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Effects of a short-term hypoenergetic diet on morphofunctional
left ventricular parameters in centrally obese subjects

An echocardiographic study

S. CORRAQO, S. ARNONE, R. SCAGLIONE,V. AMATO, G. AMICO, A. LICATA, G. LICATA

Background. We aimed to study centrally obese subjects with-
out other diseases, to establish whether a short-term hypoen-
ergetic balanced regimen is able to positively modify left ven-
tricular (LV) patterns.

Methods. We studied 32 obese subjects (out of 52 recruited for
this study) with central fat distribution and without asseciat-
ed diseases. Each subject had undergone a moderately hypoen-
ergetic diet for a four-month follow-up period and had a reg-
nlar loss in weight. Some relevant clinical and echocardio-
graphic parameters were evaluated. Baseline data and those
evaluated at the end of the follow-up period were nsed for out-
come analysis.

Results. We found a considerable reduction in LV mass and
other LV structural parameters inclnding relative wall thick-
ness (RWT). Moreover, we found an improvement of both LV
ejection fraction and filling parameters. As regards the relation
ship between parameter changes, LV mass was correlated to LV
internal diameter and mainly to LV wall thickness. LV mass
change was also correlated to a reduction of diastolic BP and
RWT. Only improvements in LV filling were correlated to
WHR reduction. None of the changes in cardiac variables
resulted significantly correlated to BMI change. Other interest-
ing correlations are reported in the text.

Conclusions. Our study points out that improvements in LV
structure and function are rapidly possible with a moderately
hypoenergetic regimen in obese otherwise healthy subjects.
The main changes were those in LV wall thickness even if a
more complex cardiovascnlar adjustment was recognised. All
this could be very important to possibly prevent future cardi-
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covascular events (including heart failure), so largely linked to
cbesity of central type.

KEY wWORDS: Obesity - Ventricular left function - Diet -
Echocardiography.

S everal studies show a significant association of
obesity with cardiovascular morbidity and mor-
tality.12

It is also well known that obesity is often associat-
ed with modifications in cardiac function and/or left
ventricular structure (i.e., the presence of left ventric-
ular hypertrophy even in the absence of systemic hyper-
tension).} 4

Previous studies’-# report the presence of diastolic
and systolic left ventricular abnormalities in mildly
and moderately obese subjects, without any associat-
ed complaint. Alpert et ¢l.? report an impaired response
to exercise of left ventricular systolic function in mor-
bidly obese subjects. On the other hand, our previous
data also support the suggestion that obesity could
represent an independent risk factor for congestive
heart failure after a long-term incubation period. In
fact we have found an inverse correlation between the
duration of obesity and both left ventricular ejection
fraction at peak exercisel® and left ventricular ejec-
tion fraction at rest.’
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However, human obesity is not a homogeneous con-
dition. Several investigations show that there are rele-
vant pathophysiological and clinical differences between
central and peripheral adipose distribution,1 12

The central excess of body adipose tissue appears
to be associated with a complex endocrine aberra-
tion,!! 12 hyperactivity of the hypothalamo-pituitary-
adrenocortical axis!3 14 and derangement of sex steroid
hormone secretions.15-17

Moreover central obesity increases the risk for car-
diovascular diseasels 1% while there is little evidence
regarding the relatioship between peripheral obesity
and cardiovascular risk.

Many studies on hypertensive subjects show that a
decrease in body weight is associated with both a fall
in blood pressure and a reduction of left ventricular
mass,?0-22

Nevertheless, there are no satisfactory data about
hemodynamic and structural cardiovascular changes
after weight loss by a hypoenergetic regimen in mod-
erately centrally-obese otherwise healthy subjects.

The purpose of our investigation was to study these
changes in moderately obese subjects with central
fat distribution and without misleading factors (i.e.
hypertension, diabetes mellitus, impaired glucose
tolerance, evident lipid abnormalities and any other
associated complaint) to establish whether a short-
term balanced hypoenergetic regimen was able to
positively modify cardiovascular structural and hemo-
dynamic patterns.

Materials and methods

Subject selection and study procedure

Obese subjects were recruited from all obese indi-
viduals attending the obesity centre of Internal
Medicine Division at the University of Palermo, Italy.

Elegibility criteria for the selection phase were: 1)
age <50 years; 2) overt obesity according to the Italian
Consensus Conference guidelines (which corresponds
to a BMI value 230.5 kg/m? for men and 227.3 kg/m?2
for women;2? 3) waist-hip ratio values according to
the Italian Consensus Conference cut-off points indi-
cating visceral fat distribution (WHR =0.92 for men
and >0.81 for women), and 4) blood pressure values
into the normal range (DBP <90 mmHg and SBP
<140 mmHg) according to the Joint National Com-
mittee on detection, evaluation, and treatment of high
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blood pressure criteria?4 25 on at least three visits in
three consecutive weeks.

All the subjects who met the above-mentioned cri-
teria were submitted to an assessment consisting of a
medical history, physical examination, resting elec-
trocardiogram, chest X-ray, M-mode and cross-sec-
tional echocardiography, and routine laboratory stud-
ies.

Then we excluded all the subjects with a history
and/or clinical findings of both overt cardiac and extra-
cardiac diseases and with a positive history of body
weight cycling during the last year. Moreover we also
excluded all subjects with poor quality echocardio-
grams that did not permit a reliable evaluation of left
ventricle internal dimensions and both septal and pos-
terior wall thickness (that is when appropriate echoc-
ardiographic tracing did not permit a clear identifica-
tion of left ventricle endocardial outlines).

Fifty-two subjects entered the follow-up program:
22 women and 30 men (average age + 1 standard devi-
ation = 36.4+7.7 years). All of them were in sinus
rhythm. All the subjects were informed of the purpose
of the study and gave their consent. The study was
conducted in accordance with the declaration of
Helsinki (1983) and Tokyo and was approved by our
Institutional Ethical Committee.

During the follow-up period, which lasted for about
four months, all patients regularly visited the outpatient
clinic every four weeks. At each visit, blood pressure
and weight were measured; all were interviewed by the
same dietician to ensure compliance with the dietary
program and all were seen by the physician for follow-
up determination of their clinical status.

Dietary program

The daily diet contained about 5439 megajoules for
men and 4602 megajoules for women. The diet consist-
ed of about 55% carbohydrates, 28% lipids and 17%
proteins.

After an interview by a dietician, specific dietary
components were individuaily tailored to each patient
on the basis of individual body size and dietary habits.
Then, a nutritionally balanced diet was designed inter-
fering as little as possible with food preferences. It
was a mediterranean regimen (divided into three meals:
breakfast, lunch and dinner) including milk (only at
breakfast), pasta (only at lunch), meat or fish, olive
oil, vegetables, bread and fresh fruit. Daily dietary
sodium intake ranged between 100 and 200 mmol.
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Clinical measurements

Body weight—Recorded on a level balance scale to
the nearest 0.1 kg, with the patient wearing no shoes
and clothes.

Height—Measured by a metal height scale attached
to the weight scale.

Blood pressure.—Measured with the patient in
recurnbent position by a mercury cuff sphygmoma-
nometer as mean of three consecutive measurements,
using a cuff of appropriate size.

Diastolic blood pressure was determined as
Korotkoff phase V.

Heart rate—Measured in supine position by elec-
trocardiogram monitoring as mean of five-minute peri-
od.

Waist-hip ratio (WHR).—Measured as waist cir-
cumference/hip circumference.

Echocardiographic measurements

Between 8.00 and 10.00 hrs, a standard two-dimen-
sional, M-mode and Doppler echocardiographic exam-
ination was carried out on each subject standing in a
partial left lateral recumbent position. A computer
aide ultrasonoscope (ESAOTE BIOMEDICA, via di
Caciolle, 15 - 50127 Firenze - Italy) equipped with
2.5 and 3.5 MHz phased-array transducers was used.
Transducers are capable of continuous Doppler activ-
ity and have pulsed Doppler capacity with a move-
able Doppler cursor and an adjustable sample volume
size (set at 4 mm for this study).

A two-dimensional echocardiographic study was
performed including short-axis views at the levels of
the mitral valve and apical four and two chamber views
to exclude regional wall motion abnormalities.26
Standard M-mode echocardiographic examination guid-
ed by two-dimensional echocardiography from the left
parasternal window was performed. Septal and poste-
rior wall thicknesses, and left ventricular internal diam-
eters were measured according to the standard measure-
ments convention of the American Society of
Echocardiography including the thickness of the endo-
cardial echoes.?’” Measurements were made according
to the Penn convention and left ventricular mass was cal-
culated with the formula of Devereux and Reichek:2829
feft ventricular mass (g)= 1.04 [diastolic left ventricu-
lar internal diameter + diastolic interventricular septal
thickness + diastolic posterior wall thickness)?3] - (dia-
stolic left ventricular internal diameter)® - 13.6.
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Measurement points were taken at the peak of the R
wave on the simultaneous electrocardiogram on an
average of four cycles.

Left ventricular end-diastolic and end-systolic vol-
umes were calculated from the apical four-chamber
view, using the ellipsoid single-plane algorithm.30
End-diastolic and end-systolic frames from five con-
secutive beats were selected and the endocardial out-
lines were traced. Both mean left ventricular volumes
and ejection fraction were automatically calculated
by the echocardiograph processing system. In our
laboratory left ventricular volumes and ejection frac-
tion calculated on five consecutive beats permitted
optimal reproducibility and accuracy.3132

‘We also carried out a standard pulsed and continu-
ous Doppler echocardiographic examination33 to
exclude pathological spectral flow patterns (valve
regurgitation and/or stenosis).

Left ventricular inflow tract study

Pulsed Doppler examination of transmitral blood
flow was performed, as previously described,?+ from
the apical four chamber view on subjects in partial
left lateral recumbent position. The sample volume
was positioned at the level of the mitral annulus and the
cursor oriented parallel to an imaginary line bisect-
ing the left ventricle from apex to mitral valve.

‘We measured the following variables: the RR’ inter-
val, peak E and A velocities, and the deceleration half-
time of early diastolic rapid inflow.35 All the Doppler
measurements are the average of 3 cardiac cycles
detected at end expiration.

Computed measurements

Body mass index (BMI)=Weight in kg/(height in
m)2,

Left ventricular mass index=Left ventricular
mass/Body surface area,

Left ventricular mass/height=Left ventricular mass
in g divided by height in m.

Mean blood pressure=Diastolic blood pressure+1/3
x Pulse blood pressure.

Ejection fraction=[(Left ventricular diastolic vol-
ume-Left ventricular systolic volume)/Left ventricu-
lar diastolic volume] x 100.

A/E ratio=(Peak A/Peak B) x 100.
Deceleration half time/RR’=Deceleration half time
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TaBLE I.—Effects of weight reduction on clinical and left ventricle
morphological data (mean value +1 5D).

LEFT VENTRICULAR ADJUSTMENTS AFTER A SHORT-TERM REGIMEN IN CENTRAL OBESITY

TABLE IL.—Effects of weight reduction on both functional parame-
ters and transmitral Doppler measurements (mean value +1 SD).

Parameters Baseline Follow-up  p<* Parameters Baseline Follow-up p<*
Body mass index (kg/m?2) 36.6£52  334x4.1 0.001 Systolic BP (mmHg) 132+7 1236 0.001
Weight (kg) 10213 93+9 0.001  Diastolic BP (mmHg) 86+5 78+4 0.001
‘Waist hip ratio 0.98+0.08 (.88+£0.05 0.001 Heari rate (b/min} 7249 647 0.001
LV internal diameter in diastole (mm) 53+4 515 0.001 LV gjection fraction (%) 58+4 664 0.001
LV internal diameter in systole (mm) 37£5 344 0.001  Peak A velocities (my/s) 0.59+0.14 0.57+0.13 ns
IV septal thickness (mm) 8+1 7+l 0.001  Peak E velocities (m/s) 0.56+0.11 0.71+0.14 0001
Posterior wall thickness (mum) 82 Tl 0.002 A/Eratio (%) 109+28 8116  0.001
LV mass (g) 158433 130£30  0.001 Deceleration half time 145+24 121£13  0.001
1V mass index (g/m?) 76x15 64+13  0.001 Deceleration half time/RR (¥1000) 17643 130£22  0.001
LV mass/height (g/m) 9521 77+18  0.001

Relative wall thickness 0.30£0.05 0.27+0.04 0.003

EV=left ventricular; IV=interventricular. *By Wilconxon matched-pairs signed rank
test,

divided by RR’ electrocardiogram interval (in ms) X
1000.

Data analysis

Baseline data and those ones evaluated at the end
of the follow-up period were used for analysis. All the
echocardiographic measurements were made on dig-
itised images by measuring functions of the echocar-
diograph processing unit. Averages were automati-
cally calculated. Echocardiograms were analysed by
two trained physicians without knowledge of clinical
data (all variables reported had an intraobserver coef-
ficient of variability <5% and an interobserver one
<10%). Statistical analysis was conducted with the use
of the SPSS for Windows. Values are reported as
mean =+ Standard Deviation. The Wilcoxon matched-
pairs signed-rank test was used to compare baseline
values with follow-up values. The change of a vari-
able, for each subject, was computed as follows: base-
line value minus the value at follow-up except for
peak-E velocity changes that were computed as the lat-
ter value minus the former one. Partial correlation
coefficients were estimated to examine the relation
between the changes of two parameters, adjusting
for the linear effects of one or more additional vari-
ables,36

Results

Two subjects did not complete the follow-up pro-
gram; 18 subjests (10 men/8 women) had a sparse
adherence to hypoenergetic regimen (that is, a weight
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BP=blocd pressure; LV=left ventricular. *By Wilconxon matched-pairs signed rank
test. ns=not significant,

loss lower than 5% at the end of the study, or a steady
weight, or a weight gain and/or weight cycling). These
data were not incorporated in all outcome analysis.
However, in these 18 subjects, we found no statistical-
ly significant changes in any of the measurements.
On the other hand, 32 subjects (18 men/14 wom-
en) had a regular loss in weight during the follow-up
period. The weight loss was more than 5% at the end
of the study compared with the baseline weight. Only
the data of these 32 subjects were incorporated in all
outcome analysis. Average age was 35.4+9.2 years,
There were considerable changes in the majority of
measurements after weight loss as shown in Tables I
and IL. Only Peak A velocity of transmitral blood flow
did not significantly change at follow-up (Table IT).

Fartial correlation analysis (controlling for gender
and age)

Left ventricular mass change was mainly correlat-
ed to left ventricular wall thickness change (Table IT)
and it did not significantly correlate to the changes of
any left ventricular filling parameter. Left ventricular
mass change was also correlaied to diastolic BP change
(r=0.47; p<0.01). Moreover, relative wall thickness
change was correlated to both left ventricular mass
change (r=0.79; p<0.001) and diastolic BP change
(1=0.55; p<0.003). Relative wall thickness change was
also negatively correlated to A/E ratio (r=-0.41; p<0.03),
DHT (1=-0.54; p<0.003) and DHT/RR (r=-0.65;
p<0.001) changes. EF change was correlated to systol-
ic (r=0.60; p<0.001) and diastolic BP (1=0.50; p<0.006)
changes.

Heart rate change was correlated to peak E velocity
change (r=0.71; p<0.001) but it did not correlate to
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TABLE IIL.—Partial correlation coefficient analysis controlling for
gender and age: change in LV mass versus changes in LV diastole
internal dimension, IV septal thichness and LV posterior wall thi-
chness.

Change in LV mass

Parameters
r p<
Change in LV internal dimension in diastole 073 0001
Change in IV septal thichness in diastole 082 0.001
Change in LV posterior wall thichness in diastole 0.86 0.001

IV=interventricular; EV=left ventricular.

A/E ratio, deceleration half time and deceleration half
time/RR’ changes. Moreover, A/E ratio change was
correlated to WHR changes (r=0.37; p<0.05). As
regards the remaining left ventricular structural and
functional changes, none of the changes was signifi-
cantly correlated to BMI, weight and waist-hip ratio
changes.

Discussion and conclusions

Alexander et al.37 demonstrate that circulating blood
volume, plasma volume, cardiac output and stroke
volume decrease in response to weight loss.

Alpert er al.38 also report on the influence of load-
ing conditions on left ventricular systolic function in
morbidly obese subjects before and after weight loss.

Nevertheless, there are little data concerning the
effects of weight loss on cardiovascular function in
centrally obese otherwise healthy subjects.

Himeno et al.3? more recently studied two groups
of obese subjects hypertensive and normotensive.
However, only eleven were normotensives and recruit-
ed without strict criteria of selection; so that firstly the
small number of subjects and secondly the actual pos-
sibility of selection BIAS could have led to incomplete
or erroneous conclusions. To our knowledge, our
study is the first that has investigated the cardiovascu-
lar effects of weight loss in a large number of cbese
normotensive subjects without other misleading fac-
tors.

The results of our study showed an improvement
in left ventricular ejection fraction that may be referred
to an adaptative response to loading condition adjust-
ments, which has the aim of maintaining an adequate
stroke volume and cardiac output.

On the other hand, we found an improvement in left
ventricular filling in almost all of the 32 obese subjects

Vol. 42-No.2

v

CORRAG

who had significant weight loss. In fact we found a
normalisation in both A/E velocity ratio and deceler-
ation half time (even when adjusted for RR’ interval)
of early transmitral blood flow.

‘We think that the reduction in deceleration half time,
and deceleration half time/RR’, is one of the most
important pathophysiological findings. In fact the
deceleration half-time, just reflects the fall in the left
ventricular pressure during the early diastole, giving us
information on left ventricular relaxation in the same
way as isovolumic relaxation time (that has not been
calculated for lack of reliability in our patient serics).
Since heart rate change only explained peak-E veloc-
ity adjustment and both heart rate and loading condi-
tion changes were not correlated to A/E ratio and decel-
eration half time variations, the improvements in both
A/E velocity ratio and deceleration half time (also
purified by RR’ interval) could reflect an improve-
ment of left ventricular relaxation 4041

At the same time, we have found a substantial reduc-
tion of left ventricular mass even when it was normal-
ised to body surface area and height. This change was
correlated to reduction in left ventricular diastolic
internal dimensions but it was mainly correlated to
left ventricular wall thickness reduction. Indeed, at
the end of the follow-up period we found a signifi-
cant decrease in RWT. Consequently, in our patients left
ventricular remodelling occurred and not simply a
proportional decrease in LV siructure. As regards the
meaning of all that, we think postloading condition
changes were important. In fact, RWT change was
positively correlated to BP variation despite the fact that
our patient sample was constituted by normotensive
subjects. Moreover, EF improved when BP decreased.
However BP change explains only 30% of RWT
change (12=0.30) and only 25-36% of EF change (sys-
tolic BP change vs EF change, r2=0.36; diastolic BP
change vs EF change, r2=0.25). Then, such a rapid
leftventricular remodelling and improvement in EF
could almost partially be independent of adjustments
in loading condition.

Another finding showed by our data was that a major
change in LV structure (see RWT change) was corre-
lated to a minor improvement in some LV filling
parameters,

Finally, we did not find any relevant correlation
between left ventricular mass variation (even when
normalised to body surface area or height) and func-
tional parameter changes. Moreover variations in
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weight, BMI and WHR did not prove to be correlated
to those parameter changes. Only A/E ratio improve-
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