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Abstract
Keywords Introduction: Longstanding hypertension frequently leads to an
Left atrial volume index, diastolic underrecognized condition of left ventricular diastolic dysfunction (LVDD),
dysfunction, hypertension,  which often precedes heart failure (HF). Left atrial volume index (LAVI), a
echocardiography, E/e’ ratio, and  surrogate for the cumulative effect of elevated left ventricular filling pressure,
left atrial enlargement. has been proposed as an echocardiographic marker of LVDD. Objectives:

This study examined the association between LAVI and the presence and
severity of LVDD in hypertensive patients. Methodology: In this cross-
sectional study, transthoracic echocardiography was performed on 217
Article History hypertensive patients. LAVI was measured by the biplane area-length
Received: 01 June 2026 method and indexed to body surface area. Diastolic function was classified
Accepted: 23 August 2026 as normal or Grade I-1I LVDD using the 2016 ASE/EACVI
Published: 30 September 2026  multiparametric algorithm. Group differences, correlations, multivariable
linear and logistic regression, and receiver operating characteristic (ROC)

Copyright @Author analyses were performed. Results: The mean age was 59.78 + 14.87 years,
Corresponding Author: * and LVDD was present in 148 patients (68.2%). Mean LAVI was 30.85
Chanda Naseem + 5.76 mL/m? in participants with normal diastolic function, compared

with 29.50 + 5.70, 44.37 + 3.05, and 45.04 + 2.82 mL/m? in Grade I,
II, and III LVDD, respectively. LAVI did not differ between normal
function and Grade I (p = 0.361) but was substantially higher in Grade
1/11I than in the normal/Grade 1 groups (p < 0.001). LAVI correlated
strongly with E/e' (r = 0.771, p < 0.001) and TR welocity (r = 0.754, p <
0.001). In multiple linear regression, E/e' (f = 0.771, p < 0.001), LA
diameter (§ = 0.579, p < 0.001), and TR welocity (f = 0.322, p < 0.001)
were independently associated with LAVI. In binary logistic regression, E/e’
(OR = 1.660, 95% CI: 1.352-2.040, p < 0.001) was independently
associated with LVDD, while BMI showed an inverse association (OR =
0.940, 95% CI: 0.890-0.993, p = 0.026). LAVI showed moderate
discriminatory ability for LVDD (AUC = 0.704, 95% CI: 0.637-0.771),
with 61.5% sensitivity and 66.7% specificity at a cutoff of 34.0 mL/m?2.
Conclusion: In hypertensive patients, LAVI is associated with more
advanced grades of LVDD and correlates with Doppler markers of elevated
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filling pressure. Its discriminatory ability for LVDD is moderate, supporting
its role as one component of a multiparametric assessment rather than a

standalone diagnostic tes

INTRODUCTION
Hypertension (HTN) stands as one of the
world's foremost public health concerns,

playing a significant role in cardiovascular
disease and death (1). Global estimates from
2019 put the number of adults between ages 30
and 79 affected by high blood pressure at
around 1.28 billion. When left untreated or
poorly managed, elevated blood pressure
substantially raises the likelihood of ischemic
heart disease, kidney disease, heart failure, and
Stroke. Since hypertension often produces no
noticeable symptoms for extended periods,
catching signs of cardiovascular organ damage
early is critical (2).

Hypertension is also a major health concern in
Pakistan. National data have reported
substantial variation in the prevalence of HTN
among Pakistani adults, with estimates ranging
from approximately 26% to 44% (3).
Inadequate diagnosis, treatment, and blood-
pressure control remain important challenges.
A multicenter study involving more than 9,000

t.

participants reported that although 48.6% of
individuals with hypertension had been
diagnosed, only 34.5% receiving
antihypertensive treatment and 12.3% had
controlled blood pressure (4).

Sustained elevation of blood pressure imposes
chronic the left
ventricle and activates key neurohormonal
pathways, most notably the sympathetic
nervous system and the RAAS, both of which
mediate structural and functional cardiac
remodeling (5). (Figurel) LV hypertrophy
represents one of the most well-characterized

were

mechanical overload on

manifestations of this remodeling process.
Although hypertrophy initially serves as a
compensatory  adaptation  to  increased
afterload, its progressive development, together
with concomitant myocardial fibrosis, leads to
increased LV wall stiffness and impaired
myocardial relaxation, ultimately contributing

to the development of diastolic dysfunction

(LVDD) (6).
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Figure 1: Mechanism of Hypertension

LVDD constitutes an important indication of
hypertensive heart disease and may precede the
onset of overt heart failure and systolic
impairment. Impaired myocardial relaxation

coupled with increased ventricular stiffness
leads to elevated LV filling pressures, which are
subsequently transmitted retrograde to the LA
and pulmonary vasculature. This hemodynamic
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cascade contributes to LA enlargement,
pulmonary hypertension, and, ultimately, the
progression to clinical heart failure (7).
Echocardiography provides a non-invasive
method for detecting subclinical hypertensive
cardiac remodeling. Two-dimensional and
Doppler echocardiography can simultaneously
evaluate LV structure, systolic and diastolic
function, and LA volume (8). Among these
parameters, LAVI is particularly relevant
because LA enlargement reflects the cumulative
effect of chronically elevated LV filling
pressures (9).

The LA responds to chronic pressure overload
through structural and functional remodeling
(10). In hypertension, increased left ventricular
stiffness and impaired relaxation require higher
filling pressures to maintain ventricular filling.
These elevated pressures are transmitted to the
LA, producing progressive atrial remodeling,
fibrosis, and enlargement. Thus, left atrial
enlargement may serve as an indicator of
chronic rather than transient abnormalities in
ventricular filling (11).

LAVI is calculated by dividing the LA volume
by the body surface area and provides a
standardized measure of left atrial size. The
normal LAVI has been established by the ASE
2015 guidelines on cardiac  chamber
measurement and is <34 ml/m? (12). Elevated
LAVI has likewise been associated with adverse
cardiovascular  outcomes, including atrial
fibrillation, stroke, heart failure, and
cardiovascular mortality (13).

Assessment of diastolic function has evolved
substantially with the development of Doppler
and tissue-Doppler echocardiography. Mitral
inflow parameters such as the velocities of E
and A, E/A ratio provide information
regarding ventricular relaxation and filling.
Other parameters, including E/e’, deceleration
time, IVRT, and TR velocity, provide
complementary regarding
ventricular filling and associated hemodynamic
changes. The 2025 ASE/EACVI
established a
multiparametric approach to the assessment
and grading of LV diastolic function (14).
Previous research has demonstrated an
association between LAVI and diastolic
dysfunction. Studies have reported progressive

information

recommendations

increases in LAVI with worsening grades of
LVDD, supporting its role as an indicator of
chronic elevation of LV filling pressure (13).
Literature also identifies evidence linking LAVI
with invasively measured filling pressures and
demonstrating its complementary diagnostic
value alongside E/e¢’ and other Doppler
parameters (15-19).

Despite the established relationship between
hypertension, diastolic dysfunction, and left
atrial remodeling, limited local evidence exists
regarding the association between LAVI and
the severity of LVDD among hypertensive
patients in Khyber Pakhtunkhwa.

Materials and methods:

This cross-sectional study was conducted in the
Cardiology Department of District
Headquarters (DHQ) Hospital, Swabi. A
minimum sample size of 217 participants was
calculated using the formula: n = 72 x p(1—p) /
d?, where Z=1.96 at a 95% confidence level, p=
0.83 (20), and d= 5% margin of error.
Participants were enrolled via consecutive non-
probability sampling from the Cardiology
Outpatient Department and the
Echocardiography Section.

Adult patients aged 20-70 years were eligible
for inclusion if they had known hypertension,
LVEF >50%, good-quality echocardiographic
images, and were willing to provide written
informed consent. Non-hypertensive
individuals were excluded. Patients with LVEF
<50%, wvalvular heart disease, pacemaker-
dependent ventricular activation,
cardiomyopathies, congenital heart disease,
atrial ~ fibrillation ~ or  sustained  atrial
arrhythmias, acute myocardial infarction,
previous cardiac surgery, pregnancy, or inability
or refusal to provide informed consent were
excluded. Ethical clearance was secured from
the institutional ethics committee before
conducting the study. Confidentiality and
privacy of participants were maintained
throughout the study, and participation was
entirely voluntary.

Definitions. Hypertension: BP >140/90 mmHg
(repeated reading), hypertension diagnosis or
under treatment with  antihypertensive.

Controlled BP: < 140/90 mmHg at visit. LVH:
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LV mass index (Devereux formula) indexed to
BSA >115g/m? (men) / >95g/m? (women) (21).
BP Measurement: sitting, > 5 minutes rest,
automated oscillometric device calibrated,
correct cuff size, 2 readings 1-2 minutes apart,
average (22).

Echo assessment: Transthoracic echo by trained
cardiologist/technologist (Canon Aplio A with
phased array probe), with the patient in left
lateral decubitus, using standard
parasternal/apical views, and averaging over 3
sinus-thythm cycles.

The LA volume was obtained using the biplane
area-length method (apical 4- and 2-chamber
views) at end-systole (pre-mitral-valve-opening
frame), with the endocardium traced excluding
pulmonary veins, LA appendage, and mitral
annular plane area. Calculated as (8/3m) x
(A4C x A2C)/L, indexed to BSA (Du Bois) —
LAVI. Classified per ASE/EACVI: normal <34,
mild 35-41, moderate 42-48, severe >48
mL/m?2 (23).

Doppler: Mitral E/A velocities and deceleration
time, via PWD, at leaflet tips; septal/lateral e’
via TWD, averaged for E/e’ ratio. The velocity
of the TR peak was measured by IVRT, and the
velocity of the TR peak was measured by CWD
using multiple windows. LVEF was calculated
using biplane Simpson's technique.

Diastolic function classification: Per the
guidelines of the ASE/EACVI 2016 guidelines,
using 5 criteria: septal e’ <7 cm/s, lateral e’ <10
cm/s, average E/e’ >14, TR velocity >2.8 m/s,
LAVI >34 mL/m?. Dysfunction exists when
more than half of the criteria are positive; it
doesn't exist when more than half of the criteria
are negative, and it's indeterminate when
exactly half (24).

Grading: Grade I (E/A <0.8, E <50 cm/s);
Grade 1I (E/A <0.8 with E >50 cm/s, or E/A
0.8-2.0 with >2 of E/e’', TR velocity, LAVI
positive); Grade III (E/A >2.0).

Data were collected using a pre-designed,
structured, and wvalidated data collection
proforma developed specifically for the study.
Blood pressure was assessed during clinical
examination, while LAVI and LVH were
assessed by echocardiography. The grade of
LVDD was classified according to the recorded
echocardiographic measurements. Data were

analyzed with IBM SPSS Statistics, version 22.0.

Results:

A total of 217 hypertensive patients were
enrolled. Participants had a mean age of 59.78
+ 14.87 years, a mean BMI of 26.51 + 6.58
kg/m?, and a mean hypertension duration of
7.90 £ 4.10 years. Women constituted 54.8%
(119/217) of the study population and men
45.2% (98/217). Regarding residence, 53.9%
(117/217) of participants were from urban
areas and 46.1% (100/217) from rural areas.
Mean systolic and diastolic blood pressures
were 148.56 + 17.54 mmHg and 93.08 + 8.86
mmHg, respectively. Controlled blood pressure
was documented in 109 participants (50.2%).
Diabetes mellitus was present in 121
participants (55.8%), ischemic heart disease in
111 (51.2%), and previous stroke in 113
(52.1%). Among participants, 77 (35.5%) were
current smokers, 58 (26.7%) former smokers,
and 82 (37.8%) non-smokers (Table 1).

On echocardiography, the mean left atrial size
of 39.87 £ 7.45 mm, mean LAVI was 34.92 *
8.49 mL/m?, and mean LVEF of 56.06 =
6.64%. The mean E/e’ ratio was 10.92 + 4.59,
mean [VRT was 84.88 + 25.28 ms, mean TR
velocity was 2.67 £ 0.45 m/s, and mean DT was
189.16 + 34.47 ms. LVH was detected in 112
(51.6%) of patients. (Table 2)

Diastolic dysfunction was identified in 148
participants (68.2%), while 69 (31.8%) had
normal diastolic function. Among those with
diastolic dysfunction, 77 (35.5%) had Grade I,
31 (14.3%) had Grade II, and 40 (18.4%) had
Grade III dysfunction. Regarding LAVI, 103
participants (47.5%) had normal LAVI (<34
mL/m?2), whereas 114 (52.5%) had increased
LAVI (>34 mL/m?): 53 (24.4%) mild, 48
(22.1%) moderate, and 13 (6.0%) severe
enlargement (Table 3).

Mean LAVI was 30.85 + 5.76 mL/m? in
participants with normal diastolic function,
compared with 29.50 + 5.70, 44.37 + 3.05, and
45.04 + 2.82 mL/m? in those with Grade I, II,
and III dysfunction, respectively (Table 3). On
posthoc testing, LAVI did not differ
significantly between the normal-function and
Grade I group (p = 0.361). Marked differences
were evident between the combined
normal/Grade 1 group and the combined
Grade II/Grade III group (p < 0.001), whereas
Grade II and Grade III did not differ
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significantly (p = 0.946). Overall, mean LAVI
was significantly higher in participants with
diastolic dysfunction than in those with normal
function (36.81 + 8.90 vs 30.85 + 5.76 mL/m?,
p <0.001) (Table 3).

Correlation  analysis  revealed  significant
associations between LAVI and several
echocardiographic indices of diastolic function
(Table 4). Strong positive correlations were
observed with LA diameter (r = 0.832, p <
0.001), E/e’ (r = 0.771, p < 0.001), and TR
velocity (r = 0.754, p < 0.001); a moderate
positive correlation was observed with the E/A
ratio (r = 0.596, p < 0.001). Moderate negative
correlations were noted with deceleration time
(r = —0.535, p <0.001) and IVRT (r = —0.551,
p < 0.001). No significant correlations were
detected between LAVI and BMI, duration of
hypertension, SBP, or DBP (Table 4).

In multiple linear regression analysis, E/e’ ratio
(B=0.771, p<0.001), LA size (B=0.579,
p<0.001), and TR velocity (=0.322, p<0.001)

were significant predictors of LAVI. Age, BMI],
duration of hypertension, SBP, DBP, LVEEF,
DT, and IVRT were not significantly associated
with LAVLI. (Table 4)

The inclusive binary logistic regression model
was statistically significant (}2=78.098, df=9,
p<0.001). Of the predictors assessed, the E/e’
ratio was the strongest independent predictor
of LVDD (OR=1.660, 95% CI: 1.352-2.040,
p<0.001), and BMI was independently
associated with LVDD as well, showing a
protective direction of effect (OR=0.940, 95%
CI: 0.890-0.993, p=0.026). Age, duration of
HTN, SBP, LVH, DM, and BP control did not
independently predict LVDD in this model.
ROC curve analysis showed that LAVI
possessed statistically significant discriminatory
power for identifying LVDD, yielding an AUC
of 0.704 (95% CI: 0.637-0.771, p<0.001). At
an optimal cutoff of 34.0 mL/m?2, LAVI
achieved a sensitivity of 61.5% and a specificity
of 66.7%.

Table 1. Baseline Sociodemographic and Clinical Profile of Study Participants

Characteristic Category / Summary n (%) / Mean = SD
Age (years) Mean = SD 59.78 + 14.87
Body mass index (kg/m?) Mean = SD 26.51 + 6.58
Sex Male 98 (45.2)
Female 119 (54.8)
Place of residence Urban 117 (53.9)
Rural 100 (46.1)
BP Controlled Yes 109 (49.8)
No 108(50.2)
Diabetes mellitus Yes 121(55.8)
No 96 (44.2)
Ischemic Heart Disease Yes 111(51.2)
No 106(48.8)
SBP(mmHg) Mean = SD 148.56 + 17.54
DBP(mmHg) Mean = SD 93.08 + 8.86
Smoking Current smoker 77 (35.5)
Former smoker 58 (26.7)
Non-smoker 82 (37.8)
Table 2: Echocardiographic characteristics (n = 217)
Variable Mean = SD / n (%)
LA Size (mm) 39.87 +7.45
LAVI (mL/m?2) 3492 +8.49
LVEF (%) 56.06 + 6.64
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E Velocity (cm/s) 75.25+28.94
A Velocity (cm/s) 62.06+14.95
E/e’ Ratio 10.92 + 4.59
IVRT (ms) 84.88+25.28
TR velocity (m/s) 2.67+0.45
DT (ms) 189.16+34.47
LVH

Present 105 (48.4%)
Absent 112 (51.6%)

Table 3: Distribution & Comparison of LAVI and group-based DD grade among Hypertensive
Patients

n %,/Mean = SD (mL/m?) p-value
LAVI Severity
Normal (<34 mL/m?) 103 47.5
Mild Increase (35-41 mL/m?2) 53 24.4
Moderate Increase (42-48 mL/m?2) 48 22.1
Severe Increase (>48 mL/m?) 13 6.0
Diastolic Function
Normal 69 30.85 +5.76
Grade | 77 29.50 £ 5.70
Grade II 31 44.37 +3.05
Grade III 40 45.04 +2.82
Diastolic Dysfunction (overall) 148 36.81 +8.90 <0.001
Normal vs diastolic dysfunction <0.001
Normal vs Grade I (post-hoc) 0.361
Grade II vs Grade III (post-hoc) 0.946
Normal/Grade I vs Grade II/1II (post-hoc) <0.001

Table 4: Correlation of the LAVI with Selected Clinical and Echocardiographic Variables

Variable r Correlation p-value
Age -0.20 >0.05
BMI 0.007 >0.05
Duration of HTN 0.061 >0.05
SBP 0.005 >0.05
DBP 0.014 >0.05
LA Diameter 0.832 Positive <0.001
LVEF 0.391 >0.05
E/e’ Ratio 0.771 Positive <0.001
TR velocity 0.754 Positive <0.001
DT -0.535 Negative <0.001
IVRT -0.551 Negative <0.001
LAVI 0.832 Positive <0.001
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DISCUSSION

The present study included a predominantly
middle-aged to elderly hypertensive population,
with a mean duration of hypertension of 7.90 *
4.10 years. Prolonged exposure to hypertension
may result in progressive left ventricular
remodeling, impaired relaxation, increased LV
filling pressures, and subsequent left atrial
remodeling over time (25).

The prevalence of LV diastolic dysfunction
(LVDD) was 68.2% in this study. This finding
is comparable with the 74.6% prevalence
reported among patients at Khyber Teaching
Hospital, Peshawar (26). The relatively high
prevalence observed in both studies may reflect
the increased cardiovascular risk profile of
hospital-based hypertensive populations. The
present prevalence was also comparable to the
69.03% reported by Taugeer et al. among
hypertensive patients in Pakistan (27).

Mean LAVI differed significantly across
diastolic function categories (p < 0.001);
however, the pattern was not a uniform
stepwise increase. LAVI was similar in
participants with normal function and Grade I
LVDD (30.85 + 5.76 vs 29.50 £ 5.70 mL/m?, p
= 0.361) and in Grade II versus Grade III
(4437 £ 3.05 vs 45.04 + 2.82 mL/m?, p =
0.946), whereas Grade II/III values were
markedly  higher than those of the
normal/Grade I groups (p < 0.001). The more
accurate interpretation, therefore, is that LAVI
was substantially higher in Grade II/III
dysfunction than in normal/Grade I categories,
rather than increasing significantly with every
grade of severity. The lack of difference
between normal function and Grade 1 is
physiologically plausible: early (Grade 1)
diastolic impairment may not produce
sufficient chronic elevation of left atrial
pressure to cause structural enlargement,
whereas the persistently elevated filling
pressures of Grade II/IIl disease promote
progressive atrial dilation (28). Our values are
broadly consistent with those of Pritchett et al.,
who reported LAVI rising from 23 + 6 mL/m?
in normal function to 48 + 12 mL/m? in Grade
III disease, and El Aouar et al, who
documented 21 = 4 to 50 £ 5 mL/m? across
categories (29).

LAVI correlated strongly with E/e’ and TR
velocity and moderately with the E/A ratio,
deceleration time, and IVRT, consistent with
its role as an integrator of chronic filling-
pressure elevation (30,31). The strong
correlation between LAVI and LA diameter (r =
0.832) is expected, as both quantify atrial size.
When participants were dichotomized, mean
LAVI was higher in those with LVDD than in
those with normal function, supporting the
association between atrial remodeling and
abnormal ventricular filling documented in
hypertensive cohorts (27,32).

No significant correlations were observed
between LAVI and BMI, hypertension
duration, SBP, or DBP, suggesting that in
treated hypertensive patients LAVI reflects
structural and hemodynamic burden more
closely than current blood pressure or
demographic indices (20), others have reported
differing results (21). DPossibly reflecting
differences in treatment status and population
characteristics. Similarly, increased LAVI (>34
mL/m?) was not associated with diabetes,
smoking, blood-pressure control, ischemic heart
disease, or stroke in this cohort, and no
association was found between LAVI and LVH
(p = 0.965), in contrast to Cuspidi et al. (33).
Differences in LVH definitions,
antihypertensive  treatment, and  disease
duration may explain the discrepancy.

The lack of a significant difference between
normal function and Grade-I DD may indicate
that early diastolic dysfunction does not
necessarily produce sufficient chronic elevation
in left atrial pressure to cause substantial
structural enlargement. In contrast, persistent
elevation of filling pressures in Grade-Il and
Grade-III dysfunction may promote progressive
atrial dilation, making LAVI more useful for
identifying advanced rather than early diastolic
dysfunction (28).

ROC analysis demonstrated that LAVI had
moderate discriminatory ability for detecting
DD, with an AUC of 0.704 (95% CI: 0.637-
0.771; p<0.001). The optimal cutoff was 34.0
mL/m?, with 61.5% sensitivity and 66.7%
specificity. Importantly, the empirically derived
cutoff corresponded to the established
ASE/EACVI threshold for increased LAVI

(34). The moderate diagnostic performance is
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consistent with the concept that LAVI should
be interpreted as one component of a
multiparametric  assessment  of  diastolic
function rather than as an isolated diagnostic
marker.

The AUC of 0.704 observed for LAVI was
lower than the 0.885 AUC reported for left
atrial strain by Miljkovi€ et al. in discriminating
elevated left atrial pressure among treated
hypertensive patients with DD (35). This
difference suggests that functional measures
such as left atrial strain may identify early atrial
abnormalities that are not yet reflected by
increased atrial volume.

The inverse association between BMI and
LVDD (OR 0.940) should be interpreted
cautiously. In a cross-sectional design, this may
reflect residual confounding, selection effects,
or the underestimation of atrial enlargement
when left atrial volume is indexed to body
surface area in overweight individuals, a
recognized limitation of BSA indexing. Similar
inverse associations have been discussed as an
“obesity paradox” in cardiovascular cohorts
(36). But the present data cannot establish
causality, and the finding requires confirmation
in prospective studies.

Conclusion

In this cross-sectional study of hypertensive
patients, LAVI was associated with more
advanced grades of diastolic dysfunction (Grade
1I/III) and correlated with Doppler markers of
elevated left ventricular filling pressure,
principally E/e’. LAVI showed moderate
discriminatory ability for LVDD at the
guideline-based cutoff of 34 mL/m? and should
be interpreted as one component of a
multiparametric assessment. The cross-sectional
design precludes causal inference, and the
observed inverse BMI-LVDD association

requires prospective confirmation.

Limitations

This study is subject to several limitations. Its
cross-sectional design precludes establishing
causal or temporal relationships among LAVI,
E/e’, and diastolic dysfunction. The single-
center setting may further limit the
generalizability of the findings. Additionally,
indexing LAVI to body surface area may

underestimate left atrial enlargement in
overweight patients. Finally, some of the
observed associations involving LAVI may
partly reflect mathematical or definitional
overlap rather than independent physiological
relationships.

Recommendations

LAVI should be routinely assessed in
hypertensive patients as an important marker of
left atrial remodeling and diastolic dysfunction.
The ASE/EACVI cutoff of 34 mL/m? may be
applied in clinical practice. However, LAVI
should not be used alone because of its
moderate sensitivity and specificity (61.5% and
66.7%); it should be interpreted alongside e/,
E/e’, and TR velocity using a multiparametric
approach. Patients with Grade II/III DD or
significant LA enlargement should receive
closer follow-up due to their potential risk of
HFpEF. The unexpected inverse BMI-DD
relationship should be interpreted cautiously.

Acknowledgements

The authors thank all study participants for
their cooperation, as well as the data collection
team and healthcare administration for their
support.

Author Contributions

All authors contributed equally to the study's
conceptualization, methodology, data curation,
validation, and manuscript preparation, and
approved the final version.

Funding

None.

Data Availability Statement

Data are available from the corresponding
author upon reasonable request.

Declarations

Contflict of Interest

None

Ethical Approval and Informed Consent
Ethical approval was obtained from the
Institutional Review Board of DHQ Teaching
Hospital, Swabi (Ref. No. 1258/E-7). All
participants provided individual informed
consent prior to enrollment, and the study
adhered to relevant ethical procedures and
institutional requirements.

https://ijournalar.com

| Batool et al., 2026 |

Page 4172



INTERNATIONAL JOURNAL OF ADVANCED RESEARCH

International Peer-Reviewed Research Journal
ISSN (Online): 3106-7980 | ISSN (Print): 3106-7972

Volume 3 ¢ Issue S * September 2026

REFERENCES:

1.  Whelton PK, Carey RM, Aronow WS,
Casey DE, Collins K], Dennison

Himmelfarb C, et al.

ACC/AHA/AAPA/ABC/ACPM/AGS/

APhA/ASH/ASPC/NMA/PCNA

Guideline for the Prevention, Detection,
Evaluation, and Management of High
Blood Pressure in Adults: A Report of

the American College

Cardiology/American Heart Association
Task Force on Clinical Pr. Hypertension

[(Internet]. 2018 Jun;71(6). Available

from:

https://www.ahajournals.org/doi/10.116

1/HYP.0000000000000065

2. Whelton PK, Carey RM, Aronow WS,

Casey DE, Collins K], Dennison
2017
ACC/AHA/AAPA/ABC/ACPM/AGS/

Himmelfarb C, et al.

APhA/ASH/ASPC/NMA/PCNA

Guideline for the Prevention, Detection,
Evaluation, and Management of High
Blood Pressure in Adults. ] Am Coll
2018
May;71(19):e127-248. Awvailable from:
https://linkinghub.elsevier.com/retrieve

Cardiol [Internet].

/pii/S0735109717415191

3. Scherrer U, Grassi G. Reduced
sympathetic cardiovascular drive in young
adults with low birth weight. ] Hypertens

May;21(5):867-8.

Available from:

[Internet). 2003

http://journals.lww.com/00004872-
200305000-00007

4. Jafar TH, Jehan I, Liang F, Barbier S,
Islam M, Bux R, et al. Control of Blood
Pressure and Risk Attenuation: Post Trial
Follow-Up of Randomized Groups.
Reboldi G, editor. PLoS One [Internet].
2015 Nov 5;10(11):e0140550. Available

from:

http://jama.jamanetwork.com/article.asp

x?doi=10.1001/jama.2009.1369

5.

10.

Grassi G. The Sympathetic Nervous
System in  Hypertension: Roadmap
Update of a Long Journey. Am ]
Hypertens [Internet]. 2021 Dec
1;34(12):1247-54. Available from:
https://academic.oup.com/ajh/article/3
4/12/1247/6342162

Saheera S, Krishnamurthy P.
Cardiovascular Changes Associated with
Hypertensive Heart Disease and Aging.
Cell Transplant [Internet]. 2020 Jan
1;29:096368972092083. Available from:
http://journals.sagepub.com/doi/10.117
7/0963689720920830

Vlasopoulou K, Synetos A, Ktenopoulos
N, Katsaros O, Koliastasis L, Apostolos
A, et al. Unmasking Left Ventricular
Diastolic Dysfunction: Pathophysiology,
Diagnosis, and Treatment Strategies.
Med Sci [Internet]. 2025  Sep
22:13(3):204. Available from:
https://www.mdpi.com/2076-
3271/13/3/204

De Sutter ], De Backer ], Van de Veire N,
Velghe A, De Buyzere M, Gillebert TC.
Effects of age, gender, and left ventricular
mass on septal mitral annulus velocity
(E") and the ratio of transmitral early
peak velocity to E’ (E/E’). Am ] Cardiol
[Internet]. 2005  Apr;95(8):1020-3.
Available from:
https://linkinghub.elsevier.com/retrieve
/pii/S0002914905001384

Vaziri SM, Larson MG, Benjamin EJ,
Levy D. Echocardiographic predictors of
nonrheumatic atrial fibrillation. The
Framingham Heart Study. Circulation
[Internet]. 1994  Feb;89(2):724-30.
Available from:
https://www.ahajournals.org/doi/10.116
1/01.CIR.89.2.724

Pietila-Effati PM, Salmela AK, Niemi RT,
Ylitalo AS, Koistinen M)]. Renal
sympathetic denervation in treating drug-
resistant hypertension in a patient on
hemodialysis. ] Hypertens [Internet].
2016 Feb;34(2):368-70. Available from:
https://journals.lww.com/00004872-
201602000-00029

https://ijournalar.com

| Batool et al., 2026 |

Page 4173



INTERNATIONAL JOURNAL OF ADVANCED RESEARCH

International Peer-Reviewed Research Journal
ISSN (Online): 3106-7980 | ISSN (Print): 3106-7972

Volume 3 ¢ Issue S * September 2026

11.

12.

13.

14.

15.

Rossi A, Cicoira M, Zanolla L, Sandrini
R, Golia G, Zardini P, et al
Determinants and prognostic value of left
atrial volume in patients with dilated
cardiomyopathy. ] Am Coll Cardiol
[Internet]. 2002  Oct;40(8):1425-30.
Available from:
https://linkinghub.elsevier.com/retrieve
/pii/S0735109702023057

Abhayaratna WP, Seward ]B, Appleton
CP, Douglas PS, Oh JK, Tajik AJ, et al.
Left Atrial Size. ] Am Coll Cardiol
(Internet]. 2006 Jun;47(12):2357-63.
Available from:
https://linkinghub.elsevier.com/retrieve
/pii/S0735109706008606

Benjamin EJ], D’Agostino RB, Belanger
AJ, Wolf PA, Levy D. Left Atrial Size and

the Risk of Stroke and Death.
Circulation  [Internet]. 1995  Aug
15;92(4):835-41. Auvailable from:

https://www.ahajournals.org/doi/10.116
1/01.CIR.92.4.835

Nagueh SF, Sanborn DY, Oh JK,
Anderson B, Billick K, Derumeaux G, et
al. Recommendations for the Evaluation
of Left Ventricular Diastolic Function by
Echocardiography and for Heart Failure
With  Preserved  Ejection  Fraction
Diagnosis: An Update From the
American Society of Echocardiography. ]
Am Soc Echocardiogr [Internet]. 2025 Jul
1;38(7):537-69. Available from:
https://doi.org/10.1016/j.echo.2025.03.
011

Patel DA, Lavie CJ, Milani R V., Ventura
HO. Left Atrial Volume Index Predictive
of Mortality Independent of Left
Ventricular Geometry in a Large Clinical
Cohort  With  Preserved  Ejection
Fraction. Mayo Clin Proc [Internet].
2011 Aug;86(8):730-7. Available from:
https://linkinghub.elsevier.com/retrieve

/pii/S0025619611651756

16.

17.

18.

19.

20.

Ekstrom M, Hellman A, Hasselstrom J,
Hage C, Kahan T, Ugander M, et al. The
Transition from  Hypertension to
Hypertensive Heart Disease and Heart
Failure: The Prefers Hypertension Study.
ESC Hear Fail [Internet]. 2020 Apr
1;7(2):737-46. Available from:
https://academic.oup.com/eschf/article/
1/2/131/8373132

Nagueh SF, Lakkis NM, Middleton K]J,
Spencer WH, Zoghbi WA, Quinones
MA. Doppler of Left
Ventricular Filling Pressures in Patients
With  Hypertrophic Cardiomyopathy.
Circulation  [Internet]. 1999  Jan
19;99(2):254-61. Available from:
https://www.ahajournals.org/doi/10.116
1/01.CIR.99.2.254

Reza Pratama A, Satrijo B, Fuji Rahimah
A, Sargowo D, Tri Tjahjono C, Rizki
Fadlan M. Role of LAVi/A’ and E/” as A
Predictor of Major Adverse Cardiac
Event on Patient with Acute Myocardial
Infraction with ST Segment Elevation

Estimation

Undergo Through Percutaneous
Coronary Intervention. Hear Sci ]
[Internet]. 2021 Feb  28;2(1):30-5.
Available from:

https://heartscience.ub.ac.id/index.php/
heartscience/article/view/151

Siddique T, B SS, Javed F, Qureshi IH,
Riaz MK. Assessment of diastolic
dysfunction in hypertensive patients and
its association with left ventricular mass
index. Ann King Edward Med Univ
[Internet]. 2016 Mar 30;12(2). Available
from:
http://www.annalskemu.org/journal/ind
ex.php/annals/article/view/885

Chen Y, Sato H, Watanabe N, Adachi T,
Kodani N, Sato M, et al
influencing left atrial volume in treated
hypertension. ] Cardiol [Internet]. 2012
Aug;60(2):133-8. Available from:
https://linkinghub.elsevier.com/retrieve
/pii/S0914508712000913

Factors

https://ijournalar.com

| Batool et al., 2026 |

Page 4174



INTERNATIONAL JOURNAL OF ADVANCED RESEARCH

International Peer-Reviewed Research

ISSN (Online): 3106-7980 | ISSN (Print): 3106-7972

Volume 3 ¢ Issue S * September 2026

Journal

21.

Milan A, Caserta MA, Dematteis A, Naso

D, Pertusio A, Magnino C, et al. Blood
pressure levels, left ventricular mass and
function are correlated with left atrial

volume in mild to moderate hypertensive
patients. ] Hum Hypertens [Internet].
2009 Nov 5;23(11):743-50. Awvailable

from:

https://www.nature.com/articles/jhh200

915
Muntner P, Shimbo D, Carey
Charleston JB, Gaillard T, Misra S,

Measurement

22.

28.

RM,

et al.

of Blood Pressure in

Humans: A Scientific Statement From

the
Hypertension

1;73(5):e35-66.

Heart
[Internet]. 2019
Available

American

from:

Association.

May

https://doi.org/10.1161/HYP.00000000

00000087
23.

Fung A, Lindow T, Kozor R, Strange G,

Playford D, Ugander M. Left Atrial
Volume Index by Echocardiography—

Improved, Objective,

and  Simplified

Cutoff Values for Abnormality Based on
Association With Survival. Hear Lung

Circ [Internet].
Available
https://linkinghub.elsevier.com/retr
/pii/S1443950624008163

24. van de Bovenkamp AA, Enait V, de

2024 Aug;33:5200-1.

from:

ieve

Man

FS, Qosterveer FTP, Bogaard HJ, Vonk
Noordegraaf A, et al. Validation of the

2016 ASE/EACVI  Guideline

for

Diastolic Dysfunction in Patients With

Unexplained Dyspnea and a Preserved

Left Ventricular Ejection Fraction. ] Am

Heart Assoc
21;10(18).

2021

[Internet].

Available

Sep

from:

https://www.ahajournals.org/doi/10.116

1/JAHA.121.021165
25.

Pathophysiological ~Basis

Remodeling. 2024;12(1):1-9.

26. Anwar MA.

Ajayi S, Ajayi P, Ajayi S, Euro C, Bio JE.
of Cardiac

Echocardiographic

Assessment of Diastolic Dysfunction in

Patients ~ with  Poorly
Hypertension. 2024;2(2):8-14.

Controlled

27.

29.

30.

31.

Taugeer M, Saleemi MS, Akhtar A,
Ramzan F, Khan MA, Zaffar MZ.
Association Between Left Atrial Volume
Index and Severity of Diastolic
Dysfunction in Hypertensive Patients.
Pakistan Hear ] [Internet]. 2025 Jun
30;58(2):260-5. Available
https://pakheartjournal.com/index.php/
pk/article/view/2853

Pritchett AM, Mahoney DW, Jacobsen
SJ, Rodeheffer R], Karon BL, Redfield
MM. Diastolic dysfunction and left atrial
volume. ] Am Coll Cardiol [Internet].
2005 Jan;45(1):87-92. Available from:
https://linkinghub.elsevier.com/retrieve
/pii/S0735109704019473

El Aouar LMM, Meyerfreud D,
Magalhies P, Rodrigues SL, Baldo MP, El
Aouar SM, et al. Relationship Between
Left Atrial Volume and Diastolic
Dysfunction in 500 Brazilian Patients.
Arq Bras Cardiol [Internet]. 2013;
Available from:
http://www.gnresearch.org/doi/10.5935
/abc.20130109

Ahmed F, Imam B, Muhammad S, Shah
AA, Shah SDA, Lashari MN. Association
Between Left Ventricular Stiffening and
Left Atrial Dilatation in Hypertensive
and Normotensive Patients. Pakistan

Hear ] [Internet]. 2025 Oct 2;58(3):342-

from:

50. Available from:
https://pakheartjournal.com/index.php/
pk/article/view/2634

Nagueh SF, Smiseth OA, Appleton CP,
Byrd BF, Dokainish H, Edvardsen T, et
al. Recommendations for the Evaluation
of Left Ventricular Diastolic Function by
Echocardiography: An Update from the
American Society of Echocardiography
and the European Association of
Cardiovascular Imaging. ] Am Soc
Echocardiogr [Internet]. 2016 Apr
21;29(4):277-314. Available from:
https://www.ahajournals.org/doi/10.116
1/JAHA.121.021165

https://ijournalar.com

| Batool et al., 2026 |

Page 4175



INTERNATIONAL JOURNAL OF ADVANCED RESEARCH

International Peer-Reviewed Research

Journal

ISSN (Online): 3106-7980 | ISSN (Print): 3106-7972

Volume 3 ¢ Issue S * September 2026

32. Ullah I. Understanding the Inte

rplay

Between Left Ventricular Stiffening and
Left Atrial Remodeling: A Step Toward
Early Cardiovascular Risk Stratification.

Pakistan Hear ] [Internet]. 2025

Oct

2:58(3):351-2. Available from:
https://pakheartjournal.com/index.php/

pk/article/view/3338

33. Cuspidi C, Negri F, Sala C, Valerio C,

Mancia G. Association of left atrial

enlargement  with  left  ventricular
hypertrophy and diastolic dysfunction: A

tissue Doppler study

mn

echocardiographic practice. Blood Press
[Internet]. 2012 Feb 13;21(1):24-30.
Available from:
http://www.tandfonline.com/doi/full/1

0.3109/08037051.2011.618262

34. Nagueh SF, Smiseth OA, Appleton CP,
Byrd BF, Dokainish H, Edvardsen T, et

al. Recommendations for the Evaluation

of Left Ventricular Diastolic Function by
Echocardiography: An Update from the
American Society of Echocardiography

and the European Association

Cardiovascular Imaging. ] Am

of

Soc

Echocardiogr [Internet]. Apr;29(4):277-
314. Available from:
https://linkinghub.elsevier.com/retrieve

/pii/S0894731716000444

35. Miljkovi¢ T, Ili¢ A, Milovanlev A,
Bjelobrk M, Stefanovi¢c M, Stojsi¢-
Milosavljevi€ A, et al. Left Atrial Strain as
a Predictor of Left Ventricular Diastolic
Dysfunction in Patients with Arterial
Hypertension. Medicina (B Aires)

[(Internet]. 2022 Jan 20;58(2):156.
Available from:
https://www.mdpi.com/1648-
9144/58/2/156

36. Uretsky S, Messerli FH, Bangalore S,
Champion A, Cooper-DeHoff RM, Zhou

Q, et al. Obesity Paradox in Patients

with

Hypertension and Coronary Artery
Disease. Am ] Med [Internet]. 2007

Oct;120(10):863-70.  Available from:
https://linkinghub.elsevier.com/retrieve

/pii/S0002934307006808

https://ijournalar.com

| Batool et al., 2026 |

Page 4176



