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Abstract

Background: The increased prevalence of obesity and its strong association with cardiovascular disease has resulted in exceptional
awareness for obese individuals. Obesity affects the hemodynamics of the cardiovascular system in general and left ventricular diastolic
function in specific. In this study, we aimed to estimate the effect of obesity on the echocardiographic left ventricular diastolic function
indices.

Patients and Methods: In this case-control study, we included 113 patients from Fayhaa General Hospital in Basrah between Feb and Aug
2016. The patients who were free of diabetes mellitus, hypertension, and any history of heart diseases -structural or functional met the
eligibility criteria. The patients were divided into three groups based on their BMI including; 45 patients with normal BMI as the control
group, 35 overweight patients, and 33 obese patients as case groups.

Results: BMI is positively and directly correlated to both Peak A Velocity and DT, and negatively on the E/A Ratio with inverse correlation.
Higher BMI is correlated with worsening diastolic function regardless of traditional risk factors for diastolic dysfunction. The increase in
age of more than 45 years has a significant association with all the indices of LVDD except for DT. The study reveals that smoking resulted
in a significant acute alteration in the LV diastolic function.

Conclusions: All obesity grades have unfavorable consequences on the LV diastolic function, with subclinical changes in diastolic indices
(Peak E, Peak A, E/A Ratio, and DT), in individuals with no previous comorbidities, even after adjustment for (age, sex, and smoking).
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The differences in the regional or global strain of LV
structure may be identified even years before they
besity is a chronic disease of multifactorial develop signs and symptoms of heart failure (HF)

etiologies and represents a high risk for (2). Diastolic dysfunction (DD) may occur in
health, reaching epidemic proportions (1). individuals with isolated obesity due to defective

Obesity directly affects cardiovascular ventricular loading as the increase in cardiac output

hemodynamics and indirectly increases overall and stroke volume leads to dysfunction (4, 7).
morbidity and mortality (2). Body Mass Index
(BMI) is the standard measure of obesity with the
impact of the LV mass, wall thickness, and internal
dimension (3), regardless of the existence of
comorbidities like diabetes mellitus, renal failure,

Introduction

Unlike the systolic dysfunction that is not so
common (7), the DD is the most important
component of cardiac function impairment
reflecting abnormalities of diastolic dimensions,
filling or relaxation of the LV (1, 8, 9). Diastolic
function abnormalities can lead to an increase in the
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Left Ventricular End Diastolic Pressure i.e.
(LVEDP), Mean Left Atrial Pressure (MLAP), and
Pulmonary Capillary Wedge Pressure (PCWP)
(collectively named LV filling pressure). Filling
pressures are elevated if the mean PCWP is more
than 12 mmHg, and LVEDP is more than 16 mm Hg
(10).

Diastolic function evaluation has become a vital part
of any full echocardiographic examination and is
recommended by the current guidelines. No
parameter is specific for DD prediction and elevated
filling pressure because of load dependence and the
effects of an increase in heart rate and ageing. So,
integrations of two-dimensional echo findings with
multiple Tissue Doppler Imaging (TDI) parameters
are essential for diastolic function assessment (10).

The diagnosis of DD is made more challenging by
obesity and limiting its assessment by flow Doppler,
given that most diastolic indices are load-dependent
(1) such as mitral inflow velocities and LV ejection
fraction (LVEF). The evaluation of functional
abnormalities whether obesity-related or loading
condition-related related cannot be assured (8).

DD contributes to the development of Heart Failure
with a Preserved Ejection Fraction (HFpEF) (1, 8),
which occurs with no valvular or pericardial lesions
and carries a better short-term prognosis as
compared to HF due to systolic dysfunction,
however, the hospitalization and mortality on long-
term are almost the same (10).

The high prevalence of obesity increases
cardiovascular risk because it is a modifiable and
independent risk factor for several morbidities (11),
especially in women (12), and requires thorough
echocardiography in obese individuals, with respect
for their peculiarities to identify high-risk
individuals for early intervention (1, 4). The
morbidity and mortality may occur at a younger age
because of the initial commencement of the disease
process and may be avoided by initiation of weight
loss primarily (1, 13). This study aimed to evaluate
the effect of obesity on the Echocardiographic Left
Ventricular Diastolic Indices.

10.33762/mjbu.2024.151891.1247

Patients and Methods
Study design

This case-control study included 113 individuals
from Fayhaa General Hospital in Basrah from
February to August 2016. These persons were
referred from the outpatient clinics for clinical
evaluation. After receiving, the informed consent
from these patients, we obtained a history of the
patients and collected the basic information
including age, sex, and smoking history. The
overweight and obese patients were considered
cases and the normal weight was the control group
in this study.

Inclusion and exclusion criteria

The obese and non-obese individuals aged 18 years
and older of both male and female genders were
eligible for this study. The patients with the
following comorbidities were excluded from the
study; cardiovascular diseases like ischemic heart,
peripheral vascular and cerebrovascular diseases;
hypertension with or without antihypertensive
treatment; diabetes mellitus with or without
antidiabetic treatment; valvular heart diseases. The
patients were excluded from the study if they had
systolic BP>140 mmHg with or without diastolic
BP>90 mmHg which defined hypertension and
confirmed the next day. We excluded eight patients
from the study because they had DM i.e. (HbAlc >
6.5 and fasting blood sugar >126 mg/dl with
confirmation of abnormal results on repetition).

Data collection and measures

The general information of the patients was obtained
through a self-reported technique and recorded in a
pre-designed questionnaire. The patients were
labeled as current smokers if they have smoked one
hundred cigarettes or more in their lifetime and
presently smoke on a daily or non-daily basis. Non-
smokers were those who were former smokers or
never smokers.
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Anthropometric Measurements

Initially, the height, weight, and BMI of 147 patients
were measured according to the World Health
Organization, BMI was calculated using:

BMI= (Weight in Kilogram) / (Height in M?) So,
individuals with BMI less than 25kg/m? were
determined as normal weight, those with BMI range
(25 - 29.9) kg/m? were considered overweight, and
patients with BMI > 30kg/m? were considered obese
patients. Blood pressure was measured using a
standard sphygmomanometer with the patient seated
in a quiet environment following five minutes of
rest. An average of two readings, at least thirty
seconds apart were considered the mean value of
blood pressure. Accordingly, 26 patients were
labeled as newly diagnosed hypertension (sixteen
patients obese, eight overweight, and two below 25
kg/m?) and excluded from the study.

Biochemical Measurements

From each patient, after an 8-12 hour fasting, 10 ml
of blood was taken and divided into two tubes
(EDTA tube, and clot activator tube), centrifuged,
and analyzed. HbAlc measurement was done by lon
Exchange High-Performance Liquid
Chromatography HPLC using a Biorad D10. Fasting
blood sugar from clot activator tube measured using
Biolyzer 300, Germany.

Echocardiographic Measurements

We divided the remaining 113 patients who met the
enrollment criteria into three groups (45 patients
with BMI<25 kg/m? as a control group), 35 with
overweight, and 33 with obese as case groups). One
trained echocardiographer examined the patients
using transthoracic echocardiography (Philips
CX50). The LV diastolic function assessment was
performed using an apical 4-chamber view. The
Pulsed-Wave Doppler Imaging tested the transmitral
flow at the level of mitral valve leaflet tips. We
evaluated the peak velocities of the Early Phase
(Peak E) and Late Phase (Peak A) of the mitral
inflow; the ratio between them (E/A), and the
Deceleration Time (DT) —that is the time taken from
10.33762/mjbu.2024.151891.1247

the maximum E point to baseline and peak
pulmonary artery pressure. Assessment of all
parameters was according to the ASE and the
EACVI recommendations (14).

Statistical Analysis

Description of continuous variables (age, BMI, and
diastolic function indices E, A, E/A ratio, and DT)
was performed as Mean + Standard Deviation SD.
The categorical variables (BMI, age, sex, and
smoking) were presented as frequencies and
percentages. Assessment of these variables was done
using One-way ANOVA with Post Hoc analysis and
Mean Plots tests. The results are statistically
significant only if the p-value is less than 0.05. Data
were tested using IBM SPSS statistical software
version 22.0 (IBM Corp. Released 2013. IBM SPSS
Statistics for Windows, Version 22.0. Armonk, NY:
IBM Corp.).

Results

General characteristics of patients by BMI
Categories

We enrolled 113 patients with a mean age (46.2+6.9
years, ranging from 38 - 63 years). Out of them 46
(40.7%) were males and 34 (30.1%) were current
smokers. By using the 45 years as a cut point to
divide the patients, patients aged < 45 years were 58
(51.3%), and those with age > 45 years were 55
(48.7%).

The mean BMI of the sample is (27.24+3.80 kg/m?).
The BMI was the parameter to divide the patients
into three groups: Patients with BMI (<25 kg/m?):
(Normally weighed group) were 45 (39.8%), males
were 12 (26.1%), 9 (26.5%) were current smokers
and 22 (40%) aged 45 years and more. The mean
BMI in this group is (23.54+0.17 kg/m?). Patients
with BMI (25 - 29.9 kg/m?): (Overweight group)
was 35 (31%), in this group 23 (50%) were males,
13 (38.2%) were current smokers, and 11 (20%)
were aged > 45 years. The mean BMI here is
(26.96+0.66 kg/m?). Patients with BMI (> 30
kg/m2). (Obese group) were 33 (29.2%), 11
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(23.9%), 12 (35.3%) current smokers, and 22 (40%)
aged >45 years. The mean BMI here is (32.57+1.20
kg/m?; Table 1).

Table 1: General characteristics of the study population by BMI Categories (N=113)

All patients
General characteristics
N (%)

BMI Categories

Kg/m? N (%)

Normal Overweight Obese
<25 25-29.9 =30

45 (39.8) 35 (31) 33(29.2)

Age Mean (SD) 46.23 (6.91) 43.3 (3.50) 52.6 (8.30)
<45 58 (51.30) 23 (39.70) 24 (41.40) 11 (19)
Age Group (year)
>45 55 (48.70) 22 (40) 11 (20) 22 (40)
Male No (%) 46 (40.70) 12 (26.10) 23 (50) 11 (23.90)
Smokers No (%) 34 (30.10) 9 (26.50) 13 (38.20) 12 (35.30)
Peak E cm/s 77.92 (4.48) 75.69 (4.89) 82.00 (3.14) 76.67 (0.48)
Diastolic Function Peak A cm/s 65.26 (13.64) 53.96 (4.70) 68.43 (14.15) 77.33(8.18)
Indices M(SD) E/A ratio 1.24 (0.25) 1.53 (0.15) 1.13 (0.24) 1.00 (0.19)
DT ms 172.50 (16.87) 157.22 (7.73) 170.63 (2.95) 195.33 (6.00)

Relation between BMI and the Left Ventricular
Diastolic Function

The means of peak E-wave, peak A-wave, E/A ratio,
and DT in the study population were (77.9+£4.48 cm/s,
65.2£13.6 cm/s, 1.24+0.25, and 172.5£16.8 ms)
respectively. The mean Peak E-wave (cm/s) was
increased from (75.6+4.8) in patients with normal
weight to be (82+3.14) in overweight patients and
decreased to 76.67+0.47 in obese patients. The mean
peak A-wave (cm/s) was increased from 53.9+4.6
cm/s in normal BMI to 68.42+14.1 cm/s in
overweights, and to 77.33+8.18 cm/s) in obese. The
E/A ratio in the normal BMI was 1.41+0.17 was

10.33762/mjbu.2024.151891.1247

decreased to 1.25+0.25 in overweight, and decreased
further to 1.0£0.11 in obese. The DT (ms) in the
normal weight group 157.2+7.73 ms) was increased in
overweight’s to 170.6342.9 ms and in the obese
patients to 195.33+£5.9 ms (Table 2a).
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Table 2a: Correlation between BMI and Diastolic Function
Indices

Diastolic function indices Mean (SD)

E/A

DT#
Normal
weight 75.69 53.96 (4.70) 1.41(0.17) 157.22 (7.73)
(4.88)
<25
Overweight
?32&% (?j‘l‘g) 125(025) | 170.63 (2.95)
25-29.9 : '
Obese 76.67
- 77.33(8.18) | 1.00(0.11) | 195.33 (6.00)
(0.48)
>30
P <0.0005 “Bycm/s  Fbyms

The study showed that the mean value of the Peak E
of the overweight patients (82.00 cm/s) was
significantly higher than the patients with normal
weight (75.69 cm/s) and obese patients (76.67 cm/s).
However, in terms of Peak A, the patients with higher
BMI had higher mean values compared to those with
lower BMI. A similar pattern was found for the DT
between study groups as well (Table 2b and Fig 1).
Table 2b: Pairwise comparisons of Peak E between
study groups

BMI kg/m?

P- value

Normal weight < Overweight <0.0005

Peak E cm/s
Normal weight Obese <0.233
Overweight > Obese <0.0005

* In between-group comparison for all of the Peak A, E/A ratio, and
DT were statistically significant (p<0.0005)

10.33762/mjbu.2024.151891.1247
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Figure 1: Mean Plot of LV Diastolic Function Indices
vs. BMI

The Echo Indices among patients’ characteristics

Peak E: In terms of Peak E, the study showed that the
younger patients (<45 years old) had significantly
higher mean values (80.51) compared to those patients
aged >45 (75.20; P<0.0005). In addition, its mean
value was significantly higher in female patients
(77.14) vs. male patients (79.06; P=0.025). Its mean
values were not statistically significant among smoker
and non-smoker patients (P=0.195).

Peak A: About Peak A, in contrast with Peak E, the
study showed that the mean value of Peak A was
significantly higher in older patients vs. younger
patients (70.20 vs. 60.58; P<0.0005) and in male vs.
female patients (69.58 vs. 62.29; P=0.005). A similar
pattern was found in terms the Peak A in smoking
categories.

E/A ratio: The mean value of E/A ratio was
significantly higher in younger patients (1.37) vs.
older patients (1.10; P<0.0005). Its level was not
statistically significant between genders (P=0.11) and
smoking (P=0.307).

DT: The level of DT was not statistically significantly
different in different age groups (P=0.429) and sex
(0.058). But, its level was significantly higher in
current smokers compared to non-smokers (179.44 vs.
169.51; P=0.004; Table 3).
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Table 3: Comparison of Echo Indices in patients with different characteristics

Cofounders

Echo indices mean (SD)

Peak A"

E/A ratio

(p-Value) (p-Value)

<45 80.51 (4.05) 60.58 (12.01) 1.37 (0.24) 171.27 (15.94)
Age >45 75.20 (3.08) 70.20 (13.60) 1.10 (0.17) 173.80 (17.86)
p-value <0.0005 <0.0005 <0.0005 0.429
Male 79.06 (4.32) 69.58 (15.75) 1.19 (0.28) 176.13 (14.69)
Sex Female 77.14 (4.45) 62.29 (11.16) 1.27 (0.22) 170.01 (17.91)
p-value 0.025 0.005 0.11 0.058
Current 78.76 (4.44) 68.58 (14.94) 1.21 (0.28) 179.44 (16.47)
Smoking Non 77.56 (4.48) 63.83 (12.87) 1.25 (0.24) 169.51 (16.25)
p-value 0.195 0.089 0.307 0.004
* By cm/s; #by ms

Discussion

Our study has shown that the E, A, E/A, and DT values
did not differ so much across the spectrum of obesity
groups, and the associations of these indices with
obesity are significant and as reported in many studies
(6, 11, 12, 15-17). We found that different degrees of
changes in LV diastolic function indices were
common in our cohort, and these alterations in
diastolic function correlated strongly with BMI (15,
17). The overall changes in diastolic function indices
in our study were similar to those of AlJaroudi et al.
and Kuznetsova et al. (18, 19), with a similar
distribution of patients among BMI groups. Our
results were additionally strengthened and supported
because the majority of our patients were
hypertension-free, with a much younger cohort than
10.33762/mjbu.2024.151891.1247

that presented by Russo (11, 18) and AlJaroudi (18) et
al. Of particular interest are patients who are <45 years
old.

So, pathophysiologically speaking, the presence of
lone obesity may be a determinant of the subclinical
abnormalities in cardiac function and subsequent
LVDD, which is present in all grades of isolated
obesity and with a correlation to the BMI (7, 15, 17).
Peterson et al. studied uncomplicated obese
individuals and found that there was only impaired
diastolic function with normal or hyperdynamic
systolic function (12). We found that diastolic function
derangements are common, not only in severely obese
individuals but also in overweight, and alterations in
diastolic function correlated strongly with BMI; that is
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similar to Pascual et al. and Pandey et al. results (7,
15).

Due to obesity-associated chronic volume overload,
the cardiac adaptive and remodeling mechanism
occurs in the form of an early eccentric ventricular
all obese individuals may have some architectural
cardiac changes and cardiomyopathy (7, 15, 17). The
increasing body adiposity will alter the cardiac
metabolism, leading to myocardial fatty infiltration,
inflammation and cardiac lipotoxicity (18), insulin
resistance, and neuroendocrine activation (22),
impairment of the relaxation of LV, and elevation in
LV diastolic filling pressures (8), and increased
dependency on LA contraction for average filling (7,
15). Afterload is elevated, not only because of
increased preload but also because obesity will raise
vascular resistance and heighten the conduit artery
stiffness (20, 21).

Higher BMI is associated with diastolic function
worsening regardless of the traditional risk factors
known to cause DD (1), or by promoting other risk
factors such as hypertension, dyslipidemia, and DM
with unknown mechanisms (16, 22).

The Doppler method of measuring indices of LV
filling is valuable in assessing diastolic function.
However, it is known that obesity causes volume
overload, so normal values of the diastolic function
parameters may result. The increased left atrial
pressure due to intravascular volume can mask the
derangements observed in the early phases of
abnormal diastolic relaxation (15).

Regarding the diastolic function in this study, there
was an inverse association between E/A ratio which is
showing a DD predominantly of abnormal relaxation
type to the extent that BMI increases. These findings
corroborate the literature, in which increased BMI is a
predictor of LVDD, regardless of age and presence of
comorbidities (15, 23).

When we introduce other confounders to BMI to affect
the LV diastolic function like age, sex, and smoking,
there was no statistical significance in the deceleration
time of the obese group, especially in males and in

10.33762/mjbu.2024.151891.1247

those older than 45 years when compared to the
patients with BMI<25 kg/m?. Our results are similar to
Shalaby et al. because the mitral DT was significantly
greater in the BMI>30 kg/m? group (8).

It is important to note that the rate and extent of
ventricular relaxation are not the only leading causes
of the mitral inflow changes, but also it is affected by
age, and loading premorbid conditions (8, 21). The DT
was significantly prolonged in the obese patients (7,
17). Our findings matched the observations of Chadha
etal. (17) and Di Bello et al. (21).

Taking the age as a lone confounder to the BMI in
different groups strengthens the results of our study.
The total age mean was (46.2+6.9 years and a range of
38-63 years) which is similar to Illyas et al. (1) and Kog
et al. (24), with similar distribution between groups. It
is less than that of Rubio et al. and Russo et al. (11,
25), because they dealt with a larger number of elderly
obese patients, and it is more than that of Kumar (6),
Pandey (7), Yassen (13), and Pascual (15) et al. who
dealt with a smaller number of young adult patients.

The second confounder is gender. We try to decrease
the gender-related biased effect on the LV diastolic
function among obese individuals, our sample is
nearly regularly distributed between the two genders,
with a male population constituting 41% of the
patients and similar BMI means (27.68+3.29 kg for
males and 26.92+4.11 kg for females). There is a
significant relation between this confounder and the
diastolic indices except for the DT which is similar to
Russo (11), Sokmen (26), and Lee (27) et al. with a
similar distribution.

Poyraz et al. (9) neglected the gender effect on
obesity-related DD by having a male-to-female ratio
of 6:1. Peterson et al. (12) and Pascual et al. (15), dealt
only with obese females, and Shekharappa et al. (28),
dealt only with obese males.

Past studies suggested that women diminish their
diastolic function more quickly than men, even in a
normal ageing process regardless of the BMI (29, 30),
and with obesity, it is worsening (15, 30), which may
be due to the lost protective effect of estrogen in
preventing the cardiac remodeling and DD (31).
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The effect of smoking as a significantly associated
confounder for BMI on DD is evident in this study,
especially in the obese patients group, but not we
consider the patient in the cohort as a unity, which is
similar to Karakaya et al. (32). About one-third of the
enrolled patients are current smokers, which is similar
to their prevalence in Bennet et al. (33) study.

Chronic smoking has acute on chronic effects on the
diastolic function in healthy individuals, which may be
due to changes in the mitral inflow that cause
impairment of the endothelial relaxation (33-35),
producing a significant decrease in (Peak E) and
increase in (Peak A) velocities with consequent
reduction in E/A ratio (35, 36). The etiology of these
changes is multifactorial, and cannot be elucidated
only by the heart rate increase or loading conditions
changes (32, 36).

Even in the presence of age, gender, and smoking as
confounders to BMI to affect the DD in our cohort, the
effect of BMI per se is evident on all the diastolic
function indices.

Limitation of the Study

The study faced several limitations due to its single-
centre design, small sample size, and overall design,
which restricted its ability to identify confounders and
draw cause-effect inferences. Additionally, despite
efforts to select healthy subjects, we cannot guarantee
that all participants were indeed healthy, potentially
affecting our results. The lack of a detailed history of
obesity duration and the absence of a longitudinal
follow-up to assess whether diastolic dysfunction
(DD) was worsening further limited our ability to
evaluate the prevalence of clinically evident
morbidities accurately.

Moreover, the evaluation of left ventricular diastolic
dysfunction (LVDD) in our study did not include high
load dependence parameters, such as isovolumic
relaxation time or pulmonary venous flow, which
would have allowed us to detect DD even in pseudo-
normalized flow patterns. Another limitation was that
body mass index (BMI) was the only measure of
obesity used. Investigating body fat distribution,
cytokines, leptin, and renin-angiotensin-aldosterone

10.33762/mjbu.2024.151891.1247

system activity could have provided more insight into
the underlying mechanisms.

Finally, the study did not include any invasive
measures of LVDD. The echocardiographic
measurements and velocities used are quantitative
traits subject to measurement errors, which could
impact the study's findings.

Conclusions

The study highlights that all grades of obesity have
unfavorable consequences on LV diastolic function,
significantly associating with all subclinical LVDD
indices in patients with no previous comorbidities,
even after adjustments for age, sex, and smoking.
Specifically, BMI shows a positive and direct
correlation with both Peak A Velocity and
deceleration time (DT), while negatively impacting
the E/A Ratio, revealing an inverse relationship. The
correlation between BMI and Peak E velocity is
described as funnel-shaped. The worsening of LV
diastolic function occurs with higher BMI irrespective
of traditional risk factors, underlining the critical
impact of obesity on cardiac health. Overwhelming
evidence supports the importance of obesity in the
pathogenesis of LVDD. Furthermore, there is a
significant association between increases in age
beyond 45 years and LVDD indices, except for DT,
and also a significant association between gender and
LVDD, except for DT and E/A ratio. The study also
reveals a statistically significant relationship between
smoking and DT, indicating that cigarette smoking can
result in a significant acute alteration in LVVDD.

Recommendations

As recommended by recent guidelines, the evaluation
and integration of diastolic baseline and follow-up
function must become an integral part of a
comprehensive echocardiographic assessment. When
evaluating obese individuals, it is essential to consider
the effect of higher BMI values on the cardiovascular
system in general, and left ventricular diastolic
dysfunction (LVVDD) specifically, as these individuals
may have treatable preclinical or subclinical diastolic
dysfunction.
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To gain further insights, a prospective long-term
longitudinal study should be conducted to answer key
questions, such as the effect of weight reduction on
LVDD and whether significant weight loss can reverse
diastolic dysfunction earlier and potentially alter
outcomes. Given the high frequency of changes in LV
diastolic indices in the preclinical phase among
morbidly obese individuals, a careful
echocardiographic assessment is required to identify
those at greater risk, enabling earlier interventions.
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