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Objective - To study by doppler echocardiography
the cardiac systolic and diastolic functions of health, un-
complicated obese subjects.

Methods - Fifty-nine obese women with an average
body mass index (BMI) of 35 kg/m’? were evaluated and
compared with 19 subjects with an average BMI of 23 kg/
m? (control group).

Results - In the obese group, a clear tendency was
observed toward higher systolic pressure, increased wall
thickness and, consequently, myocardial mass, elevation
on the circumference stress of the left ventricular wall, and
an indisputable presence of diastolic abnormalities.
Filling abnormalities were observed with impaired rela-
xation, with prolonged isovolumic relaxation time (IVRT)
and augmented atrium contribution representing early
indexes of cardiac dysfunction when systolic performance
is still normal.

Conclusion - Obesity is generally a chronic condi-
tion, and doppler echocardiography can be used as a no-
ninvasive instrument for early evaluation of left ventricu-
lar diastolic indexes.
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“ Sudden deathismorefreguent in thosewho are natu-
rally obesethaninthosewho arelean” —Hypocrites, apho-
rism44(Cosldand,460BC).

Thefirst modern postulation about theinterrelation-
ship between abesity, heart disease, and sudden death was
made by Corvisat * in 1806. He described the presence of
adiposetissuearound the heart and suggested that it could
be compressed (restrictive cardiopathy), |eading to sudden
death.

In 1819, the anatomopathol ogist L aennec2coinedthe
expression “adipose heart” to differentiate between the
deposition of adiposetissueon the cardiac surface and the
greasy degeneration of myocardial fibersthat resultsinan
organ of pallid appearance, “ similar to dead leaves’.

Only in 1933 did Smith and Willius® publish apaper
correlating body weight with cardiac mass, aswell astheas-
sociation between severity of obesity and congestive heart
failure,

Thefirst echocardiographic study in patients with
morbid obesity wasperformed by Alexander at al.#in 1978,
when 2 distinct functional patterns among their patients
were described asfollows: Group I: patients with normal
gjection fraction (EF), volume/mass (V/M) ratio and,
consequently, normal parietal stress (Str); Group Il:
patientswith augmented final diastolic volume, increased
V/M ratio, increased Str and reduced EF.

Finally, in 1982 Cueto Garciaet al.® performed an
echocardiographic study in agroup of morbidly obese
patients and described an important increase in left
ventricular masswith dilated chambers, probably secon-
dary to eccentric hypertrophy, which he called “inade-
quate”.

The purpose of the present study wasto evaluate un-
complicated obese patients, and analyze left ventricular
systolic and diastolic functions by Doppler echocardio-
graphy, beforeadministeringadrugfor weight loss.
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Methods

Fifty-ninewomen, averageage 39.56+11.30yearsand
body massindex (BM1) of 35+6kg/m?, weresel ected. For the
present study, weconsidered normal weighttobeBM I =20-
25kg/m?, overweight tobeBMI = 25—30kg/m?, obesetobe
BMI = 30-40kg/m?, and morbid obesity tobe BM| >40kg/
m2. Patientswith systemic arterial hypertension, diabetes,
cardiopathy, and kidney, brain, and lung complicationswere
excluded. Theremaining patientswere considered “ heal -
thy” or“normal” obese. They werecompared with 19 heal -
thy women, withamean age+ SD of 32.16+9.39years, and
BMI + SD of 23+4kg/n?.

Anthropometric and clinical parametersincluded age
(A), weight (W), height (H), body surface (BS), heart rate
(HR), and systolic arterial pressure (SP). Both groupsun-
derwent Doppler echocardiography with color flow map-
ping, according to thetechnique established and proposed
by the American Society of Echocardiography (ASE).

A System Five® - Ving Med (Genera Electric) device
was used in the present study, which hasthe capability of
generating and receiving second harmonic echosand hasa
trigger synchronizedwiththe ECG.

Theechocardiographicvariablesconsidered werethe
following: Direct linear measurements— aorta (Ao), | eft
arium(LA), leftventricle(LV), left ventricular diagtolic(Dd),
and systolic (Sd) diameters, diastolic (Sd) and systolic (Ss)
thicknessof the septum and posterior wall (Pd and Ps, res-
pectively), amplitudes of mitral E and A waves (Mveand
Mva, respectively).

Indirectly cal culated measurements—diastolic (Dv)
and systolic (Sv) volumes, | eft ventriclemass (M) and mass
index (M1), theratiosDv/IM, Mve/Mva, systolicwall stress
(Str), percentage of LV systolic shortening (Dd%), percen-
tage of systolic septum (DS%) and LV posterior wall
(DP%)thickness, and | eft ventricul ar g ectionfraction (EF).
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Direct measurementsof timeintervals—isovolumicre-
laxationtime(IVRT), mitral flow acceleration and decelera
tiontime( Taand Td, respectively).

Statigtical andysis—Thestatistical analysiswasperfor-
med based on the cal cul ations of means + standard devia-
tions (SD), confidenceintervals (Cl), and by the unpaired
Student’ st test. Thelevel of significancewasset at p<0.05.

Results

Thelargenumber of casesineach group, making upto
atotal of 78 women, together with the massive number of
variablesconsidered, resultedinextremely largetables. We,
therefore, opted to only present the mean + SD, the confi-
denceintervals(Cl) and the statistical comparisonsof the
most significant and relevant parameters for the compre-
hension of the present study (Tables| to V).

Discussion

The pathophysiology of the heart alterations obser-
ved in obese subjectsis generally unclear. It is known,
however, that in the obese patient asignificant augmenta-
tion of circulating plasmavolumeoccurs, and, consequen-
tly, incrementsin the blood volume, which leadsto an
important increase of the peripheral vascular bed®. Tocom-
pensatefor theincreasein blood volumeandinthecapillary
net, the cardiac debt iselevated proportionally totheexces-
siveweight in relation to the ideal weight. Similarly, a
significant increase occursin oxygen consumption by the
active metabolism of the adiposetissue, whichisalso pro-
portional to the magnitude of the excessweight, such that
most of the heart debt of the obese subject is destined to
supply thefat tissue cells.

These subjects also showed a clear elevation of LV
filling pressure as a consequence of aless compliant

Table I - Age, weight, body surface area and body mass index of obese and control group

A (years)* BSA (m)* BMI (kg/md)*
Ob (n=59) 39.56+11.30 88.66+14.91 1.90+0.17 3516
[1C, 95%] [36.68; 42.44] [84.86; 92.47] [1.85; 1.94] [34; 37]
NI (n=19) 32.16+9.39 61.32+11.63 1.65+0.16 234
[1C, 95%] [27.94; 36.38] [56.09; 66.55] [1.57; 1.72] [22; 25]

* Significant at p<0.05; A- years, W- weight; BSA- body surface area; BMI- body mass index.

Table II - Values of aorta, systolic blood pressure, left atrium, and left ventricular diastolic thickness of the septum and posterior wall

Ao(cm)* SP(mmHg )* LA (cm)* Sd (cm)* Pd (cm)*
Ob (n=59) 29.46+3.13 118.11+15.70 35.76+£3.49 9.24+1.26 8.73+0.89
[IC, 95%] [28.66; 30.26] [114.13; 122.14] [34.87; 36.65] [8.92; 9.56] [8.50; 8.96]
NI (n=19) 27.42+2.85 104.70+17.43 32.11+3.86 7.68+1.00 6.37+1.61
[IC, 95%] [26.14; 28.70] [96.90; 112.57] [30.37; 33.84] [7.23; 8.13] [5.64; 7.09]

* Significant at p<0.05; Ao- aorta; SP- systolic blood pressure; LA- left atrium; Sd- septum thickness (diastole); Pd- posterior wall thickness (diastole).
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Table III - Echocardiographic measurements in obese women vs. control group

Dd (cm)* Vd(cm?)* Dv/IM (ml/g)* IM (g/m?)*
Ob (n=59) 49.22+3.42 120.9+23.77 0.79+0.13 81.70+15.28
[CI, 95%] [48.35; 50.09] [114.84; 126.97] [0.76; 0.83] [77.80; 85.60]
NI (n=19) 47.37+3.96 108.3+25.66 1.05+0.24 64.55+17.26
[CI, 95%] [45.59; 49.15] [96.82; 119.90] [0.94; 1.16] [56.79; 72.31]

* Significant at p<0.05; Dd- left ventricular diastolic diameter; Dv- left ventricular diastolic volume; MI- mass index.

Table IV - Mass and global echocardiographic systolic indexes of obese vs. normal subjects

M (g)* Str (g/em?)* Dd%o* FE*
Ob (n=59) 154.3+29.80 132.28+23.42 37.38+£3.19 0.75+0.04
[IC, 95%] [146.77; 161.97] [126.05; 138.51] [36.56; 38.19] [0.74; 0.76]
NI (n=19) 106.6+31.98 110.16+29.19 41.42+5.18 0.79+0.05
[IC, 95%] [92.23; 120.99] [97.03; 123.28] [39.10; 43.75] [0.77; 0.82]

* Significant at p<0.05; M- |eft ventricular mass; Str- systolic wall stress; Dd%- fractional shortening; FE- gection fraction.

Table V - Global echocardiographic diastolic function indexes in obese and nonobese women

Mve (m/s)** Mva(m/s)* Mve/Mva* IVRT (ms)*
Ob (n=59) 0.86+0.17 0.76+0.18 1.18+0.30 101.07+20.47
[IC, 95%] [0.81; 0.90] [0.71; 0.80] [1.10; 1.26] [95.84; 106.29]
NI (n=19) 0.92+0.17 0.60+0.16 1.62+0.46 88.74+14.25
[IC, 95%] [0.85; 1.00] [0.53; 0.68] [1.41; 1.83] [82.33; 95.14]

isovolumic relaxation time.

* Significant at p<0.05 (Student's ¢ test); ** Not significant; Mve- early filling velocity (left ventricle); Mva- late filling velocity (atrial contraction); IVRT-

chamber. Thishemodynamic pattern hasbeen showntobe
reversiblewithamarkedweight reduction”®. Thus, in cases
of remarkabl e obesity atrue hypervolemic syndrome
associated with a hyperkinetic state, with high-energy
expenditureisobserved. Itisimportant to emphasize that
theintensity of the observed alterationsis proportional to
thelength of installation or living with thishemodynamic
situation. Because no cases of morbid obesity existed and
this was a homogenous and well-sel ected sample, from
whichwereexcludedthemainfactorsthat might leadtocar-
diovascular alterations, we expected anatomically and
functionally normal hearts.

Itisnoteworthy that in our resultsthe averageweight
of theobesewomenwas44% greater than that of thecontrol
group, and the differencein BMI between the groupswas
45%, indi cating that these groups were composed of truly
distinct populations, despite the fact that they were made
of, theoretically, normal subjectsfrom the cardiovascular
point of view.

Maybe one of the most important observationsin the
present study wasthe significantly higher values of thick-
nessof theseptumand of theLV posterior wall, and conse-
quently, theventricul ar massin the obesewomen, although
both groups had normal cavity diameters. Therefore, the

ratio between Vd/M, which defineshypertrophy, wassigni-
ficantly smallerintheobesewomen (0.79vs1.05; p<0.05). It
isimportant to emphasizethat the valuesof thisrelationship
Vd/M continue within normal limits, being considered
hypertrophicin patientswith valuesbelow 0.5mL/gusing
thetruncated ellipsoid (2-dimensional) model, inwhichthe
normal valueis0.80+0,15mL/g°.

The hemodynamic factors per se would not be suffi-
cient to explaintheincreasein cardiac massin normoten-
sive, nondiabetic obese patients. Sasson et al. ° attributed
the hypertrophy to theinsulinresistance often observedin
these patients (perhaps due to agenetic inheritance), asa
possible cause of hypertrophy extrinsic to the cardiovas-
cular system (there would be an increased activity of the
insulin-likegrowthfactor).

Several studieshave confirmedthesignificantincrea-
seof LV diameters, inadditiontowall thicknessand ventri-
cular mass, proportional to the magnitude and duration of
theweight gain, especially in morbidly obese subjects. In
fact, Alpert et al.™* studying 62 normotensive morbidly
obese patients (at |east twice the ideal weight) found an
increaseinwall thicknessin56% and diastolic diameterin
39% of the sample, resultingin a64% increasein cardiac
massand dilation of theleft atriumin 39% of the cases.
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Inour sample, thevaluesfor ventricular and atrial thick-
nessand diameterswerenot atered, although al displayed
statistical significance. Ventricular mass, corrected for body
surface, al so exhibited valueswithin thenormal range; ho-
wever, it was 26.5% greater than that of nonobese women
(normal values=76+18g/m?) 2. Thiscould beexplained by
thelack of morbid subjectsinthesdectionor, perhaps, by the
short duration of obesity (on average, lessthan 4 years).

Another important finding in the healthy obese was
thehigher valueof posterior wall circumferencestress, pro-
bably secondary to the higher systolic arterial pressure
levels. Thisfindingisparticularly interesting becauseitis
known that the myocardial stress response to the compo-
nent perpendicular to thewall isone of the main determi-
nants of the development of hypertrophy and hyperplasia
of musclefibers. Themeaningful alterationsobservedinthe
LV isovolumic relaxation time areworth emphasizing, in
addition to therel ative enhancement of theatrial contrac-
tion A wave, whichreflectsaclear incipient difficulty impo-
sed onventricular fillingin thehealthy obese. Thesignsof
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diastolic dysfunction preceding systolic impairment were
alsoobservedintheDi Devitiiset al. * study. Concomitan-
tly, al indexesof either global or segment systolicfunction
werewithinnormal limits, making believeonethat thealte-
rationsfound arepart of acontext, or better yet, of aclinical
and hemodynamic situation still in acompensated state.

Inconclusion, asel ected popul ation of obesewomen,
theoretically healthy subjects, without any clinical altera-
tionsor cardiovascular complications showed aclear ten-
dency tohigher valuesof systolicarterial pressure, myocar-
dial mass, LV wall circumferencestressaswell asatendency
toearly aterationsof global diastolicfunction, characteri-
zed by aprolonged | VRT and increased vel ocity of themi-
tral flow A wave, indicating agreater atrial contributionon
theventricular filling. Based on thesefindings, the authors
believethat it isimperativeto perform adeeper and more
specific semiologic evaluation in all truly overweight pa-
tientswhowill undergo pharmacological or physical thera-
py that may affect the cardiovascular system and lead to a
state of potential instability.
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