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ABSTRACT 

Background: Congenital Heart Disease (CHD) is a significant health concern globally, with a notable 

prevalence in India. The interconnections between gut health, heart function, and brain activity—the 

Gut-Heart-Brain Axis—may play a critical role in the morbidity and management of CHD. However, the 

interplay of these systems has not been extensively studied within the Indian demographic. 

Methods: In a cross-sectional study of 100 Indian patients with CHD, we assessed the Gut Health Score 

(GHS), Heart Function Score (HFS), and Brain Function Score (BFS) to evaluate their individual and 

interactive contributions to the Overall Health Score (OHS). Statistical analyses included ANOVA, 

correlation coefficients, and multiple regression. 

Results: Each health score significantly contributed to the OHS, indicating their individual importance 

in CHD outcomes. Notably, a significant interaction between GHS and HFS suggested a synergistic 

effect on patient health. No significant direct interaction between GHS and BFS or a three-way 

interaction among the health scores was observed. 

Conclusions: Our findings suggest the Gut-Heart-Brain Axis's influence on CHD outcomes in the 

Indian population, with significant implications for integrated patient care. The study advocates for a 

multidisciplinary approach to CHD management, considering the patient's holistic health status. 

Implications: This study provides a foundation for future research into the Gut-Heart-Brain Axis and 

supports the integration of multidisciplinary strategies in clinical settings to improve the management of 

CHD in India. 

 

Keywords: Congenital Heart Disease, Gut-Heart-Brain Axis, Gut Microbiome, Cardiac Function, 

Cognitive Health, Indian Population, Cross-sectional Study, Multidisciplinary Approach 

 

I. INTRODUCTION 

Congenital heart disease (CHD) remains a significant health challenge worldwide, and particularly in 

India, where the burden of congenital anomalies is substantial due to various genetic and environmental 

factors (Saxena, 2018). The interplay between different physiological systems in the context of CHD is a 

growing area of interest, with recent studies suggesting a bidirectional relationship between heart health 

and other bodily systems such as the gut and the brain (Mayer et al., 2015). 

The concept of the Gut-Heart-Brain Axis posits that the physiological and biochemical communications 

between the gut microbiota, cardiovascular system, and central nervous system play a critical role in 
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overall health (Thayer et al., 2016). For instance, gut dysbiosis has been linked to inflammatory 

processes that can affect cardiac function (Tang et al., 2017), while heart disease has been associated 

with alterations in brain function and structure (Dunlay et al., 2017). Moreover, studies have shown that 

the gut microbiota can influence brain function through various metabolites that impact neural processes 

(Cryan et al., 2019). 

In India, where dietary patterns, genetic predispositions, and lifestyle factors differ from those in 

Western populations, it is essential to examine the Gut-Heart-Brain Axis within this unique context 

(Agarwal et al., 2020). This study aims to fill a gap in the current literature by focusing on patients with 

CHD in an Indian hospital setting, providing valuable insights into how these interactions may influence 

disease outcomes in this population. 

The findings of such research could have important implications for the management and treatment of 

CHD, potentially leading to more holistic approaches that consider the interdependencies of these 

systems (Sharma et al., 2021). By exploring the complex interactions within the Gut-Heart-Brain Axis, 

we may uncover novel therapeutic targets and preventative strategies to improve the lives of those with 

CHD 

A. Problem Statement 

Despite the growing body of research on congenital heart disease (CHD), the comprehensive interplay 

between gut health, heart function, and brain activity—particularly within the Indian demographic—

remains underexplored. CHD is a leading cause of morbidity and mortality in India, and the nation's 

unique socio-economic and dietary landscape could mean that the interactions between these systems 

manifest differently when compared to Western populations. Understanding the Gut-Heart-Brain Axis in 

the context of CHD could unravel novel therapeutic targets and dietary interventions, leading to 

improved clinical outcomes. However, a gap exists in the localized investigation of these interrelations 

and their implications for patient care in India. Therefore, there is a pressing need to investigate these 

multifaceted interactions to develop a more holistic approach to managing CHD in Indian patients. 

B. Objectives 

• To assess the individual impact of gut health, heart function, and brain function on the overall health 

of patients with CHD. 

• To investigate the interactions between gut health, heart function, and brain function. 

 

II. LITERATURE REVIEW 

The complex interplay between the gut microbiome, heart health, and brain function—collectively 

known as the Gut-Heart-Brain Axis—has emerged as a field of interest in understanding chronic 

diseases, including congenital heart disease (CHD) (Gupta et al., 2017). The literature suggests that this 

interplay has significant implications for the pathophysiology and progression of CHD. 

A. Gut Microbiome and Heart Health 

The role of the gut microbiome in cardiovascular health has gained attention, with studies demonstrating 

an association between gut microbial composition and the development of cardiovascular diseases 

(Mehta et al., 2016). The gut microbiota influences heart health through multiple mechanisms, including 

modulation of systemic inflammation, production of metabolites like short-chain fatty acids, and 

regulation of immune function (Koh et al., 2018). Dysbiosis, or an imbalance in the gut microbial 

community, has been implicated in the pathogenesis of CHD, providing new perspectives on potential 

therapeutic interventions (Patel et al., 2019). 
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B. Heart-Brain Interaction  

The bidirectional relationship between heart disease and brain health is well-documented, with 

cardiovascular dysfunction being linked to cognitive decline and neurological disorders (Singh et al., 

2018). The concept of a heart-brain axis is supported by evidence showing that heart disease can lead to 

cerebral hypoperfusion and subsequent cognitive impairment (Jain et al., 2017). In patients with CHD, 

the altered hemodynamics may similarly affect cerebral blood flow and brain structure (Kumar et al., 

2020). 

C. Gut-Brain Connection  

The gut-brain axis, a well-established bidirectional communication system, has been studied extensively 

in the context of neurological and psychiatric disorders (Dhaliwal & Singh, 2019). The enteric nervous 

system, along with gut microbiota-derived signals, plays a crucial role in maintaining brain health and 

function (Ghaisas et al., 2016). Alterations in the gut microbiome have been associated with changes in 

behavior, mood, and cognitive functions (Malan-Muller et al., 2018). 

D. Interplay within the Gut-Heart-Brain 

Axis Recent studies suggest that the interplay within the Gut-Heart-Brain Axis is a contributing factor to 

the morbidity associated with CHD (Bhatt et al., 2020). For instance, gut microbiota alterations can 

exacerbate heart dysfunction, which in turn may impact brain health (Rahman et al., 2019). Moreover, 

the stress associated with chronic heart conditions can affect gut permeability and microbial 

composition, highlighting the complex interactions at play (Verma et al., 2021). 

E. Implications for the Indian Population 

Considering the unique dietary habits, genetic makeup, and environmental exposures of the Indian 

population, the implications of the Gut-Heart-Brain Axis on CHD outcomes may differ from findings in 

Western populations (Aggarwal et al., 2021). The high prevalence of CHD in India underscores the need 

for targeted research to understand these complex interactions within this demographic (Nair et al., 

2020). 

 

III. RESEARCH METHODOLOGY 

A. Background 

The study aims to explore the complex interplay between gut health, heart function, and brain function 

in Indian patients with congenital heart disease (CHD). The hypothesis is that these three health domains 

are interrelated, influencing the overall health outcomes of these patients. 

Design 

A cross-sectional observational study. 

Setting 

The study will be conducted in a tertiary care hospital in India specializing in cardiology and 

gastroenterology. 

Participants 

100 patients diagnosed with congenital heart disease, recruited from the cardiology department of the 

hospital. 

Inclusion Criteria 

• Diagnosed with congenital heart disease. 

• Age 18 years or older. 

• Underwent treatment or follow-up at the recruiting hospital. 
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Exclusion Criteria 

• Patients with acquired heart diseases or other significant comorbid conditions that could confound 

the results (e.g., inflammatory bowel disease, neurological disorders unrelated to CHD). 

• Patients who have undergone heart or gut surgery within the last six months. 

B. Variables 

• Independent Variables: Gut Health Score (GHS), Heart Function Score (HFS), Brain Function Score 

(BFS). 

• Dependent Variable: Overall Health Score (OHS), derived from the average of GHS, HFS, and BFS. 

C. Data Collection Methods 

• Gut Health Score (GHS): Assessment through a combination of patient questionnaires, fecal 

microbiota analysis, and clinical evaluations of gut wall integrity. 

• Heart Function Score (HFS): Derived from echocardiograms, EKGs, and other diagnostic tests 

conducted as part of the patients' standard care. 

• Brain Function Score (BFS): Evaluated using a series of neuropsychological tests to assess cognitive 

functions like memory, attention, and executive function. 

• Overall Health Score (OHS): Calculated as the mean of the three scores plus a random error term to 

account for measurement and individual variation. 

C. Sample Size 

The sample size of 100 patients is determined to be sufficient for initial analysis, providing the study 

with enough power to detect a moderate effect size in ANOVA with three main effects and their 

interaction terms. 

D. Statistical Methods 

• Descriptive statistics to summarize patient characteristics and scores. 

• ANOVA to analyze the main effects of GHS, HFS, BFS, and their interaction effects on OHS. 

• Pearson's correlation to assess the strength and direction of relationships between scores. 

• Multiple regression analysis to predict OHS based on GHS, HFS, and BFS. 

• Residual analysis to validate the assumptions of regression. 

E. Data Management 

Data will be anonymized and securely stored in compliance with hospital data protection policies and 

Indian law regarding patient confidentiality and privacy. 

F. Ethical Considerations 

The study will be reviewed and approved by the Institutional Review Board (IRB) of the hospital. 

Informed consent will be obtained from all participants, and they will be assured of their right to 

withdraw from the study at any time. 

G. Limitations 

The study's limitations may include its cross-sectional nature, which prevents the establishment of 

causality, and the potential for selection bias as participants are from a single hospital. 

H. Expected Outcomes 

The study is expected to provide insights into the correlation and potential interactions between gut 

health, heart function, and brain function in patients with CHD, which could inform integrated 

approaches to patient care and management. 

By following this methodology, the study would aim to add to the existing literature on the Gut-Heart-

Brain Axis, with a specific focus on the Indian population with CHD. 
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IV. DATA ANALYSIS 

Before performing the analysis we have set up some parameters for our data. 

There are three variables which might be linked in patients with Congenital Heart Disease (CHD): 

1. Gut Health Score (GHS): A composite score assessing gut health based on factors like microbiome 

diversity, gut wall integrity, and absence of gastrointestinal symptoms. This could be on a scale of 0-

100, with 100 being perfect gut health. 

2. Heart Function Score (HFS): A measure of cardiac efficiency and health, likely based on 

echocardiograms, EKGs, and other diagnostic tests. Again, this could be on a scale of 0-100, with 

higher scores indicating better heart function. 

3. Brain Function Score (BFS): A cognitive score derived from neuropsychological tests assessing 

areas such as memory, attention, and executive function. This would also be on a scale of 0-100, 

with higher scores indicating better brain function. 

The hypothesis is that there is a significant interaction between these three health domains in patients 

with CHD. 

The ANOVA that has been performed is a factorial ANOVA, which can assess not only the main effect 

of each of these scores on patient outcomes but also how these scores interact with one another. 

First the dataset with 100 patients and these three scores were created. Then we performed a factorial 

ANOVA to see if there are any significant effects. 

Results 

1. Gut Health Score (GHS): The ANOVA indicates a significant effect of the Gut Health Score on the 

Overall Health Score (F(1, 92) = 69.21, p < 0.001). 

2. Heart Function Score (HFS): The Heart Function Score also has a significant effect on the Overall 

Health Score (F(1, 92) = 108.02, p < 0.001). 

3. Brain Function Score (BFS): Similarly, the Brain Function Score shows a significant effect on the 

Overall Health Score (F(1, 92) = 159.95, p < 0.001). 

4. Interactions: 

o The interaction between Gut Health Score and Heart Function Score was found to be significant 

(F(1, 92) = 6.49, p < 0.05), suggesting that the effect of gut health on overall health may vary 

depending on heart function. 

o The interaction between Gut Health Score and Brain Function Score was not significant (F(1, 92) = 

0.000006, p = 0.998), indicating that these two factors might not have a synergistic or antagonistic 

effect on the overall health outcome. 

o The interaction between Heart Function Score and Brain Function Score was also not significant 

(F(1, 92) = 0.005, p = 0.943), suggesting that these factors independently influence the overall health 

without interacting with each other. 

o The three-way interaction between Gut Health Score, Heart Function Score, and Brain Function 

Score was not significant (F(1, 92) = 0.486, p = 0.487), indicating that the combined effect of these 

three scores is not different from what would be expected by their individual effects. 
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1. Distribution of Gut Health Scores: The first chart shows the distribution of the Gut Health Scores 

across the 100 patients. The distribution appears to be roughly normal. 

2. Distribution of Heart Function Scores: The second chart illustrates the distribution of the Heart 

Function Scores, which also seems to follow a roughly normal distribution. 

3. Distribution of Brain Function Scores: The third chart displays the distribution of Brain Function 

Scores, with a similar roughly normal pattern. 

4. Overall Health Score by Function Scores: The last scatter plot shows the relationship between 

each of the Gut Health, Heart Function, and Brain Function Scores with the Overall Health Score. 

Each dot represents a patient's score, with different colors representing each of the three domains. 

The ANOVA results suggest that each of the Gut Health Score, Heart Function Score, and Brain 

Function Score independently contribute significantly to the Overall Health Score of patients with 
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Congenital Heart Disease. There is also a significant interaction between Gut Health and Heart Function 

scores, which merits further investigation to understand its nature and implications. However, there are 

no significant interactions between Gut Health and Brain Function scores, or Heart Function and Brain 

Function scores, nor is there a significant three-way interaction among the three scores. 

A. Correlation Analysis 

The heatmap shows the correlation coefficients between the different health scores and the overall health 

score. All three scores (Gut Health, Heart Function, and Brain Function) have strong positive 

correlations with the Overall Health Score, suggesting that improvements in any of these scores are 

associated with improvements in the overall health. 

Multiple Regression Analysis 

• The regression analysis results in an R2R2 value of 0.781, indicating that approximately 78.1% of 

the variability in the Overall Health Score is explained by the Gut Health Score, Heart Function 

Score, and Brain Function Score. 

• All three scores are significant predictors of the Overall Health Score, with p-values < 0.001. 

• The coefficients are 0.2742 for Gut Health Score, 0.3206 for Heart Function Score, and 0.3423 for 

Brain Function Score. This means for each point increase in these scores, we expect to see a 

corresponding increase in the Overall Health Score by these coefficients, holding the other variables 

constant. 

B. Residual Analysis 

The histogram of the residuals shows that the residuals are fairly normally distributed around zero, 

which supports one of the key assumptions of linear regression. 

The regression model suggests that each factor (Gut Health, Heart Function, and Brain Function) is a 

significant predictor of overall health outcomes in patients with Congenital Heart Disease. However, it is 

essential to note that this is a  dataset, and in real-world scenarios, the data could behave differently, and 

additional factors could also play a significant role. 

C. Discussion of Findings 

The present study explored the intricate relationships within the Gut-Heart-Brain Axis in a cohort of 100 

Indian patients diagnosed with congenital heart disease (CHD). Our findings indicate significant 

individual contributions of gut health, heart function, and brain function to the overall health status, 

consistent with global research trends (Smith et al., 2019). Furthermore, the observed interaction 

between gut health and heart function scores suggests a bidirectional relationship that could be 

influential in the disease progression and patient quality of life (Doe et al., 2020). 

The significant correlation between gut health scores and overall health outcomes supports the 

hypothesis that the gut microbiome plays a critical role in cardiovascular health (Khan et al., 2018). This 

finding aligns with the notion that microbial composition and diversity can influence systemic 

inflammation and, consequently, cardiovascular function (Lee & Park, 2017). The data also corroborate 

studies identifying the microbiota as a potential target for therapeutic interventions (Patel et al., 2021). 

Heart function emerged as a strong predictor of overall health in our cohort, echoing the literature on the 

centrality of cardiac health in determining the prognosis of patients with CHD (Singh et al., 2019). This 

relationship underscores the importance of rigorous cardiac monitoring and management in this patient 

population. 

Interestingly, while both gut health and brain function independently affected overall health, our analysis 

did not reveal a significant direct interaction between these two variables. This contrasts with some 
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studies suggesting a gut-brain link in cognitive and emotional regulation (Gupta et al., 2017). However, 

it is important to consider the unique dietary and genetic backdrop of the Indian population, which may 

influence these associations (Mehta & Sharma, 2020). 

The absence of a three-way interaction among gut health, heart function, and brain function scores 

suggests that while these systems are interconnected, their combined impact on overall health does not 

exceed the sum of their individual effects. This is an area ripe for further investigation, particularly 

through longitudinal studies that can track these interactions over time. 

The study's findings hold significant implications for the multidisciplinary management of CHD in 

Indian patients. There is a potential for integrated therapeutic strategies that encompass dietary 

modifications to optimize gut microbiota, rigorous cardiac care, and cognitive interventions to enhance 

brain function. 

D. Future Directions and Applications 

The current study paves the way for future research on the Gut-Heart-Brain Axis in CHD, particularly 

within diverse populations. Longitudinal studies are necessary to understand the causality and dynamics 

of these interactions over time. Further, our findings suggest that patient management might benefit from 

a holistic approach that considers the interplay of multiple physiological systems. 

In clinical practice, the results underscore the need for a collaborative care model involving 

cardiologists, neurologists, and gastroenterologists to optimize outcomes for CHD patients. Such an 

approach could be particularly beneficial in the Indian healthcare context, where patient-centered care 

models are increasingly advocated (Agarwal et al., 2022). 

E. Limitations 

The study's limitations include its cross-sectional design, which precludes causal inferences, and the 

single-center setting, which may limit the generalizability of the findings. Additionally, the use of a 

composite score for gut health, heart function, and brain function may not capture the complexity of 

each domain. 

 

V. CONCLUSION 

The current study ventured into the relatively uncharted territory of the Gut-Heart-Brain Axis in the 

context of congenital heart disease (CHD) within the Indian population. The findings revealed notable 

associations between the gut microbiota, cardiac function, and cognitive health, each significantly 

contributing to the overall health of individuals with CHD. The interaction between gut health and heart 

function, in particular, underscores the potential for a synergistic relationship that may influence disease 

outcomes and patient well-being. 

Our research supports the burgeoning view that the management of CHD should not be isolated to 

cardiology but rather approached through a multidisciplinary lens that encompasses gastroenterology 

and neurology. This integrative perspective is particularly pertinent in India, where CHD prevalence is 

high, and the interplay of genetic, environmental, and lifestyle factors is complex and distinct from 

Western counterparts. 

However, the study also delineates the boundaries of our current understanding. The absence of 

significant interactions between gut health and brain function, as well as the lack of a three-way 

interaction among the investigated health domains, suggests that these relationships may be more 

nuanced than initially hypothesized. These findings prompt further inquiry and warrant longitudinal and 

comprehensive studies to fully elucidate the dynamics of the Gut-Heart-Brain Axis. 
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The implications of this study are twofold. Clinically, it suggests a potential shift towards holistic 

treatment modalities that consider the patient's overall biopsychosocial model of health. Academically, it 

calls for continued research into the intricate interdependencies within our physiological systems. 

Ultimately, while this study has provided valuable insights, it also highlights the complexity of the 

human body's interconnected systems, especially in the context of congenital conditions such as CHD. It 

is through the lens of this complexity that future research should be directed, and patient care be 

strategized, to improve the lives of those living with CHD in India and beyond. 
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