these risk factors early, especially during the
critical developmental period of adolescence, we can implement effective prevention
and intervention strategies that can significantly reduce the prevalence of obesity and its
associated health complications, such as type 2 diabetes and cardiovascular diseases.

Our findings reveal a high percentage of elevated BMI, lipid profile alterations, and
high blood pressure within the adolescent population. Key risk factors such as a family
history of cerebrocardiovascular disease, sedentary lifestyle, and poor dietary habits play
a significant role in the increase in weight, blood pressure, and lipid profile alterations
in young individuals. These insights emphasize the necessity for targeted public health
initiatives to address these issues early on.

The importance of this study extends beyond immediate health benefits. By informing
future development policies, our research can help shape comprehensive strategies that
promote healthier lifestyles among adolescents. These strategies may include educational
programs focused on nutrition and physical activity, community-based interventions to en-
courage active living, and policies aimed at reducing the consumption of unhealthy foods.

Moreover, investing in preventative measures can alleviate the long-term economic
burden on healthcare systems caused by obesity-related diseases. By fostering an environ-
ment that supports healthy choices from a young age, we can pave the way for a healthier
future generation, ultimately reducing the prevalence of chronic diseases and improving
overall public health outcomes.

This study’s cross-sectional nature limits its ability to establish causal relationships
between identified risk factors and obesity. This design only provides a snapshot at one
point in time, making it difficult to determine whether the risk factors led to obesity or if
obesity influenced these risk factors. Longitudinal studies are needed to better understand
the temporal dynamics and causality. The study population may not be representative
of all adolescents, particularly those from different geographic regions, socioeconomic
backgrounds, or cultural contexts. This limitation restricts the generalizability of the
findings to broader populations, indicating the need for more diverse and inclusive research
to ensure that the results are applicable to a wider demographic.

Therefore, this study not only contributes to the understanding of adolescent obesity
but also serves as a foundation for the development of robust, evidence-based policies
aimed at combating this pervasive issue. By prioritizing the health of young individuals,
we can ensure a healthier, more productive future for our society.
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