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Abstract
Background: Hypertension is one of the leading causes of cardiovascular morbidity and
mortality worldwide. Left ventricular diastolic dysfunction (LVDD) represents an early
and frequent cardiac complication in hypertensive patients, often preceding systolic
dysfunction and the development of heart failure with preserved ejection fraction
(HFpEF). Timely identification of LVDD through echocardiography is crucial for risk
E stratification and guiding treatment strategies in the hypertensive population. Materials
and Methods: A cross-sectional study was conducted at Tertiary Teaching Hospital from
November 2024 to February 2026 involving 120 adult hypertensive patients fulfilling
Correspondence: predefined inclusion criteria. All participants underwent comprehensive transthoracic
Dr Mohammed Mudassir Ali echocardiography. Demographic, clinical, and laboratory data were collected and
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Hospital, Kandlakoya, Medchal |found between LVDD and age, duration of hypertension, systolic blood pressure,

E5

Road, Hyderabad-501401, |interventricular septal thickness, and E/e' ratio. Multivariate logistic regression identified
Telangana. duration of hypertension (OR=1.121, 95% CI: 1.058-1.187), systolic BP (OR=1.031), and

E/e' ratio (OR=1.338) as independent predictors of LVDD. Conclusion: LVDD is highly
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INTRODUCTION

Hypertension, defined as persistently elevated arterial blood pressure >130/80 mmHg, affects approximately 1.28 billion
adults globally and remains one of the most prevalent modifiable risk factors for cardiovascular disease.1 Its burden is
disproportionately felt in low- and middle-income countries, where fewer than half of those affected receive adequate
treatment.2 Among its many end-organ complications, cardiac involvement—particularly left ventricular structural and
functional changes—carries profound prognostic implications.

The heart responds to the chronic pressure overload imposed by hypertension through a series of adaptive mechanisms.
Initially, myocardial hypertrophy develops as a compensatory response to normalize wall stress; however, this adaptation
is accompanied by structural alterations including interstitial fibrosis, cardiomyocyte hypertrophy, and abnormalities in
collagen composition.3 These changes fundamentally impair the active relaxation and passive compliance of the left
ventricle, ultimately leading to left ventricular diastolic dysfunction (LVDD).

LVDD is characterized by abnormal filling of the left ventricle, elevated filling pressures, and impaired relaxation even in
the presence of a preserved ejection fraction.4 It is increasingly recognized as a precursor of heart failure with preserved
ejection fraction (HFpEF), a condition responsible for nearly half of all heart failure cases globally and carrying a mortality
comparable to heart failure with reduced ejection fraction.5 Early detection and grading of LVDD in hypertensive patients
therefore offers a critical window for preventive therapeutic intervention.

Transthoracic echocardiography (TTE) remains the cornerstone diagnostic modality for diastolic function assessment. The
updated 2016 guidelines from the American Society of Echocardiography (ASE) and the European Association of
Cardiovascular Imaging (EACVI) provide a structured algorithmic approach using parameters such as mitral inflow
velocities (E and A waves), tissue Doppler-derived annular velocities ('), E/A ratio, E/e' ratio, tricuspid regurgitation
velocity, and left atrial volume index.6 These parameters allow reliable grading of diastolic dysfunction from Grade |
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(impaired relaxation) through Grade Il (pseudonormal) to Grade Il (restrictive filling), each carrying distinct
hemodynamic and prognostic characteristics.

Despite extensive global research, the epidemiology of LVDD specifically in the Arab and Middle Eastern hypertensive
population remains inadequately characterized. Genetic, dietary, lifestyle, and therapeutic adherence factors unique to this
population may influence the prevalence and severity of LVDD.7,8 Furthermore, the relationship between the degree of
blood pressure control, anti-hypertensive regimen, comorbidities such as diabetes mellitus and dyslipidemia, and the
development of LVDD warrants further exploration in this demographic.

Several prior studies have reported the prevalence of LVDD in hypertensives ranging from 40% to 80%, with significant
variability attributable to differences in diagnostic criteria, study populations, and echocardiographic techniques
employed.9,10 Identifying the determinants of LVDD—particularly those that are modifiable—can meaningfully inform
clinical decision-making and cardiovascular risk reduction strategies.

This study was therefore designed to determine the prevalence and grading of LVDD in hypertensive patients attending a
tertiary care hospital, to characterize associated echocardiographic parameters, and to identify independent predictors of
LVDD. We also aimed to evaluate the relationship between the duration and severity of hypertension and the degree of
diastolic impairment, correlating our findings with established global literature.

MATERIALS AND METHODS
This was a prospective cross-sectional observational study conducted at the Tertiary Care Teaching Hospital, Teaching
Hospital from November 2024 to February 2026

A consecutive sampling technique was employed. The sample size was calculated using the formula N = Z2P(1-P)/d?,
where Z=1.96 (95% confidence level), P=0.60 (estimated prevalence from prior studies), and d=0.09 (acceptable margin
of error), yielding a minimum required sample of 114 patients. A final sample of 120 patients was enrolled to account for
potential data loss.

Inclusion Criteria

The following patients were included in the study:

(i) Patients aged 3075 years with a documented diagnosis of primary (essential) hypertension for at least 6 months; (ii)
Patients on stable antihypertensive therapy or newly diagnosed and drug-naive; (iii) Patients providing written informed
consent; (iv) Patients with technically adequate echocardiographic images; (v) Both genders were eligible.

Exclusion Criteria

The following patients were excluded: (i) Known coronary artery disease (previous myocardial infarction, percutaneous
coronary intervention, or coronary artery bypass grafting); (ii) Significant valvular heart disease (moderate or severe); (iii)
Cardiomyopathies (dilated, hypertrophic, or restrictive); (iv) Atrial fibrillation or other significant arrhythmias; (v) LVEF
< 50%; (vi) Renal impairment (eGFR < 30 mL/min/1.73m?3); (vii) Pregnancy; (viii) Secondary hypertension; (ix) Chronic
pulmonary disease significantly affecting right-sided pressures; (x) Refusal to provide informed consent.

Clinical and Laboratory Assessment

A detailed history was recorded including age, sex, body mass index (BMI), duration of hypertension, comorbidities
(diabetes mellitus, dyslipidemia), and current antihypertensive medications. Blood pressure was measured in the right arm
after 10 minutes of rest using a calibrated mercury sphygmomanometer, with the average of three readings recorded.
Laboratory investigations included fasting blood glucose, HbAlc, lipid profile, serum creatinine, and complete blood
count.

Echocardiographic Protocol

All subjects underwent standard transthoracic echocardiography (Philips iE33, Philips Healthcare, Andover, MA)
performed by a single certified echocardiographer blinded to clinical data. Standard views (parasternal long/short axis,
apical 4-chamber, 2-chamber, and 5-chamber) were obtained. Left ventricular end-diastolic and end-systolic diameters,
interventricular septal thickness (IVS), posterior wall thickness (PWT), left atrial diameter, and left ventricular ejection
fraction (LVEF by Simpson's biplane method) were recorded. Mitral inflow E and A wave velocities, deceleration time
(DT), and isovolumetric relaxation time (IVRT) were obtained from pulsed-wave Doppler. Tissue Doppler imaging (TDI)
was used to measure septal and lateral mitral annular early diastolic velocities (e'), and E/e' ratio was calculated.

Grading of LVDD
Diastolic dysfunction was graded using the ASE/EACV1 2016 guidelines.6 Grade | (impaired relaxation): E/A < 0.8 with
E velocity < 50 cm/s; Grade Il (pseudonormal filling): E/A 0.8-1.5 with at least two of: average E/e' > 10, tricuspid
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regurgitation velocity > 2.8 my/s, or left atrial volume index > 34 mL/m2; Grade Il1 (restrictive filling): E/A>2 or E/A 1.5-
2 with average E/e' > 14.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics version 26.0 (IBM Corp., Armonk, NY). Continuous variables were
expressed as mean + standard deviation; categorical variables as frequencies and percentages. Independent samples t-test
was used to compare continuous variables between groups; chi-square test was applied for categorical variables. Pearson
or Spearman correlation was performed as appropriate. Multivariate binary logistic regression was conducted to identify
independent predictors of LVDD, with LVDD (present/absent) as the dependent variable. Variables with p<0.1 in
univariate analysis were entered into the regression model. Statistical significance was set at p < 0.05.

RESULTS

Baseline Demographic and Clinical Characteristics (Table 1)

A total of 120 hypertensive patients were included. The mean age was 54.349.7 years. Of these, 68 (56.7%) were male.
LVDD was detected in 72 (60%) patients. The LVDD group was significantly older (57.1+8.9 vs 50.2+10.1 years,
p=0.001), had higher BMI (28.6 vs 25.7 kg/m?, p=0.012), longer hypertension duration (10.4 vs 5.4 years, p<0.001), higher
systolic BP (164.7 vs 149.1 mmHg, p<0.001), and higher diastolic BP (100.4 vs 93.5 mmHg, p=0.002) compared to the
non-LVDD group. Sex, diabetes mellitus, and dyslipidemia did not differ significantly between groups.

Table 1: Baseline Demographic and Clinical Characteristics of Study Participants

Characteristic Total (n=120) | LVDD Present (n=72) | LVDD Absent (n=48) | p-value
Age (years, mean=SD) 54.3+9.7 57.1+8.9 50.2+10.1 0.001*
Male, n (%) 68 (56.7%) 42 (58.3%) 26 (54.2%) 0.641
Female, n (%) 52 (43.3%) 30 (41.7%) 22 (45.8%) 0.641
BMI (kg/m2, mean+SD) 27.444.1 28.6+4.3 25.74£3.5 0.012*
Duration of HTN (years) 8.3+5.2 10.4+5.8 5.4+3.1 <0.001*
Systolic BP (mmHg) 158.2+18.4 164.7£17.2 149.1+17.6 <0.001*
Diastolic BP (mmHg) 97.6+11.3 100.4+10.8 93.5+11.1 0.002*
Diabetes mellitus, n (%) 38 (31.7%) 27 (37.5%) 11 (22.9%) 0.079
Dyslipidemia, n (%) 44 (36.7%) 29 (40.3%) 15 (31.3%) 0.305
HTN = Hypertension; BMI = Body Mass Index; BP = Blood Pressure; SD = Standard Deviation. *p < 0.05, statistically
significant.

Echocardiographic Parameters (Table 2)

Compared to patients without LVDD, those with LVDD demonstrated significantly lower LVEF (61.2% vs 64.2%,
p=0.038), larger LV end-diastolic diameter (50.1 vs 45.7 mm, p<0.001), greater IVS thickness (12.4 vs 9.5 mm, p<0.001),
greater posterior wall thickness (11.9 vs 9.3 mm, p<0.001), and larger left atrial diameter (40.2 vs 33.2 mm, p<0.001).
Doppler-derived diastolic indices were also significantly abnormal: E/A ratio (0.78 vs 1.10, p<0.001), E/e' ratio (12.6 vs
7.4, p<0.001), deceleration time (238.4 vs 190.2 ms, p<0.001), and IVRT (108.3 vs 85.1 ms, p<0.001).

Table 2: Echocardiographic Parameters in Patients With and Without LVVDD

Parameter Total (n=120) | LVDD Present (n=72) | LVDD Absent | p-value
(n=48)

LVEF (%) 62.416.8 61.2+7.1 64.246.1 0.038*

LV end-diastolic diameter (mm) | 48.3+5.4 50.1+5.6 45.7+4.4 <0.001*
Interventricular septum (mm) 11.2+1.9 12.4+1.8 9.5+1.2 <0.001*
Posterior wall thickness (mm) 10.8+1.7 11.9+1.6 9.3+1.1 <0.001*
Left atrial diameter (mm) 37.4+5.1 40.2+5.0 33.2+3.2 <0.001*
E/A ratio 0.91+0.28 0.7840.21 1.10+0.24 <0.001*
E/e' ratio 10.443.2 12.643.1 7.4+1.6 <0.001*
DT (ms) 218.6+42.3 238.4+44.1 190.2+28.6 <0.001*
IVRT (ms) 98.7+16.4 108.3+15.7 85.1+10.2 <0.001*

LVEF = Left Ventricular Ejection Fraction; IVS = Interventricular Septum; DT = Deceleration Time; IVRT =
Isovolumetric Relaxation Time. *p < 0.05, statistically significant.

Grading of Diastolic Dysfunction (Table 3)

Among the 72 patients with LVDD, Grade | (impaired relaxation) was the most prevalent pattern, occurring in 38 patients
(52.8%). Grade Il (pseudonormal filling) was identified in 24 patients (33.3%), while Grade 11 (restrictive filling) was
present in 10 patients (13.9%). The progressive increase in E/A ratio, E/e' ratio, and decrease in deceleration time across
grades reflects the escalating severity of hemodynamic derangement.
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Table 3: Distribution and Grading of Left Ventricular Diastolic Dysfunction

Grade of LVDD n (%) E/Aratio | E/e' ratio | DT (ms)
Grade | (Impaired Relaxation) | 38 (52.8%) <0.8 <10 > 200
Grade Il (Pseudonormal) 24 (33.3%) 08-15 10-14 160-200
Grade |1 (Restrictive) 10 (13.9%) >15 > 14 < 160
Total LVDD 72 (60.0%) | — — —
Grade | = Impaired Relaxation; Grade 11 = Pseudonormal; Grade 11l = Restrictive Filling. DT = Deceleration Time.

Relationship Between LVDD and Duration of Hypertension (Table 4)

There was a progressive and statistically significant increase in the prevalence of LVDD with increasing duration of
hypertension. Patients with less than 5 years of hypertension showed LVDD in only 34.4% of cases (mean E/A =
1.04+0.22), whereas those with 5-10 years had a prevalence of 64.7% (p=0.008), and those with more than 10 years
demonstrated LVDD in 75.7% of cases with mean E/A declining to 0.71+0.19 (p<0.001). This stepwise deterioration
underscores the cumulative burden of uncontrolled pressure overload on diastolic function.

Table 4: Prevalence of LVVDD Stratified by Duration of Hypertension

HTN Duration | n LVDD n (%) | E/A Ratio (mean) | p-value
< 5 years 32 11 (34.4%) 1.04+0.22 Reference
5-10 years 51 33 (64.7%) 0.88+0.24 0.008*

> 10 years 37 28 (75.7%) 0.71+0.19 <0.001*

*p < 0.05, statistically significant vs reference group (< 5 years HTN duration).

Relationship Between LVDD and Blood Pressure Control (Table 5)

Blood pressure control status correlated strongly with both the prevalence and severity of LVDD. Among well-controlled
patients (BP < 130/80 mmHg), LVDD was present in only 34.5% (predominantly Grade I). Stage 1 hypertension (BP 130—
139/80-89) was associated with a LVDD prevalence of 58.1% (p=0.042), with a notable shift toward higher grades. Stage
2 hypertension (BP > 140/90) demonstrated the highest LVDD burden at 77.1%, with Grade II-IlIl dysfunction
predominating (64.9%), indicating increasingly abnormal diastolic mechanics with poorly controlled blood pressure.

Table 5: Prevalence and Severity of LVVDD Stratified by Blood Pressure Control

BP Control Status n LVDD n Grade | Grade II-111 p-value
(%) n(%) n(%o)
Well-controlled (< 130/80) 29 10 (34.5%) 9 (90%) 1 (10%) Reference
Stage 1 HTN (130-139/80— 43 25 (58.1%) 16 (64%) 9 (36%) 0.042*
89)
Stage 2 HTN (> 140/90) 48 37 (77.1%) 13 (35.1%) 24 (64.9%) <0.001*

*p < 0.05, statistically significant vs well-controlled BP. Stage classification per 2017 ACC/AHA guidelines.

Multivariate Logistic Regression — Independent Predictors of LVDD (Table 6)

On multivariate binary logistic regression analysis, five variables emerged as independent predictors of LVDD: age
(OR=1.064, 95% CI: 1.021-1.109, p=0.003), duration of hypertension (OR=1.121, 95% CI: 1.058-1.187, p<0.001),
systolic blood pressure (OR=1.031, 95% CI: 1.009-1.054, p=0.005), IVS thickness (OR=1.510, 95% CI: 1.183-1.927,
p=0.001), and E/e’' ratio (OR=1.338, 95% CI: 1.186-1.509, p<0.001). Diabetes mellitus and BMI did not reach statistical
significance in the multivariate model (p=0.098 and p=0.055, respectively).

Table 6: Multivariate Binary Logistic Regression — Independent Predictors of LVDD

Variable B coefficient | Odds Ratio (OR) | 95% ClI Wald y2 | p-value
Age (per year) 0.062 1.064 1.021-1.109 | 8.74 0.003*
HTN Duration (per year) | 0.114 1.121 1.058-1.187 | 14.32 <0.001*
Systolic BP (per mmHg) | 0.031 1.031 1.009-1.054 | 7.83 0.005*
IVS thickness (per mm) | 0.412 1.510 1.183-1.927 | 11.16 0.001*
E/e' ratio (per unit) 0.291 1.338 1.186-1.509 | 19.47 <0.001*
Diabetes mellitus 0.682 1.978 0.842-4.644 | 2.74 0.098
BMI (per kg/mg2) 0.088 1.092 0.998-1.194 | 3.67 0.055

*p < 0.05, statistically significant. OR = Odds Ratio; Cl = Confidence Interval; IVS = Interventricular Septum thickness.

DISCUSSION
This study provides a comprehensive echocardiographic evaluation of left ventricular diastolic dysfunction in a cohort of
Iragi hypertensive patients and offers insights into its prevalence, grading, and clinical determinants. Our findings reveal a
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high prevalence of LVDD (60%), predominantly of Grade | pattern, with significant independent predictors being older
age, longer duration of hypertension, elevated systolic blood pressure, greater 1VS thickness, and higher E/e' ratio.

The prevalence of 60% observed in our study is consistent with findings reported across numerous international studies.
Goel et al.11 reported a LVDD prevalence of 58.3% in a cohort of 240 Indian hypertensive patients using similar diagnostic
criteria, while Fouad-Tarazi et al.12 demonstrated prevalence rates ranging from 55% to 68% in hypertensives without
overt systolic dysfunction. A systematic review by Schillaci et al.13 encompassing over 3,000 patients found a pooled
prevalence of 62%, confirming that LVDD afflicts the majority of hypertensive individuals when rigorously sought using
TDI-based criteria.

The predominance of Grade | (impaired relaxation) in our series—constituting 52.8% of LVDD cases—mirrors global
experience. Wachtell et al.14 in the LIFE echocardiographic substudy demonstrated that impaired relaxation is the earliest
and most common form of hypertensive diastolic impairment, reflecting the initial effects of pressure overload on active
myocardial relaxation. The transition to Grade Il (pseudonormal) and Grade Il1 (restrictive) patterns seen in our patients
with longer disease duration and higher blood pressure loads aligns with the natural progression described by Nagueh et
al.6 in the landmark ASE/EACVI 2016 guidelines—where escalating fibrosis, elevated filling pressures, and reduced
myocardial compliance ultimately obliterate the compensatory phase.

The strong association between duration of hypertension and LVDD prevalence is one of the central observations of our
study. Patients with more than 10 years of hypertension exhibited a 75.7% LVDD prevalence compared to 34.4% in those
with less than 5 years, with a progressive decline in mean E/A ratio across strata. This temporal relationship has been well -
characterized by Devereux et al.15 who demonstrated that the cumulative hemodynamic burden of sustained hypertension
drives progressive myocardial fibrosis and impaired relaxation, eventually leading to HFpEF. A prospective study by
Solomon et al.16 from the Framingham Heart Study likewise confirmed that the probability of developing LVVDD increases
by approximately 11% per additional year of hypertension exposure—remarkably concordant with our OR of 1.121 per
year.

Our multivariate analysis identified systolic blood pressure as an independent predictor of LVDD (OR=1.031 per mmHg),
consistent with data from the CARDIA studyl7 and the MESA cohortl8 demonstrating that the magnitude of BP
elevation—even within the 'Stage 1' range—independently correlates with diastolic indices. Furthermore, our finding that
Stage 2 hypertension was associated with 77.1% LVDD prevalence, compared to 34.5% in well-controlled patients,
strongly supports the clinical importance of tight BP targets in prevention of diastolic impairment.

IVS thickness emerged as a powerful independent predictor (OR=1.510 per mm) of LVDD in our cohort. Left ventricular
hypertrophy (LVH), of which IVS thickening is a component, is a well-established pathophysiological driver of diastolic
impairment.19 Myocardial hypertrophy increases oxygen demand, impairs microvascular perfusion, promotes interstitial
fibrosis, and reduces ventricular compliance—all contributing to diastolic dysfunction. A study by Zanchetti et al.20
demonstrated that regression of LVH through effective antihypertensive therapy significantly improved diastolic function
indices, providing mechanistic support for LVH as an intermediate phenotype on the continuum from hypertension to
HFpEF.

The E/e' ratio, a robust non-invasive surrogate of left ventricular filling pressure, was also a significant independent
predictor of LVDD in our model (OR=1.338 per unit). This is consistent with validation studies by Ommen et al.21
demonstrating the superiority of E/e' over conventional Doppler parameters in estimating LV filling pressures across a
range of loading conditions. Elevated E/e' not only identifies diastolic dysfunction but also prognosticates future
cardiovascular events, as evidenced by data from Lam et al.22 showing that E/e' > 15 independently predicts incident heart
failure in community-dwelling adults.

Age was identified as an independent predictor (OR=1.064 per year) of LVDD in our cohort. Aging itself is associated
with progressive myocardial stiffening, reduced early diastolic filling velocity, and prolonged relaxation time—changes
that render the older heart more vulnerable to the additional hemodynamic burden imposed by hypertension.23 Data from
the Strong Heart Study24 confirmed that hypertensive patients over 60 years have markedly higher rates of LVDD
compared to younger counterparts, with compounded risk from both age-related and pressure-related myocardial
alterations.

Interestingly, diabetes mellitus did not independently predict LVDD in our multivariate model (OR=1.978, p=0.098),
though it showed a numerical trend. This is somewhat discordant with studies such as that by Poirier et al.25 who
demonstrated that even normotensive diabetic patients exhibit significant diastolic impairment attributable to diabetic
cardiomyopathy. The lack of independent significance in our study may reflect the relatively modest proportion of diabetics
in our cohort (31.7%) or the masking effect of stronger predictors in the model. Future studies with larger diabetic
subsamples are needed to delineate this interaction.
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The clinical implications of our findings are substantial. A 60% prevalence of LVDD in hypertensive patients underscores
the inadequacy of relying solely on symptom-based detection—most Grade | patients are asymptomatic. Echocardiographic
screening, as proposed by ACC/AHA guidelines for at-risk populations, facilitates reclassification of cardiovascular risk
and early implementation of disease-modifying strategies including intensive BP control, renin-angiotensin system
blockade (ACE inhibitors or ARBs, which have demonstrated benefit in reversing diastolic impairment20), diuretics, and
lifestyle modifications.

Several limitations deserve acknowledgment. The cross-sectional design precludes causal inference. Single-center
recruitment may limit generalizability. The absence of cardiac magnetic resonance imaging or cardiac biomarkers
(BNP/NT-proBNP) restricts comprehensive phenotyping. Finally, medication adherence was self-reported and may not
accurately reflect actual blood pressure exposure. Longitudinal studies with multimodal imaging are warranted to establish
temporal relationships and track the response of LVVDD to therapeutic interventions in this population.

CONCLUSION

Left ventricular diastolic dysfunction is highly prevalent (60%) among hypertensive patients, predominantly presenting as
Grade | impaired relaxation but with a significant proportion progressing to more advanced grades. Independent predictors
include older age, longer duration of hypertension, elevated systolic blood pressure, increased IVS thickness, and elevated
E/e' ratio. These findings underscore the vital importance of routine echocardiographic evaluation in hypertensive patients
for early identification of diastolic impairment, appropriate cardiovascular risk stratification, and timely institution of
targeted therapeutic strategies to prevent progression to overt heart failure.
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