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Introduction: Cardiovascular diseases (CVDs) represent a significant global public
health burden, accounting for approximately 31% of annual deaths worldwide.
Diet quality and sociodemographic factors are recognized as critical determinants
influencing cardiovascular risk, particularly among young adults. University students
are considered a vulnerable population due to rapid lifestyle transitions that may
affect long-term health outcomes. This study aimed to analyze the associations
between dietary patterns, sociodemographic factors, and cardiovascular health
indicators in Ecuadorian university students.

Methods: A cross-sectional study was conducted between 2022 and 2023 among
404 students from the State University of Milagro (UNEMI) and the Polytechnic
School of Chimborazo (ESPOCH). Data on sociodemographic variables, dietary
intake, and cardiovascular biomarkers were collected using structured interviews,
clinical measurements, and blood analyses. Dietary intake was assessed using a 24-
hour recall and a food frequency questionnaire adapted from the Block Screening
Questionnaire. Cardiovascular health indicators included triglycerides, LDL and HDL
cholesterol, systolic and diastolic blood pressure, and glucose levels. Associations
between diet, sociodemographic factors, and cardiovascular outcomes were
analyzed using one-way ANOVA, stratified by sex, with effect size estimation (%)
and Bonferroni corrections for multiple comparisons.

Results: Among the participants (58.3% women, 41.7% men, mean age = 23.3
+ 44 years), 22% reported a very high-fat diet, whereas only 2% followed a
nutrient-rich diet. Women with a very high-fat diet exhibited significantly higher
triglyceride levels (mean = 189.6 mg/dL) compared to those with a low-fat diet
(mean = 1324 mg/dL, p = 0.010). Men with high-fat diets showed elevated
systolic (mean = 128.3 mmHg) and diastolic blood pressure (mean = 83.7
mmHg) compared to those with low-fat diets (p < 0.01). A nutrient-rich diet was
associated with lower systolic blood pressure in women (mean = 106.5 mmHg
vs. 113.7 mmHg, p < 0.001). Place of birth influenced cardiovascular outcomes:
men from the Highlands had higher LDL cholesterol (145.2 mg/dL vs. 126.3 mg/
dL, p = 0.005), while women born in the Coastal region showed lower systolic
blood pressure (108.6 mmHg vs. 118.2 mmHg, p = 0.004). Place of residence
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was associated with systolic pressure in men (p = 0.021), and father’s origin
significantly affected LDL and diastolic values in men (p < 0.01).

Discussion and conclusions: This study demonstrates significant associations
between dietary quality, sociodemographic background, and cardiovascular health
among Ecuadorian university students. High-fat diets were linked to adverse lipid
profiles and increased blood pressure, while nutrient-rich diets showed protective
effects, especially among women. Regional and familial origins influenced
cardiovascular risk markers, underscoring the relevance of socioeconomic and
environmental determinants. Public health strategies should target dietary education,
nutritionalinterventions, and region-specific policies to mitigate cardiovascular risk in
young adult populations. Future research should adopt longitudinal and multivariable

models to strengthen causal inferences and validate observed associations.

KEYWORDS

balanced diet, sociodemographic factors, cardiovascular health, university students,
triglyceride levels, blood pressure

Introduction

Cardiovascular diseases continue to be an issue of global relevance
representing an alarming indicator in public health due to their high
prevalence and persistent consequences (1), which have a significant
influence on the “mortality” of the population (2) consider that “each
year, 17.9 million people die from cardiovascular diseases, accounting
for approximately 31% of all deaths worldwide” as a striking
illustration of the significant burden.

In recent years, an increase in the prevalence of cardiovascular
diseases has been observed, especially among young adults due to a
decrease in diet quality which is related to an increase in the risk of
acquiring cardiovascular diseases including coronary artery disease (3),
“central obesity, abnormal blood glucose levels and abnormal body mass
index (BMI)” leading to stroke (4). As indicated by (5) among the
multiple influencing “cardiovascular risk factors” is diet, including
dietary habits that are determinants in the onset and progression of
diseases such as hypertension, dyslipidemia, and obesity, according to
(6), research indicates that replacing animal proteins with vegetable
proteins, carbohydrates with vegetable proteins, or carbohydrates with
monounsaturated fats and proteins is associated with a decrease in the
mortality rate due to cardiovascular diseases.

In addition, several studies have shown that socio-demographic
factors—such as socioeconomic status, place of residence, and access
to food resources—can significantly influence dietary patterns,
thereby affecting cardiovascular health (7), In line with this, the
present study examines socio-demographic factors including place of
birth, place of usual residence, and parental origin, and how they
relate to cardiovascular health indicators.

University students constitute a population of particular interest.
During this transitional life stage into adulthood, students often
experience significant changes in their lifestyle and eating habits,

Abbreviations: LDL, Low-Density Lipoprotein; HDL, High-Density Lipoprotein;
TG, Triglycerides; Glycemia B, Basal Glycemia; Systolic T, Systolic Blood Pressure;
Diastolic T, Diastolic Blood Pressure; ANOVA, Analysis of Variance; LDL-C,
Low-Density Lipoprotein Cholesterol; SD, Standard Deviation; FAO, Food and
Agriculture Organization; INFOODS, International Network of Food Data Systems;
RRR, Reduced Rank Regression; BMI, Body Mass Index.
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which can directly impact their long-term cardiovascular health. This
is a critical period to identify early risk patterns and promote healthy
behaviors that persist over time. Previous research has documented
that university students tend to have poor dietary habits, including
low consumption of fiber, fruits, and vegetables, combined with high
intake of fat. Additionally, a sedentary lifestyle, tobacco use, and
alcohol consumption are common in this group, all of which are
recognized cardiovascular risk factors (8).

Despite the global burden of cardiovascular diseases (CVDs), which
are the leading cause of death worldwide, there is a growing concern
about their prevalence among young adults, including university
students. Locally, in Ecuador, this issue is especially pressing due to
dietary transitions and regional inequalities in access to healthcare and
nutritious food. The cities of Milagro and Riobamba, where this study
was conducted, represent contrasting socioeconomic environments—
urban vs. semi-urban settings—with differing public health challenges.
Understanding how these local contexts influence cardiovascular health
can inform tailored interventions for at-risk populations.

In this context, the present study aimed to analyze the association
between diet and sociodemographic factors on cardiovascular health
among students from two public universities in Ecuador: the State
University of Milagro (UNEMI) and the Polytechnic School of
Chimborazo (ESPOCH).

Materials and methods

Sample selection, inclusion and exclusion
Criteria

A total of 404 university students from the State University of
Milagro (UNEMI) and the Polytechnic School of Chimborazo
(ESPOCH) were selected using a stratified random sampling method.
Inclusion criteria included students aged between 18 and 55 years,
currently enrolled in undergraduate programs at the time of data
collection, and who voluntarily agreed to participate in the study.
Exclusion criteria included individuals with a prior diagnosis of
cardiovascular disease or chronic illness that could confound
cardiovascular biomarkers, and those who did not complete the
dietary or clinical assessments.
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Study setting

The study involved students from two distinct regions of Ecuador:
the Coastal and Andean highland areas. Participants from the State
University of Milagro (UNEMI) are predominantly from Milagro, a
mid-sized city located in the Coastal region of Ecuador, characterized by
a warm tropical climate, low-altitude geography, and an economy
centered on agriculture, agro-industry, and commerce. In contrast,
students from the Polytechnic School of Chimborazo (ESPOCH) are
primarily from Riobamba and surrounding areas in the Andean Sierra
region, situated at a much higher altitude with a temperate to cold
climate. This region’s economy is more rural and based on agriculture,
small-scale trade, and public services, with many communities facing
geographic and economic barriers to accessing health services and
nutritional resources.

In this study, income level classifications were operationalized
based on regional economic activity, access to public infrastructure,
and urbanization. The Coastal region, particularly Guayaquil and
its surrounding cities like Milagro, was categorized as a higher-
income area due to its concentration of industrial and commercial
activity, higher availability of healthcare services, and greater
connectivity. Meanwhile, the Sierra region, particularly rural areas
surrounding Riobamba, was categorized as a lower-income area,
defined by lower household income averages, reduced access to
specialized healthcare, and greater prevalence of food insecurity
and poverty. These contextual differences may partly explain the
disparities observed in cardiovascular health indicators across the
two student populations.

Sample size calculation

The sample size was calculated using a confidence level of 95%, a
5% margin of error, and a population size of approximately 8,000
students from the two universities. Based on these parameters, the
minimum sample size required was 367. A total of 404 students
participated, ensuring the representativeness of the study and
accounting for potential non-responses or data inconsistencies.

Ethical considerations and data protection

This study was conducted in accordance with the Declaration of
Helsinki. All procedures involving human participants were approved by
the Ethics Committee in Human Research of the Polytechnic School of
Chimborazo (ethics approval number 10-07-CEISH-ESPOCH-2023).
Written informed consent was obtained from all participants. To ensure
confidentiality, data were anonymized and stored securely in encrypted
databases accessible only to the research team.

Data collection procedures

Sociodemographic and dietary data were obtained through
structured interviews. Clinical data were gathered by qualified
personnel at university health centers. Anthropometric and
biochemical assessments included blood pressure, oxygen
saturation, and blood analysis for lipid profiles, glycemia, and
cholesterol levels.
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Dietary assessment

Dietary intake was evaluated using a 24-h dietary recall and a food
frequency questionnaire adapted from the Block Screening Questionnaire
(9). Macronutrient and micronutrient intake (iron, calcium, vitamin C)
were estimated using the FAO/INFOODS regional food
composition tables.

Diet classification:

« Fat intake: Categorized into very high (\u226550 points), high
(40-49), moderate (30-39), low (20-29), and very low (<20).

o Nutrient adequacy was categorized into three levels: nutrient-rich
diets met more than 80% of daily recommendations for at least
three key nutrients; nutrient-sufficient diets met between 50 and
80% of the recommendations; and nutrient-poor diets met less
than 50% of the recommended intake.

Data analysis and statistical tests

While the study acknowledges the analytical limitations of relying on
bivariate analyses such as one-way ANOVA, the choice not to apply
multivarjable regression models was primarily based on the exploratory
nature of the research and the need to ensure interpretability in a sample
of limited size. Although key covariates such as age, sex, BMI, and region
of residence were collected, the study prioritized stratified analyses and
effect size estimation (e.g, 1°) to highlight subgroup differences.
Nevertheless, future research should incorporate multivariable linear
regression models to adjust for confounding factors and better isolate the
specific impact of dietary patterns on cardiovascular outcomes.

In terms of dietary assessment, the adapted questionnaire was
based on the Block Screening Questionnaire for Fat, Fruit, and Fiber
Intake (9), a tool with established construct validity in previous
international applications. The current study applied a translated and
regionally adapted version, and although internal reliability coefficients
(e.g., Cronbach’s alpha) were not formally computed, content validity
was preserved through expert review by registered dietitians and
public health researchers familiar with the Ecuadorian context.

The classification of dietary adequacy—specifically, nutrient-rich,
sufficient, and poor diets—was informed by thresholds aligned with
FAO/INFOODS guidelines and recommendations from the World
Health Organization (WHO) and American Heart Association
(AHA), particularly regarding minimum micronutrient intake levels.
Nonetheless, the study recognizes the need for future validation
studies in the Ecuadorian population to further refine these thresholds
and improve external comparability.

Interaction effects between sex and diet were explored descriptively,
and while no formal interaction tests were conducted in this version of
the study, subgroup analyses by sex were performed to highlight relevant
sex-specific patterns. Future work will consider testing statistical
interactions to confirm differential effects across demographic groups.

Measures of association and confounder
adjustments

Effect sizes (e.g., Eta squared — n*) were calculated to assess the
magnitude of differences observed in ANOVA tests. Analyses were
stratified by sex to account for sex-based physiological differences.
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Although no multivariable regression models were applied, the
influence of potential confounding variables is acknowledged and
discussed as a limitation of the study.

Health characteristics

Oxygen saturation was measured with a pulse oximeter and blood
pressure with a digital upper arm blood pressure monitor. In addition,
qualified laboratory personnel took venous blood samples for blood
biometry and blood chemistry (total cholesterol, High-Density
Lipoprotein (HDL), Low-Density Lipoprotein (LDL), triglycerides,
and glucose).

Characteristics of the diet

For the measurement of food consumption, a quantitative method
(24-h recall) and a qualitative method (frequency of consumption by
specific foods) were applied, the percentages of energy, macronutrient,
and micronutrient adequacy (iron, calcium, vitamin C) were
calculated, and food consumption frequencies were determined.

The dietary assessment was performed following the block
screening questionnaire for fat, fruit, vegetable, and fiber intake,
according to this block screening, scores for fat intake (fat points)
and scores for fruit intake (fruit, vegetable, and fiber points) were
established (9).

Results
Statistical characteristics of the sample

The sample consisted of 404 university students, with a gender
distribution of 41.67% male and 58.33% female (Table 1). The mean age

was 23.34 years (SD = 4.38), with a median of 22 years and an age range
of 19 to 55 years.

TABLE 1 Sociodemographic characteristics of the participants.

10.3389/fpubh.2025.1514146

Regarding dietary fat intake, 22% of participants had a very
high fat intake, 7% a high intake, 16% a moderate-fat diet, 26% a
low-fat diet, and 29% followed an almost fat-free diet. Concerning
fruit, vegetable, and fiber consumption, only 2% followed a
nutrient-rich diet, while over 78% maintained a diet low in
nutrient content.

Results of statistical analysis

All statistical comparisons were complemented with 95%
confidence intervals (CIs) to provide a more accurate estimation of the
observed effects. Additionally, effect size measures (Eta squared, n?)
were reported for each ANOVA to evaluate the magnitude of
associations, beyond statistical significance. The number of
observations (N) for each subgroup is explicitly stated in the results
tables to ensure transparency and reproducibility.

Given the multiple subgroup comparisons conducted (by sex,
dietary classification, and sociodemographic variables), we applied
the Bonferroni correction in post-hoc analyses to reduce the risk of
Type I error inflation. These adjusted comparisons are indicated
where relevant. Tables were also reorganized to improve readability,
eliminate redundant values, and present results in a more
streamlined format.

Diet and cardiovascular health

Table 2 summarizes the results of the one-way ANOVA assessing
the relationship between dietary factors (fat intake and fruit, vegetable,
and fiber scores) and cardiovascular health indicators. Among women,
significant differences in triglyceride levels were observed based on fat
intake (ANOVA, F(4, 230) = 3.50, p = 0.010). Women with a very
high-fat diet had a mean triglyceride level of 189.6 mg/dL (SD = 35.20),
compared to 132.40 mg/dL (SD = 28.70) in those with a low-fat diet.

These differences are not only statistically significant but also
clinically meaningful. Women with a very high-fat diet had a

Variable Total (n = 404) Men (n = 168) Women (n = 236)
Age (mean * SD) 23.34 £4.40 23.70 £4.50 23.10 £4.30
Age range 19-55

Place of birth - Coastal region 180 (44.60%) 80 (47.60%) 100 (42.40%)
Place of birth - Highland region 200 (49.50%) 78 (46.40%) 122 (51.70%)
Place of birth - Other 24 (5.90%) 10 (6%) 14 (5.90%)
Current residence - Milagro 220 (54.50%) 100 (59.50%) 120 (50.80%)
Current residence - Riobamba 160 (39.60%) 60 (35.70%) 100 (42.40%)
Current residence - Other 24 (5.90%) 8 (4.80%) 16 (6.80%)
Father’s place of origin - Coastal region 190 (47%) 90 (53.60%) 100 (42.40%)
Father’s place of origin - Highland region 190 (47%) 70 (41.70%) 120 (50.80%)
Father’s place of origin - Other 24 (5.90%) 8 (4.80%) 16 (6.80%)
Mother’s place of origin - Coastal region 200 (49.50%) 85 (50.60%) 115 (48.70%)
Mother’s place of origin - Highland region 180 (44.60%) 75 (44.60%) 105 (44.50%)
Mother’s place of origin - Other 24 (5.90%) 8 (4.80%) 16 (6.80%)
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TABLE 2 Results of the one-way analysis of variance between diet and cardiovascular health (p < 0.05).

Group Cardiovascular indicator Mean (SD) N F-statistic p-value
Women - Very High Fat Intake Triglycerides (mg/dL) 189.6 (35.20) 236 3.50 0.010
Women - Low Fat Intake Triglycerides (mg/dL) 132.4 (28.70) 236 3.50 0.010
Men - High Fat Intake Systolic Blood Pressure (mmHg) 128.30 (9.20) 168 3.80 0.007
Men - Low Fat Intake Systolic Blood Pressure (mmHg) 117.40 (7.80) 168 3.80 0.007
Men - High Fat Intake Diastolic Blood Pressure (mmHg) 83.70 (8.60) 168 417 0.004
Men - Low Fat Intake Diastolic Blood Pressure (mmHg) 76.20 (7.40) 168 4.17 0.004
Women - Nutrient-Rich Diet Systolic Blood Pressure (mmHg) 106.5 (7.1) 236 19.30 0
‘Women - Nutrient-Poor Diet Systolic Blood Pressure (mmHg) 113.7 (9.3) 236 19.30 0

TABLE 3 Results of the one-way analysis of variance between participants’ socio-demographic factors and cardiovascular health (p < 0.05).

Group Cardiovascular indicator Mean (SD) N F-statistic p-value
Men - Born in Highlands LDL Cholesterol (mg/dL) 145.20 (25.40) 168 5.70 0.005
Men - Born in Coastal LDL Cholesterol (mg/dL) 126.30 (22.80) 168 5.70 0.005
Women - Born in Highlands Systolic Blood Pressure (mmHg) 118.20 236 5.69 0.004
‘Women - Born in Coastal Systolic Blood Pressure (mmHg) 108.60 236 5.69 0.004
Men - Living in Highlands Systolic Blood Pressure (mmHg) 115.80 168 4.03 0.021
Men - Living in Coastal Systolic Blood Pressure (mmHg) 124.30 168 4.03 0.021

TABLE 4 Result of one-way analysis of variance between socio-demographic factors of participants’ parents and cardiovascular health (p < 0.05).

Cardiovascular indicator

Cardiovascular N

F-statistic

p-value

indicator

Men - Father from Highlands LDL Cholesterol (mg/dL)

LDL Cholesterol (mg/dL)

148.70 (24.90) 168 5,43 0,006

Men - Father from Coastal LDL Cholesterol (mg/dL)

LDL Cholesterol (mg/dL)

130.40 (23.20) 168 5,43 0,006

mean triglyceride level of 189.6 mg/dL, which surpasses the
threshold of 150 mg/dL established by the American Heart
Association (AHA) and the European Society of Cardiology
(ESC) as indicative of borderline or high atherogenic risk. In
contrast, the mean triglyceride level of 132.4 mg/dL in women
with low-fat diets remains within the acceptable range. The
absolute difference of 57.2 mg/dL between these two groups
represents a 43.2% increase in triglyceride concentration,
suggesting a substantial elevation in cardiovascular risk. This
clinical interpretation reinforces the relevance of dietary patterns
in modulating lipid profiles among young women. Future studies
should consider longitudinal monitoring to determine whether
such elevations persist and translate into long-term cardiovascular
outcomes.

In men, systolic blood pressure was significantly higher among
those consuming a high-fat diet (mean = 128.30 mmHg, SD = 9.20)
compared to those on a low-fat diet (mean =117.40 mmHg,
SD =7.80) (F(4, 164) = 3.80, p = 0.007).

Diastolic blood pressure also showed significant differences in
men (F(4, 164) = 4.17, p = 0.004), being higher in those with a
very high-fat diet (mean = 83.70 mmHg, SD = 8.60) compared to
those with a low-fat diet (mean = 76.20 mmHg, SD = 7.40).

Among women, those with a nutrient-rich diet exhibited lower
systolic blood pressure (mean = 106.50 mmHg, SD = 7.10) than those
needing dietary supplementation (mean = 113.70 mmHg, SD = 9.30)
(F(2,23) =19.30, p = 0).
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Sociodemographic factors and
cardiovascular health

Tables 3, 4 display the associations between sociodemographic
factors, parental origin, and cardiovascular health indicators. Place of
birth was significantly associated with LDL cholesterol levels in men
(F (2, 166) = 5.70, p = 0.005). Men born in Highlands region had a
mean LDL level of 145.20 mg/dL (SD =25.40), compared to
126.30 mg/dL (SD = 22.80) in those born in Coastal region.

In women, systolic blood pressure varied significantly by place of
birth (F(2, 232) =5.69, p = 0.004), being lower in those born in
Coastal region (mean = 108.60 mmHg) compared to those born in
Highlands region (mean = 118.20 mmHg).

Place of residence was significantly associated with systolic blood
pressure in men (F(2, 166) = 4.03, p = 0.021). Men living in Highlands
than those
from Coastal region (Highlands region =115.80 mmHg, Coastal

region showed lower systolic blood pressure

region = 124.30 mmHg).

Parental background and cardiovascular
health

The father’s place of origin significantly affected LDL cholesterol
levels (F(2, 166) =5.43, p=0.006) and diastolic pressure (F(2,
166) = 4.81, p = 0.011) in men. Participants whose fathers were from
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Highlands region had higher LDL cholesterol (mean = 148.70 mg/dL,
SD =24.90) compared to those whose fathers were from Coastal
region (mean = 130.40 mg/dL, SD = 23.20). Diastolic blood pressure
was also higher in this group (mean = 84.50 mmHg, SD = 8.30 vs.
76.90 mmHg, SD = 7.10).

The mother’s place of origin did not show statistically significant
associations with cardiovascular indicators in women, although
similar trends were observed.

These findings support the significant influence of dietary and
sociodemographic factors on cardiovascular health indicators in
university students, with clear differences by sex, dietary patterns, and
geographic origin.

Discussion
Effects of diet on lipids and blood pressure

This study revealed statistically and clinically significant
associations between dietary quality and cardiovascular biomarkers
among university students, with notable sex-specific differences.
Women consuming very high-fat diets exhibited elevated triglyceride
levels (mean = 189.6 mg/dL), which exceed the threshold of 150 mg/
dL defined by the American Heart Association (AHA) as indicative
of increased atherogenic risk. This aligns with findings from Gao
etal. (10), who reported strong links between high-energy, low-fiber
diets and cardiovascular disease. Similarly, Lee et al. (11) observed
that high triglyceride levels in women were associated with fat-heavy
diets, particularly those lacking in fiber and plant-based nutrients.
The absolute difference of 57.2 mg/dL between low-and high-fat diet
groups in our sample (a 43.2% increase) suggests substantial
biological impact, reinforcing the role of diet as a modifiable
cardiovascular risk factor in young women.

In men, high-fat intake was associated with significantly elevated
systolic (mean = 128.3 mmHg) and diastolic (mean = 83.7 mmHg)
blood pressure levels. These findings are consistent with Tapsell et al.
(12), who concluded that diets rich in saturated fats and low in whole
grains, fruits, and vegetables contribute to increased cardiovascular
risk. Our data also revealed that women consuming nutrient-rich diets
had lower systolic pressure (mean = 106.5 mmHg) compared to those
with nutrient-poor patterns (mean = 113.7 mmHg). This supports the
protective role of micronutrients and fiber in vascular function,
highlighting the importance of comprehensive dietary interventions
within university populations.

Effects of sociodemographic variables

Beyond dietary intake, the study identified significant associations
between sociodemographic variables and cardiovascular outcomes. Men
born in the Highland region had higher LDL cholesterol levels than
those born in the Coastal region, while women from the Highlands
exhibited higher systolic blood pressure. These findings may reflect
disparities in early-life nutrition, environmental exposures, and
healthcare access. Students from urbanized areas like Guayaquil (Coastal
region) may benefit from more diverse diets and better health services
compared to those from semi-urban or rural areas like Riobamba.

Parental origin also showed notable associations. Male students
whose fathers were from the Highlands displayed higher LDL and

Frontiers in Public Health

10.3389/fpubh.2025.1514146

diastolic pressure values than those whose fathers originated from the
Coast. These intergenerational differences may stem from inherited
behavioral patterns, long-term dietary habits, or epigenetic influences
shaped by regional contexts. Similar conclusions have been reached in
studies by Zhou et al. (13) and Bockarie et al. (14), which emphasize
the importance of social determinants in shaping cardiometabolic risk
from early life stages.

Prior studies have shown that socioeconomic status and place of
origin significantly shape cardiovascular risk profiles, particularly
through mediators such as dietary quality and access to health-
promoting environments (15).

Moreover, the university setting acts as a dietary ecosystem that
influences students” eating behaviors. Economic constraints, time
pressure, and limited access to nutritious options on campus
contribute to the persistence of unhealthy eating habits. Smaller
served portions change perceived norms about appropriate intake
(22), and environmental cues like portion sizes and modeled behaviors
in social contexts have been shown to shape norms around eating (23).

Although regional differences between the Coastal and Highland
zones were explored descriptively through stratified analyses, the study
did not include formal modeling of interactions between region of
residence and dietary patterns. This limits the ability to detect cross-level
influences where local food environments, economic infrastructure, and
cultural dietary norms may moderate the relationship between diet and
cardiovascular outcomes. The exclusion of interaction terms was due in
part to sample size constraints and the exploratory scope of the study.
However, future research should incorporate regression models with
cross-interactions (e.g., region*diet quality) to examine whether the
impact of dietary intake varies by geographic context. Such analyses
would enhance the identification of territorial patterns and inform the
design of region-specific interventions to address nutritional disparities
and cardiovascular risk.

Biological interpretation and public policy
implications

The associations observed are supported by established
pathophysiological mechanisms. Diets rich in saturated fats promote
and endothelial
dysfunction—key processes in the development of hypertension and

low-grade inflammation, oxidative stress,
dyslipidemia. Specifically, the release of pro-inflammatory cytokines
and the reduction of nitric oxide availability impair vascular tone and
lipid metabolism (24). Conversely, nutrient-rich diets offer anti-
inflammatory and antioxidant benefits, enhancing vascular health.

Sex-specific responses may also stem from physiological
differences. In women, estrogen modulates lipid metabolism by
regulating hepatic lipase activity and influencing triglyceride
storage and clearance. Women also have higher subcutaneous fat,
which differs metabolically from visceral fat more common in men.
In men, visceral adiposity is associated with sympathetic
overactivity and increased peripheral resistance, leading to elevated
diastolic pressure. These distinctions underline the importance of
considering sex not merely as a confounder, but as a biological
modifier in cardiovascular research.

Furthermore, while the study stratified analyses by sex and observed
distinct associations—such as elevated triglyceride levels in women and
increased diastolic blood pressure in men—it did not include formal
interaction tests (e.g., sex*diet) in the statistical modeling. Future
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research should incorporate such interaction terms to validate whether
these patterns are statistically different between sexes.

From a physiological standpoint, sex-specific differences in
cardiovascular response to dietary intake are well-documented in the
literature. In women, elevated triglyceride levels may be partly explained
by hormonal influences such as estrogen fluctuations, which modulate
lipid metabolism and influence hepatic lipase activity (16, 17). Women
also tend to have a higher proportion of subcutaneous fat, which differs
in metabolic behavior from the visceral fat more common in men (18,
19). Conversely, in men, the greater prevalence of visceral adiposity has
been associated with increased vascular resistance and sympathetic
activity, contributing to elevated diastolic blood pressure (20, 21). These
biological distinctions highlight the importance of considering sex not
only as a control variable but also as a potential effect modifier in
cardiovascular research.

From a public health perspective, the findings underscore the need
for territorially and demographically tailored interventions within
university settings. In the Coastal region—where students showed lower
systolic pressure but higher fat intake—strategies could include
reformulating university cafeteria menus to limit saturated fat and
introducing visual food labeling systems. In contrast, for students from
the Highland region, who exhibited higher LDL cholesterol and blood
pressure, interventions should prioritize increasing access to fresh
produce and subsidizing nutrient-rich food options on or near campus.

Given the observed sex-specific associations—such as elevated
triglycerides in women and higher diastolic pressure in men—nutrition
education programs should also be stratified by sex. For example,
workshops for female students could focus on managing lipid intake and
increasing fiber-rich food consumption, while programs for male students
might emphasize sodium reduction and blood pressure regulation.

These
recommendations and align more closely with the environmental,

evidence-based  strategies go beyond general
biological, and sociodemographic realities highlighted in this study.
Universities should work collaboratively with public health
authorities to develop policies that reflect these differentiated needs

and reduce cardiovascular risk in vulnerable student subpopulations.

Limitations

This study is cross-sectional in nature, limiting causal inference.
Potential confounders such as physical activity, sleep quality, and
stress were not measured, which may affect the observed associations.
Dietary data relied on self-reported instruments, introducing the risk
of recall and social desirability bias. Although validated tools were
used, future research should include multivariate regression models
and formal interaction testing to better isolate the effects of diet and
sociodemographic variables.

Conclusion

This study identified significant associations between dietary
quality, sociodemographic factors, and cardiovascular health
indicators among university students from two public institutions in
Ecuador. High-fat diets were correlated with elevated triglyceride
levels in women and increased blood pressure in men, while
nutrient-rich diets were associated with lower systolic blood pressure
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in women. Geographic and familial origins also appeared to

influence  cardiovascular  outcomes, particularly among
male participants.

However, due to the cross-sectional nature of the research design,
these findings should be interpreted as correlational rather than
causal. The study does not allow for conclusions about temporal
precedence or directionality, and unmeasured confounding
variables—such as physical activity, sleep quality, or psychological
stress—may have influenced the associations observed.

Despite these limitations, the results provide valuable insights
for public health decision-makers, particularly in low-and middle-
income countries undergoing dietary and lifestyle transitions.
Efforts to promote cardiovascular health among young adults
should consider both nutritional interventions—such as
increasing the availability of fruits, vegetables, and healthy fats
within university food environments—and regional disparities in
access to resources. Universities may play a proactive role in
fostering healthier habits by incorporating nutrition education,
accessible dining options, and awareness campaigns into
campus life.

Future research should adopt longitudinal or experimental
designs to explore the underlying mechanisms linking diet,
sociodemographic background, and cardiovascular risk. Such studies
could validate and expand upon the present findings, evaluate the
effectiveness of tailored interventions, and better inform evidence-
based policies aimed at reducing long-term cardiovascular disease

burden among young populations.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Escuela Superior
Politécnica de Chimborazo. The studies were conducted in accordance
with the local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Author contributions

VS-T: Writing - original draft, Investigation, Conceptualization.
AS-M: Methodology, Investigation, Writing - original draft, Project
administration. MP-S: Supervision, Investigation, Conceptualization,
Writing - review & editing, Project administration. KS-G: Validation,
Data curation, Writing - review & editing, Software. EM-C: Data
curation, Visualization, Formal analysis, Writing - review & editing.
DP-G: Formal Analysis, Investigation, Writing — original draft.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1514146
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Sandoval-Tamayo et al.

Acknowledgments

The authors would like to thank all the participants from the
State University of Milagro for their cooperation and willingness
to participate in this study. We also extend our gratitude to the
faculty members and staff who supported the research process,
and to those who provided valuable insights and assistance
during the study. Special thanks to Eng. Dennis Peralta
from the Research Training School for his support of the
research.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Kundu J, Kundu S. Cardiovascular disease (CVD) and its associated risk factors
among older adults in India: evidence from LASI wave 1. Clin Epidemiol Glob Health.
(2022) 13:100937. doi: 10.1016/j.cegh.2021.100937

2. Zobo PC, Touré FY, Coulibaly I, Bitty-Anderson AM, Boni SP, Niangoran S, et al.
Prevalence of hypertension and other cardiovascular disease risk factors among
university students from the National Polytechnic Institute of Cote d’Ivoire: a cross-
sectional study. PLoS One. (2023) 18:¢0279452. doi: 10.1371/journal.pone.0279452

3. Yang P, Rooney MR, Wallace AS, Kim H, Echouffo-Tcheugui JB, McEvoy JW, et al.
Associations between diet quality and NT-proBNP in U.S. adults, NHANES 1999-2004.
Am ] Prev Cardiol. (2023) 16:100528. doi: 10.1016/j.ajpc.2023.100528

4. Mohd Shaiful Ehsan S, Azaiyni D, Imrah H, Nik Adlin Z, Abdul Hadi S.
Cardiovascular disease risks among medical students in a public university. Malays J
Med Health Sci. (2022) 18:6-15. doi: 10.47836/mjmhs.18.519.2

5. Gun M, Diallo MDM, Barry MA, Diallo MC, Diallo A, Diallo MM, et al. Analysis
of cardiovascular risk factors: a retrospective epidemiological study in Guinea in 2022.
Curr Probl Cardiol. (2024) 49:102232. doi: 10.1016/j.cpcardiol.2023.102232

6. Eckart A, Bhochhibhoya A, Stavitz J, Sharma Ghimire P, Mathieson K. Associations
of animal source foods, cardiovascular disease history, and health behaviors from the
national health and nutrition examination survey: 2013-2016. Glob Epidemiol. (2023)
5:100112. doi: 10.1016/j.gloepi.2023.100112

7. Olufayo OE, Ajayi IO, Ngene SO. Clustering of cardiovascular disease risk factors
among first-year students at the University of Ibadan, Nigeria: a cross-sectional study.
Sao Paulo Med J. (2022) 141:98-106. doi: 10.1590/1516-3180.2021.0998.11052022

8. Aydin V, Vizdiklar C, Akici A, Akman M, Yavuz DG, Altikardes ZA, et al.
Evaluation of health-related knowledge, attitudes, and behaviors of undergraduate
students by cardiovascular risk factors. Prim Health Care Res Dev. (2021) 22:e53. doi:
10.1017/S1463423621000578

9. Thompson FE, Alfaro NC, Bulux J, Coto Ferndndez MJ, Lima Sanucini L. (2006)
Manual de instrumentos de evaluacién dietética. Available online at: https://pesquisa.
bvsalud.org/portal/resource/pt/biblio-1398169 (Accessed September 15, 2024).

10. Gao M, Jebb SA, Aveyard P, Ambrosini GL, Perez-Cornago A, Carter J, et al.
Associations between dietary patterns and the incidence of total and fatal
cardiovascular disease and all-cause mortality in 116, 806 individuals from the UK
biobank: a prospective cohort study. BMC Med. (2021) 19:83. doi: 10.1186/s12916-
021-01958-x

11.Lee J, Hoang T, Lee S, Kim J. Association between dietary patterns and
dyslipidemia in Korean women. Front Nutr. (2022) 8:756257. doi: 10.3389/fnut.
2021.756257

Frontiers in Public Health

08

10.3389/fpubh.2025.1514146

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this article
has been generated by Frontiers with the support of artificial intelligence
and reasonable efforts have been made to ensure accuracy, including
review by the authors wherever possible. If you identify any issues, please
contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or
those of the publisher, the editors and the reviewers. Any product that
may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

12. Tapsell LC, Neale EP, Probst Y. Dietary patterns and cardiovascular disease:
insights and challenges for considering food groups and nutrient sources. Curr
Atheroscler Rep. (2019) 21:9. doi: 10.1007/511883-019-0770-1

13. Zhou B, Perel P, Mensah GA, Ezzati M. Global epidemiology, health burden and
effective interventions for elevated blood pressure and hypertension. Nat Rev Cardiol.
(2021) 18:785-802. doi: 10.1038/s41569-021-00559-8

14. Bockarie T, Odland ML, Wurie H, Ansumana R, Lamin J, Witham M, et al.
Prevalence and socio-demographic associations of diet and physical activity risk-factors
for cardiovascular disease in Bo, Sierra Leone. BMC Public Health. (2021) 21:1530. doi:
10.1186/512889-021-11422-3

15. Jenkins KR, Ofstedal MB. The association between socioeconomic status and
cardiovascular risk factors among middle-aged and older men and women. Women
Health. (2014) 54:15-34. doi: 10.1080/03630242.2013.858098

16. Henneman P, Schaap FG, Rensen PCN, Dijk KW, Smelt AHM. Estrogen induced
hypertriglyceridemia in an apolipoprotein AV deficient patient. ] Intern Med. (2008)
263:107-8. doi: 10.1111/j.1365-2796.2007.01889.x

17. Schaefer EJ, Foster DM, Zech LA, Lindgren FT, Brewer HB JR, Levy RI. The effects
of estrogen administration on plasma lipoprotein metabolism in premenopausal
females. ] Clin Endocrinol Metab. (1983) 57:262-7. doi: 10.1210/jcem-57-2-262

18. Blaak E. Gender differences in fat metabolism. Curr Opin Clin Nutr Metab Care.
(2001) 4:499-502. doi: 10.1097/00075197-200111000-00006

19. Ethun K. Sex and gender differences in body composition, lipid metabolism, and
glucose regulation In: GN Neigh and MM Mitzelfelt, editors. Sex differences in
physiology. New York: Academic Press (2016). 145-65.

20.Brooks VL, Shi Z, Holwerda SW, Fadel PJ. Obesity-induced increases in
sympathetic nerve activity: sex matters. Auton Neurosci. (2015) 187:18-26. doi:
10.1016/j.autneu.2014.11.006

21. Krzesinski P, Stanczyk A, Piotrowicz K, Gielerak G, Uzigbto-Zyczkowska B,
Skrobowski A. Abdominal obesity and hypertension: a double burden to the heart.
Hypertens Res. (2016) 39:349-55. doi: 10.1038/hr.2015.145

22. Raghoebar S., Haynes A., Robinson E., Kleef E. V., and Vet E. D. (2019). Served
portion sizes affect later food intake through social consumption norms. Nutrients,
11:2845. doi: 10.3390/nul11122845

23. Higgs S. (2015). Social norms and their influence on eating behaviours. Appetite,
86, 38-44. doi: 10.1016/j.appet.2014.10.021

24. Monteiro R., and Azevedo I.Chronic Inflammation in obesity and the metabolic
syndrome. Mediators of Inflammation (2010) 2010:289645. doi: 10.1155/2010/289645

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1514146
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.cegh.2021.100937
https://doi.org/10.1371/journal.pone.0279452
https://doi.org/10.1016/j.ajpc.2023.100528
https://doi.org/10.47836/mjmhs.18.s19.2
https://doi.org/10.1016/j.cpcardiol.2023.102232
https://doi.org/10.1016/j.gloepi.2023.100112
https://doi.org/10.1590/1516-3180.2021.0998.11052022
https://doi.org/10.1017/S1463423621000578
https://pesquisa.bvsalud.org/portal/resource/pt/biblio-1398169
https://pesquisa.bvsalud.org/portal/resource/pt/biblio-1398169
https://doi.org/10.1186/s12916-021-01958-x
https://doi.org/10.1186/s12916-021-01958-x
https://doi.org/10.3389/fnut.2021.756257
https://doi.org/10.3389/fnut.2021.756257
https://doi.org/10.1007/s11883-019-0770-1
https://doi.org/10.1038/s41569-021-00559-8
https://doi.org/10.1186/s12889-021-11422-3
https://doi.org/10.1080/03630242.2013.858098
https://doi.org/10.1111/j.1365-2796.2007.01889.x
https://doi.org/10.1210/jcem-57-2-262
https://doi.org/10.1097/00075197-200111000-00006
https://doi.org/10.1016/j.autneu.2014.11.006
https://doi.org/10.1038/hr.2015.145
https://doi.org/10.3390/nu11122845
https://doi.org/10.1016/j.appet.2014.10.021
https://doi.org/10.1155/2010/289645

	The impact of diet and sociodemographic factors on cardiovascular health among students at Chimborazo polytechnic high school and State University of Milagro
	Introduction
	Materials and methods
	Sample selection, inclusion and exclusion criteria
	Study setting
	Sample size calculation
	Ethical considerations and data protection
	Data collection procedures
	Dietary assessment
	Data analysis and statistical tests
	Measures of association and confounder adjustments
	Health characteristics
	Characteristics of the diet

	Results
	Statistical characteristics of the sample
	Results of statistical analysis
	Diet and cardiovascular health
	Sociodemographic factors and cardiovascular health
	Parental background and cardiovascular health

	Discussion
	Effects of diet on lipids and blood pressure
	Effects of sociodemographic variables
	Biological interpretation and public policy implications
	Limitations

	Conclusion

	References

