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ABSTRACT

Background: Obesity constitutes a major health issue in the modern world. The purpose of this prospective study
was to assess the effect of obesity on ventricular function by conventional 2D echocardiography and echocardiogram
for assessment of early cardiac changes.

Methods: In the present study, 50 asymptomatic obese subjects having BMI >30 were compared with 50 normal
individuals having BMI in the range 20-24.9 to assess cardiac performance. The study was conducted over a period of
2 years, from 2009 to 2011.

Results: There were 20(40%) males and 30(60%) females in both the groups. The ejection fraction was not
significantly affected in obese subjects (60.86+1.34%) than normal individual (60.42+1.18%) which was found to be
statistically not significant. So, in this study systolic function was not affected. The thickness of left ventricle was
significantly increased in obese subjects (1.016+0.113 cm) than normal individual (0.77+0.073 cm) which was found
to be statistically significant.

Conclusions: The current study revealed increased wall thickness and mass of Left Ventricle (LV), significantly
increased risk of LV diastolic dysfunction, evidence of Left Atrial (LA) enlargement associated with diastolic
dysfunction, evidence of subclinical LV systolic dysfunction and Right Ventricular (RV) dysfunction among obese
subjects in comparison with normal individuals.
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INTRODUCTION

Overweight and obesity are defined as abnormal or
excessive fat accumulation that may impair health. The
prevalence of overweight and obesity is increasing
worldwide.! Obesity has emerged as a major public
health threat for all strata of the society worldwide.
Worldwide obesity has nearly tripled since 1975.2
Individuals from so called disadvantaged communities is
not exempted from the epidemic. They are also at the risk
of obesity and its complications. Obesity is perhaps the

most prevalent form of malnutrition.® Epidemiologic
studies have identified high Body Mass Index (BMI) as a
risk factor for an expanding set of chronic diseases,
including cardiovascular disease, diabetes mellitus,
chronic kidney disease many cancers and an array of
musculoskeletal disorders.*”

In recent years obesity has attracted the attention of
medical fraternity. Obesity has now become an important
health problem in developing countries particularly India
which is a country experiencing rapid epidemiological
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transition. Serial National surveys in India have
demonstrated an increasing trend in the prevalence of
obesity.8°

Obesity affects more than 135 million individuals in
India. According to the nationwide, population-based
Indian Council of Medical Research-India Diabetes
(ICMR-INDIAB) study, the prevalence of generalized
obesity (defined as BMI >25 kg/m?), varied from 11.8%
in Jharkhand (east India)to 31.3% in Chandigarh (north
India).'® Recent study conducted on rural, urban-poor and
urban-middle class women reported the prevalence of
overweight/obesity (BMI >25 kg/m?) as 22.5, 45.6 and
57.4%, respectively.!! Risk factors for Coronary Artery
Disease (CAD) were not formally established until the
initial findings of the Framingham Heart Study in the
early 1960s. Obesity not only increases morbidity and
mortality but is also a significant predictor of coronary
artery disease, and congestive heart failure independent
of other standard risk factors for ischemic cardiac
disease. Definitions of “metabolically healthy obesity”
vary, and over time, a substantial proportion of those with
metabolically healthy obesity transition to metabolically
unhealthy. The risk of CVD events, particularly HF, may
be increased with obesity even in the absence of
metabolic risk factors.!> A wealth of clinical and
epidemiological evidence has linked obesity to a broad
spectrum of Cardiovascular Diseases (CVD) including
coronary heart disease, heart failure, hypertension, stroke,
atrial fibrillation and sudden cardiac death.

Obesity can increase CVD morbidity and mortality
directly and indirectly. Direct effects are mediated by
obesity-induced structural and functional adaptations of
the cardiovascular system to accommodate excess body
weight, as well as by adipokine effects on inflammation
and vascular homeostasis. Indirect effects are mediated
by co-existing CVD risk factors such as insulin
resistance, hyperglycemia, hypertension and
dyslipidemia.™

The INTERHEART study reported the importance of
conventional risk factors associated with CAD.** The
present study was undertaken with the aim of assessing
cardiac profile of asymptomatic obese patient, to quantify
the clinical spectrum to achieve the following objectives,

e To study distribution of cardiovascular disease in
asymptomatic obese individuals.

e To study the electrocardiogram and
Echocardiography findings of all the selected
subjects for assessment of early cardiac changes.

e To compare cardiac performance between
asymptomatic  obese individual and normal
individuals.

METHODS

Hospital based cross-sectional study was undertaken at
medicine department of Dr. V.M. Government Medical

College, Solapur, a tertiary care health center located at
Maharashtra, central India. Study was carried out from
the 2009 to 2011, for a period of two years. Total 50
Asymptomatic obese cases and 50 normal individuals,
age andgender matched, were enrolled in the present
study. Asymptomatic subjects having BMI more than 30
and normal matched healthy individuals having normal
BMI (18.5 to 25 kg/m?) willing to participate in the study
were enrolled in the present study. Symptomatic subjects
from any disease or abnormalities were excluded from
study.

Anthropometric measurements

Height was measured by wall-mounted stadiometer
(Model 206, Seca, Hamburg Germany) up-to the nearest
centimeter. Subjects were asked to stand upright without
shoes, with their back against the wall, heels together and
eyes directed forward. Weight was measured with
aportable electronic weighing scale (Model HN 283,
Omron Corporation, Shimogyo-ku, Kyoto, Japan) kept on
a firm horizontal surface.

The subjects were asked to wear light clothing and
remove footwear. Weight was recorded in kilograms to
the nearest 0.5 kg. Body mass index was calculated as
weight in kg/m?(height in meter squared).’® Waist
circumference was measured using a non-stretchable
measuring tape. The subjects were asked to stand erect in
a relaxed position with both feet together. Waist girth was
measured at the midpoint between the iliac crest and the
lower margin of the ribs at the end of expiration, to the
nearest centimeter.

Blood pressure

Blood pressure was recorded with electronic apparatus
(model 1A2, Omron Corporation, Shimogyo-ku, Kyoto,
Japan) in sitting position, on the left arm resting on a
table at heart level, after the subject having rested for at
least 15 min. Three readings were taken 3 min apart and
the mean of the last two readings was recorded as the BP.
Heart rate was also recorded. Resting 12 lead
Electrocardiograms (ECG) was performed on all subjects
by trained technicians with three-channel digital ECG
recorders with facility for display and measured
parameters. Parameter used to define L.V.H is, Sokolow-
Lyon index SV1 +(RV5 or RV6> 3.5 mV) RavL>1.1mV
79.

Electrocardiogram

For each lead, five consecutive complexes were recorded.
Minnesota coding and application of CAD criteria were
performed by an experienced cardiologist for the
respective region; those subjects diagnosed to have CAD
were re-evaluated by another cardiologist in a blinded
manner. Disagreements were resolved by consensus.®
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X- ray chest

The most common method of describing the heart size is
by the use of cardiothoracic ratio. The cardiothoracic
ratio expressed as percentage of the heart size with
respect to internal thoracic diameter.r” Types includes
Normal <0.45, Mild cardiomegaly 0.45-0.55 and
Moderate/severe >0.55.18

Echocardiography examination

All subjects underwent 2D echocardiography for the
evaluation of left ventricular function, thickness of left
ventricle, right ventricle and interventricular septum.
Subject examined in left lateral recumbent position using
standard parasternal long axis, short axis, apical four and
five chamberview.'*?! Echocardiography was performed
according to the guidelines of American Society of
Echocardiography.

Ethical clearance

The present study was in compliance with the Helsinki
Declaration. The study was approved by the Institutional
Ethics Committee. Informed written consent was
obtained from all participants. Questionnaire does not
contain any identification details of the participant and
confidentiality was maintained throughout the study.

Data collection and procedure

A structured self-administrative questionnaire was
developed with the aid of available evidences by the
researchers for data collection to fully meet the demands
of this research. The purpose of the study was explained
to the participants prior to the study. The developed
guestionnaire is corrected, revised and validated by
clinicians. It was pretested before its use in this study.
This tool contained questionnaire includes the following
component - age of patients, sex, height, weight, chest X-
ray, ECG findings, 2D echocardiography.

Statistical analysis

Each completed questionnaire was coded on pre-arranged
coding by the principal investigator to minimize errors.
Data was checked for completeness and correctness. Data
was analyzed using excel, windows 2007 and using SPSS
V18. Statistical tools applied were mean, SD, percentage
and Z Test as a test of significance.

RESULTS

Table 1 depicts, gender wise distribution of cases and
normal individuals revealed 20(40%) males and 30(60%)
females in both the group as it was a gender matched
study.

Table 2 depicts, most of the study population among
cases belonged to first two subgroups i.e. mild and

moderate obese consisting 30(60%) and 16(32%) cases
respectively. Severe obesity had less contribution as
04(08%) cases respectively. Out of 30 cases of mild
obese subgroup, 12 were males (40%) and 18 were
females (60%). While, number of males and females in
moderate obesity subgroup were 07(43.75%) and
09(56.25%) respectively out of 16. Among severe obese
subgroup out of 04 cases, 01(25%) was male and
03(75%) were females.

Table 1: Gender wise distribution of obese subjects
and normal individual.

Normal individual

~ Obese subjects '

Gender

(n=50) (n=50)
Male 20 20
Female 30 30
Total 50 50

Table 3 shows, out of 50 cases 04 individuals have mild
cardiomegaly on X-ray chest and 08 individuals have left
ventricular hypertrophy on ECG.

Table 4 shows diastolic dysfunction among study
population were more in obese class 2 and obese class 3
as compared to obese class 1.

Table 5 shows findings of study variables which are
significantly increased in cases than normal individuals,
but findings of few variables like ejection fraction, A
value are not statistically significant i.e. p>0.05.

Table 2: Gender wise distribution of obese subjects as

per grades of obesity.
| Subgroup (n=50) Male Females |
Mild obese (n=30) 12(40%) 18(60%)
Moderate obese (n=16) 07(43.75%) 09(56.25%)
Severe obese (n=04) 01(25%) 03(75%)

Table 3: X-chest PA view and electrocardiography
finding in obese subject.

Subgroup X-ray chest ECG ‘
[ total cases -50] [MCM] [LVH]
Mild obese 00 00
Moderate obese 02 05

Severe obese 02 03

[MCM- Mild Cardiomegaly; LVH- Left Ventricular
Hypertrophy]

Table 4: Diastolic dysfunction in obese subjects as per
grade of obesity.

Classification BMI (kg/m?) Diastolic

dysfunction [n-50]
Obese class 1  30.00-34.99 02
Obese class 2 35.00-39.99 06
Obese class3 >40 04
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Table 5: Comparison of cardiac parameters among obese subjects and normal individual.

Parameter Obese subjects
Mean SD
Systolic blood pressure 132 10.887
Diastolic blood pressure 82.92 5.830
Body Mass Index 34.41 2.963
Waist circumference 96.04 9.444
Serum cholesterol 207.40 35.54
Serum HDL 36.2 2.58
Serum triglyceride 194.84 68.72
Serum LDL 99 27.29
Ejection fraction 60.86 1.34
E value 0.879 0.363
A value 0.840 0.267
E/A value 1.051 0.25
Thickness of left ventricle 1.016 0.113
Thickness of right ventricle 0.376 0.072
Thickness of Inter-ventricular septum  0.855 0.089

DISCUSSION

Indices of LV systolic and diastolic function did not show
any significant difference between males and females.
Gender was not considered for correlation of LV function
indices as per the literature.?22% Pascual et al, studied 27
cases of which 09 were males and18 females while Wong
et al, studied 109 cases of which 53 were males and 56
females but gender wise analysis was not done in both the
studies.?®2?6 Present study also followed the same norms
of previous two studies by including 20(40%) males and
30(60%) females out of 50 cases (Table 1). But gender
wise analysis for LV systolic and diastolic function was
not done. In present study, mean age of the population
was 34.78+7.195 years and 34.66+7.156 years in obese
subjects and normal individuals respectively. It included
middle aged individuals similar to Stoddard et al, and
Wong et al, study population ages.?®?” Pascual et al, 11
also considered 17 overweight, 20 mild obese and 11
severe obese in their study of 48 cases.?®> Wong et al,
study carried out in 26 overweight, 37 mild obese and 46
severe obese.”® Both of these studies defined severe
obesity when BMI was >35 kg/m? while present study
made three subgroups as mild obese (BMI= 30.00-34.99
kg/m?) ,moderate obese (BMI= 35-39.99 kg/m?) and
severe obese (BMI >40 kg/m?) as per WHO based
classification of obesity (Table 4).2 It was observed that
LV dysfunction was more prevalent in moderate to severe
obesity (Table 3). Results of the study conducted by,
Wong et al, was significant increase in mean WC in all
obese subgroups as compared to controls (p<0.001).%
The results of the present study are well correlated with
the above study. Mean WC of obese subjects (96.04+9.44
cm) were significantly more than normal individuals
(71.54+6.064) with p<0.001. Edward k kasper et al,
reported significant increase in systolic BP in obese

Normal subjects Z testvalue p value
Mean SD

116.72 5.218 8.948 <0.0001
75.08 4.902 7.278 <0.0001
22.58 1.030 26.689 <0.0001
71.54 6.065 15.44 <0.0001
119.04 19.43 15.42 <0.0001
41.86 441 7.88 <0.0001
95.12 24.27 9.67 <0.0001
63.86 8.03 7.24 <0.0001
60.42 1.18 1.75 0.0846
1.3 0.082 8.24 <0.0001
0.842 0.103 0.049 0.960
1.55 0.17 11.46 <0.0001
0.77 0.073 13.01 <0.0001
0.313 0.043 5.31 <0.0001
0.751 0.078 6.64 <0.0001

(134+24) than in lean subjects (124+22; p<0.007)
favoring present study.?® The results of the present study
were similar to them but the study population in present
study was normo-tensive (BP <140/90) still the mean
systolic blood pressure in obese subjects (132+10.88
mmHg) was significantly increased than normal
individuals (116.72+5.21 mmHg) with p<0.001. The
relationships  between body fatness and several
biochemical measurements was systematically explored
in 104 patients free of known metabolic diseases.?®%°
Abnormalities were common, elevated serum-cholesterol
levels being encountered in 60% and elevated serum-
triglyceride levels in 31% of the sample. A strong
association was demonstrated between body fatness and
elevations of serum triglycerides.?® The Serum
Cholesterol was significantly increased in obese subjects
than normal individuals. In present study the serum
triglyceride was significantly increased in obese subjects
(194.84+68.72 mg%) than normal individual
(95.12+24.27mg %) with p<0.001 (Table 5). In case of
LV Systolic function, left ventricular wall thickness was
significantly increased in obese subjects than normal
individuals (Table 5). This finding was suggestive of
increase in LV thickness due to increase in LV stress. On
the contrary EF was not significantly changed in obese
subgroups than normal (60.86+1.34 % v/s 60.42+1.17 %;
p=1.75) in the present study (Table 5). Other studies like
Stoddard et al, and Pascual et al, also noted significant
increase in EF in all obese cases than controls suggesting
increase in LV systolic function in obesity.2*?7 In
contrast, Martin A. Alpert et al, reported significant
decrease in EF in 13 out of 23 subjects having extreme
obesity.3! This was due to depressed cardiac function in
extreme obesity as this study included only extreme
obese subjects. EF is a relative index but, is relatively
insensitive to LV contractile function so its value may be
maintained within normal limits even when there is
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substantial compensatory modification of contractile
state. As far as Left Ventricular Diastolic dysfunction
was concerned, Zarich et al, reported that peak early
mitral velocity (E) was significantly decreased in obese
subjects than controls (75 cm/s v/s 98 cm/s; p<0.001) due
to abnormal relaxation of LV in early diastole.®? Similar
finding was also observed in present study in which E
velocity was significantly decreased in obese subjects
(0.879+0.363 m/s) than normal (1.3+£0.082 m/s; p<0.001)
(Table 5). Zarich et al, and Wong et al, have reported no
change in A velocity in obese subjects than controls.?%%2
Similar finding was also seen in present study population
in which a velocity not significantly differed in obese
subjects compared to normal (Table 5). On the contrary
result of the most of studies like Chakko et al, Stoddard et
al, and Pascual et al, revealed an increase in a velocity in
obesity due to increase LA pressure than controls.233334
Present study finding did not corroborate with these
studies. Zarich et al, in their study has demonstrated,
abnormal diastolic filling pattern in 06(38%) cases out of
16 obese subjects.®? Pascual et al, demonstrated 12% of
mild, 35% of moderate and 45% of severely obese
patients had diastolic dysfunction, whereas no patient had
met the criteria of systolic dysfunction.?® Overall diastolic
dysfunction was present in 29% of obese population as it
was 38.33% in present study indicating higher prevalence
in this study group. In Franz H. Messarli et al, studies,
left ventricular hypertrophy was considered when
posterior wall thickness was more than 1.1 cm and it was
observed in 50% of all obese subjects in their study
population.® In present study similar finding obtained
with thickness of left wventricle was significantly
increased in obese subjects [1.016+0.113 cm] than
normal [0.77+0.073 cm] with p <0.001 due to LV stress.
Wong et al, reported that RV cavity size and wall
thickness were mildly increased in obese subjects
compared with a normal-weight reference group.® In
present study the thickness of Right ventricle was
significantly increased in obese [0.376+0.072 cm] than
normal [0.313+0.043 cm] with p<0.001. In a study done
by Franz H Messerli M.D. et al, septal wall thickness
(p<0.0001) is significantly increased in obese group than
controls.® In present study the thickness of
interventricular septum was significantly increased in
obese subjects [0.855+0.89 c¢cm] than normal individual
[0.751+0.078 cm] with p <0.001 and associated with
increased thickness of LV wall.

Limitation of the study was although the duration of
obesity has previously been shown to be a determinant of
cardiac changes from obesity, authors were unable to
demonstrate such a relation in this study. Reversibility of
left ventricular dysfunction (diastolic) after treatment
modality (weight reduction and drugs) was not assessed
in the present study since it was beyond scope of the
study. Gender wise analysis of LV systolic and diastolic
functions was not done. Due to limiting small size and
other variables that could potentially predict alterations in
LV structure and function, could not be evaluated. Newer
echocardiographic techniques like tissue doppler imaging

which are load independent are found to be better in
assessment of diastolic dysfunction.

CONCLUSION

LVH is an important predictor of cardiovascular
morbidity and mortality in obese patients. Considering
the adverse outcomes which are associated with LVH, it
becomes essential to diagnose it at an early stage. Among
the various diagnostic tools, echocardiography is a
relatively simple and a non-invasive test with a good
predictive value. Regression of LVH can significantly
reduce adverse cardiovascular events. The present study,
therefore, recommends an echocardiography screening of
obese and hypertensive subjects, to diagnose potential
cardiac dysfunction and early institution of treatment.
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