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INTRODUCTION 

Obesity is associated with hyperglycemia, hypertrigly

ceridemia, hypertension, elevated low density lipoprotein 

cholesterol (LDL) value and depressed values for high 

density lipoprotein cholesterol (HDL). All those factors 

are also associated with an increased risk of chronic heart 

disease (CHD). In general, women prior to menopause have a 

relative immunity for atherosclerotic heart disease compared 

to men . Menopause, however, appears to increase female 

susceptibility to coronary heart disease (AHA, 1980). 

Also, two recent clinical studies demonstrated that, in 

moderately overweight patients with hypercholesterolaemia, 

serum cholesterol and triglyceride levels usually fell 

markedly when body weight was suffi ciently reduced (Olefsky 

and Far quhar, 1974). According to Singman et al. (1980), 

there wa s a lower incidence of heart disease in two active 

e xperimental groups who ranged in age from 40-49 and 50-59 

due to the reduction in serum choles terol leve l , with weight 

reduction . 

It seems r easonable t ha t obesity might increase t h e 

hemodynamic demands of the hear t and the higher prevalenc e 

of angina pectoris in overweight s uojects might thus be due 

to both me tabol i c and mechanical causes . Overweight women 

ha e higher bl ood ressure than wo en in the general 
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population. A relationship was found between overweight 

women and high serum cholesterol (Noppa et al., 1978). 
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The use of reflected ultrasound from external trans

ducers to determine the cardiac chamber size is a relatively 

recent development. Echocardiography is a diagnostic exam

ination using high frequency sound waves to visualize the 

heart and great vessels (Joffe, 1976). It is a safe, nonin

vasive, nonionizing examination that can be repeated fre

quently (Kotler and Segal, 1978). Work in the field of 

diagnostic ultrasound began in the mid-1950's with the work 

of Edler and Hertz, who focused attention on mitral stenosis. 

Today, echocardiography has proven to be an effective diag

nostic evaluation in assessing many forms of acquired and 

congenital heart disease (Kotler and Segal, 1978). 

At the present time, no study has defined the relation

ship between obesity and heart performance. However, 

previous echocardiographic studies demonstrated a growth 

related change on chamber size, heart wall thickness, and 

heart performance as a function of either body surface area 

(Epstein et al ., 1975) or the weight of the individual 

(Lund strom, 1974). 

More recently, significant correlation between left 

ventr icular mas s and lean body mass was reported by 

Longhurs t et a~ (1980 ) but the correlation coefficient was 

low (r = 0 . 276 ) . Tormalizing left ventricular mass by lean 



body mass revealed a significantly higher mass for long

distance runners (LDR) compared to all other groups (weight 

lifters (WL), heavy controls (HC), and light controls (LC)). 

These data suggested that static training in weight lifters 

induced a cardiac hypertrophy related to increased body 

mass, especially that part due to skeletal muscle hyper

trophy. 

3 

The purpose of this study is to evaluate the heart size 

and function for a group of obese women by using 

e c hocardiography. 



LITERATURE REVIEW 

It is known that obesity is a risk factor for all types 

of coronary heart disease (CHD), sudden death, angina, 

myocardial infarction (Kannel et al., 1967). In a recent 

study, Dayer et al. (1975) demonstrated that the body mass 

index was more strongly associated with cardiovascular 

mortality than relative weight. 

Obesity is associated with hyperglycemia, hypertrigly

ceridemia, hypertension, elevated low density lipoprotein 

(LDL) value and depressed values for high density lipopro

tein (HDL) . All are associated with an increased risk of 

chronic heart disease (C.H.D.). In general, women prior t o 

menopause have a relative immunity for atherosclerotic heart 

di s ease compared to men. Menopause, however, appears to 

increase female susceptibility to coronary heart disease 

(AHA , 1980). Women on estrogen also have an average high 

density lipoprotein cholesterol about 20% greater than 

women not taking estrogen (Gordon et al., 1977). 

The Ameri c an Heart Assoc i ation has identified a number 

of other modifiable risk factors . These risk factors 

include cigarette smoking, elevated blood pres s ure , elevated 

blood lipid levels , and the presence of diabetes (Gordon 

et al ., 1977) . Essential hypertension is particularly 

p revalent in middle- aged and elderly people , blacks, obese 

4 
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people, heavy drinkers, and women who are taking oral contra

ceptives (Kannel and Sorlie, 1975). 

Berchtold et al. (1977) investigated cardiovascular 

risk factors in 500 obese patients. Of these patients, 88% 

had one or more cardiac risk factors. The most frequent was 

hypertension, followed by glucose intolerance, hypertrigly

ceridemia and hyperuricemia. Only 12% of the patients were 

without additional risk factors, and these patients were 

younger and and less obese than the patients with risk 

factors. The correlation between obesity and the sum of all 

the risk factors was higher (r = 0.35) than the correlation 

between age and the sum of all risk factors (r = 0.23). 

Obesity and the Heart: 

Since it seems reasonable that obesity might increase 

the hemodynamic demands on the heart, the higher prevalence 

of angina pectoris in overweight subjects might thus be due 

to both metabolic and mechanical causes. Overweight women 

have higher blood pressure than women in the general popu

lat ion. A relationship was found between overweight women 

and high serum triglyceride level but not between overweight 

and high serum cholesterol (Nappa et al ., 1978). Choles

terol is the predominant lipid constituent of the 

atherosclerotic lesion. 

Two recent clinical studies demonstrated that in 

moderately o erNeight patient s with hypercholesterolaernia, 



serum cholesterol and triglyceride levels usually fall 

markedly when body weight was sufficiently reduced (Olefsky 

and Farquhar, 1974). According to Singman et al. (1980), 

there was a lower incidence of heart disease in the active 

experimental subjects who ranged in age from 40-49 and 

50-59 due to the reduction in serum cholesterol level, 

with weight reduction. Also, Blacker et al., (1979) 

suggested that there is a beneficial effect of weight loss 

and changes in dietary lipids on the serum cholesterol of 

obese men with hypercholesterolaemia. 

In the Framingham autopsy series, body weight was 

more strikingly related to left ventricular weight and 

thickness than to coronary atherosclerosis, and the data 

were considered to indicate that obesity might represent 

more a hemodynamic than an atherogenic stress for the cir

culatory system (Kannel and Gordon, 197 4) . However, the 

Framingham study also showed that coronary mortality in 

gen eral and sudden death in particular were substantially 

increased in the obese . 

Relative weight and obesity in middle-aged men do not 

make an independent contribution to the risk of developing 

coro ary heart disease. It is commonly seen, however, that 

when fat people with hypertension reduce , the blood pressure 

falls , so the observed relationship between relative weight 

and blood pres sure is presumably causal . 

6 



Still 40% of the extremely obese people do not have 

high blood pressure (Whyte, 1959). The effects of both 

obesity and blood pressure on heart performance has not 

been evaluated. In summary, the influence of both obesity 

and blood pressure on heart size and function is unknown. 

Hypertrophy - A Cardiac Adaption to Stress: 

The normal heart muscle grows to match the workload 

imposed upon the ventricle since the work can vary both in 

systolic pressure produced and in the volume of blood 

ejected ; di f f erent t ypes of growth are produced. When the 

musc l e is norma l this growth results in a constant relation 

b etween s ysto l ic pressure and the ratio of wall thickness 

to v entricular r adius, irrespectiv e of heart size. It is 

p r o po s ed that this r e l a tion can, therefore, be used to 

de t e r mi ne the p r o gression of h y pertrophy , and deviation 

from t he relatio n c a n be use d as a measure of myocardial 

di s ease (AHA , 1 976). Al so, the degree o f le f t ventricular 

hypertrophy wa s expressed as t h e r at io of l ef t ventr icul a r 

mass to e nd- dia s tolic volume b y Feild et al., (19 73). He 

reported that pat i ents who have a ma s s to volume ratio 

< 0 . 99 may have been a ssocia ted with abnormall y high peak 

systolic stress values. Graham et al . (197 0 ) have demon

strated that mass to volume ratio can be rela t ed to sys

tolic pressures for humans . Muscle mass does not change 
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with acute dilation, and mass to volume ratio can however 

be used as an index of hypertrophy. 
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Grant et al. (1965}, have compared the adaptations of 

the left ventricle to pressure load and to a volume load in 

a group of 25 patients with the normal function of the left 

ventricle. These data suggested that adaptation to a pres

sure load is by concentric hypertrophy which has been 

defined as increase in wall thickness without chamber 

enlargment. Filling pressure may be raised in these normal

sized chambers. With volume loading, there is an enlarge

ment of the ventricle and proportionate increase in wall 

thickness. This adaptation has been termed "eccentric 

hypertrophy." End-diastolic pressure may be normal in 

these large chambers. Eccentric hypertrophy is analogous 

to normal growth, the process which converts a neonatal 

left ventricle into an adult chamber. 

Grossman et al. (1975) recently measured the wall 

thickness to ventricula r radius ratio (t/r) and left ventri

cular mass to volume ratio (m/v) in patients with both 

pressure and volume overload caused by aortic and mi tra l 

valve lesions . They reported that a volume overload caused 

a three-fold increase in end-diastolic volume did not sub

stantially change t/r ratio or m/v r atio. Whereas a 

pressure o erload produc ed an increased t/r a nd rn/v ratio 

that was nearl proportional to the increased ventricular 



systolic pressure. Therefore, it seems reasonable that 

obesity which is frequently associated with hypertension 

should also be associated with "concentric hypertrophy" 

(Gordon et al., 1977). 

Echocardiography: 

The use of reflected ultrasound from external trans

ducers to determine cardiac chamber size and wall thickness 

is a relatively recent development. Echocardiography is a 

diagnostic examination using high frequency sound waves to 

vi sualize the heart and great vessels (Joffe, 1976). It is 

a safe, noninvasive, nonionizing examination that can be 

repeated frequently. It also provides an excellent nonin

vasive technique for the evaluation of left ventricular 

size and function which have previously required cardiac 

catheterization and angiography (Kotler and Segal, 1978). 

Work in the field of diagnostic ultrasound began in the 

mid-1950's with the work of Edler and Hertz, wno focused 

attention on mitral stenosis. Today, echocard iography has 

proven to be an effective diagnostic evaluation for assess

ing many forms of acqui r ed and congenital hear t disease 

(Kotler and Segal, 1978). 

At the pre s ent time, no study has defined the relation

ship between obesity and heart performance. However , pre

ious echocardiographic studies demonstrated a growth 

~elated cha ge 'n ch mber size, heart wall thickness, and 

9 
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heart performance as a function of either body surface area 

(Epstein et al., 1975) or the weight of the individual 

(Lundstrom, 1974). 

Epstein et al. (1975) studied 205 normal, healthy 

children ranging in age from 6 months to 18 years to estab-

l ish normal echocardiographic measurements of valvular 

motion, cavity dimensions, great vessel diameters, and 

septal wall t hickness. The data were plotted for each body 

sur fa ce showing the measurements at the levels of 5, 50, and 

95 % of the total. Le ft ventricular cavity measurements in 

systole and diastole approximately doubled as the body 

2 surface area increased from 0.3 to 1.7 m . The growth rate 

of right ventricular cavity is very similar to that of the 

left ventricle, but the absolute values are only about 30 % 

as large. The right ventricular anterior wall increases in 

thickness by o n ly about 0.5 mm from 6 months to 18 years. 

The interventricular septum increases in thickness from 

approximately 0.5 em in the 6 month-old to 0.65 em in the 

oldest children. The thickest of normal septum was 0.8 em. 

Left ventricular pos terior wall mea sur ements were very 

similar to those of the septum. 

Furthermore , Henry et al . (1978) reported tha t echo-

cardiographic measurements of the internal dimension of the 

left ventricle , the left atrium , the aortic root , and the 

mitral E- F slope are linearly relatea to the cube roo t of 



11 

the body surface. The wall thickness of the left ventricle, 

however, is linearly related to the square root of the body 

surface area, and estimated LVM varies direct.ly with BSA. 

Ejection fraction, fractional shortening percentage, and 

percent thickening of IVS and left ventricle free wall are 

independent of BSA. 

Longhurst et al. (1980) studied 60 individuals includ

ing 17 competitive weight lifters (CWL), 12 competitive 

long-distance runners (LDR), 7 non-competitive weight 

lifters (AWL), 14 heavy controls (HC), and 10 light controls 

(LC) at supine rest with echocardiographic determination of 

the left ventricular mass (LVM) by the methods of 

Penn-Deve reaux and Reichek (1977). Lean body mass (LBM) 

wa s estimated by the methods of Wilmore and Behnke (1969). 

Lef t ventricular mass was increased in the two competitive 

athlete groups compared to controls. The AWL had a mass 

intermediate between the LDR-CWL and the HC-LC groups. A 

significant correlation between LV mass and LBM mass was 

reported by Longhurst et al. (1980) but the correlation 

coefficient was low (r = 0.276). Normaliz ing LVM by LBM 

revealed a signi ficantly higher mass for LDR compared to 

all other groups . These data suggested that static train

ing in weight lifters induc ed a cardiac hypertrophy related 

to increased body mass , especially that part due t o skeletal 

muscle hypertrophy . 
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In summary, the chronic cardiac structural and func

tional adaptation induced by obesity in women have not been 

elucidated. In this study, M-mode echocardiography will be 

employed to clarify the role of obes i ty and hypertension as 

factors that influence chronic heart performance. 



METHODS 

A total of 20 adult premenopausal women between 19 and 

36 years of age volunteered for an electrocardiographic and 

echocardiographic examination. The subjects were divided 

into two groups on the basis of percent body fat. Ten 

subjects served as controls having a body composition of 

less than 30% fat; 10 subjects served as obese, having a 

body composition of more than 30% fat. No subjects had a 

history of cardiovascular illness and all were in good 

health as determined by medical history, 12-lead EKG, and 

an echocardiographic examination. Informed consent was 

obtained from all subjects. 

Standing heigh t was measured to the nearest 0.1 em and 

body weight wa s recorded to the nearest kg on standard 

scale. Skin fold measurements were made on the right side 

of each subject at the chest, axilla, triceps, subscapula, 

suprailium, abdomen and thigh with a Lange Skin Fold 

Caliper (Cambridge, Massachusetts). The body density of 

the subjects wa s calculated from the following formula of 

Andrew S . Jack s on , 1980: 

BD = 1 .0970-0.0004697l(X1 )+0.00000056(X1 )
2
-0.00012828( X4 ) 

x
1 

= Sum of all seven skin folds, mm 

x
4 

= Age 

Percent body fat was calculated according to the f ormul a of 

Sire , 1956 : 

1 3 
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- 4.5 X 100 

Lean body mass (LBM) of the subjects was calculated accord-

ing to the formula of Sloan, 1967: 

LBM = BW [l-[4.95/(1.10-0.00133(TSF)-0.0013l(SSF)) ]-4.5] 

TSF = Thigh Skin Fold 

SSF = Scapular Skin Fold 

A routine 12-lead electrocardiogram was obtained with 

the subject in a supine position. Resting heart rate, the 

direction of mean electrical axis of the heart, the maximum 

net magnitude and direction of the vector of the QRS complex 

and T-wave , and direction of the vector loop were determined 

from the electrocardiogram. Resting blood pressures were 

measured by means of electronic s p hygmomanometer with the 

subject sup ine. Mean arte rial blood pressures were c a lcu-

lated from the formula: 

MAP= l/3(Syst Bl . Pr. - Diast. Bl. Pr.) + Diast. Bl. Pr. 

A comparison of age, height, weight, body surface area, 

lean body mass, and percent bod y fat i s pre sented in 

Table 1. 

Standard M mo de echoc ard i ogram was recorded on eac h 

subject with an I r ex Systen I I echocardiJgraph unit using 

a 2 . 25 MHZ transducer fo cused at 3-10 em. Signal s were 

record ed with a f iberoptic strip chart re corder at a 

chart speed of 25 rom/second using a thermal processor . A 

l ead II electrocardiogranh tracing ~as simultaneously 



recorded with the echocardiogram. The transducer was 

positioned near the left sternal border with the subjects 

15 

in the left lateral position. Once the anterior leaflet of 

the mitral valve was optimally recorded in this position, 

the ultrasonic beam was directed superomedially to observe 

tne aorta and the aortic valve. The beam was then angled 

in a n infero-lateral direction until the standard recording 

position for the left ventricle had been reached. This 

wa s the area where the recording was made for left ventri

cular size, volume, and function and also for right ventri

cular dimension. Fragments of the anterior mitral valve 

leaflet and chordae were frequently observed in the left 

ventr icular area. 

The echo parameters measured and derived for the left 

ventricle inc luded: interventricular septal wall thickness 

(IST ), de termined as the vertical distance from the right 

ventricular side of the IVS to the left ventricular side of 

the IVS i n end- diastole; left ventricular posterior wall 

end- dias t olic thickness (PWT) , determined as the vertical 

d istance from t he ep icardium of LVPW to the endocardium in 

end- diastole ; left ventricular end-diastolic d imension, 

i d entified a s the vertical di stance f r om the endocardium 

o f LJPW to the endocardium of the IVS i n e n d - d iastole; 

l eft ventricular end-systolic dimension, determined 

a s the vertical distance from the endocardium of LVPW at 
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the peak of its anterior motion during systole to the endo

cardium of the IVS; left ventricular end-diastolic (LVIDd) 3 

and end-systolic volume (LVID
5

3 ); stroke volume 

(SV = LVIDd3 - LVIDs 3 ) ejection fraction (EF = SV/LVIDd3); 

total left ventricular volQme TLVV = (LVIDd + 2PWT)3 and 

the left ventricular cavity volume to mass volume ratio: 

(LVIDd + 2 Pw~ ) 3. Figure 1 illustrates an echogram from the 

s tandard LV area (See Appendix). 

Other echo parameters included: aortic root and dias-

t o l ic dimension (A
0

) , determined as the vertical distance 

fr om the outer edge of the anterior aortic wall to the inner 

edge o f t he poste rior aort i c wall; l eft artial dimension 

(LAD) , de termined as t he g r eatest vertical distance between 

the an t e r ior s ide o f t he poste r ior aor tic wall and posterior 

l e f t a trial wall d u ring ventr i c ul ar systole when the aorta 

is in i ts max i mum an t e rior position, mitral valve pliability 

(DE) , anterior mi t r al valve le a f let e x c ursio n (CE), v e locity 

of initial mitral va l ve clo s u r e (EF0 slope ) a n d max imal di a s 

t olic mi t ral valve exc urs ion (EE - ) (Fe i genb aum , 19 73) . Re pre-

sentative trac ings of the aortic and mi t ra l v a lve areas are 

s h own in Figures 2 and 3 (See Appen d i x) . 

He a r t rate , e nd- dias t ol i c s eptum dimen s i on , pos te r ior 

~va 1 e nd- dias to l ic d ime nsion , l e ft v entricular e nd- s y sto l i c 

dimen s ion , left vent r i c ular end- diastol i c dime nsion , stroke 
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volume, and ejection fraction were averaged from a minimum 

of three consecutive cardiac cycles. The Student's t-test 

for group data was used in comparing absolute and standard

ized measurements for total body weight, body surface area, 

percent body fat, and lean body mass between the obese group 

and the control group. Probability of the differences in 

echo parameters between the obese and control was signifi

cant when it was less than 0.05 (P<O.OS) in these data. 



RESULTS 

The mean value for total body weight (TBW} of the 

obese subjects (99.8 ± 4.1 kg) was greater (P<O.OOl) than 

the total body weight of the control (60.6 ± 2.1 kg). The 

height of the obese women (169.3 ± 2.4 em) was not signifi-

cantly greater than that of the control women (164 ± 1.9 em). 

Significant difference (P<O.OOl) was observed between the 

body surface area (BSA) of the obese women (2.2 ± 0.1 m2 ) 

and that of the control women (1.7 2 ± 0.03 m ) . The mean 

value for the lean body mass (LBM) of the obese subjects 

(47 .4 ± 2.1 kg ) was not significantly greater than that of 

the control women (44.9 ± 1.5 kg). However, the mean 

va lue for the percent body fat (% Fat) of the obese subjects 

(4 0.7 ± 1.0 %) was signi fican tly greater (P<O.OOl) than that 

of the control (22.5 < 1.3%). The age of the control 

women (25.4 ± 1.4 yr) was not significantly less than that 

of the obese women (25.8 ± 1.9 yr ). 

Table 1 presents the subject profile for the obese 

2 n d control women . The mean value (± SEM) for the resting 

heart rate of the control (75 ± 4 bpm) did not differ 

significantly from that of the obese (78 .4 ± 2.8 bpm). All 

the subjects have normal blood pressure but the mean value 

=or s_stolic olo od pressure of the control (114 ± 1 .4 mm Hg) 

18 



Table 1 

Subject profile for obese and control women (X± ESM) 

Heart Rate 
(bpm) 

Systolic Pressure 
(mm Hg) 

Diastolic Pressure 
(mm Hg) 

Mean Blood Pressure 
(mm Hg) 

Age 
( y rs. ) 

He ight 
(em) 

We i ght 
(kg) 

Lean Body Mas s (kg) 

% Body Fat 

Control 

(n = 10) 

74.8±4.2 

114.4±1.4 

69.9±1.9 

84.6±1.6 

25.4±1.4 

164.4±1.9 

60.6±2.1 

1.7±0.03 

44.9±1.5 

22.5±1.3 

Obese P* 

(n = 10) 

78.4±2.8 NS 

132.8±0.9 0.001 

80.8±0.7 0.001 

98.0±0.7 0.001 

25.8±1.9 NS 

169.3±2.4 NS 

99.8±4.1 0.001 

2.2±0.1 0.001 

47.4±2.1 NS 

40 .7 ±1 . 0 0.001 

19 

*P = Probability of the difference between obese and con t rol 
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was significantly less (P<O.OOl) than that of the obese 

(132.8 ± 0.9 mm Hg). The mean value for mean blood pressure 

of the control (84.6 ± 1.6 mm Hg) was significantly less 

(P<O.OOl) than that of the obese women (98.0 ± 0.7 mm Hg). 

Also, the diastolic blood pressure of the control 

(69.9 ± 1.9 mm Hg) was significantly less (P<O.OOl) than 

that of the obese group (80.8 ± 0.7 rom Hg). 

All the subjects in this investigation had normal 

heart rate, normal direction for the mean electrical axis 

of the heart, normal magnitude for P, QRS and T waves, and 

normal direction for the vector loops as determined by 

12 lead EKG. All subjects were in a normal sinus rhythm. 

Table 2 presents the results for comparing the abso-

lu te a nd standardi zed measurements of the aortic size and 

l e f t atrial dimens i on in control and obese women. The mean 

val ue (± SEM) for the absolute aortic size of the control 

women (2.3 ± 0 .1 ern) was significantly less (P<0.002) than 

tha t o f the obese women (2.6 ± 0.1 em). Also, the absolute 

1al ue for lef t a tria l d imens ion (LAD) in the control group 

(J . l ± 0 . 1 em) was significa ntly less (P< 0 .02) than that of 

0 b e se women (3 . 6 ± 0 .1 em). A significant difference 

(? <0 . 003) was obs erve d in sta nda r d ized absolute measurement 

oc aortic size f or BSA (Abso lute / BSA ) be tween the o be se 
2 ? 

(1 . 2 ± 0 . 03 cm/ m ) a nd con t rol wome n (1 .4 ± 0 . 0 5 cm/m~). 
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Table 2. Comparison of absolute and standardized measure
ments of the aortic size and left atrial dimension 
in control and obese women (X± SEM). 

Control Obese 

Absolute 

Aorta (em) 2. 3± 0. 1 2. 6± 0.1 

U.-D (em) 3 .1± 0.1 3. 6± 0.1 

Absolu te/ BSA 

Arota (em/m2 ) 1.4±0.05 1. 2± 0. 0 3 

LAD 2 ( cm/m ) 1. 9± 0. 0 7 1. 6± 0.10 

Ab so1 u te/LBM 

Ao r t a -2 (10 e rn/ k g) 5.0±0.2 5. 7± 0. 3 

LAD -2 ( 10 ern/kg ) 7.0- 0.3 7. 7± 0. 5 

Abso 1 u t e /TBW 

Aorta -2 ( 1 0 m/kg ) 3. 8± 0.1 2.9 ±0.2 

LAD 
-2 ( 10 rn/ kg ) 5.2 ±0.2 3.7±0.2 

Absolute/% Fat 

Ao rta (e m/ %) 10 .2 ±0.6 6.9 ±0.3 

LAD ( em/%) 14 .2 ±0 . 8 8 . 9±0 . 3 

*F = Probabi1i ty of the diffe rence between obese and 
control . 

P* 

0.002 

0.02 

0. 00 3 

0.05 

0.05 

NS 

0.001 

0.0 01 

0.0 0 1 

0 . 001 
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The mean value (± SEM) for (LAD/BSA) of the control subjects 

(1.9 ± 0.07 cm/m
2

) was significantly greater (P<O.OS) than 

that of the obese subjects (1.6 ± 0.10 crn/m2 ). 

The mean value (± SEM) for Aorta/LBM of the control 

subjects (5.0 ± 0.2 em/kg) was significantly less (P<O.OS) 

than that of obese subjects (5.7 ± 0.3 ern/kg). However, 

the mean value for LAD/LBM in control subjects 

(7.0 ± 0.3 em/kg) did not differ from that of the obese 

subjects (7.7 ± 0.5 em/kg). 

A significant difference (P<O.OOl) was observed 

between the mean value (± SEM) for Aorta/TBW of control 

group (3.8 ± 0.1 em/kg) and that of the obese group 

( 2.9 ± 0.2 em/kg). Also, the mean value (± SEM) for 

(LAD/TBW) of the obese (3.7 ± 0.1 em/kg) was significantly 

less (P<O.OOl) than that of the control group 

(5 .2 ± 0.2 em/kg). 

The mean value (± SEM) for Aorta/% Fat of the control 

(10 .2 _ 0.6 em/ % Fat) was significantly greater (P<O.OOl) 

than that of obese (6 . 9 ± 0.3 em/% Fat). Also, the mean 

value (± SEM) for LAD/% Fat of the control subjects 

(l 4 .2 ± 0.8 em/% Fat) was significant y grea~er (P<O.OOl) 

than that of the obese women (8.9 ± 0.3 em/% Fat). 

Table 3 compares the absolute and standardized 

mea surements of left ventricular dimensions in control and 
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obese women. The mean value (± SEM) for posterior wall 

thickness (PWT) of nonobese women (0.6 ± 0.03 em) was signi-

ficantly less (P<O.OOl) than that of obese (0.9 ± 0.4 em). 

However, the mean value (± SEM) for standardized PWT for 

BSA (PWT/BSA) of control (0.4 ± 0.02 cm;m2 ) was not signifi-

2 cantly less than that of obese (0.4 ± 0.02 cm/m ). Also, 

PWT/TB~v of control ( 1. 0 ± 0.1 ern/kg) was no·t significantly 

less than that of the obese subjects (0.9 ± 0.04 em/kg). 

However, the PWT/% Fat for control subjects (2.8 ± 0.2 

em/% Fat) was significantly greater (P<O.OS) than that of 

the obese women (2.2 ± 0.1 em/% Fat). The mean value 

(± SEM) for PWT/LBM of control women (1.3 ± 0.10 em/kg) was 

less (P<O.OOl) than that of the obese subjects (1.9 ± 0.1 

em/kg) . 

The mean value (± SEM) for IVS of normal subjects 

(0 .6 ± 0.003 em) wa s less (P<O.OOl) than that of the obese 

women (0.9 ± 0.03 em). However , there was no significant 

difference for IVS/BSA between the mean value (± SEM) of 

the control (0.4 ± 0.02 em) and that of the obese women 

(0 .4 ± 0.02 em). Also , there was no significant difference 

fo~ IVS/TBW (control = 1.0 ± 0.1 em/kg and the obese = 

1 . 0 ± 0.4 em/kg). The mean value (± SEM) for IVS/LBM of 

the nonobe~e (1.3 ± 1.0 em/kg) was significantly l es s 

(P<O . OOl) than that of the obese women (2.0 ± 1.0 em/kg). 

Significant differences were observed for LVIDd, 
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LVIDd/BSA, LVIDd/TBW and LVIDd/ % Fat between the control 

and obese. The mean value (± SEM) for LVIDd of the control 

(4.7 ± 0.2 em) was significantly less (P<0.05) than that of 

the heavier women (5.2 ± 0.2 ern). The LVIDd/BSA of control 

(2.9 ± 0.1 cm/m
2

) was significantly greater (P<O.Ol) than 

that of the heavier (2.4 ± 0.1 crn/m2). The LVIDd/TBW of 

the control (8.0 ± 0.4 em/kg) was greater (P<O.OOl) than 

that of the heavier women (5.4 ± 0.3 em/kg). Also, the 

LVIDd/% Fat of the lighter subjects (25.3 ± 3.3 em/%) was 

significantly greater (P<O.Ol) than that of the obese 

(13 .0 ± 0.7 ern/%). However, the LVIDd/LBM of control sub-

jects (10.6 ± 5.0 ern/kg) was not significantly less than 

that of obese (11.3 ± 4.0 em/kg). 

Significant differences were observed for LVIDs, 

LV!D s / BSA, LVIDs/LBM, LVIDs/TBW and LVIDs/% Fat between 

the control and the obese. The mean value (± SEM) for 

LVI Ds of control (3.2 ± 0.1 em) was less (P<0.05) than that 

o~ obese women (3.8 ± 0.1 ern). The mean value for 

2 LVIDs/BSA of control (1.9 ± 0.1 cm/m ) was greater (P<0.05) 

2 
than that of the obese (1.7 ± 0.1 cm/m). Also , the 

controls had greater LVIDs/TBW and LVIDs /% Fat than the 

obese, and the mean values (± SEM) of the controls were 

..... ") + 
:) . ...) - 0 . 3 em/kg , 14 .4 ± 0.9 em/% Fat and that for the 

o bese were 4 . 0 ± 0 . 3 em/kg , 9 .4 ± 0 . 6 em/%. However, the 

LliDs / LBM of control (6 . 8 ± 4 . 0 em/kg) was less (P<O.OS) 

than that of obese women (8 . 0 _ 2.3 ern/ kg) . 
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Significant differences (P<O.OS) were observed for 

left ventricular end-diastolic volume (LVIDd 3 ) and 

LVIDd
3

/LBM between the obese and the control subjects. The 

mean values (± SEM) for LVIDd
3 

and LVIDd
3

/LBM of the control 

were 106.7 ± 10.7 cc and 2.39 ± 0.24 cc/kg respectively, and 

for the obese were 149.0 ± 15.9 cc and 3.31 ± 0.2 cc/kg 

respectively. However, the LVIDd 3/BSA, LVIDd 3/TBW and 

LVIDd
3/% Fat of the controls were not significantly differ-

ent than that of the obese women (Table 4). 

The mean values (± SEM) for left ventricular end

systolic volume (32.5 ± 3.7 cc) and LVIDs
3

/LBM 

(0 .72 ± 0.08 cc/kg) of the control women were less (P<O.OS) 

than that of the obese women (59.3 ± 10.3 cc and 

1.21 ± 0.18 cc/kg). However, the mean values (± SEM) for 

3 3 3 LVID s /BSA, LVIDS /TBW, and LVIDs /% Fat for the control 

(19 .4 ± 2.2 cc!m2
, 0.55 ± 0.06 cc/kg, and 147.4 ± 16.3 

cc/% Fat) were not significantly less than that of the 

o bese subjects (26.0 ± 3.7 cc/m
2

, 0.61 ± 0.12 cc/kg, and 

148 .4 ± 31.0 cc /% Fat). A difference (P<0.05) was observed 

for stroke volume (SV) standardized for % Fat (SV/% Fat) 

between the control and the obese, and the mean value 

(± SEM) of the c o ntrol (336.9 ± 36.8 cc/% Fat) was greater 

than tha t of the obese (228.8 ± 22.3 cc/% Fat). However, 

the mean value s (± SEM) for absolute SV, SV/BSA, SV/LBM 
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and SV/TBW of the control group were 74.2 ± 7.9 cc, 

2 
44.9 ± 4.6 cc/rn , 1.67 ± 0.19 cc/kg and 1.25 ± 0.14 cc/kg 

respectively. These values for the obese women were 

90.6 ± 7.8 cc, 40.8 ± 3.5 cc/m
2

, 1.9 ± 1.6 cc/kg and 

0.93 ± 0.10 cc/kg, respectively. 

The controls had a greater (P<O.OOl) cavity volume to 

mass volume ratio than the obese women (Table 5). The 

CV/MV for the control was 0.51 ± 0.02 and for the obese 

women was 0.4 ± 0.02. 

The ejection fraction of the controls (69.3 ± 2.3) was 

not signi f icantly greater than that of the obese women 

( 61.6 ± 2.7). 

Correlations were made to determine if left ventricular 

end- diastolic and left ventr icular end-systolic dimensions 

were r elated to TBW , BSA, % Fat or lean body mass (Tables 

6-9 ) . The only signi f icant cor relation (P = 0.010 and 

P = 0.015) was with lean body mass. The linear coefficients 

of correlation of LVIDd and LVIDs with LBM were r = 0.763 

and r = 0 . 736 respect~vely . Correlati on of left ventr icu-

lar end- diastolic , left vent ricular end-systo lic volumes, 

a n d stroke volwne wi th BSA , TBW , % Fat, and LBM also 

re ealed significant correlations with LBM. The linear 

. f d 3 3 d sv 'th coeff icients of correlatlon or LVID , LVIDs , an Wl 

LB were r = 0 . 773 , r = 0 . 715 , and r = 0.634 (Table 7). 



Table 5. Comparison of CV/MV and EF in control and obese 
\vomen (X± SEM) 

Control Obese P* 

(n = 10) (n = 10) 

CV/MV 0.51 0.42 0.001 

+ 0.02 + 0.02 -

EF 69.3 61.6 0.043 

+ 2.3 + 2.7 -

29 

*P = P robabi l ity of the difference between obese and control 
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Significant correlation (r = 0.799) was observed 

between aortic root end-diastolic dimension (Ao) and body 

surface area (BSA) (Table 6). However, there were no signi

ficant correlations between Ao and the other parameters 

(LBM, TBW or % Fat) (Tables 7-9). 

There was a significant correlation (r = 0.689) 

between left atrial dimension and TBW (Table 9). No corre

lation was f ound between LAD and LBM, % Fat or BSA (Tables 

6 - 8) • 
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DISCUSSION 

Previous echocardiographic studies demonstrated a 

growth related change in chamber size, heart wall thickness, 

and heart performance as a function of either body surface 

area (Epstein et al., 1975) or the weight of the individual 

(Lundstrom, 1974). More recently Longhurst et al. (1980) 

repor ted a significant correlation between left ventricular 

mass and lean body mass. His data suggested that static 

training in weight lifters induced a cardiac hypertrophy 

related to increased body mass, especially that part due to 

skeletal musc le hypertrophy. Corre l ations were found 

between lef t ventricular mass and lean body mass, but no 

correlations were found between left ventricular mass and 

o ther parameters (body surface area, total body weight or 

percent body fat). 

The chronic cardiac structural and functional adapta

tions induced by obesity in women have no t been elucidated. 

By using M- mode echocardiography this study reports the 

cardiac adaptations induced by obesity . 

The obese women in this study had a greater total 

body veight and a greater body surfac e area than the con

trol subjects . However , the height and the lean body mass 

of the obe se women were not significantly greater than 

~~at of the control women . or was the heart rate of these 

35 



women significantly greater than that of the control 

subjects. However, the obese women in this study had 

greater systolic, diastolic and mean blood pressures. 

36 

This study reports that the absolute measurements of 

the aortic root, left atrial dimension, left ventricular 

end-diastolic dimension, left ventricular end-systolic 

d imension, posterior wall thickness, interventricular 

septal wall thickness, left ventricular end-diastolic 

volume and left ventricular end-systolic volume of the 

obese women were greater than that of the control women. 

Epstein et al., 1975, and Lundstrom, 1974, suggested a 

correlation in the adult population in both aortic size and 

left atria l d imension when compared with body surface area 

or total body weight. This study indicates that no corre

la tion is present for these parameters and body surface area 

in control women. However, a positive correlation was found 

between aortic size and body surface area in the obese 

women . Al so, a positive correlation was observed between 

left atrial dimension ar.d total b ody weight in cont~ol 

women . Further d iscrepancy b etween this study a nd previous 

studie s was found when the control aortic size and left 

atrial dimension were standardized . This suggests that 

e ither the correlation of these parameters for the women 

studied differ from the other population previously 



reported or that the population studied was too small to 

permit a comparison. 

37 

The mean value for left ventricular end-diastolic 

dimension standardized for lean body mass of the control 

was not significantly less than that of the obese. This 

study suggests positive correlations between lean body mass 

and these parameters, left ventricular end-diastolic dimen

sion, left ventricular end-systolic dimension, left ventri

cular end-diastolic volume, left ventricular end-systolic 

volume and stroke vo lume. This data generally agree with 

the data recently reported by Longhurst et al., 1980. 

Furthermore, this study suggests a correlation in both 

pos terior wall thic k ness and interventricular septal wall 

thickness when compared with body surface area or total 

body weigh t. 

In 19 70 Graham et al., have demonstrated that mass to 

volume ratio can b e related to systolic pressures in 

humans. His da ta suggested that mass to volume ratio can 

howe 1er be used as an index of hypertrophy . The obese 

wome n in thi s study had highe r s y sto l ic, diastolic a nd 

~ean blood pressures than the control subjects, and had a 

greater mass volume to cavity volume ratio than the c ontro l 

sub~ects . This data suggest that the symmet~ical increa se 

in left ventricular wall thicknes s without chamber 



38 

enlargement is an adaptation to pressure load. This adapta

tion has been termed "concentric hypertrophy." Therefore, 

the primary cardiac adaptation demonstrated in the obese 

women is concentric hypertrophy. 

In summary, this study has shown a correlation between 

left ventricular dimensions and lean body mass in the obese 

women , but no correlations were found between left ventri

c u lar dimensions and the other parameters (body surface 

~rea, total body weight or percent body fat). Also, this 

d ata suggest that the primary cardiac adaptation demon

strated in the obese women is concentric hypertrophy. 

The r e f ore, when echocardiographic studies are performed on 

o bese women , the influence of blood pressure and body size 

must be considered when comparing data with that of the 

norma l subjects. Further study on normotensive obese 

women will be necessary to confirm these observations and 

to character ize the possible influence of high blood 

pressure on chronic ventricular performance. 
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Table 12. Individual subject data for aorta and LAD. 

Subject No. Aorta (em) LAD (em) 

c 0 c 0 

1 1.7 2.9 3.0 3.5 

2 2.7 2 .. 6 3.7 3.5 

3 2.5 2.5 2.9 3.5 

4 2.3 2.7 3.1 4.2 

5 2.5 2.7 3.7 3.3 

6 2.2 2.3 3.2 3.7 

7 2.3 2.8 2.4 3.3 

8 2.2 2.9 3.0 2.9 

9 2.0 2.5 3.3 3.8 

10 2.1 2 .8 2.9 4.2 



45 

Table 13. Individual subject data for IVS and PWT. 

Subject No. IVS (em) PWT (em) 

c 0 c 0 

1 0.6 1.0 0.6 1.0 

2 0.6 1.0 0.7 1.0 

3 0.7 0.9 0.7 0.9 

4 0.5 1.0 0.5 1.0 

5 0.5 0.9 0.5 0.9 

6 0.7 0.8 0.7 0. 7 

7 0.5 0.8 0.5 0.7 

8 0. 7 1.0 0.6 1.0 

9 0.5 0.9 0.5 0.9 

10 0.6 0.8 0.7 0.8 
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Table 16. Individual subject data for aorta and LAD 
standardized for BSA. 
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Subject No. A /BSA 
0 

(cm/m2 ) LAD/BSA (cm/m2 ) 

c 0 c 0 

1 1.0 1.1 1.8 1.3 

2 1.5 1.2 2.0 1.6 

3 1.6 1.4 1.8 2.0 

4 1.4 1.2 1.9 1.9 

5 1.5 1.1 2.2 1.4 

6 1. 3 . 1.3 1.8 2.1 

7 1.4 1.2 1.4 1.4 

8 1.4 1.0 1.9 1.0 

9 1 .3 1.1 2.2 1.7 

10 1.4 1.2 1.9 1.9 



Table 17. Individual subject data for IVS and PWT 
standardized for BSA. 

Subject No. IVS/BSA 2 (cm/m ) PWT/BSA 

c 0 c 

1 0.36 0.37 0.36 

2 0.33 0.47 0.38 

3 0.44 0.50 0.44 

4 0.30 0.46 0.30 

5 0.30 0.38 0.30 

6 0.40 0.44 0.40 

7 0.30 0.35 0.30 

8 0.44 0.36 0.38 

9 0 .33 0.41 0.33 

1 0 0.39 0. 35 0.45 
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2 (cm/m ) 

0 

0.37 

0.47 

0.50 

0.46 

0.38 

0. 39 

0.30 

0.36 

0.41 
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Table 19. Individual subject data for aorta and LAD 
standardized for LBM. 
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Subject No . Aorta/LBM (em/kg) LAD/LBM (em/kg) 

c 0 c 0 

1 0.035 0.05 0.061 0.062 

2 0.051 0.053 0.069 0.072 

3 0.059 0.069 0.068 0.096 

4 0.049 0.058 0.067 0.090 

5 0.057 0.048 0.085 0.059 

6 0.045 0.052 0.065 0.083 

7 0.053 0.053 0.056 0.062 

8 0.049 0.065 0.067 0.065 

9 0.055 0.055 0.091 0.083 

10 0.051 0.069 0 .071 0.010 



Table 20. Individual subject data for IVS and PWT 
standardized for LBH. 

Subject No. IVS/LBM (em/kg) PWT/LBM (ern/kg) 

c 0 c 0 

1 0.012 0.018 0.012 0.018 

2 0.011 0.020 0.013 0.020 

3 0.017 0.025 0 .. 017 0.025 

4 0.011 0.022 0 .. 011 0.022 

5 0.011 0.016 0.011 0.016 

6 0.014 0.018 0.014 0.016 

7 0.012 0.015 0.012 0.013 

8 0.016 0.023 0.013 0.023 

9 0.014 0.020 0.014 0.020 

10 0.015 0.020 0.01 7 0.020 
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Table 22. Individual subject data for aorta and LAD 
standardized for TBW. 
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Subject No. Aorta/TBW (em/kg) (LAD/TBW (em/kg) 

c 0 c 0 

1 0.029 0.030 0.051 0.036 

2 0.037 0.025 0.051 0.033 

3 0.044 0.031 0.051 0.044 

4 0.040 0.026 0.054 0.042 

5 0.037 0.024 0.055 0.029 

6 0.033 0.030 0.048 0.048 

7 0.040 0.03 0.041 0.036 

8 0.040 0.03 0.054 0.031 

9 0.036 0.02 0.060 0.033 

10 0.041 0.02 0.056 0.036 



Table 23. Individual subject data for IVS and PWT 
standardized for TBW. 

Subject No. IVS/TBW (ern/kg) PWT/TBW (em/kg) 

c 0 c 0 

1 0.010 0.010 0.010 0.010 

2 0.008 0·. 009 0.010 0.009 

3 0.012 0.01 0.012 0.010 

4 0.009 0.01 0.009 0.01 

5 0.007 0.008 0.007 0.008 

6 0.010 0.009 0.010 0.010 

7 0.009 0.008 0.009 0.009 

8 0.013 0.011 0.011 0.011 

9 0.009 0.008 0.009 0 .. 008 

10 0.012 0.007 0.014 0.007 
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Table 25. Individual subject data for aorta and LAD 
standardized for % body fat. 

Subject No. Aorta/% Fat (em/%) LAD/% Fat (em/%) 

c 0 c 0 

1 9.9 7.8 17.4 9.5 

2 10.0 6.3 13.7 8.6 

3 13.9 6.4 16.11 9.0 

4 12.4 6.3 16.7 9.8 

5 9.9 6.1 14.7 7.5 

6 8.6 8.8 12.5 10.1 

7 9.6 7.8 10.0 9.2 

8 9.1 6.9 12.5 6.9 

9 7.3 6.5 12.1 8.8 

10 11.6 6. 2 16.0 9.3 
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Table 26. Individual subject data for IVS and PWT 
standardized for % body fat. 

Subject No. IVS/% Fat (em/%) PWT/% Fat 

c 0 c 

1 3.5 2.7 3.5 

2 2.2 2.4 2.6 

3 3.9 2.3 3.9 

4 2.7 2.3 2.7 

5 2.0 2.1 2.0 

6 2.7 2.2 2.7 

7 2.1 2.2 2.1 

8 2.9 3.8 2.5 

9 1 .8 2.1 1.8 

10 3.3 1 .8 3.9 
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Figure 1. Left ventricular area . 
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Figure 2. Aortic area. 
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Figure 3. Mitral valve area. 
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