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Abstract

Background: Obesity is a worldwide public health problem, affecting organs and sys-
tems. It is also a cardiovascular risk factor, which facilitates the development of diseases,
such as arterial hypertension, dyslipidemia, and diabetes, which are used as criteria for
the diagnosis of metabolically unhealthy obesity. Objective: To analyze the association
between blood pressure and metabolic health factors, stress level, and nutrient intake
in overweight and obese university students through mediation analysis. Methods: A
quantitative, non-experimental, cross-sectional, correlational, and quantitative study was
conducted in a sample of 230 obese/overweight university students selected by a multi-
stage mass random sampling method. To evaluate habitual dietary intakes, a CFCA food
frequency questionnaire was applied; a DASS-21 scale was used to evaluate stress; blood
pressure and anthropometric data were collected; insulin levels, lipid profile, and glucose
were determined using fasting blood samples. Statistical analysis was performed using
univariate methods (frequencies, trend, and dispersion measures) and a mediational model.
Results: The majority were young people aged 18 years (18.7%), with morning and after-
noon shifts (60%), overweight (76.1%), and obese (23.9%). Not all obese people have arterial
hypertension; however, an increase in BMI increases the risk of suffering from this disease.
Model 1 showed that certain types of stress and sex at birth have an important relationship
with diastolic blood pressure, mediated in some cases by weight. In Model 2, weight is
a significant mediator in the relationship between moderate stress and systolic BP, and
between sex at birth and systolic BP, thus allowing us to contribute to the understanding
of how these variables are interrelated. Conclusions: This suggests that severe stress and
sex at birth not only affect BP directly, but also do so through their effect on weight. Thus,
both pathways contribute to understanding the relationship between stress, sex at birth,
and diastolic and systolic blood pressure. Nevertheless, the results of this study provide
empirical knowledge to design evidence-based prevention and treatment strategies.

Keywords: nutrients; metabolic health; stress; blood pressure; mediation analysis

1. Introduction
Over the past four decades, obesity has become one of the leading threats to public

health worldwide. Over the last 45 years, its prevalence has tripled, currently affecting
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39% of adults with overweight and 13% with obesity [1]. The World Obesity Federation
warns that, unless effective prevention policies are implemented, more than half of the
global population will experience overnutrition in the coming years [2]. This phenomenon
not only increases the burden of disease, but also places growing pressure on already
overstretched healthcare systems, with projections estimating that obesity related costs will
exceed 3% of global gross domestic product in 161 countries by 2060 [3].

At the same time, the world is undergoing an epidemiological transition characterized
by the predominance of cardiovascular diseases as the leading cause of global mortality,
surpassing infectious diseases [4]. This shift reflects profound changes in contemporary
lifestyles, marked by unhealthy dietary patterns, physical inactivity, and a growing burden
of mental health conditions, particularly psychosocial stress especially among young
populations [5]. In this context, obesity, now categorized as a chronic disease, is directly
associated with the development of multiple cardiometabolic disorders.

Excess body weight thus constitutes an integrative marker of cardiometabolic risk,
as it modulates metabolic alterations, such as insulin resistance, dyslipidemia, and hyper-
glycemia, in specific profiles [6]. Unlike biochemical indicators such as HOMA-IR or fasting
glucose, which may not be fully expressed in young adults, this anthropometric measure
reflects the cumulative impact of behavioral, psychological, and physiological exposures
over time and maintains a direct and consistent relationship with blood pressure. In this
sense, obesity not only predicts future risk but may also act as a central node through which
multiple determinants of cardiovascular health interact [7,8].

Contemporary scientific evidence strongly supports the classification of obesity as a
chronic disease rather than merely a risk factor [9]. Epidemiological studies have shown
that hypertension is up to six times more prevalent in individuals with obesity compared
with those with a normal body mass index [10], and between 60% and 70% of hypertension
cases in adults are directly attributable to adiposity [11]. Global projections estimate that
the prevalence of hypertension will reach 29% by 2025, affecting more than 1.5 billion
people, despite being a preventable condition [12]. The sustained rise in obesity has been
identified as one of the main drivers of this trend [13].

From Bluher’s pathophysiological perspective, the relationship between obesity and
hypertension is highly complex. Adipose tissue is metabolically active and plays a key role
in regulating inflammatory, hormonal, and hemodynamic processes [14,15]. Recent research
suggests that it is not merely the amount of body fat but rather adipose tissue dysfunction
that may explain the mechanistic link between obesity and adverse health outcomes [14].
Genetic, environmental, and behavioral factors interact with this dysfunction, causing rise
to heterogeneous trajectories of cardiometabolic risk. Within this framework, important
questions remain regarding the specific mechanisms through which weight gain induces
cardiovascular alterations and the extent to which these conditions may be reversible
through early interventions [15].

Several studies have documented that even modest weight gain during early adult-
hood has a significant impact on blood pressure. Gong et al. demonstrated that a 5 kg
increase in body weight is associated with a 2.8-fold higher risk of developing hyperten-
sion [16]. Similarly, longitudinal studies among Japanese university students have shown
that changes in body weight exert a direct and rapid effect on blood pressure, even over
relatively short periods [17]. These findings highlight the vulnerability of young adults and
the importance of intervening before pathological trajectories become established.

Beyond body weight, behavioral and psychosocial factors play a crucial role in blood
pressure regulation. High sodium intake, characteristic of industrialized diets with low
nutritional value, contributes to extracellular volume expansion and represents a well-
established risk factor for hypertension and cardiovascular disease [18]. The World Health
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Organization recommends limiting sodium intake to less than 2 g per day, a target that
has been shown to reduce all-cause mortality when sustained over time [19]. Similarly,
chronic stress, physical inactivity, alcohol and tobacco use, and inadequate sleep patterns
have been consistently associated with elevated blood pressure, particularly in university
settings [20,21].

Among university student populations, this issue is particularly relevant. Globally, the
prevalence of overweight in this group ranges from 20% to 40% [22,23]. The transition to
university life is often accompanied by substantial changes in dietary and physical activity
habits, characterized by monotonous, hypercaloric, and high-sodium diets, low intake of
fiber and micronutrients, sedentary behavior, and high exposure to academic stress [24,25].
Recent studies conducted in diverse cultural contexts have reported a high prevalence
of undiagnosed prehypertension and hypertension among university students, which is
associated with perceived stress, sleep deprivation, and risky behaviors [26].

Despite the growing body of international evidence, most studies have examined the
relationship between obesity, blood pressure, and metabolic factors in isolation, without si-
multaneously integrating key dimensions such as stress, nutrient intake, and physical activ-
ity [27,28]. Moreover, much of the available evidence originates from high-income countries
or distinct sociocultural contexts, limiting its applicability to emerging economies [29]. In
Ecuador, a significant gap in local evidence persists, hindering the accurate characterization
of the epidemiological profile of university students while accounting for their cultural,
dietary, and lifestyle characteristics.

Against this backdrop, generating local data is essential to understand not only the
direct associations between obesity and blood pressure but also the indirect mechanisms
through which metabolic, nutritional, behavioral, and psychosocial factors interact. Media-
tion analysis models offer a robust analytical approach to explore these complex pathways,
identify key intervention targets, and provide an empirical basis for designing preventive
strategies tailored to the Ecuadorian context.

Within this framework, the present study aimed to analyze the association between
blood pressure, metabolic health factors, stress levels, nutrient intake, and physical activity
among overweight and obese university students in Ecuador, using a mediation analysis
approach. Given that overweight and obesity are major contributors to global mortality and
disability [30,31], identifying their direct and indirect predictors in young populations is
essential for informing public policies, strengthening primary prevention, and optimizing
clinical management protocols at the primary healthcare level.

2. Materials and Methods
2.1. Design and Participants

Epidemiological, nonexperimental, cross-sectional, correlational, quantitative, devel-
oped in the city of Azogues, Ecuador. The estimated sample size was calculated based on
a 60% prevalence of obesity among overweight and obese Ecuadorian students. The unit
of analysis was the overweight and obese students of the Catholic University of Cuenca,
which corresponds to 230 students of different socioeconomic levels, power of 80%, desired
confidence interval of 0.95, type I error of 0.05, and precision (d) of 7%. The period covered
was March 2023 to March 2025. According to the university age range, participants between
18 and 28 years were chosen through a multistage mass sampling approach.

2.2. Inclusion and Exclusion Criteria

All students who, voluntarily agreed to sign the informed consent form were, included,
excluding students with pregnancy, endocrine or genetic disorders (hypothyroidism, type
1 diabetes mellitus, and Cushing’s syndrome), following a weight-loss diet, taking mineral
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and vitamin supplements, or medications that could affect blood glucose, lipid profile,
body weight, or blood pressure.

2.3. Data Acquisition

Information was collected using observation and survey techniques.

2.3.1. Anthropometry

The dependent variable was the nutritional status of the students, obtained through
the body mass index (BMI), which is an indicator of the relationship between weight in
kg and height in m2, used to classify overweight and obesity, according to the WHO:
Normal weight = BMI 25 kg/m2. Overweight = BMI equal to or greater than 25 kg/m2.
Obesity = BMI equal to or greater than 30 kg/m2.

2.3.2. Socioeconomic Variables

The independent variables were categorized as socioeconomic. The Gaffar scale was
applied to evaluate the socioeconomic status. For, the sociodemographic variables, age, sex
at birth, marital status, academic unit, career, and study schedule of the participants were
collected through a questionnaire.

2.3.3. Assessment of Dietary Intake

The dietary intake of the participants was measured using a food frequency question-
naire (CFCA) [32]. A trained nutritionist completed the questionnaires and asked people to
indicate the frequency of food consumption (daily, weekly, or monthly) and the amount
consumed (based on common standard portion sizes) in the last 12 months. Then, using
home measurements, all reported values were converted into grams per day. Subsequently,
the total energy and nutrient intake of each individual was calculated by summing the
energy and nutrients from all foods. To derive nutrient intake, grams of food consumption
were entered into Nutrimind software 2024 [33].

2.3.4. Cardiometabolic Risk Factors

The evaluation of anthropometric indicators and cardiometabolic risk factors was
carried out by a previously trained team from the nursing faculty, who recorded the anthro-
pometric indices of all participants. Weight was measured using a calibrated electronic scale
(BCS-G6) (closest to 0.1 kg). Standing height was recorded using a stadiometer (nearest
0.1 cm). Waist circumference (WC) was measured twice for each participant, and the mean
value of two assessments was considered WC [34]. After a 5 min rest, diastolic blood pres-
sure (DBP) and systolic blood pressure (SBP) were recorded twice with a 15 min recovery
interval, on the right arm [35].

The average of two measurements was considered in the analysis. To determine
the biochemical values, venous blood samples were obtained in a seated position, after
a 12 h. Fasting blood glucose concentration, lipid profile, and insulin concentrations
were determined. To estimate insulin resistance, Homeostasis Model Assessment Insulin
Resistance (HOMA-IR) was calculated using the following formula: HOMA-IR = [insulin
(µIU/mL) × glucose (mg/dL)]/405 [36].

2.3.5. Stress Level

For the evaluation of stress level, the abbreviated version of the Depression Anxiety
and Stress Scales (DASS-21) was used [37]. Each item was answered according to the
presence and intensity of each symptom on a Likert-type response scale from 0 to 3 points.
Each scale has seven items, and its total score is calculated with the sum of the items
belonging to that scale and ranges from 0 to 21 points.
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2.3.6. Level of Physical Activity

Finally, the level of physical activity of each participant was assessed using the Physical
Activity Questionnaire (IPAQ) [38], which included nine questions on various activities
during weekdays and weekends. Based on total scores, undergraduates were classified
as active (score ≥ 3), not very active (3 < score ≤ 2), or sedentary (or no regular weekly
activity) (score < 2).

2.4. Data Analysis

For the analysis of the first objective, a descriptive analysis was conducted. Qualitative
variables were presented as frequencies (absolute and relative), whereas quantitative
variables were analyzed using measures of central tendency (mean and median) and
dispersion (standard deviation and interquartile range). The Mann–Whitney U test and
the chi-square test was used to analyze group differences, and baseline characteristics
were compared according to hypertension status to identify possible differences between
hypertensive and non-hypertensive participants and to explore variables that could act as
confounders or modifiers in the association between obesity and blood pressure.

For the second objective, which aimed to evaluate the relationships between stress,
body weight, and blood pressure (systolic and diastolic), a mediation analysis was per-
formed to explore the mediating effect of body weight on the associations between inde-
pendent and dependent variables.

In the model design, the path included stress (measured as mild, moderate, and severe
stress) and sex at birth as independent variables, body weight as the mediating variable,
and systolic and diastolic blood pressure as dependent variables. Causal relationships were
proposed, considering that stress and sex at birth could influence blood pressure directly
and through their impact on body weight.

Model coefficients were estimated using the maximum likelihood technique with the
statistical software Jamovi v2.2.2 [39]. Standard errors and p-values were calculated to
assess the statistical significance of the effects. 95% confidence intervals for indirect effects
were obtained using the standard Delta method, providing robust estimates of mediated
relationships. A p-value < 0.05 was considered statistically significant. Additionally, fully
standardized coefficients (β) facilitate the interpretation of effect sizes. Finally, to verify
model fit, indices such as the chi-square test, Comparative Fit Index (CFI), and Root Mean
Square Error of Approximation (RMSEA) were used. A CFI > 0.90 and RMSEA < 0.08 were
considered indicators of good model fit.

2.5. Ethical Responsibility

This study adheres to the principles of the Declaration of Helsinki and is part of the
research project titled “Intake Patterns, Psychological Patterns, and Metabolic Health”. The
project was approved by the Bioethics Committee for Human Research at the Catholic
University of Cuenca (CEISH—UCACUE) under the code CEISH—UCACUE—045. The
authors declare no conflicts of interest.

3. Results
When analyzing the data presented in Table 1, it can be identified that most of the

subjects were18 years old, male, single, half of the participants were from the Academic
Unit of Health and Wellness, from the morning and afternoon study days, and from a high
social stratum. In addition to identifying a low level of physical activity in more than 80%
of the participants.
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Table 1. Characterization of the study population.

Dimension Variable f %

Sex at birth
Male 133 58

Female 97 42

Marital status

Single 188 82
Married 26 11

Unmarried 10 4.4
Divorced 5 2.2
Widowed 1 0.4

Academic Unit

Health and Wellness 115 50
Education and

Humanities 41 18

Social Sciences 36 16
Engineering and

construction 23 10

Administrative and
business sciences 15 6.6

Study schedule
Mornings and afternoons 138 60

Evening 50 22
Morning 42 18

Social stratum

Stratum I 84 36
Stratum II 65 28
Stratum III 70 31
Stratum IV 11 4.8

Level of
physical activity

Low physical activity 200 87%
Moderate physical activity 30 13%

When comparing the study variables across blood pressure classification groups,
significant differences were identified, as shown in Table 2. Students with grade 1 hyper-
tension exhibit a more impaired metabolic profile than those with optimal blood pressure.
They have higher body weight, waist circumference, glucose, insulin, and insulin resistance,
as well as a more adverse lipid profile characterized by elevated total cholesterol and
triglycerides, along with lower HDL levels.

Table 2. Relationship of blood pressure to metabolic health.

Characteristic
NBP HAG1

p-Value
1 N = 172 (75%) 2 N = 58 (25%)

Weight (kg) 73 (65, 79) 79 (72, 90) <0.001
Waist circumference (cm) 88 (84, 95) 95 (89, 102) <0.001

Glucose (mg/dL) 94 (91, 97) 99 (96, 118) <0.001
Insulin (U/mL) 10.33 (9.20, 11.00) 10.88 (10.40, 11.88) <0.001

Cholesterol (mg/dL) 180 (154, 210) 223 (197, 254) <0.001
Triglycerides (mg/dL) 154 (103, 163) 169 (157, 183) <0.001

HDL (mg/dL) 44.78 (43.04, 46.86) 42.94 (40.43, 45.22) <0.001
HOMA 2.37 (2.15, 2.69) 3.05 (2.48, 3.42) <0.001

The results regarding nutrient intake in the groups are summarized in Table 3. Al-
though no statistically significant differences were found, some observations are clinically
relevant. Caloric intake, as well as consumption of protein, carbohydrates, lipids including
saturated, monounsaturated, and polyunsaturated fatty acids, fiber, and water, were similar
in the two groups.
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Table 3. Relationship of nutrient intake to blood pressure groups.

Characteristic
NBP HAG1

p-Value
1 N = 172 (75%) 2 N = 58 (25%)

Kcal 2256 (2130, 2367) 2219 (2100, 2327) 0.42
Cholesterol (mg) 356 (308, 428) 356 (304, 429) 0.88

Fiber (g) 21 (18, 27) 20 (18, 25) 0.24
Proteins (g) 71 (58, 84) 76 (66, 86) 0.20

Carbohydrates (g) 298 (269, 331) 294 (260, 325) 0.34
Lipids (g) 88 (82, 94) 85 (78, 96) 0.37

Monounsaturated fatty acids (g) 41 (36, 46) 41 (37, 44) 0.56
Polyunsaturated fatty acids (g) 8.82 (7.51, 10.07) 8.53 (7.16, 9.89) 0.60

Saturated fatty acids (g) 30 (24, 38) 29 (21, 36) 0.10
Water (mL) 1478 (1258, 1687) 1569 (1287, 1705) 0.55

One notable finding is that cholesterol intake exceeded the recommended 300 mg/day,
contributing to an unfavorable lipid profile. Additionally, the average fiber intake was
below the daily recommendation, particularly in the group with higher blood pressure.

Vitamin intake is detailed in Table 4. Although no statistically significant differences
were found for vitamins A, thiamine, riboflavin, pyridoxine, cobalamin, pantothenic acid,
biotin, C, D, E, and folic acid, this suggests that students in both groups have similar intake
levels, and these micronutrients do not appear to influence the observed differences in
blood pressure within the study population.

Table 4. Relationship of vitamin intake to blood pressure groups.

Characteristic
NBP HAG1

p-Value
1 N = 172 (75%) 2 N = 58 (25%)

Vitamin A (µg) 603 (470, 890) 682 (562, 809) 0.15
Thiamine (vitamin B1) (mg) 1.18 (1.00, 1.66) 1.25 (1.02, 1.60) 0.60
Riboflavin (vitamin B2) (mg) 1.86 (1.67, 2.05) 1.89 (1.65, 2.18) 0.67
Pyridoxine (vitamin B6) (mg) 1.58 (1.40, 1.97) 1.67 (1.41, 2.10) 0.72
Cobalamin (vitamin B12) (µg) 13 (3, 20) 13 (4, 19) 0.90

Vitamin C (mg) 159 (92, 210) 115 (86, 246) 0.55
Vitamin D (µg) 2.17 (1.04, 2.58) 1.98 (1.51, 5.41) 0.39
Vitamin E (mg) 9.8 (7.6, 12.8) 9.6 (8.1, 11.9) 0.49

Niacin (vitamin B3) (mg) 17.5 (13.4, 22.8) 20.7 (16.2, 26.4) 0.027
Pantothenic acid (vitamin B5) (mg) 3.90 (3.23, 4.98) 4.10 (3.16, 5.04) 0.93

Biotin (mg) 3.54 (2.71, 4.78) 3.67 (2.68, 4.85) 0.86
Folic acid (vitamin B9) (µg) 304 (234, 348) 299 (229, 357) 0.94

In contrast, niacin intake showed a significant difference, with students in the grade
1 hypertensive group consuming higher amounts of this vitamin. The higher niacin intake
may be linked to the consumption of niacin rich foods, such as meats and fortified products.

Table 5 describes the mineral intake. Although no statistically significant differences
were found, the observed intake patterns and their potential impact on metabolic and
cardiovascular health in this high-risk population are noteworthy.

The HAG1 group consumes more sodium than the optimal blood pressure group.
Given that excess sodium intake is strongly associated with hypertension, this trend
suggests that higher sodium consumption may contribute to increased blood pressure in
these students.
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Table 5. Relationship of mineral intake to blood pressure groups.

Characteristic
NBP HAG1

p-Value
1 N = 172 (75%) 2 N = 58 (25%)

Sodium (mg) 6998 (5596, 9055) 7652 (6284, 9975) 0.079
Potassium (mg) 3396 (2732, 3839) 3291 (2546, 4081) 0.78
Calcium (mg) 1233 (1114, 1459) 1250 (1086, 1461) 0.72

Phosphorus (mg) 1447 (1270, 1656) 1486 (1294, 1688) 0.68
Magnesium (mg) 392 (334, 453) 373 (279, 433) 0.15

Iron (mg) 15.4 (13.8, 16.6) 15.7 (13.9, 17.4) 0.18
Zinc (mg) 9.50 (6.68, 11.75) 9.40 (7.22, 11.42) 0.66

Iodine (µg) 147 (81, 174) 141 (93, 167) 0.86
Copper (mg) 1.02 (0.76, 1.20) 1.03 (0.86, 1.19) 0.60

Chlorine (mg) 1793 (1507, 2412) 1822 (1501, 2525) 0.93
Manganese (mg) 2.73 (1.20, 3.66) 2.94 (1.56, 3.65) 0.054

Selenium (µg) 56 (47, 63) 57 (53, 67) 0.23

For potassium, calcium, phosphorus, magnesium, iron, zinc, iodine, copper, selenium,
and chlorine, intake levels were similar between groups, indicating that these minerals do
not explain the observed differences in blood pressure.

Manganese intake was slightly higher in the hypertensive group. Although this
difference did not reach statistical significance, it suggests a possible relationship between
manganese intake and hypertension, which warrants further investigation for confirmation.

An analysis of physical activity levels revealed a common pattern across both groups,
indicating that physical activity is not a distinguishing factor in the presence of hypertension
in this population. However, low physical activity remains an important risk factor for
overall cardiovascular health.

In contrast, elevated stress levels were clearly associated with the presence of grade
1 hypertension in this population.

These finding highlights that this group exhibits both low physical activity and high
stress levels, which together significantly contribute to hypertension and obesity, as de-
scribed in Table 6.

Table 6. Relationship between physical activity, stress level, and blood pressure groups.

Characteristic
NBP HAG1

p-Value
1 N = 172 (75%) 2 N = 58 (25%)

Low physical activity level 150 (87%) 50 (86%)
0.84Moderate physical activity level 22 (13%) 8 (14%)

Stress score 10.00 (8.00, 13.00) 13.00 (10.00, 14.00) <0.001

Figure 1 and Table 7 present, the mediation analysis of diastolic blood pressure,
highlighting the presence of both direct and indirect effects of the analyzed variables.
Moderate stress exerts a significant and positive indirect effect on diastolic blood pressure
through body weight, indicating that moderate stress levels may contribute to increased
blood pressure by promoting weight gain. In contrast, severe stress has a significant and
positive direct effect on diastolic blood pressure, suggesting a direct association between
severe stress and increased blood pressure.
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Figure 1. Mediation analysis for diastolic blood pressure in university students.

Table 7. Total Effect, Direct Effect, and Indirect Effect on mediation analysis for diastolic blood
pressure in university students.

95% C.I. (a)

Type Effect Estimate SE Lower Upper β z p

Indirect
Stress 1 ⇒

Weight ⇒ PA
Diastolic

0.365 0.2715 −0.1671 0.8972 0.02732 1.3445 0.179

Stress 2 ⇒
Weight ⇒ PA

Diastolic
1.113 0.3826 0.3631 1.8628 0.08022 2.9090 0.004

Stress 3 ⇒
Weight ⇒ PA

Diastolic
0.149 1.5880 −2.9636 3.2612 0.00152 0.0937 0.925

Sex at birth 1 ⇒
Weight ⇒ PA

Diastolic
−2.202 0.5918 −3.3615 −1.0419 −0.16900 −3.7205 <0.001

Component Stress 1 ⇒
Weight 2.082 1.4583 −0.7758 4.9405 0.09021 1.4279 0.153

Weight ⇒ PA
Diastolic 0.175 0.0439 0.0892 0.2614 0.30285 3.9906 <0.001

Stress 2 ⇒
Weight 6.348 1.4939 3.4205 9.2765 0.26488 4.2496 <0.001

Stress 3 ⇒
Weight 0.849 9.0556 −16.8997 18.5978 0.00503 0.0938 0.925

Sex at birth1 ⇒
Weight −12.559 1.2205 −14.9510 −10.1666 −0.55802 −10.2896 <0.001

Direct Stress 1 ⇒ PA
Diastolic −1.899 0.9759 −3.8119 0.0135 −0.14214 −1.9462 0.052

Stress
2 ⇒ PA Diastolic 0.540 1.0337 −1.4858 2.5660 0.03893 0.5225 0.601

Stress 3 ⇒ PA
Diastolic 14.769 6.0335 2.9434 26.5941 0.15104 2.4478 0.014

Sex at birth1 ⇒
PA Diastolic 0.653 0.9827 −1.2730 2.5790 0.05012 0.6645 0.506

Total Stress 1 ⇒ PA
Diastolic −1.534 1.0068 −3.5076 0.4392 −0.11482 −1.5237 0.128

Stress 2 ⇒ PA
Diastolic 1.653 1.0314 −0.3685 3.6747 0.11915 1.6027 0.109

Stress 3 ⇒ PA
Diastolic 14.918 6.2523 2.6633 27.1719 0.15256 2.3859 0.017

Sex at birth1 ⇒
PA Diastolic −1.549 0.8427 −3.2004 0.1030 −0.11888 −1.8378 0.066

Note. Confidence intervals computed using the method: Standard (Delta method).

Mild stress does not show significant direct or indirect effects on diastolic blood
pressure, although its indirect effect through weight is marginally significant. Notably, sex
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at birth has a significant negative indirect effect on diastolic blood pressure, indicating that
this variable may influence blood pressure primarily through its impact on body weight.

Overall, the findings suggest that certain types of stress and sex at birth are signifi-
cantly related to diastolic blood pressure, with weight acting as a mediator in some cases.
However, the effects vary depending on the type of stress, with severe stress having the
most pronounced and direct impact on the dependent variable.

Indirect effects illustrate how weight mediates the relationship between independent
variables and diastolic blood pressure. There is no evidence that weight acts as a signif-
icant mediator between mild stress and diastolic blood pressure. However, a significant
mediating effect of weight was observed between moderate stress and diastolic blood
pressure, confirming that stress primarily influences blood pressure through its impact
on body weight.

Weight has a direct and significant impact on diastolic blood pressure, supporting
existing evidence that increased body weight, particularly visceral fat accumulation, con-
tributes to elevated diastolic blood pressure through the activation of the renin–angiotensin–
aldosterone system and increased vascular resistance.

No significant direct effect of sex at birth on diastolic blood pressure was observed,
indicating that its influence occurs primarily through weight. Interventions should fo-
cus on weight reduction to mitigate the effects of stress and sex-related differences in
blood pressure.

Figure 2 and Table 8 show that there is no evidence supporting weight as a significant
mediator between mild stress and systolic blood pressure. However, a significant mediating
effect of weight was found between moderate stress and systolic blood pressure, suggesting
that this type of stress may influence the dependent variable through its impact on body
weight. In contrast, no significant mediating effect of weight was observed between severe
stress and systolic blood pressure, indicating that severe stress does not exert a relevant
indirect impact on systolic blood pressure through weight. Additionally, a significant
negative mediating effect of weight was found in the relationship between sex at birth and
systolic blood pressure.

In the mediation model, weight has a direct and significant impact on systolic blood
pressure, supporting evidence that increased weight contributes to higher systolic blood
pressure through the activation of the renin–angiotensin–aldosterone system and increased
vascular resistance.

No significant relationship was identified between mild or severe stress and weight.
However, when analyzing moderate stress, a significant and positive association with
weight was observed, indicating that this type of stress may trigger weight gain mecha-
nisms. Additionally, a strong negative relationship was found between sex at birth and
weight, reflecting inherent metabolic differences between sexes, such as body composition,
hormone levels, and basal metabolic rates.

Figure 2. Mediation analysis for systolic blood pressure in university students.
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Table 8. Total Effect, Direct Effect, and Indirect Effect on mediation analysis for systolic blood pressure
in university students.

95% C.I. (a)

Type Effect Estimate SE Lower Upper β z p

Indirect
Stress 1 ⇒

Weight ⇒ PA
Systolic

0.587 0.4274 −0.250 1.425 0.03318 1.3740 0.169

Stress 2 ⇒
Weight ⇒ PA

Systolic
1.791 0.5508 0.711 2.870 0.09742 3.2507 0.001

Stress 3 ⇒
Weight ⇒ PA

Systolic
0.239 2.5545 −4.767 5.246 0.00185 0.0937 0.925

Sex at birth1 ⇒
Weight ⇒ PA

Systolic
−3.542 0.7817 −5.074 −2.010 −0.20523 −4.5311 <0.001

Component Stress 1 ⇒
Weight 2.082 1.4583 −0.776 4.941 0.09021 1.4279 0.153

Weight ⇒ PA
Systolic 0.282 0.0559 0.173 0.392 0.36777 5.0468 <0.001

Stress 2 ⇒
Weight 6.348 1.4939 3.420 9.276 0.26488 4.2496 <0.001

Stress 3 ⇒
Weight 0.849 9.0556 −16.900 18.598 0.00503 0.0938 0.925

Sex at birth 1 ⇒
Weight −12.559 1.2205 −14.951 −10.167 −0.55802 −10.2896 <0.001

Direct Stress 1 ⇒ PA
Systolic 0.296 1.2414 −2.137 2.729 0.01674 0.2387 0.811

Stress 2 ⇒ PA
Systolic 3.123 1.3149 0.546 5.700 0.16992 2.3751 0.018

Stress 3 ⇒ PA
Systolic 16.128 7.6751 1.085 31.171 0.12450 2.1014 0.036

Sex at birth 1 ⇒
PA Systolic −0.474 1.2501 −2.924 1.976 −0.02748 −0.3794 0.704

Total Stress 1 ⇒ PA
Systolic 0.884 1.3054 −1.675 3.442 0.04992 0.6769 0.498

Stress 2 ⇒ PA
Systolic 4.914 1.3373 2.293 7.535 0.26733 3.6742 <0.001

Stress 3 ⇒ PA
Systolic 16.368 8.1064 0.479 32.256 0.12635 2.0191 0.043

Sex at birth1 ⇒
PA Systolic −4.016 1.0926 −6.158 −1.875 −0.23270 −3.6760 <0.001

Note. Confidence intervals computed using the method: Standard (Delta method).

The direct effects provide important insights into the realities of university students
in Ecuador. The analysis determined that moderate stress and sex at birth have no direct
effect on systolic blood pressure, as their impact is primarily mediated by weight. This
contrasts with the finding that severe stress has a significant and positive direct effect on
systolic blood pressure.

Ultimately, the study confirms that weight is a significant mediator in the relationships
between moderate stress and systolic blood pressure, as well as sex at birth and systolic
blood pressure.

This study found that severe stress has a significant impact on blood pressure, medi-
ated by weight. Weight emerged as the most relevant mediator in the relationship between
stress, sex at birth, and blood pressure, suggesting that students experiencing high stress
levels may gain weight, which in turn could lead to increased blood pressure.
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4. Discussion
The significance of this study lies in identifying factors that can influence student

behaviors in a way that reduces the risks associated with high blood pressure. The expected
relationships were identified between waist circumference, cholesterol, triglycerides, HDL,
insulin, stress levels, and glucose, consistent with previous studies. These findings provide
evidence to clarify the relationship between these variables among Ecuadorian students
and align with the results reported by Heindel et al., who demonstrated that the university
environment increases the risk of weight gain [40], a similarity reflected in Table 2.

In line with this, a study conducted in India found that most participants were male,
with an average age of 18.57 years, and 19% were overweight. Based on sex-specific and
waist circumference cutoff points, approximately 5% and 21% of participants were at a
substantially higher risk of metabolic complications [40]. These findings are also consistent
with those of Luis Rangel et al., who examined the association between overweight, obesity,
cholesterol, blood pressure, and diabetes in Panamanian university students, determining
that 46.12% of the study population was classified as overweight or obese [41]. These
results align with the findings in Tables 1 and 2.

Similarly, Hemmingsson et al. [42] in Sweden noted that most studies indicate an in-
verse relationship between physical activity (PA) and body mass index (BMI). However, the
impact of obesity on this relationship remains unclear. Their cross-sectional study demon-
strated that BMI was significantly associated with physical activity in obese individuals,
which, when compared to the present study, may suggest a contrast in the identification of
this variable.

In contrast, Yarizadeth et al. identified nutrient intake patterns that differed from the
present study’s findings, particularly higher intake levels of fiber, protein, and saturated
fats [43]. These discrepancies likely indicate dietary differences between European, Asian,
and American populations, which may be influenced by variations in development levels
and socioeconomic factors [44].

The study’s findings show similarity to publications from Chilean university students.
It must be acknowledged that there is evidence documenting nutritional imbalances in
university students and an urgent need for educational and nutritional interventions [45].
However, the nutritional profile of university students and the impact of their diet on this
profile remain largely unknown. This research determined low fiber consumption, with
only 16% reaching the recommended intake, generating nutritional risk due to deficiency
in the study population.

Regarding sociodemographic, anthropometric, cardiometabolic, and stress-related
differences in blood pressure, this study has generated several important insights. A com-
parison with the study by Koncar et al. [46] revealed a predominantly non-dipping blood
pressure pattern in obese individuals, regardless of obesity severity, a finding consistent
with the present study. In a Chinese population, it was also concluded that triglyceride
and glucose levels are independently associated with the incidence of hypertension [47].
The work carried out by Sabadabi et al. concluded that a lower socioeconomic status was
associated with metabolic syndrome and hypertension, while obesity was associated with
a higher socioeconomic status. This shows a certain similarity with the results of this
research, indicating that it may be necessary to develop personalized preventive policies
for populations of each socioeconomic class [48].

The positive relationship between blood pressure and stress observed in this study
is consistent with findings from other studies [49,50], which indicate that stress increases
appetite and food intake, particularly carbohydrates, due to elevated ghrelin and cortisol
levels, leading to greater hunger and a preference for energy-dense foods [51]. Another
notable finding was the negative relationship between fat and sodium intake and stress,
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a connection supported by research suggesting that stress can significantly affect eating
habits and nutrient processing. For instance, while some individuals under stress seek
comfort foods, others reduce their fat and sodium intake as a way to manage their health
or due to changes in appetite [52,53].

A study conducted in Japan on university students showed that changes in body
weight have a significant impact on blood pressure and highlights the potential public
health benefits of strategies aimed at preventing weight gain throughout adulthood. This
study examined the longitudinal impact of weight change on blood pressure. Weight gain
increased ∆SBP and ∆DBP, while weight loss decreased them [17]. The results confirm
the relationship between weight and blood pressure [54]. Individuals with obesity often
exhibit a metabolic profile characterized by insulin resistance, inflammation, and dyslipi-
demia, which can influence nutrient metabolism differently compared to individuals with
hypertension alone [55,56].

Additionally, several studies support the usefulness of mediation analysis in investigat-
ing factors such as eating behavior, domestic violence, and dietary phytochemicals [55–57].
This presents an innovative methodology for studying these phenomena, enabling the
identification of latent structures in variables related to blood pressure, overweight, and
obesity through these models.

The findings propose a mediation analysis framework for blood pressure, integrating
variables that have been previously studied in isolation [58,59]. For example, predictive
models incorporating variables similar to those in this study have included factors such as
body fat distribution (visceral fat and waist-to-hip ratio) [60] and insulin resistance [61].

Previous research by Sasha Yu et al. [62] demonstrated the causal and independent
impact of education on hypertension and blood pressure, identifying cardiometabolic me-
diators as key targets for hypertension prevention among individuals with lower education
levels. These authors emphasized the importance of education level as a key explanatory
mechanism for understanding behavioral modifications affecting blood pressure.

5. Limitations
Regarding the limitations of the study, it is necessary to mention that the nutritional

assessment by anthropometry based on weight, height, and BMI may not reflect the
proportion of body fat and its distribution and could represent a limitation on the findings of
the differences in risk between men and women, which may lead to inaccurate conclusions
regarding the associations with cardiometabolic characteristics.

On the other hand, the use of an intake frequency questionnaire may, induce recall
biases, especially in a young population that may not remember or adequately report their
dietary habits. Furthermore, the accuracy of portions and daily variations depends on
self-reporting, which affects the accurate estimation of caloric intake and macronutrient
ratio. This could affect the accuracy in identifying reported nutrient patterns.

Tests for glucose, insulin, triglycerides, cholesterol, and HDL are, performed at a
specific point in time and may not reflect variability over time. This may limit the accuracy
in estimating HOMA-IR and in assessing participants’ metabolic risk. In addition, because
of the significant role of vitamin and mineral status in disease prevention, it is impor-
tant to identify deficiencies in populations with obesity through plasma determination.
Information that was not considered in our study.

By creating a predictive model that includes multiple variables, there is a risk of
overfitting the model to the specific study sample, which may limit its applicability to other
university populations or age groups.
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The study was cross-sectional, so risk factors and blood pressure were assessed simul-
taneously, which could introduce bias. To establish a causal relationship in the future, a
longitudinal study should be conducted.

It should be noted that the baseline generated for defining the level of anxiety in
university students corresponds to a post-pandemic contribution, considering that this
condition was very complex for the target population. However, no pattern of comparison
with pre-pandemic studies in Ecuador has been defined.

These limitations could be assessed in future research to make the results more consis-
tent, even with longitudinal designs. In future work, it would be important to consistently
detail the comorbidities and previously diagnosed mental health illnesses of the partici-
pants, as the study posed a cross-sectional approach.

6. Strengths
The study stands out for its contribution with the integration of metabolic variables,

level of stress, and intake, specific to Ecuador, which has also allowed for the characteriza-
tion of a phenomenon from a multicausal viewpoint. For the first time, a nutrient-based
consumption profile is available for the overweight and obese population, which, although
it shows a difference with other studies, has generated a reference that describes the cultural
behavior in the study population.

The use of consumption frequency questionnaires is undeniably an effective tool for
large-scale observational studies, accessible, time-efficient, and provides an overview of
the dietary habits of the population without requiring continuous follow-up.

The evaluation of laboratory tests, on the other hand, provides a solid basis for
assessing the metabolic profile of the participants.

The inclusion of stress allows a multidimensional analysis of the health status univer-
sity students. Based on the influence on cardiometabolic risk, the study incorporates an
integral and innovative perspective and greater relevance and sensitivity to the characteris-
tics of the sample, improving the quality and applicability of the results.

7. Conclusions
This study integrates nutritional, metabolic, stress, and physical activity aspects, pro-

viding a comprehensive and detailed overview of the health status of the study population.
When comparing the groups, it was observed that participants with hypertension had

higher body weight, larger waist circumference, higher glucose and insulin levels, greater
insulin resistance (HOMA-IR), and a more unfavorable lipid profile—high total cholesterol
and triglyceride levels and low HDL levels. These results suggest that obesity, especially
visceral obesity, and insulin resistance play a central role in the genesis of hypertension in
this cohort.

It was identified that increased body weight raises blood pressure, and the adjustment
of the proposed model allows for the mediation of weight on systolic and diastolic blood
pressure to be explained. This study provides additional evidence on the complex relation-
ship between stress, sex at birth, and blood pressure. The results also suggest that severe
stress affects blood pressure, contributing evidence to the country’s epidemiological profile
through a variable that has been little studied in public theories in combination.

Although the underlying mechanisms have been described previously, the specific
contribution to the Ecuadorian context focuses on the provision of original data that could
support the planning of localized prevention strategies in the medium term.

Disseminating these results may contribute to reducing the future incidence of cardio-
vascular disease. In addition, documenting the presence of risk factors in this age group
provides essential local evidence for the design of prevention programs.
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