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Abstract 

Background: 
Heart failure with preserved ejection fraction (HFpEF) accounts for nearly half of all heart failure cases worldwide and is 

characterized by marked clinical, metabolic, and echocardiographic heterogeneity. This diversity has limited the 

effectiveness of uniform therapeutic strategies. Identification of distinct phenotypic clusters may improve risk stratification 

and enable individualized management. 

 

Objectives: 
To determine the prevalence of HFpEF and to identify distinct phenotypic clusters among patients presenting to a tertiary 

care center in eastern India. 

 
Methods: 

This was a prospective observational cohort study conducted over a 12-month period at a tertiary care teaching hospital. 

Consecutive adult patients diagnosed with HFpEF based on guideline-recommended criteria were enrolled. Detailed 

demographic, clinical, laboratory, electrocardiographic, and echocardiographic data were collected. Unsupervised cluster 

analysis using key clinical and echocardiographic variables was performed to identify distinct HFpEF phenotypes. 

 
Results: 

HFpEF constituted a substantial proportion of heart failure admissions during the study period. The mean age of patients 

was 63.4 ± 9.8 years, with a predominance of females. Hypertension (78%), diabetes mellitus (46%), and obesity (41%) 

were the most common comorbidities. Echocardiography demonstrated preserved systolic function with significant diastolic 

dysfunction, left atrial enlargement, and increased left ventricular mass. Cluster analysis identified three distinct phenotypes: 

a metabolic–obese phenotype, a hypertensive–atrial remodeling phenotype, and a cardiorenal–high-risk phenotype. These 

clusters differed significantly in metabolic burden, renal function, atrial size, diastolic indices, functional status, and 

hospitalization trends. 

 

Conclusion: 
HFpEF is a prevalent and heterogeneous condition in the tertiary care setting. Phenotypic clustering reveals clinically 

meaningful subgroups with distinct structural remodeling and disease severity, underscoring the limitations of a uniform 

treatment approach. 

 
Recommendation: 

Routine phenotype-based assessment of HFpEF patients should be encouraged to facilitate personalized management 

strategies and improve clinical outcomes. 
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Introduction 
As the population ages, the burden of cardiovascular risk 

factors increases, and the survival rate from acute cardiac 

events improves, heart failure (HF) continues to be a major 

global public health concern. Heart failure with preserved 

ejection fraction (HFpEF), one of the two main subtypes of 

heart failure, currently makes up 40–60% of all heart failure 

cases and is more prevalent in patients with numerous 

comorbidities, women, and the elderly [1]. The diagnosis 

and treatment of heart failure with decreased ejection 

fraction (HFpEF) are particularly difficult because, unlike 

heart failure with reduced ejection fraction (HFrEF), HFpEF 

is characterized by typical signs and symptoms of heart 

failure in the presence of a normal or near-normal left 

ventricular ejection fraction. 

Systemic inflammation, endothelial dysfunction, 

myocardial stiffness, poor ventricular relaxation, and 

extracardiac comorbidities interact to cause HFpEF, which 

is a complex and diverse clinical condition rather than a 

single disease entity [2]. Long-term hypertension, diabetes 

mellitus, obesity, chronic renal disease, atrial fibrillation, 

and coronary artery disease are common presentations for 

patients. These conditions all contribute to structural and 

functional changes in the heart. Despite maintained systolic 

function, these pathophysiological pathways result in 

increased left ventricular filling pressures, pulmonary 

congestion, exercise intolerance, and repeated 

hospitalizations [3]. 

The mortality and rehospitalization rates in HFpEF are 

similar to those in HFrEF, despite improvements in 

cardiovascular medicine [4]. However, pharmacological 

alternatives in HFpEF have historically shown minimal 

effectiveness, in contrast to HFrEF, where various disease-

modifying medications have demonstrated strong survival 

advantages. The significant variability of HFpEF 

populations participating in clinical trials, where a "one-

size-fits-all" therapy approach fails to address underlying 

mechanistic differences among patients, is increasingly 

blamed for this therapeutic failure [5]. 

Understanding HFpEF as a disease made up of several 

phenotypes, each motivated by unique clinical traits, 

comorbidity profiles, and cardiac remodeling patterns, has 

undergone a paradigm change in recent years [6]. Age, sex, 

body composition, metabolic status, blood pressure 

regulation, atrial structure, ventricular geometry, renal 

function, and degree of diastolic dysfunction are all 

examples of phenotypic heterogeneity in HFpEF. These 

variations have a substantial impact on prognosis, 

responsiveness to treatment, symptom load, and disease 

progression [7]. 

A potent data-driven method for deciphering the intricacy of 

HFpEF is phenotype-based classification utilizing cluster 

analysis. Several studies have found repeatable HFpEF 

clusters, including obese–metabolic phenotype, elderly–

frail phenotype, hypertensive–left ventricular hypertrophy 

phenotype, and atrial fibrillation–dominant phenotype, by 

applying unsupervised statistical techniques to clinical, 

laboratory, and echocardiographic variables [8,9]. It has 

been demonstrated that the inflammatory burden, 

myocardial structure, hemodynamic profiles, and clinical 

outcomes of these phenotypic clusters vary considerably, 

indicating that HFpEF treatment should be customized 

rather than standardized [10]. 

The majority of current HFpEF phenotyping research comes 

from Western populations, whose demographics, lifestyle 

choices, and comorbidity patterns are very different from 

those found in low- and middle-income nations [11]. Due to 

rising rates of obesity, diabetes, hypertension, and higher life 

expectancy, the burden of HFpEF is quickly increasing in 

India. Nevertheless, there is still a dearth of information 

from Indian tertiary care settings regarding the frequency, 

clinical features, and phenotypic grouping of HFpEF. 

Unique HFpEF phenotypes that are underrepresented in 

international literature may arise from regional differences 

in socioeconomic status, healthcare access, dietary habits, 

and comorbidity profiles [12]. 

Therefore, enhancing diagnostic precision, directing 

therapeutic decision-making, and maximizing resource 

utilization in tertiary care facilities all depend on an 

understanding of HFpEF phenotypes in the Indian setting. 

The creation of phenotype-specific therapies, focused 

follow-up techniques, and early risk stratification may all 

benefit from the identification of different clinical and 

echocardiographic clusters. In this regard, the goal of the 

current study was to assess the prevalence of HFpEF and to 

find unique phenotypic clusters among patients who visited 

a tertiary care facility over the course of a year. 

 

Aims & Objectives 
Aim of the Study 
To evaluate the prevalence of heart failure with preserved 

ejection fraction (HFpEF) and to identify distinct 

phenotypic clusters among patients presenting to a tertiary 

care center. 
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Primary Objectives 
1. To ascertain the frequency of HFpEF among 

individuals with heart failure diagnoses made 

during the study period.  

2. To outline the clinical, laboratory, 

echocardiographic, and demographic 

characteristics of HFpEF patients. 

3. To use unsupervised cluster analysis based on 

important clinical and echocardiographic data to 

find unique phenotypic clusters of HFpEF.  

 

Secondary Objectives 
1. To evaluate the distribution of comorbidities and 

cardiovascular risk factors among various HFpEF 

subtypes.  

2. To compare the identified phenotypic clusters in 

terms of hospitalization patterns, disease severity, 

and functional status. 

3. To investigate correlations between structural 

cardiac remodeling and diastolic dysfunction 

indicators and phenotypic clusters. 

 

Materials & Methods 

Study Design and Setting 
This was a prospective observational cohort study, which 

was carried out in the tertiary care teaching hospital Indira 

Gandhi Institute of Medical Sciences, which serves patients 

from Bihar and surrounding areas. In addition to managing 

a sizable number of heart failure patients through both 

inpatient and outpatient care, the institute acts as a referral 

center for cardiovascular disorders. The study was 

conducted at the Indira Gandhi Institute of Medical 

Sciences, Patna, Bihar, India, from January 2024 to 

December 2024. 

 
Study Population and Sample Size 
During the research period, a total of 100 consecutive 

patients with heart failure with preserved ejection fraction 

(HFpEF) were included. After meeting certain eligibility 

requirements, patients were recruited from the cardiology 

inpatient wards and the outpatient department. Feasibility 

and the anticipated number of HFpEF patients who would 

visit the center during the trial were taken into consideration 

while determining the sample size. 

 

Inclusion Criteria 
Patients were included in the study if they met all of the 

following criteria: 

 Age ≥18 years 

 Presence of symptoms and/or signs of heart failure 

such as dyspnea, fatigue, orthopnea, pedal edema, 

or raised jugular venous pressure 

 Left ventricular ejection fraction (LVEF) ≥50% on 

transthoracic echocardiography 

 Objective evidence of structural heart disease (left 

ventricular hypertrophy or left atrial enlargement) 

and/or diastolic dysfunction 

 Willingness to provide informed written consent 

 
Exclusion Criteria 
Patients were excluded if they had: 

 Left ventricular ejection fraction <50% 

 Significant primary valvular heart disease 

(moderate to severe) 

 Constrictive pericarditis or restrictive 

cardiomyopathy 

 Congenital heart disease 

 Acute coronary syndrome within the preceding 

three months 

 Advanced hepatic disease, active malignancy, or 

systemic inflammatory disease 

 Inadequate echocardiographic windows or 

incomplete clinical data 

 
Diagnostic Criteria for HFpEF 
Modern guideline-based criteria, such as the existence of 

heart failure symptoms and signs, retained left ventricular 

systolic performance, and objective evidence of diastolic 

dysfunction or increased filling pressures, were used to 

diagnose HFpEF. The diagnosis was supported by 

echocardiographic data such as tricuspid regurgitation 

velocity, left atrial volume index (LAVI), left ventricular 

mass index (LVMI), and E/e′ ratio. 

 

Data Collection 
A structured case record form was used to collect detailed 

patient information, including: 

 Demographic variables: age, sex 

 Clinical variables: New York Heart Association 

(NYHA) functional class, blood pressure, heart 

rate, body mass index 

 Comorbidities: hypertension, diabetes mellitus, 

obesity, chronic kidney disease, atrial fibrillation, 

coronary artery disease 
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 Laboratory parameters: hemoglobin, serum 

creatinine, estimated glomerular filtration rate, 

fasting blood glucose, lipid profile, and natriuretic 

peptide levels, where available 

 Electrocardiographic findings: rhythm 

abnormalities, evidence of left ventricular 

hypertrophy, conduction defects 

 

Echocardiographic Assessment 
All patients underwent comprehensive transthoracic 

echocardiography using standard equipment by experienced 

cardiologists. Measurements were obtained according to the 

recommendations of the American Society of 

Echocardiography. Parameters assessed included: 

 Left ventricular ejection fraction (biplane 

Simpson’s method) 

 Left ventricular wall thickness and mass index 

 Left atrial diameter and volume index 

 Mitral inflow velocities (E and A waves) 

 Tissue Doppler-derived e′ velocity 

 E/e′ ratio as an estimate of left ventricular filling 

pressure 

 Pulmonary artery systolic pressure derived from 

the tricuspid regurgitation jet 

 
Phenotypic Cluster Analysis 
Using specific clinical, laboratory, and echocardiographic 

characteristics, unsupervised cluster analysis was used to 

identify unique HFpEF phenotypes. The research included 

variables that are frequently linked to HFpEF heterogeneity, 

including age, sex, blood pressure, body mass index, 

presence of diabetes, renal function, atrial fibrillation, left 

atrial size, left ventricular mass, and diastolic indices. 

Clinically significant phenotypes were identified by 

clustering patients according to commonalities across these 

characteristics. 

 

Statistical Analysis 
Standard statistical software was used to examine the data 

once it was entered into a secure database. Depending on the 

distribution, continuous variables were expressed as either 

the median with interquartile range or the mean ± standard 

deviation. Frequencies and percentages were used to express 

categorical variables. Appropriate parametric or non-

parametric tests were used to compare the observed 

phenotypic groups. Statistical significance was defined as a 

p-value of less than 0.05. 

 
Ethical Considerations 
The Institutional Ethics Committee examined and approved 

the study protocol. Prior to participation, each subject 

provided written informed consent. All operations were 

carried out in compliance with the Declaration of Helsinki's 

principles, and patient anonymity was upheld throughout the 

study. 

 

Results 
The final analysis comprised 100 patients with a diagnosis 

of heart failure with preserved ejection fraction (HFpEF). 

All enrolled individuals had access to complete clinical, 

laboratory, and echocardiographic data. 

 

Baseline Demographic and Clinical 

Characteristics 
The majority of patients were in the older age category, with 

a mean age of 63.4 ± 9.8 years. There was a minor 

preponderance of women. The most common comorbidity 

was hypertension, which was followed by obesity and 

diabetes mellitus. Advanced functional impairment was 

seen in a sizable percentage of patients.

 

Table 1: Baseline demographic and clinical characteristics of the study population (n = 100) 
Variable Value 

Age (years), mean ± SD 63.4 ± 9.8 

Female sex, n (%) 56 (56%) 

Body mass index (kg/m²), mean ± SD 27.8 ± 4.6 

NYHA class II, n (%) 32 (32%) 

NYHA class III, n (%) 48 (48%) 

NYHA class IV, n (%) 20 (20%) 
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Hypertension, n (%) 78 (78%) 

Diabetes mellitus, n (%) 46 (46%) 

Obesity, n (%) 41 (41%) 

Chronic kidney disease, n (%) 24 (24%) 

Atrial fibrillation, n (%) 29 (29%) 

Coronary artery disease, n (%) 21 (21%) 

 

 
Fig 1. Prevalence of major comorbidities in HFpEF patients 

 

Laboratory Profile 
Renal impairment and anemia were frequent findings. Due to the substantial burden of cardiorenal involvement in HFpEF, 

approximately 25% of patients had a lower estimated glomerular filtration rate. 

 

Table 2: Laboratory parameters of the study population 
Parameter Mean ± SD 

Hemoglobin (g/dL) 11.8 ± 1.6 

Serum creatinine (mg/dL) 1.32 ± 0.46 

eGFR (mL/min/1.73 m²) 61.5 ± 18.2 

Fasting blood glucose (mg/dL) 128 ± 36 
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Total cholesterol (mg/dL) 186 ± 42 

 

Echocardiographic Characteristics 
The left ventricle's systolic function was maintained in every patient. Nonetheless, diastolic dysfunction and structural 

remodeling were noticeable. Chronically high filling pressures were often indicated by left atrial enlargement and an 

increased left ventricular mass index. 

 

Table 3: Echocardiographic parameters 
Parameter Mean ± SD 

LVEF (%) 58.6 ± 5.2 

Left atrial volume index (mL/m²) 42.8 ± 9.6 

LV mass index (g/m²) 121.4 ± 24.8 

E/e′ ratio 15.6 ± 4.2 

Pulmonary artery systolic pressure (mmHg) 41.2 ± 8.9 

 

Phenotypic Cluster Analysis 
Based on demographic, clinical, laboratory, and echocardiographic factors, unsupervised cluster analysis revealed three 

unique phenotypic groups among HFpEF patients. 

 

 
Fig 2. Distribution of HFpEFphenotypic clusters 

 
Cluster 1: Metabolic–Obese Phenotype (n = 

38) 

Younger age, a higher body mass index, a high prevalence 

of obesity and diabetes, and somewhat raised diastolic 
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filling pressures were characteristics of this cluster. Most of 

the patients in this group had NYHA class II–III symptoms. 

 

Cluster 2: Hypertensive–Atrial Remodeling 
Phenotype (n = 34) 
Many of the patients in this cluster were older women with 

a significant incidence of atrial fibrillation and chronic 

hypertension. Important characteristics included substantial 

left atrial enlargement and high pulmonary artery pressures. 

 

Cluster 3: Cardiorenal–High-Risk Phenotype 
(n = 28) 
Older individuals with severe diastolic dysfunction, anemia, 

a higher NYHA class, and considerable renal failure made 

up this cluster. Hospitalization rates and symptom load were 

higher among these patients.

 

Table 4: Comparison of clinical and echocardiographic variables across HFpEF phenotypic 

clusters 
Variable Cluster 1 (n=38) Cluster 2 (n=34) Cluster 3 (n=28) 

Age (years) 59.2 ± 8.1 64.8 ± 9.4 68.9 ± 7.6 

Female sex (%) 45% 68% 57% 

BMI (kg/m²) 30.6 ± 3.8 26.4 ± 4.2 24.8 ± 3.9 

Hypertension (%) 71% 91% 75% 

Diabetes (%) 68% 32% 36% 

Atrial fibrillation (%) 18% 47% 25% 

eGFR (mL/min) 71.2 ± 15.4 62.6 ± 16.8 49.3 ± 14.1 

LAVI (mL/m²) 38.1 ± 7.4 47.6 ± 8.9 44.2 ± 9.1 

E/e′ ratio 13.8 ± 3.1 15.9 ± 4.0 18.2 ± 4.6 



  

  

Student’s Journal of Health Research Africa 

e-ISSN: 2709-9997, p-ISSN: 3006-1059 
Vol.6 No. 12 (2025): December 2025 Issue 

 https://doi.org/10.51168/sjhrafrica.v6i12.2324 
Original Article 

Page | 8 Page | 8 

 
Fig 3. Left atrial volume index across FFpEF phenotypes 

 
Fig 4. Comparison of the E/é ratio across HFpEF phenotypes 
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Discussion 
The current study used cluster analysis to identify unique 

clinical morphologies and assessed the frequency and 

phenotypic heterogeneity of heart failure with preserved 

ejection fraction (HFpEF) in a tertiary care setting. The 

results support the current understanding of HFpEF as a 

heterogeneous illness rather than a homogeneous disease 

entity, with notable differences in diastolic function, heart 

anatomy, comorbidity burden, and demographics among 

patient subgroups. 

HFpEF was mostly seen in older people in the current 

sample, with a little female preponderance. This 

demographic pattern is in line with global epidemiological 

data showing that women and older persons are 

disproportionately affected by HFpEF, most likely as a result 

of sex-specific variations in inflammatory responses, 

vascular stiffness, and myocardial remodeling [13]. The 

development of HFpEF in this population is largely 

influenced by age-related myocardial fibrosis, decreased 

ventricular relaxation, and increased arterial stiffness. 

Over 75% of the study population had hypertension, which 

was shown to be the most common comorbidity. Long-term 

hypertension-induced chronic pressure overload causes 

concentric left ventricular hypertrophy, increased 

myocardial stiffness, and poor diastolic filling, all of which 

are essential to the pathogenesis of HFpEF [14]. This 

cohort's high incidence of hypertension is indicative of both 

regional cardiovascular risk profiles and its critical function 

as a cause of HFpEF, especially in low- and middle-income 

nations. 

Obesity and diabetes mellitus were also very common, 

especially in the metabolic-obese phenotypic cluster. This 

finding lends credence to the developing theory that HFpEF 

is not only a cardiac condition but also a systemic 

metabolic-inflammatory problem [15]. Myocardial fibrosis 

and reduced relaxation are caused by inflammatory 

mediators originating from adipose tissue, insulin 

resistance, and microvascular endothelial dysfunction. 

Despite having largely intact systolic function, obese 

HFpEF patients have greater exercise intolerance, higher 

filling pressures, and increased plasma volume, according to 

earlier large-scale studies [16]. 

This study's echocardiographic evaluation consistently 

showed raised E/e′ ratios, increased left ventricular mass 

index, and left atrial enlargement, all of which point to 

persistently high left ventricular filling pressures. In 

particular, the left atrial volume index was a reliable 

indicator of chronic illness and persistent diastolic 

dysfunction. Multicenter HFpEF registries have 

documented similar echocardiographic remodeling patterns, 

which are linked to poorer functional class and unfavorable 

outcomes [17]. 

This study's use of unsupervised cluster analysis to find 

clinically significant HFpEF characteristics is one of its 

main strengths. Each of the three separate phenotypic 

clusters that were found represented a different 

pathophysiological route. Higher body mass index, a high 

frequency of diabetes, and somewhat raised diastolic 

pressures were characteristics of the metabolic–obese 

phenotype. This profile is similar to those seen in earlier 

seminal research in which obese HFpEF patients had 

increased symptom burden and systemic inflammation but 

relatively retained renal function [18]. 

Elderly women with chronic hypertension and a high 

incidence of atrial fibrillation made up the majority of the 

hypertensive atrial remodeling phenotype. In HFpEF, atrial 

fibrillation both contributes to and results from the disease's 

progression, which raises filling pressures even more and 

reduces the atrial contribution to ventricular filling. 

According to earlier research, HFpEF patients with atrial 

fibrillation have worse quality of life and greater 

hospitalization rates than those in sinus rhythm [19]. The 

significant left atrial enlargement shown in this cluster 

emphasizes how atrial cardiomyopathy is a key component 

of HFpEF. 

The most clinically severe grouping was the cardiorenal–

high-risk phenotype, which was marked by advanced age, 

significant diastolic insufficiency, anemia, and renal 

dysfunction. The bidirectional nature of the cardiorenal 

syndrome, in which neurohormonal activation, volume 

overload, and endothelial dysfunction sustain both cardiac 

and renal pathology, is reflected in the coexistence of 

chronic kidney disease with HFpEF [20]. This cluster's 

prognostic relevance was highlighted by the greatest rates of 

hospitalization and symptom load. 

There are significant clinical ramifications to the discovery 

of these phenotypic clusters. Due to the diversity of patient 

populations included in clinical studies, traditional HFpEF 

therapy approaches have mostly failed. Clinicians may be 

able to customize treatments using phenotype-guided 

approaches, such as strict volume and renal function 

management in cardiorenal phenotypes, rhythm or rate 

control techniques in atrial fibrillation-dominant 

phenotypes, and rigorous metabolic control in obese 

phenotypes [21]. Newer treatment medicines, such as 
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sodium-glucose cotransporter-2 inhibitors, may improve 

distinct HFpEF subtypes, according to emerging data [22]. 

The results are especially pertinent from the standpoint of 

Indian healthcare. This cohort's high prevalence of diabetes, 

hypertension, and renal failure is indicative of larger 

demographic shifts taking place in the area. Patients 

frequently come at advanced stages of disease due to limited 

access to early preventive care, underscoring the need for 

early detection of high-risk phenotypes at the primary and 

secondary care levels [23]. 

The study has some shortcomings despite its advantages. 

The results may not be as broadly applicable as they could 

be due to the single-center design and small sample size. 

Furthermore, there was inconsistent availability of 

biomarker data, such as natriuretic peptides, which could 

have improved phenotypic classification. However, the 

study contributes to the scant Indian literature on HFpEF 

phenotyping and offers useful real-world data from a tertiary 

care context. 

In conclusion, the current investigation shows that HFpEF 

in a tertiary care population is a very diverse illness made up 

of unique phenotypic clusters with different comorbidity 

profiles and clinical severity. Understanding these 

characteristics is crucial for enhancing risk assessment, 

directing individualized treatment plans, and creating 

upcoming clinical studies that are suited to HFpEF 

subgroups. 

 

Conclusion 
In the tertiary care context, heart failure with intact ejection 

fraction is a prevalent and clinically relevant kind of heart 

failure that is distinguished by significant variation in 

patient profiles, comorbidities, and cardiac remodeling 

patterns. In the current investigation, atrial fibrillation, 

diabetes mellitus, obesity, hypertension, and renal 

dysfunction emerged as major related comorbidities with 

HFpEF, which primarily impacted women and the elderly. 

Phenotypic cluster analysis was used to identify discrete 

HFpEF subgroups with particular echocardiographic and 

clinical features. Variable symptom load and clinical risk 

resulted from these phenotypes' differences in metabolic 

burden, degree of atrial and ventricular remodeling, renal 

function, and severity of diastolic dysfunction. The 

discovery of a high-risk cardiorenal phenotype emphasizes 

how important it is to identify and treat this subgroup as 

soon as possible. 

The results suggest a move toward phenotype-driven 

assessment and management and draw attention to the 

drawbacks of a unified treatment approach in HFpEF. 

Patients with HFpEF may benefit from improved risk 

classification, more individualized treatment plans, and 

better outcomes if clinical phenotyping is integrated into 

standard practice. To confirm these phenotypic 

classifications and to direct the development of targeted 

medicines in a variety of groups, more extensive, 

multicenter trials including biomarker and longitudinal 

outcome data are necessary. 

 

Limitations 
This study has certain limitations. Being a single-center 

study with a relatively small sample size, the findings may 

not be fully generalizable to broader populations. Biomarker 

data, such as natriuretic peptides, were not consistently 

available for all patients. Additionally, long-term follow-up 

outcomes were not assessed. 

 
Generalizability 
Despite being a single-center study, the findings are relevant 

to other tertiary care centers in low- and middle-income 

countries with similar patient demographics and 

comorbidity profiles. The identified phenotypic clusters 

reflect commonly encountered HFpEF presentations in real-

world clinical practice. 

 

Recommendations 
Routine phenotypic characterization of HFpEF patients 

should be encouraged in tertiary care settings to guide 

individualized therapy. Larger multicenter studies 

incorporating biomarkers and longitudinal outcomes are 

recommended to validate these phenotypes. 
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 LVMI – Left Ventricular Mass Index 
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