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Abstract:

Background: Despite its clinical use as a sensitive measureetif ventricular
performance, little is known about whether MPI mdluenced by increasing BMI or
WHR.
Aim: The present study is targeted at investigatingirtiygact of different grades of
BMI and WHR on left ventricular myocardial perfornta index in normal men.
Method: 82 normal male subjects were involved in this stuBllge subjects were
divided as per BMI groups into group la (BMI= 2024 n=34, mean age
32.315+10.179 as a control group) and group lla KBM24.9, n=44, mean age
38.181+11.501); as well as, by dividing the sulgect to two groups according to
Waist-Hip ratio, group Ib (WHR <0.8-0.9, n=45, meage 31.848.91) and group lIb
(WHR >0.9, n=37, age 39.918+12.239). MPI was deitezohin all these subjects using
the formula proposed by Tie as MPI=IVCT+IVRT/ET.

Results: There were statistically no significant variatianaMPI with increased BMI
(p>0.05) or WHR (p>0.05). There was no linear datien between MPI and BMr£
0.0023), and MPI and WHR=0.0007).
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Conclusion: MPI is a simple and accurate tool for quantitatassessment of left
ventricular functions and because of easy apptinaticost effectiveness, and
reproducibility; it could be regarded as an importameasurement in a comprehensive
hemodynamic study, especially in those with incedaBMI or WHR, in whom the
increased BMI or WHR was found to have no effecivi?l.

Key Words: Myocardial performance index, Doppler echocarcapyy, obesity,
overweight.

Abbreviations. MPI: Myocardial performance index, BMI: Body masslex, WHR:
Waist to hip ratio, LV: Left ventricle, IVCT: Isovamic contraction time, IVRT:
Isovolumic relaxation time, ET: Ejection time.

I ntroduction:

Body Mass Index (BMI) is defined as the ratetvileen the weight (in kg) and the
height (in nf)Y. The BMI allows the establishment of normality,eoweight and
obesity criteria. BMI provided a simple numeric @@ of a person's "fatness" or
"thinness", allowing health professionals to discaoser- and under-weight problems
more objectively with their patients.

However, BMI has become controversial becauarynpeople, including physicians,
have come to rely on its apparent numerical authéor medical diagnosis. A frequent
use of the BMI is to assess how much an individuaddy weight departs from what is
normal or desirable for a person of his or her hieighe weight excess or deficiency
may, in part, be accounted for by body fat (adipis®ue) although other factors such
as muscularity also affect BMI significarffiThe WHO regard a BMI of less than 18.5
as underweight and may indicate malnutrition, atingadisorder, or other health
problems, while a BMI greater than 25 is consideoe@rweight and above 30 is
considered obe$¢ These ranges of BMI values are valid only assstedl categories
when applied to adults, and do not predict health.

Obesity is a chronic and progressive disease ptedisposes to an increase in the
mortality rate, as demonstrated by several pomriatudie®. Its importance becomes
even greater when it is observed that its prevaldras been increasing drastically, in
developed as well as in developing countries.dtesents an independent risk factor for
cardiovascular disease, defined as the incidena®minary disease, sudden death and
congestive cardiac failurf®. The association between obesity and cardiovascula
disease is independent from the levels of artpriessure, cholesterol levels, smoking,
presence of left ventricular hypertrophy or glucasmlerance, although there is an
important association between excess weight atdséeftricular hypertropHf. In the
heart of the obese individual, the left ventricuiling pressure and volume increase,
shifting the Frank-Starling curve to the left, anducing chamber dilation. The volume
of the dilated chamber also inappropriately incesabe left ventricular wall stress, and
the ventricle adapts by inducing an augment ofcth@ractile elements and myocardial
mass. The final product of this adaptation is tigeelntrophy, normally of the eccentric
type® 9 The excess fat mass associated with obesity isvkrto increase metabolic
demand and thus, both cardiac output and totaldolmdume are elevated in obesity.
These circulatory changes cause left ventriculamgsric remodelling in the form of
cavity dilatation, a structural change commonlyns@eobesity, which is then thought to
lead to a compensatory left ventricular hypertropi@sponse in response to increased
wall stres®). In addition to this, advances in the understamdihhormonal changes in
obesity have highlighted several alternative merdmas. Increased visceral and
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subcutaneous adiposity is known to cause higheldesf serum leptin, the hallmark of
human obesity, and hyperinsulinaemia, both of whieke been linked to ventricular
hypertrophy in humans and in animal mod&¥s

Furthermore, a simple calculation of the measents of the waist girth divided by
the hip girth, Waist to Hip Ratio (WHR) = Gw / Ghere Gw = waist girth, Gh = hip
girth.. This measure is often used to determinectirenary artery disease risk factor
associated with obesit}". The basis of this measure as a coronary disédstactor is
the assumption is that fat stored around the vpaisses a greater risk to health than fat
stored elsewhere in the bod§’. If the result is over 1.0, it would be considetede at
higher risk for heart disease and other healthlpros. Researchers have called having
a high WHR the “apple” shapes because weight iteced in the abdomen. People who
are apple shaped are at higher risk than those thvitin weight centered in their hips
(also known as “pear” shaped). The following taljiees general guidelines for
acceptable levels for hip to waist ratio:

Table (1) acceptable levels for hip to waist ratio.*?

acceptable unacceptable

excellent good average | high extreme
male <0.85 0.85-0.90 /0.90-0.95/0.95-1.00 ||>1.00
female |<0.75 0.75-0.80 {0.80-0.850.85-0.90 (>0.90

The Doppler-derived myocardial performanceeidMPI, also denoted the Tei
Doppler index), a fairly new index of combined syt and diastolic function, is
defined as the sum of isovolumic contraction tiued isovolumic relaxation time
divided by the ejection tin¥). MPI has previously been shown to be a sensitive
indicator for symptomatic heart failure in a cresstional study*>- But whether MPI
predicts future development of heart failure indejently of other echocardiographic
measurements is still to be examined.

It has been used as a sensitive measure of Hdrpence. As this index combines
systolic and diastolic parameters, it may be maeful for the diagnosis of global
cardiac dysfunction than indices of systolic orstidic performance alone. The Tei
index has shown clinical usefulness for assessWduinction and outcomes in a wide
range of clinical conditions including congestivealt failure, myocardial infarction,
cardiac transplant, and amyloidost§:2%

The available reports that studied the effectMi?l of increased BMI and WHR in
normal individuals are lacking, most of the invgators were confined to study
Pediatric age groups and morbid obesity in confaupdliseases. Fatima et. al., 2009
23 demonstrated significant correlation between BMI 84P1 in men with type 2 DM,
Sarita et. al., 2016*” showed the obese subjects (children and adol§sbeut
significantly high MPI, Ertiirk et. al., 2088 showed high MPI in normotensive and
hypertensive obese children.

Aim:

The purpose of this study is to investigateithgact of increasing BMI and / or WHR
on LV myocardial performance index in normal malbjscts.
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Subjects and Methods:

A total of 82 normal male individuals recruitedthis study, after having their verbal
and written consent and approval from the ethicehl committee at Kufa College of
medicine. The study started from tHe & November 2010 and ended by tfiect May
2011. In order to exclude conditions that mightuahce the results, the following
criteria are required:

a) No previous history or clinical evidence of hypesdmn, diabetes mellitus,
coronary artery disease, heart failure, or card@ee disease, abnormal ECG,
respiratory disease.

b) Not taking any drugs that could affect the heart.

¢) And not involved in competitive sports.

All participants provided information on age, faynihistory, personal habits
(alcohol intake, tobacco consumption, type and lleske physical exercise, drug
ingestion, known pathological conditions). A deddil physical examination is
conducted to exclude endocrine and cardiac co-mitds. The subjects were divided
as per BMI groups into group la (BMI= 20-24.9, n=84ean age 32.315+£10.179 as a
control group) and group lla (BMI=>24.9, n=44, mesge 38.181+11.501); as well as
by dividing the subjects into two groups accordiag/Naist-Hip ratio: grouplb (WHR
<0.8-0.9, n=45mean age 31.848.91) and group IIbHRW>0.9, n=37, age
39.918+12.239). Height in cm and weight in kg areasured in light clothing, using
measuring tape and digital scale respectively. Bddgs Index is calculated using the
following equation: Weight (kg) / Height (m)Waist circumference (inch) is measured
in all individuals by measuring the distance arowmast just above the belly button; for
hip circumference (inch) we measured the distanceral the largest area of hips at the
widest part of the buttocks. Measurement aroundstwanen divided by the
measurement around hips to yield waist hip ratio.

All participants were subjected for Echo-Dopplerdst(figure 1, 2), using Philips
Sonos 7500 equipment with 2-4 MHz transducer asglé harmony facility, made in
USA. MPI was calculated by placing Doppler samptdumne to record both mitral
inflow and LV outflow; IVCT can be measured fromdeof A wave (under guidance of
simultaneous ECG recording) to commencement of A¥ning. ET can be measured
from opening of AV to closure of AV. IVRT was measd from closure of AV to
commencement of E wavé®. A noteworthy, measuring IVCT is rather difficult
without using synchronized ECG tracing, as in miasyances the end of A wave is not
So clear.

(MP) Teiindex — JET+IRT
ET

Mitral flow 4 i Mitral flaw

ET IRT|
ECG ’5

i

Figure (1) smultaneousrecording of MPI from left ventricle out flow tract
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Figure (2) smultaneousrecording of MPI from left ventricle out flow tract, in 5
chamber view.
To eliminate inter observer and intra observer refr@and to insure accuracy of
measurements of these intervals with Doppler tephmi requires repeating the
measurements 5 to 7tim&8: in our study, the average of at least 5 Dopplaveform
intervals was undertaken.

Statistical analysis:

Data was analyzed as per BMI groups(BMI= 20-24.8 BMI= >24.9), as well as,
by dividing the subjects in to two groups accordimdVaist-Hip ratio (WHR ratio <0.8-
0.9 and WHR ratio >0.9). Mean and standard dewnatigere calculated. Independent T
test and correlation regression test (using SP&$ovel8) were applied to compare the
study groups. Correlation coefficient (r) was obéal to study the correlation of BMI
and Waist-Hip ratio with LV Tie index. Probabilityalue P of less than 0.05 was
considered statistically significa=0.05).

Results:

The mean values by BMI and WHR for the MPI stiewn in Tables 2 and 3; figures
2 and 3). There was statistically no significantiatgon in MPI1 with increased BMI or
WHR, using unpaired (independent) T test. Wheeditio a linear relationship, neither
increased BMI(r =0.0023) nor WHR(r=0.0007) hadgn#icant correlation with MPI:

Table (2) mean values for MPI in group la and group lla

Sample MPI (M+ SD)] N| Age M+SD

Group la (Control 0.384+0.0683 38 32.315+10.179

Group lla (increased BMI) 0.399+0.0541 37 39.918232

The calculated t value was.09, From percentile of t distribution table (t¢12), df=80) t value
was =+1.99. MPI is not different for the two groyps0.05).
Results of the impact of increased WHR on MPI &g in table 3.
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Table (3) mean values for MP1 in group Ib and group llb

Sample MPI (M+ SD), N| Age M+SD

Group Ib (Control) 0.387+£0.061| 45 31.8+8.91

Group llIb (increased WHR 39.918+12.239
0.398+0.06 37

The calculated t value waB.82, From percentile of t distribution table (t¢12), df=80) t value
was =+1.99. MPI is not statistically different ftve two groups(p>0.05).

N=82 M (MPI)=0.3927 M (BMI)= 26.2480 R=0.0023
SD (MPI)=0.0612  SD (BMI)=4.9258

05 -
— L) ° L) . P L & .. °
04 - P )
i - .\'..\
MPl 04 | ce eet e ) )
03 - * . :
1 -
0.2 T T T T T T T T T T T T T T 1
15.0 21.3 27.5 33.8 40.0
BMI
Figure (2) linear correlation plot of MPI&BMI
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Figure (3) linear correlation plot of MPI&WHR
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DISCUSSION

Despite diversity of the clinical use of MPI gardiology, little is known about
whether MPI (Tei index) is influenced by changifd@dl or WHR. In our study, MPI
has been shown to have no statistical significhetaion with increased BMI or WHR;
however, as demonstrated in figure (3), a sligltraase of MPI was noticed with
increased WHR.

Our findings are identical with those of previousports who demonstrated that MPI
was not changed in 57 patients with morbid obesityp had undergone gastric bypass
surgery and echocardiography before and after sy(@erolina et. al.,2016F. Our
results contradict with that of Fatima et. al., who demonstrated significant
correlation between BMI and MPI in men with typ®®1; however, in this study, no
data regarding control groups was furnished. Oshedies like that provided by Sarita
et. al., 2016%, showed the obese subjects (children and adol@scad significantly
high MPI; adults and middle age groups were nduhed. In another study, Ertlrk et.
al. 200%% showed high MPI in normotensive and hypertensivese children. The
non unanimity of our study with the above citedap resides in the fact that previous
studies focused on the impact of morbid obesity/ét, in diseased children or adults,
whereas, our study investigated the impact of smed BMI (including mild to
moderate obesity) on MPI in healthy adult men only.

Of particular noteworthy, a study by Pascualaét. 2008, using ejection fraction
and fractional shortening as contractility indidess demonstrated a higher systolic
function and predicted that systolic function migktaffected only with severe obesity;
these findings would add further backup to our gtimdwhich morbid obesity was not
included. Our results are consistent with that (Bhjesh et. al., 2010, Kanoupakis et.
al., 2001, Ferraro et. al., 1996, Crisostomo ef.28101, Crisostomo et. al., 1999, Seto
et. al., 1998, Mureddu et. al., 1996, Berkalp kt.1895 and Chakko et. al., 1969y®
who showed that no significant change of systaliection with increase of BMI or
WHR, they proposed that such findings were due tpoasible compensation by
structural changes that might have occurred inhtéeat; systolic function impairment
might be affected with still higher BMI.

No significant alteration of MPI with incresss BMI or WHR found, though, a
slight increase of MPI was noticed with increasetiRY as inferred from figure 3; a
finding that could be attributed to the slight imase of IVRT with increased WHR.
When analyzing WHR interrelationship with MPI compats, of the 82 subjects, 16
were of WHR of a mean of 0.94(range 0.9-1.03) dmrtIVRT was of a mean of
96.1ms (range: 85.6-120.8).

The current observation is close to that dentatest by Rajesh et. al., 20i®who
showed no linear association between BMI or WHRorand diastolic function,
although Diastolic function showed decline evenhwnild increase of BMI from
normal to overweight and the decline was also seaybese. They hypothesized that
cardiac adaptation to chronic volume overload iresgb might be associated with
eccentric hypertrophy and abnormalities of diast@lnction from the initial stages. As
stated earlier, it was proposed that increasederat@and subcutaneous adiposity is
known to cause higher levels of serum leptin whielve been linked to ventricular
hypertrophy in humans and in animal mod#}

In conclusion, this investigation demonstratedt théPl (Tei index) not varies
significantly with BMI or WHR, taking in to accourthat morbid obesity was not
included in this study.
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