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ABSTRACT. Background and aims: Obesity is one of
the most common diseases in the world. Particularly in
elderly subjects, the effects of weight loss on cardiac
functions have not been previously investigated by
means of pulsed wave tissue doppler imaging (PWTDI).
Using PWTDI, we examined the effects of weight loss
on cardiac functions and left ventricular (LV) mass in
obese geriatric women. Methods: Thirteen obese wom-
en aged 66-83 years (mean age 71.2±4.9 yrs) with a
body mass index 35.6-49 kg/m2 (mean body mass index
39.9±4.3 kg/m2) were evaluated by echocardiography
and PWTDI. Only subjects with uncomplicated obesi-
ty were included. All measurements, including an-
thropometric variables, systolic and diastolic indices,
and LV mass, were made before and after a 6-month
Orlistat plus hypocaloric diet. Myocardial systolic wave
(Sm) velocity, isovolumic acceleration (IVA), myocardial
precontraction time (PCTm) and the PCTm to con-
traction time (CTm) ratio were calculated as systolic in-
dices. Early diastolic wave (Em), late diastolic wave
(Am), Em to Am ratio, myocardial relaxation time
(RTm), deceleration time (DT) and isovolumic relax-
ation time (IVRT) were determined as diastolic mea-
surements. Results: Subjects lost an average of
8.4±1.2 kg. LV mass decreased significantly after
weight loss (p<0.001). In addition, IVRT decreased
significantly (p=0.038). Only RTm decreased signifi-
cantly (p=0.016), whereas other PWTDI parameters of
LV remained the same. In the right ventricle, Sm ve-
locity, IVA, Em, and Am velocities were similar. How-
ever, the PCTm to Am ratio decreased significantly
(p=0.006), and the Em to Am ratio increased (p=0.04)
and RTm decreased significantly (p=0.016) after weight

loss. Conclusions: In obese geriatric women, weight
loss improves ventricular diastolic functions and de-
creases LV mass. It also contributes to partial im-
provement in right ventricular systolic function.
(Aging Clin Exp Res 2010; 22: 206-211)
©2010, Editrice Kurtis

INTRODUCTION
Obesity is one of the most common risk factors for car-

diovascular disease, and is associated with increased car-
diovascular mortality and morbidity (1, 2). In addition, in
recent years, the prevalence of obesity has been marked-
ly increasing worldwide, not only among young adults but
also in both elderly men and women. The 2005 Na-
tional Health Interview Survey found that 25.1% of men
and 28.8% of women among older adults, respectively,
were obese (3, 4).
Several reports (e.g., 5, 6) have shown that obesity in-

creases total blood volume and cardiac output, because of
the increased metabolic activity of excessive fat and ab-
normal myocardial relaxation and filling compared with
non-obese people. In addition, increased left ventricular
(LV) wall stress, LV mass, and abnormal loading conditions
lead to impaired ventricular diastolic and systolic functions
in obese subjects.
The changes in LV structure and LV mass with in-

creasing obesity are partially explained by the hemody-
namic changes that accompany obesity. Chronic vol-
ume overload and a rise in cardiac output lead to LV di-
latation and compensatory (eccentric) LV hypertrophy.
Metabolic and hormonal factors can also affect the cardiac
morphology of obese people (7). Willens et al. (8) observed
that severe obesity in adults is associated with LV systolic
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and diastolic dysfunction, and impaired right ventricular
(RV) diastolic function.
Particularly in the geriatric population, the role of

weight loss on LV mass and cardiac functions is likely to
be considerable, but its influence on cardiac structure
and ventricular functions in elderly subjects is still poorly
understood.
Some studies (e.g., 8, 9) indicate that new echocar-

diographic methods, such as pulsed wave tissue doppler
imaging (PWTDI) are more sensitive in detecting the
presence of early sub-clinical changes in ventricular func-
tion than conventional echocardiographic methods.
The aim of this study was to evaluate the effects of

weight loss with Orlistat plus a low-calorie diet on ven-
tricular systolic and diastolic functions. LV mass was as-
sessed by standard echocardiographic examination and tis-
sue doppler imaging in elderly women with uncomplicated
severe obesity for a period of six months.

METHODS
Study protocol
A 6-month, self-controlled prospective study was con-

ducted at a geriatric outpatient clinic. This study complies
with the Declaration of Helsinki. The study protocol was
approved by the local ethics committee, and informed
consent was obtained from all subjects.
Eighteen elderly people with a body mass index (BMI)

>35 kg/m² between the ages of 66 and 83 were enrolled,
but only 13 subjects completed the study, since five of
them were lost to follow-up. Exclusion criteria were hy-
pertension, heart failure, ischemic or valvular heart dis-
ease, atrial fibrillation, respiratory disease, diabetes mel-
litus, stroke, hepatic and/or renal dysfunction, systemic ill-
ness and malignancy. None of the subjects was taking
medications that could affect weight gain or loss. The find-
ings of medical history, physical examination, electro-
cardiogram, chest radiogram, and routine blood mea-
surements such as total blood count, renal and hepatic
functions, and serum electrolytes were normal in all sub-
jects.
Physical examination, routine blood measurements, and

anthropometric measurements such as weight, height,
BMI, and waist and hip circumferences were performed
at baseline and six months later. Weight and height were
measured with subjects wearing light clothes and no
shoes. Waist circumference was measured horizontally
half-way between the iliac crest and the lower ribs, and hip
circumference was measured at the greatest diameter
over the buttocks. Both measurements were taken by the
same person. Each measurement was performed in du-
plicate, and the average value was used to calculate waist
and hip circumferences. BMI was calculated as the ratio
of weight to height squared for each subject. The waist-to-
hip ratio (WHR) was calculated as waist circumference (cm)
divided by hip circumference (cm).

After baseline assessment and for the whole study
period, all subjects were prescribed 120 mg t.i.d. Orlistat,
a gastrointestinal lipase inhibitor, with breakfast, lunch and
dinner, and a reduced-calorie diet regimen (1300-1500
kcal/day), containing 30% of calories from fat. Treatment
compliance and adverse reactions with medication were
evaluated in the first month and at every visit to the clin-
ic. All subjects received dietary and appropriate physical
activity counseling during the study period.

Echocardiographic examination
Standard echocardiography and pulsed wave tissue

doppler imaging were performed with subjects in partial
left decubitus on a Vingmed System 7 (Vivid 7 GE, Hort-
en, Norway) before therapy and at the end of 6 months.

Standard echocardiography
Left ventricular internal dimensions, wall thickness

and left atrial systolic dimensions were obtained from
two dimensional guided M-mode echocardiographic trac-
ings in the parasternal long axis view, according to the rec-
ommendations of the American Society of Echocardiog-
raphy (10).
Fractional shortening (FS) was calculated as the percent

change in LV internal dimension between systole and di-
astole. Mitral inflow velocities were obtained by pulsed
wave doppler recording in the apical 4-chamber view,
placing the sample volume at the tips of mitral valve
leaflets. The peak early (E; meters per sec) and late (A;
meters per sec) mitral inflow velocities and isovolumic re-
laxation time (IVRT; millisec; the time interval between the
end of systolic output and the onset of E wave flow) and
deceleration time (DT; millisec) were measured as in-
dexes of LV global diastolic function. Pulsed doppler
measurements of the LV systolic outflow tract was per-
formed by placing the sample volume close to the aortic
valve. The LV pre-ejection period (PEP; millisec; from
electrocardiogram QRS to the beginning of systolic ejec-
tion), LV ejection time (LVET; millisec; from the beginning
to the end of LV ejection) and the PEP/ LVET ratio
were determined as systolic time intervals.

Tissue doppler imaging
Tissue doppler imaging was performed from the

apical 4-chamber view; a 3-mm sample volume was
placed at the level of the basal LV lateral mitral annulus
and right ventricular (RV) lateral tricuspid annulus.
Three waves were obtained in each cycle: one systolic
wave (Sm), one early diastolic wave (Em) and one late di-
astolic wave (Am). Isovolumic acceleration (IVA) (pre-
cedes Sm and begins before the R wave on the elec-
trocardiogram) was calculated by dividing myocardial
peak velocity during isovolumic contraction by the time
interval from the onset of this wave to the time at peak
velocity. The peak velocity of Sm (cm per sec), IVA (me-
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Effects of weight loss on cardiac functions in obese geriatric women

ters per sec squared), myocardial precontraction time
(PCTm; millisec; from the onset of electrocardiogram
QRS to the beginning of Sm), contraction time (CTm;
millisec; from the beginning to the end of Sm) and
their ratio (PCTm/CTm) were calculated as myocar-
dial systolic indexes. Em (cm per sec), and Am (cm per
sec) peak velocities, their ratio (Em/Am) and myocardial
relaxation time (RTm; millisec; time interval between the
end of Sm and the onset of Em) were calculated as
myocardial diastolic indexes. All measurements were cal-
culated from three consecutive cycles, and the aver-
age of three measurements was recorded.

Reproducibility
For inter-observer variability, a second observer cal-

culated 10 measurements, and for intra-observer vari-
ability, the first observer measured 10 measurements on
another day. Intra- and inter-observer variabilities were as-
sessed as the difference between two readings in percent
of the mean.

Left ventricular mass
The LV mass was calculated using the formula of De-

vereux and Reichek [1.04 � (diastolic LV diameter + sep-
tal thickness + LV wall thickness)³ – (diastolic LV diame-
ter)³ – 13.6], with the Penn convention (11).
The LV mass index was calculated by dividing it by

height2.7 as previously reported (12), expressed in units of
gram per meter2.7 (g/m2.7).

Statistical analysis
All continuous data were expressed as means±SD.

The data were analysed by SPSS (version 13.0; SPSS
Inc., Chicago, IL, USA). The data before and after weight
loss were compared by the paired-sample t-test. p<0.05
was considered significant.

RESULTS
The study group consisted of 13 severely obese el-

derly women. This mean age and BMI at baseline were
71.2±4.9 yrs (range, 66-83 yrs) and 39.9±4.3 kg/m2

(range, 35.6-49 kg/m2), respectively. The characteris-

tics of subjects before and after weight loss are listed in
Table 1.
At the end of the 6-month follow-up, the combination

of Orlistat and diet therapy in the elderly women with obe-
sity resulted in a significant decrease in weight, from
88.9±10 to 80.5±8.8 kg (p<0.001), BMI from 39.9±4.3
to 36.1±4.6 kg/m² (p<0.001), waist circumference from
113.6±8 to 107.8±8 cm (p=0.001) and hip circumfer-
ence from 120±8.7 to 109.4±8.9 cm (p<0.001). All sub-
jects lost at least ≥5% of their initial body weight, with a
mean decrease of 8.4±1.2 kg.
The effects of weight loss on two dimensional and

doppler echocardiographic parameters of the left ventri-
cle are listed in Table 2. No significant changes were not-
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Clinical characteristics Before After Difference p
Mean±SD mean (%)

Weight (kg) 88.9±10 80.5±8.8 -8.4 (9.4) <0.001
BMI (kg/m²) 39.9±4.3 36.1±4.6 -3.8 (9.4) <0.001
Waist circumference (cm) 113.6±8 107.8±8 -5.8 (5.1) 0.001
Hip circumference (cm) 120±8.7 109.4±8.9 -10.6 (8.8) <0.001
Waist-to-hip ratio 0.94 0.98 +0.04 (4.2) 0.034

BMI: body mass index.

Table 1 - Characteristics of study subjects before and after weight loss.

Before After p
Mean±SD

LVEDD (cm) 4.9±0.4 4.8±0.3 ns
LVESD (cm) 3.0±0.3 3.1±0.3 ns
IVST (cm) 1.05±0.09 1.0±0.07 0.016
LVPWT (cm) 1.02±0.06 0.99±0.07 ns
Left atrium (cm) 4.09±0.04 4.04±0.04 ns
FS (%) 37.3±5.6 35.7±3.9 ns
PEP (ms) 90.5±13.3 86.1±14.7 ns
LVET (ms) 291.7±21.2 297.2±23.9 ns
PEP/LVET ratio 0.31±0.05 0.29±0.06 ns
LVM (g) 186.7±24.7 172±29.9 <0.001
LVM index (g/m2.7) 71.8±9.6 65.8±10.4 <0.001
E (m/s) 0.58±0.15 0.62±0.15 ns
A (m/s) 0.84±0.19 0.82±0.10 ns
E to A ratio 0.70±0.14 0.76±0.16 ns
DT (ms) 288.3±30.6 277.5±36.4 ns
IVRT (ms) 106.2±12.4 97±9.8 0.038

ns: non-significant. LVEDD: left ventricular end-diastolic diameter; LVESD:
left ventricular end-systolic diameter; IVST: interventricular septum thickness;
LVPWT: left ventricular posterior wall thickness; FS: fractional shortening;
PEP: pre-ejection period; LVET: left ventricular ejection time; LVM: left ven-
tricular mass; E: mitral early peak velocity; A: mitral late peak velocity;
DT: deceleration time; IVRT: isovolumic relaxation time.

Table 2 - Standard echocardiographic parameters of left ventricle
before and after weight loss.
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ed in the LV end-systolic diameter (LVESD), LV end-di-
astolic diameter (LVEDD), left atrial dimension, LV pos-
terior wall thickness (LVPWT) or FS. However, inter-
ventricular septum thickness (IVST) decreased signifi-
cantly after weight loss (p=0.016). The LV mass and ad-
justed LV mass index decreased significantly after weight
loss (p<0.001). Mitral inflow parameters and PEP, LVET
and the PEP/LVET ratio were not different compared
with baseline values. The only parameter that markedly
changed after weight loss was IVRT, which fell significantly
(p=0.038).
The effects of weight loss on the tissue doppler imaging

parameters of LV function are listed in Table 3. In the left
ventricle, none of the parameters changed, except the
RTm interval, before and after weight loss. RTm decreased
from 92.2±16.6 to 76.4±15.2 (p=0.016). Table 4 lists the

effects of weight loss on tissue doppler imaging param-
eters of RV function. In the right ventricle, Sm velocity,
IVA, and Em and Am velocities were similar before and
after weight loss. Among systolic measurements, al-
though PCTm decreased (p=0.077) and CTm increased
(p=0.065), but not significantly, the PCTm to CTm ratio
decreased significantly (p=0.006). Among diastolic mea-
surements, Em to Am ratio increased (p=0.04) and RTm
decreased significantly (p=0.016) after weight loss in
severely obese subjects. Intra and inter-observer variabil-
ities in tissue doppler imaging measurements were 3.2%
and 4.1% respectively.

DISCUSSION
Weight loss after Orlistat and a reduced-calorie diet

therapy in elderly women with severe obesity is associated
with improvement in both RV and LV diastolic func-
tions and sub-clinical improvement in RV systolic function,
as well as a decrease in LV mass and adjusted LV mass in-
dex compared with baseline values at the end of the 6-
month follow-up. Previous studies (8, 13, 14) have shown
that obesity affects both systolic and diastolic functions and
induces LV mass increase. It is a condition that may
cause left and right ventricular dysfunction, even in subjects
without co-morbid cardiovascular risk factors.
The Framingham Heart Study described obesity as

an independent predictor of left ventricular hypertrophy
and the strongest determinant of LV mass independent-
ly. Obesity and increased LV mass are also related to high-
er mortality and morbidity (15, 16). Although several
studies (4-13) have investigated the influences of obesity
on ventricular function and LV mass, studies evaluating the
effects of weight loss on myocardial functions have been
limited.
Maniscalco et al. (17) recently evaluated the effects of

surgically-induced weight loss on right ventricular function
through the right myocardial performance index (R-MPI)
in uncomplicated severely obese adults. They observed
that decreased R-MPI suggests an improvement in right
ventricular dysfunction. Willens et al. (18) showed an in-
crease in tricuspid annular systolic and early diastolic ve-
locities and mitral annular early diastolic velocity after sub-
stantial weight reduction through gastric bypass surgery in
severely obese subjects; their results indicated an im-
provement in RV systolic and diastolic function and LV di-
astolic function. However, in that study, most of the
subjects presented co-morbidities such as hypertension, di-
abetes mellitus and obstructive sleep apnea syndrome.
In our study, we observed an increase in the Em to Am

ratio but a decrease in the RTm and PCTm to CTm ratios
after weight loss among the parameters of RV systolic and
diastolic functions evaluated by PWTDI. The Em to Am ra-
tio and RTm changes were consistent with improved
RV diastolic function, whereas a decrease in the PCTm to
RTm ratio was consistent with improved RV systolic
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Before After p
Mean±SD

Sm (cm/s) 8.4±1.9 8.5±1.6 ns
IVA (m/s2) 4.3±1.5 4.9±1.4 ns
Em (cm/s) 7.8±2.5 7.4±1.8 ns
Am (cm/s) 12.8±2.9 12.0±2.9 ns
Em to Am ratio 0.64±0.25 0.64±0.19 ns
PCTm (ms) 96.6±14.7 98.1±14.0 ns
CTm (ms) 274.4±27.3 288.3±25.8 ns
PCTm to CTm ratio 0.35±0.08 0.34±0.06 ns
RTm (ms) 92.2±16.6 76.4±15.2 0.016

ns: non-significant. Sm: systolic wave; IVA: isovolumic acceleration; Em: ear-
ly diastolic wave; Am: late diastolic wave; PCTm: myocardial precontraction
time; CTm: contraction time; RTm: myocardial relaxation time.

Table 3 - Tissue doppler parameters of left ventricle before and
after weight loss.

Before After p
Mean±SD

Sm (cm/s) 13.8±2.7 14.5±3.6 ns
IVA (m/s2) 4.8±1.0 4.7±1.6 ns
Em (cm/s) 10.7±1.9 12.4±3.6 ns
Am (cm/s) 16.0±2.7 15.6±3.7 ns
Em to Am ratio 0.67±0.11 0.79±0.14 0.04
PCTm (ms) 90±11 80±15 ns
CTm (ms) 269.4±26.8 292.2±32.1 ns
PCTm to CTm ratio 0.33±0.05 0.27±0.06 0.006
RTm (ms) 88.8±20.4 71.6±20.9 0.016

ns: non-significant. Sm: systolic wave; IVA: isovolumic acceleration; Em: ear-
ly diastolic wave; Am: late diastolic wave; PCTm: myocardial precontraction
time; CTm: contraction time; RTm: myocardial relaxation time.

Table 4 - Tissue doppler parameters of right ventricle before and
after weight loss.
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Effects of weight loss on cardiac functions in obese geriatric women

tions and LV mass were accompanied by modest weight
loss. Although subjects with obesity still remained obese
after their weight loss, positive effects on cardiac functions
appeared, but favorable alterations in systolic functions
may require more time. Therefore, further prospective
studies with larger numbers of subjects are needed to clar-
ify the long-term effects of weight loss on ventricular
systolic functions. The small number of subjects, absence
of hemodynamic measurements, and relatively short fol-
low-up were the limitations of our study. In addition, ve-
locities assessed by PWTDI are limited by rotational and
restraining forces in the contracting and relaxing heart.
Strain rate imaging, which measures segmental tissue
deformation and studies performed with larger numbers
of subjects and longer follow-up periods may be useful in
resolving these limitations.
Previous studies involved obese individuals younger

than 65 years of age. To our knowledge, this is the first
prospective study evaluating the influences of weight re-
duction on ventricular functions and LV mass by means of
PWTDI in obese elderly women. Although obese indi-
viduals have sub-clinical ventricular dysfunction deter-
mined by echocardiography, long-standing obesity leads
to heart failure, called obesity cardiomyopathy, which
usually develops in people with severe, sustained obesity.
Therefore, prevention and treatment of obesity are very
important (5).

CONCLUSIONS
Despite its limitations, our study indicates that signifi-

cant weight loss contributes to improved LV and RV di-
astolic functions, regression of LV mass, and mildly im-
proved (sub-clinical) RV systolic function in severely obese
elderly women. Such women, particularly those with se-
vere obesity, should be encouraged to lose weight. How-
ever, the potential risks and benefits of weight loss should
be evaluated individually.

functions. In the left ventricle, there were no significant dif-
ferences in the parameters of LV systolic and diastolic
functions determined by PWTDI. However, only the
RTm significantly decreased. This finding suggests im-
proved LV diastolic function after weight loss. These re-
sults are similar to those of the studies mentioned above.
However, unlike the study by Willens et al. (18), ours in-
cluded uncomplicated, conventionally treated elderly
women with severe obesity, and the weight loss achieved
was lower (mean: 8.4 kg).
It is well documented that obesity is associated with an

increase in total blood volume, cardiac output, LV mass
and LV hypertrophy, which may lead to ventricular dys-
function. Increased left ventricular filling pressures and LV
wall stress in obese subjects lead to ventricular hypertro-
phy and higher LV mass. Left ventricular loading condi-
tions as well as LV mass affect LV functions. Right ven-
tricular structural and functional changes may be affected
by similar hemodynamic and morphologic alterations (5,
19, 20). Some authors (7, 18, 21) have observed that
weight loss induced medically or surgically leads to re-
duction of LV mass and improves ventricular functions. It
is possible that decreased LV mass after weight loss con-
tributes to improved ventricular functions, leading to a de-
crease in LV filling pressure and wall stress.
In the present study, LV mass and the adjusted LV

mass index (g/cm2.7) were significantly lower compared
with values before weight loss in the severely obese el-
derly women. Our data match those of previous studies
(e.g., 7, 22).
As LV mass is a strong predictor of sudden cardiac

death and is also associated with increased mortality,
reduction of LV mass after losing weight may reduce
mortality in obese people. However, in our study, we did
not find any changes in the left atrial, left ventricular or
right ventricular dimensions, except for a decrease in
IVST at the end of the study. Karason et al. (7) also
showed that increased chamber size in obese subjects did
not regress, even though LV mass and wall thickness were
lower after weight loss. They suggested that chamber di-
latation consistent with obesity may be less reversible
than LV mass and thickening. Decreased LV mass after
weight loss may be associated with reduced diastole filling
pressure and improved myocardial relaxation, although no
changes occur in atrial and ventricular cavity sizes.
According to the results of our study, weight reduction

first leads to decreased LV mass and then improves LV
and RV diastolic functions in obese elderly women. How-
ever, it did not improve their systolic function, but led to
a decrease in the PCTm/CTm ratio of RV. This change
appears to be a mild improvement in RV systolic function,
which cannot be detected by standard echocardiograph-
ic methods.
The results of our study reflect the short-term effects of

weight loss. Significant improvements in ventricular func-

Aging Clin Exp Res, Vol. 22, No. 3 210

REFERENCES
1. Pascual M, Pascual DA, Soria F et al. Effects of isolated obesity
on systolic and diastolic left ventricular function. Heart 2003; 89:
1152-6.

2. Adams KF, Schatzkin A, Harris TB et al. Overweight, obesity, and
mortality in a large prospective cohort of persons 50 to 71
years old. N Engl J Med 2006; 355: 763-78.

3. Kruger J, Ham SA, Prohaska TR. Behavioral risk factors associ-
ated with overweight and obesity among older adults: the 2005
National Health Interview Survey. Prev Chronic Dis 2009; 6: 1-17.

4. Peterson LR, Waggoner AD, Schechtman KB et al. Alterations in
left ventricular structure and function in young healthy obese wom-
en. J Am Coll Cardiol 2004; 43: 1399-404.

5. Alpert MA. Obesity cardiomyopathy: pathophysiology and evo-
lution of the clinical syndrome. Am J Med Sci 2001; 321: 225-36.

6. Powell BD, Redfield MM, Bybee KA, Freeman WK, Rihal CS.
Association of obesity with left ventricular remodeling and diastolic
dysfunction in patients without coronary artery disease. Am J
Cardiol 2006; 98: 116-20.

reredudu
mortmor

he
ofof weieightght

LVL masmasss byby meansmeans
omen.. AlthouAlthoughgh obesobesee indi

niniccaall vev ntrntriiccululara ddysfuncysfunction d
hocardiogrgrapaphhy,y, lonong-g-ststandin

eart failuurre,e, calledcalled obeobesitsity ca d
ususuala lyy ddeevveelopsops iinn people
TTheherefrefoorere,, ppreventi
iimmpoorrtant (5)

dd LVV
er comparedompared

e sseveveerrelyy obeobesee eel-
h those ooff prpreveviousous studiestudies

ss is aa strostronngg ppredredicictot r of sud
anand isis alsoalso assossociatateded withth i

uctctionion ofof LVLV massss afte
talalityity inin obeobese pe
nndd any h

mementnt oof

LUUSISIONONS
Despspiteite itsits llimiimitatiotati

ccanant weieighghtt lol
asastotollii

cc
morortalitalityty,,

gghth maymay reducreducee
veer,r, iinn oourur ststudy,udy, ww

he lefteft atrialatrial,, leleftf vv
dimeimensnsionions, eexceptxcept

enendd ofof tthehe ssttuud
creacre seedd



7. Karason K, Wallentin I, Larsson B, Sjöström L. Effects of obesi-
ty and weight loss on left ventricular mass and relative wall thick-
ness: survey and intervention study. BMJ 1997; 315: 912-6.

8. Willens HJ, Chakko SC, Lowery MH et al. Tissue Doppler
imaging of the right and left ventricle in severe obesity (Body Mass
Index > 35 kg/m²). Am J Cardiol 2004; 94: 1087-90.

9. Wong CY, O’Moore-Sullivan T, Leano R, Byrne N, Beller E,
Marwick TH. Alterations of left ventricular myocardial charac-
teristics associated with obesity. Circulation 2004; 10: 3081-7.

10. Schiller NB, Shah PM, Crawford M et al. Recommendations
for quantitation of the left ventricle by two-dimensional echocar-
diography. American Society of Echocardiography Committee on
Standards, Subcommittee on Quantitation of Two-Dimensional
Echocardiograms. J Am Soc Echocardiogr 1989; 2: 358-67.

11. Devereux RB, Reichek N. Echocardiographic determination of left
ventricular mass in man. Anatomic validation of the method.
Circulation 1977; 55: 613-8.

12. De Simone G, Devereux RB, Daniels SR, Koren MJ, Meyer
RA, Laragh JH. Effect of growth on variability of left ventricular
mass: assessment of allometric signals in adults and children
and their capacity to predict cardiovascular risk. J Am Coll
Cardiol 1995; 25: 1056-62.

13. Crisostomo LL, Araujo LMB, Camara E et al. Comparison of left
ventricular mass and function in obese versus nonobese women
< 40 years of age. Am J Cardiol 1999; 84: 1127-9.

14. Otto ME, Belohlavek M, Khandheria B, Gilman G, Svatikova A,
Somers V. Comparison of right and left ventricular function in
obese and nonobese men. Am J Cardiol 2004; 93: 1569-72.

15. Levy D, Anderson KM, Savage DD, Kannel WB, Christiansen JC,
Castelli WP. Echocardiographically detected left ventricular hy-
pertrophy: prevalence and risk factors. The Framingham Heart
Study. Ann Intern Med 1988; 108: 7-13.

16. Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP.
Prognostic implications of echocardiographically determined left
ventricular mass in the Framingham Heart Study. N Engl J Med
1990; 322: 1561-6.

17. Maniscalco M, Arciello A, Zedda A et al. Right ventricular per-
formance in severe obesity. Effect of weight loss. Eur J Clin
Invest 2007; 37: 270-5.

18. Willens HJ, Chakko SC, Byers P et al. Effects of weight loss af-
ter gastric bypass on right and left ventricular function assessed by
tissue Doppler imaging. Am J Cardiol 2005; 95: 1521-4.

19. Crisostomo LL, Araujo LMB, Camara E et al. Left ventricular
mass and function in young obese women. Int J Obes 2001; 25:
233-8.

20. Dorbala S, Crugnale S, Yang D, Di Carli MF. Effect of body mass
index on left ventricular cavity size and ejection fraction. Am J
Cardiol 2006; 97: 725-9.

21. De Simone G, Romano C, Caprio CD et al. Effects of sibu-
tramine-induced weight loss on cardiovascular system in obese sub-
jects. Nutr Metab Cardiovasc Dis 2005; 15: 24-30.

22. Alpert MA, Terry BE, Mulekar M et al. Cardiac morphology
and left ventricular function in normotensive morbidly obese pa-
tients with and without congestive heart failure, and effect of
weight loss. Am J Cardiol 1997; 80: 736-40.

M. Varli, S. Turhan, S. Aras et al.

211 Aging Clin Exp Res, Vol. 22, No. 3

aall. EfEffecfe ttss ooff ss
ascular sysysstemtems inin obeseobese sus

Dis 200055;; 115:5: 2424-3-300..

y BE,BE, MMululekaarr MM eett aall.. Cardidiac m
ntricular functinctionon iinn normormototensivee m

ts with aandnd withouutt ccongongestes ive he
weightght llososss.. AmAm J Cardiodioll 1997



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


