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ABSTRACT

This cross-sectional study investigates the relationship between dietary practices, eating
behaviors, and post-COVID-19 cardiovascular disease (CVD) incidence among 300
Ecuadorian health sciences students who recovered from COVID-19. The study aimed
to evaluate the internal consistency of dietary-related dimensions, identify latent factors
via exploratory factor analysis (EFA), and examine associations using principal
component analysis (PCA). Data were collected through validated questionnaires
assessing six dimensions: dietary composition, food consumption patterns, nutritional
knowledge, hydration habits, psychological and social factors, and cardiovascular health
perception. EFA identified two latent factors: one linked to food consumption and
psychosocial variables, and another associated with nutritional knowledge and

Principal component analysis. cardiovascular health perception. Cronbach’s alpha values, ranging from 0.791 to 0.940,

confirm excellent internal consistency. PCA extracted two principal components,
explaining 78.6% of the total variance, with biplot visualizations illustrating strong
associations between dimensions and components. These findings highlight the
significance of dietary and psychosocial factors in post-COVID-19 cardiovascular risk.
The integration of EFA and PCA provided a robust framework for analyzing complex
behavioral data, offering insights into the interplay of dietary patterns and health
outcomes. This study underscores the need for holistic public health strategies
addressing dietary and psychosocial dimensions to mitigate CVD risks in post-COVID
populations, with implications for preventive interventions in Ecuador and similar
contexts.

Contribution/ Originality: This study uniquely applies an integrated Exploratory Factor Analysis—Principal
Component Analysis framework to post-COVID-19 cardiovascular health in Ecuador, revealing latent links between
dietary, psychosocial, and perception dimensions. It is the first to combine these multivariate methods for a Latin

American cohort, providing a robust, region-specific analytical model.

1. INTRODUCTION

The COVID-19 pandemic has profoundly impacted global public health, extending beyond acute infection to
encompass significant long-term consequences for survivors [17]. Among these, cardiovascular diseases (CVD) have
emerged as a critical concern, exacerbated by reduced physical activity, altered body composition, and lifestyle
changes during the pandemic [27. In Ecuador, Guayaquil experienced one of the highest infection rates, rendering it

a pertinent context for examining post-COVID health outcomes. Additionally, Ecuador’s diverse dietary practices
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provide a unique opportunity to investigate the role of nutritional behaviors in mitigating or amplifying
cardiovascular risks among COVID-19 survivors [37.

This study addresses three research questions: (1) What is the association between dietary practices, eating
habits, and post-COVID-19 cardiovascular disease (CVD) incidence among Ecuadorian university students? (2) Can
statistical analyses identify latent factors explaining variability in nutritional and health-related dimensions? (3) How
do various dimensions shape cardiovascular risk perception among COVID-19 survivors? The paper is organized as
follows: Section 2 details the methodology, including research design, participant selection, data collection, and
statistical analyses. Section 3 presents the findings, focusing on dimensional internal consistency, factor structure,
and principal component analysis. Section 4 discusses the implications for post-COVID cardiovascular health, and

Section 5 offers conclusions and recommendations for future research and health policy.

1.1. Literature Review

The COVID-19 pandemic has presented enduring public health challenges, with long-term effects extending
beyond the acute phase of infection [4, 5]. Notably, an increased prevalence of CVD among survivors has been
observed, attributed to SARS-CoV-2’s impact on cardiovascular and respiratory systems [67. In Ecuador, where CVD
was a leading cause of mortality pre-pandemic, confinement measures, economic instability, and restricted healthcare
access have intensified existing risks and introduced new ones [ 77]. Extensive research underscores the pivotal role
of dietary habits in CVD prevention and management. Diets high in saturated fats and sugars, and low in fiber, are
associated with elevated CVD risk [87, whereas those rich in fruits, vegetables, whole grains, and unsaturated fats
correlate with improved cardiovascular outcomes [97. In Ecuador, studies highlight the prolonged impact of COVID-
19 on dietary behaviors and cardiovascular health Ayala-Leén et al. [107] and Kalil-Filho et al. [117]. Villalva et al.
[127] and Rodriguez et al. (187 note significant post-pandemic shifts in dietary patterns, while Zambrano and Arias
[147] emphasize the compounded eftects of COVID-19 and lifestyle changes on cardiac health.

Socioeconomic disparities, cultural dietary preferences, and limited healthcare access further exacerbate
cardiovascular risks in Ecuador [157. Localized strategies, tailored to the country’s unique dietary and cultural
context, are advocated by Llerena et al. [167] and Gonzdlez et al. [17]]. Additionally, associations between obesity,
adverse body composition, and post-COVID cardiovascular complications underscore the need for targeted
interventions in high-risk populations [18-227. Collectively, this literature emphasizes the necessity of a
multidimensional approach encompassing dietary patterns, physical health, and social determinants to address

cardiovascular risks among COVID-19 survivors in Ecuador.

2. METHODOLOGY

This study adopted a quantitative, descriptive, and multivariate research approach to test theoretical assumptions
and provide a statistical representation of the data, expressed through percentages to characterize the research
findings [237. An observational, descriptive, and cross-sectional design was employed, involving a sample of 300
health sciences students from Milagro State University, all of whom had recovered from COVID-19. Data on dietary
patterns and eating habits were collected using validated surveys, while the incidence of cardiovascular diseases
(CVD) was assessed through targeted questionnaires. To examine significant associations between dietary practices,
eating habits, and CVD incidence, statistical techniques including logistic regression and multiple correspondence
analysis were applied. These methods enabled precise quantitative evaluation and effective comparisons across

student groups [247].

2.1. Research Design
A quantitative, descriptive, and multivariate research design was selected for its capacity to provide detailed

descriptions and quantify relationships, facilitating the identification of significant associations between dietary
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habits, eating behaviors, and CVD incidence [257. This design was particularly suited to the study’s objectives, as it
allowed for a robust evaluation of health sciences students’ post-COVID-19 health outcomes, supporting

comprehensive statistical analysis and comparative assessment across the sample.

2.2. Participants

Students belonging to the Health Sciences field of study at the Milagro State University were chosen through a
sampling process that combined finite and stratified population elements. Inclusion criteria were defined that required
officialization in the academic program and belonging to one of the educational levels [267]. People who did not meet
the formal enrollment requirements were excluded from the study. In the development of the research, 1,250 enrolled
students participated, of which 800 were chosen to participate in the study [277]. In the study conducted by Dexter

in 2002, a 95% confidence interval with a margin of error of 2.5% was used.

2.8. Data Collection Instrument
A questionnaire was applied to a random sample of 300 students, with the purpose of establishing a conceptual
model for the construct of the test conducted [287. The model presented the expected congruence between the

observed variables and the structure [297.

2.4. Data Collection Procedure

The data collection instrument was adapted from a validated questionnaire developed by Lacomba-Trejo et al.
[30], originally designed to assess adolescents’ vulnerability to the psychological impacts of the COVID-19 pandemic.
This instrument was structured to identify risk and protective factors associated with COVID-19 exposure. For this
study, the questionnaire was modified to evaluate the influence of physical activity, body composition, and dietary
habits on cardiovascular health, incorporating six key dimensions as informed by Zhou et al. [817]. The
questionnaire’s development involved expert consultations to define relevant factors, formulate items, and establish
a reliability index. Preliminary validation was conducted using structural equation modeling, which confirmed the
scale’s construct validity [327].

The adapted questionnaire was administered to a random sample of 300 health sciences students at Milagro State
University, all of whom had recovered from COVID-19. The data collection aimed to construct a conceptual model
of the investigated variables, demonstrating congruence between the examined constructs and their theoretical

structure [17].

2.5. Data Analysis

This study employed a multivariate analytical framework, integrating Exploratory Factor Analysis (EFA) and
Principal Component Analysis (PCA) to identify latent constructs and reduce data dimensionality. EFA was
conducted using the “Minimum Residual” extraction method with oblimin rotation, allowing for correlated factors to
uncover underlying structures explaining variable correlations. PCA was subsequently applied to distill the data into
principal components that maximized variance retention, facilitating a graphical representation of variable
interrelationships.

In contrast to prior research, which often relied on descriptive statistics or regression-based methods to examine
diet’s impact on cardiovascular health, this study adopts a novel multivariate approach for the Ecuadorian context.
By combining EFA and PCA, it provides a nuanced understanding of the interactions among nutritional habits,
psychological factors, and cardiovascular health in post-COVID-19 populations. Analyses were performed using
Jamovi statistical software, with PCA results visualized through biplots. These biplots simultaneously depict
variables (as arrows) and observations (as points), enabling interpretation of associations and clustering patterns in

reduced dimensions [33-357.
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The visual outputs elucidated the dimensions most influential to the principal components, enhancing
interpretability. Statistical tests were selected for their appropriateness in exploring variable relationships and
supporting multivariate analysis of grouped data [367]. This integrated EFA-PCA framework represents a
methodological advancement in the study of post-COVID nutritional and cardiovascular outcomes in Latin America,

contributing to the regional literature with a rigorous analytical approach.

3. RESULTS
Table 1 shows the Cronbach's Alpha coefficients corresponding to each of the dimensions examined in the study,

indicating the internal consistency of the elements that constitute each scale.

Table 1. Cronbach's alpha a by dimension.

Dimensions Cronbach's alpha
Diet composition 0.940
Food consumption patterns 0.904
Nutritional knowledge 0.791
Hydration habits 0.899
Psychological and social factors 0.916
Cardiovascular health perception 0.796

The dimensions “diet composition,” “food consumption patterns,” and “psychological and social factors” showed
exceptional internal consistency, with Cronbach's alpha coefficients exceeding 0.9. This indicates that the items
present in these scales exhibit a significant correlation and effectively measure the suggested constructs. The

»

dimensions “hydration habits,” “nutritional knowledge,” and “cardiovascular health perception” also showed positive
internal consistency, with alpha values between 0.7 and 0.9, appropriate for the context of this research.

Although all dimensions show acceptable or excellent reliability, the “Nutritional Knowledge” and
“Cardiovascular Health Perception” scales could be subject to further review to improve internal consistency, given
that they exhibit the lowest Cronbach's alpha values. This could involve assessing the components to ensure their

alignment with the core construct and to avoid mitigation of secondary dimensions.

Table 2. Exploratory factor analysis.

Dimensions Factor Uniqueness
1 2

Diet composition 0.607 0.5677

Food consumption patterns 0.708 0.3219

Nutritional knowledge 1.005 0.0199

Hydration habits 0.852 0.3462

Psychological and social factors 0.829 0.3510

Cardiovascular health 0.846 0.2150

perception

Note: The 'Minimum Residue' extraction method was used in combination with Oblimin rotation.

Table 2 presents the results of the exploratory factor analysis carried out using the “Minimum Residue”
methodology through an “Oblimin” rotation, with the aim of identifying the underlying structure of the evaluated
dimensions. The extracted factors were based on the loading and uniqueness criteria. The analysis identifies two
distinct latent constructs underlying the observed variables. Factor 1 is characterized by substantial loadings on the
dimensions of dietary composition, food consumption patterns, hydration habits, and psychological and social factors.
This suggests the presence of an underlying construct that encapsulates a constellation of behaviors and influences
related to dietary practices and socio-psychological dynamics, reflecting their interconnected role in shaping health
outcomes. Factor 2 is defined by significant contributions from the dimensions of nutritional knowledge and

cardiovascular health perception, indicating an underlying construct centered on the comprehension and awareness
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of health-related information, with a particular focus on perceptions of cardiovascular health. Together, these factors
highlight the multifaceted nature of health behaviors and perceptions in the post-COVID-19 context, providing a
foundation for further investigation into their implications for cardiovascular risk.
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Figure 1. PCA variables.

Principal Component Analysis (PCA) was employed to reduce data dimensionality and identify key components
underlying the dataset. The analysis extracted two principal components, collectively accounting for 78.6% of the
total variance, as depicted in the biplot (see Figure 1). The first principal component (Dim1) explained 68.7% of the
variance, while the second component (Dim2) contributed 9.9%.

The dimensions of "dietary composition" and "psychological and social factors" exhibited strong positive
correlations with Dim1, indicating their significant influence on this component and its substantial contribution to
the explained variance. Similarly, "hydration habits" and "food consumption patterns" demonstrated positive
correlations with Dim1, reinforcing their alignment with this component. In contrast, "nutritional knowledge" and
"cardiovascular health perception" showed stronger correlations with Dim2, suggesting that these dimensions are
more closely associated with the latent factors captured by this component.

The biplot visualization further elucidated these relationships, with the direction and length of variable arrows

indicating the nature and strength of correlations. Notably, a positive correlation was observed between "dietary
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composition" and "psychological and social factors," as evidenced by their arrows aligning in the same direction.
These findings highlight the distinct roles of dietary, psychological, and health perception dimensions in explaining
variance within the dataset, providing a robust framework for understanding their interrelationships in the context

of post-COVID-19 health outcomes.
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Figure 2. BIPLOT.

The biplot presented in Figure 2 illustrates the projections of observations and original variables onto the plane
defined by the two principal components, which collectively account for 78.6% of the total variance in the dataset.
The first principal component (Dim1) explains 68.7% of the variance and exhibits strong associations with the
variables "dietary composition," "psychological and social factors," and "hydration habits." This suggests the presence
of a latent construct related to overarching patterns of nutritional behavior and health practices.

The second principal component (Dim2), contributing 9.9% to the variance, is primarily associated with
"nutritional knowledge" and "cardiovascular health perception." This indicates a secondary component that captures
variations in individuals’ understanding and awareness of health, particularly concerning cardiovascular outcomes.
While the majority of variance is attributable to a general factor encompassing dietary and health behaviors, Dim2
highlights distinct differences in health-related knowledge and perceptions among participants.

Principal Component Analysis (PCA) effectively reduced the dimensionality of the dataset, identifying two key
components that elucidate underlying data patterns. In the biplot, closely clustered observations reflect similarities
in behaviors and perceptions, while the orientation and length of variable arrows indicate their contributions to the
principal components. These findings provide a robust foundation for future research, offering valuable insights for

advancing nutritional interventions and health promotion strategies in post-COVID-19 populations.

4. DISCUSSION
The COVID-19 pandemic has profoundly reshaped public health landscapes, underscoring the interplay between
chronic diseases and complications arising from viral infections [97. A critical area of concern is the association
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between dietary patterns, nutritional habits, and the rising prevalence of cardiovascular diseases (CVD) among post-
COVID-19 populations in Ecuador [377]. This issue is particularly significant given the increasing burden of CVD as
a leading cause of morbidity and mortality in the country.

Nutrition is a cornerstone in the prevention and management of cardiovascular conditions [887. Diets high in
saturated fats, refined sugars, and low in dietary fiber are strongly associated with heightened risks of hypertension,
obesity, and dyslipidemia, all of which predispose individuals to cardiovascular complications [397. In Ecuador,
traditional dietary patterns have shifted, with a notable increase in the consumption of ultra-processed foods rich in
fats and sugars, driven by urbanization and pandemic-related changes in dietary behaviors [407].

During the pandemic, significant alterations in dietary habits were observed, influenced by factors such as
confinement, psychological stress, economic instability, and reduced access to fresh, nutrient-rich foods [417]. Both
global and local studies indicate that many individuals have adopted unhealthy dietary practices, characterized by
increased consumption of processed and fast foods, coupled with reduced physical activity, leading to weight gain and
metabolic disturbances [427. These shifts have exacerbated cardiovascular risk factors, heightening the vulnerability
of post-COVID-19 individuals to health complications [437].

COVID-19 infection has been linked to cardiovascular complications, since the virus has the ability to induce
systemic inflammation and cause direct damage to the cardiovascular system, aggravating pre-existing conditions or
generating new complications [97]. In Ecuador, the high prevalence of non-communicable pathologies, such as
hypertension and diabetes, increased the susceptibility of individuals to suffer severe complications during COVID-
19 infection [397, which consequently left cardiovascular sequelae in patients who have recovered [447].
Consequently, the impact of the pandemic on the cardiovascular system transcends the acute infection, generating
long-term effects, particularly in patients with dietary and metabolic risk factors [407].

Post-pandemic, the public health landscape in Ecuador has shown an increase in concerns regarding the
management of cardiovascular pathologies [417]. The post-COVID population, particularly those with pre-existing
comorbidities, is exposed to an increased probability of suffering from cardiovascular complications due to persistent
chronic inflammation [487, vascular deterioration, and general weakness of the immune system. In this context,
dietary patterns play a crucial role [457]. Nutritional rehabilitation and the implementation of cardioprotective diets
(rich in fruits, vegetables, fiber, and healthy fats) are essential to reduce the prevalence of cardiovascular diseases post-
COVID-19, an issue that should be a priority in public health policies.

The management of cardiovascular conditions in the post-COVID era demands a multidisciplinary approach,
which not only includes medical intervention [467] but also the promotion of appropriate nutritional strategies. In
the Ecuadorian context, the implementation of food education campaigns that promote the adoption of healthier diets
is required, restricting the consumption of ultra-processed foods and promoting local foods enriched with nutrients,
such as fish, tubers, and fruits of tropical origin [477].

Additionally, early intervention in high-risk groups, in conjunction with the establishment of physical activity
and stress management programs [ 487, will be essential to regulate cardiovascular risk factors, which will contribute
to the decrease in the incidence of post-COVID diseases. Health experts, particularly nutritionists and cardiologists,
play a crucial role in this process [497, playing a crucial role in adapting therapeutic diets for patients with COVID-
19, with the aim of optimizing their health prognosis.

5. CONCLUSIONS

The dimensions of dietary composition, food consumption patterns, and psychological and social factors exhibited
Cronbach’s alpha values exceeding 0.9, indicating excellent internal consistency and confirming the reliability of the
items in measuring their respective constructs. The dimensions of nutritional knowledge and cardiovascular health
perception demonstrated moderate reliability, with acceptable but lower Cronbach’s alpha values, potentially

reflecting greater response variability or the presence of overlapping subdimensions. The application of oblimin
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rotation in Exploratory Factor Analysis (EFA) revealed inter-factor correlations, supporting the multidimensional
nature of the dietary and behavioral constructs under investigation.

Principal Component Analysis (PCA) identified two principal components, collectively explaining 78.6% of the
total variance. The biplot visualization confirmed that dietary composition and psychological and social factors were
strongly associated with the first principal component, while nutritional knowledge and cardiovascular health
perception aligned more closely with the second component, highlighting distinct contributions to the variance

structure.

5.1. Implications

These findings elucidate the complex interplay between nutritional, psychological, and behavioral factors
influencing cardiovascular health among post-COVID-19 university students in Ecuador. The high internal
consistency of the assessed scales underscores their potential applicability in developing targeted public health
interventions. The multivariate approach employed enhances understanding of post-pandemic health challenges,
particularly in Latin American contexts where comprehensive analytical models are limited, offering a framework for

addressing cardiovascular risks in similar populations.

5.2. Limitations

The study’s cross-sectional design precludes causal inferences regarding the relationships between variables. The
sample, drawn exclusively from health sciences students at a single Ecuadorian university, may limit the
generalizability of findings to broader populations. Additionally, reliance on self-reported data introduces the

potential for response bias, which may affect the accuracy of the results.

5.8. Future Research Directions

Future research should adopt longitudinal designs to examine temporal changes in dietary and health behaviors.
Expanding the sample to encompass diverse demographic and regional groups within Ecuador would strengthen
external validity. Further psychometric refinement of dimensions with moderate reliability, such as nutritional
knowledge, could enhance measurement precision. Incorporating biological markers and clinical assessments would
provide a more comprehensive evaluation of cardiovascular risk factors in post-COVID-19 populations, enriching the

evidence base for targeted interventions.
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