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Effect of Body Mass Index on Left Ventricular Cavity Size
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Extreme obesity is known to be associated with left ventricular (LV) systolic dysfunc-
tion. The relation of lesser degrees of obesity and LV systolic function is controversial.
This study assessed the relation between body mass index (BMI; weight in kilograms
divided by height in meters squared) and the LV ejection fraction (EF) and volumes
in 1,806 subjects with normal technetium-99m sestamibi myocardial perfusion imag-
ing results. BMI was evaluated as a continuous and a categorical variable (normal
>18.5 and <25, overweight =25 and <30, obese =30 and <35, and severely obese
=35 kg/m?). The prevalence of an EF <50% was similar in normal, overweight, obese,
and severely obese subjects. On univariate analysis, only severely obese women
had mildly reduced LVEFs. LV end-diastolic and end-systolic volumes increased
linearly from normal to obese men and women, respectively (each p <0.01). On
multiple linear regression analysis (R = 0.5, p <0.001), BMI (p = 0.03) and diabetes
(p <0.001) influenced the EF adversely, whereas age and female gender were pro-
tective (p <0.001). However, on gender-stratified analysis, diabetes, not BMI, inde-
pendently predicted the EF in men and women. BMI remained an independent
predictor of greater end-diastolic volumes in men and women (p <0.01) even after
accounting for co-morbidities. In conclusion, mild obesity was associated with LV
dilatation, but the LVEF was preserved even with severe obesity. Weight control may
be recommended to reduce the incidence of obesity-related co-morbidities and their
impact on adverse LV remodeling. © 2006 Elsevier Inc. All rights reserved. (Am J

Cardiol 2006;97:725-729)

Depressed left ventricular (LV) ejection fraction (EF) was
found to be independently and positively associated with
body mass index (BMI) in a small number of morbidly
obese subjects'3 and also in a population-based study of
hypertensive subjects.* However, a preserved LVEF with a
lower end-systolic wall stress to end-systolic volume index
(a load-independent measure of myocardial contractility)
has been described in a small number of mild and moder-
ately obese subjects.> Furthermore, the relation between the
LVEF and the continuum of BMI is not known. It is pos-
sible that the left ventricle dilatates with greater BMI, but
LV systolic dysfunction may ensue only with severe de-
grees of obesity. Our objective was to determine the relation
of BMI to the EF and LV volumes across the spectrum of
BMI in men and women separately.

Methods
Study population: We prospectively evaluated 1,806 con-
secutive subjects with normal rest-stress myocardial perfu-
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sion single photon-emission computed tomography (SPECT)
imaging results from March 11, 2002, to September 24,
2003. Subjects with inadequate gating, poor endocardial
definition, arrhythmias, and valvular heart disease were ex-
cluded. Self-reported histories of hypertension, diabetes,
hyperlipidemia, smoking, family histories of premature cor-
onary artery disease, myocardial infarction, and revascular-
ization (percutaneous or surgical), as well as height and
weight, were recorded in a database and verified by review
of electronic medical records before the performance of the
SPECT studies. Informed consent was obtained from the
subjects, and the Human Research Committee of Brigham
and Women’s Hospital approved the study. Subjects were
classified on the basis of their BMIs (weight in kilograms
divided by height in meters squared) as normal (18.5 to <25
kg/mz), overweight (=25 and <30 kg/mz), obese (=30 and
<35 kg/m?), or severely obese (=35 kg/m?).

Myocardial perfusion SPECT and stress protocol:
Most subjects underwent standard single-day gated rest-
stress technetium-99m sestamibi (11 and 33 mCi, respec-
tively) myocardial perfusion SPECT. Subjects with weight
>250 Ib underwent separate-day rest-stress studies with
approximately 30 mCi technetium-99m sestamibi on each
day. Attenuation correction software was not used. Subjects
underwent either standard symptom-limited Bruce treadmill
tests or adenosine or dobutamine stress tests per standard
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Table 1

Baseline characteristics of the study groups by gender

Characteristic BMI (kg/m?) p Value

<25 25-30 30-35 >35

Men (n = 709) n = 130 n = 326 n =171 n =82
Mean age (yrs) 60 * 14 60 = 13 59 =12 55*13 <0.001
Height (in) 69*+3 69 +3 70 =3 703 0.1
Weight (Ib) 152 =17 181 £ 17 216 =20 264 * 39 <0.001*
Body surface area (m?) 1.8 £0.1 2.0+0.2 2.1£02 23+02 <0.001*
BMI (kg/m?) 229+ 1.8 274+ 14 321*14 39.5+48 <0.001
Hypertension 49% 51% 64% 74% <0.001
Diabetes 16% 14% 21% 43% <0.001
Dyslipidemia 35% 50% 57% 49% 0.002
LV hypertrophy 11% 6% 4% 4% 0.1
Exercise treadmill test 69% 78% 68% 68% 0.06

Women (n = 1,097) n = 266 n = 345 n = 244 n = 242
Mean age (yrs) 62 = 14 65 = 12 61 =12 60 = 11 <0.001
Height (in) 643 64 =3 633 64*3 0.1
Weight (Ib) 126 £ 16 152 =15 178 £ 17 229 + 39 <0.001
Body surface area (m?) 1.6 = 0.1 1.7 £0.1 1.8 0.1 20=x02 <0.001
BMI (kg/m?) 225x2 273+ 14 323*14 412*+6 <0.001
Hypertension 50% 64% 68% 73% <0.001
Diabetes 9% 15% 21% 38% <0.001
Dyslipidemia 38% 47% 49% 55% 0.002
LV hypertrophy 6% 3% 4% 3% 0.1
Exercise treadmill test 63% 59% 63% 54% 0.1

p Values depict the significance of change across categories by analysis of variance or chi-square tests.

* Significant trend across study groups by trend test with p <0.05.

protocols. Poststress images were used to calculate end-
diastolic and end-systolic volumes and the LVEF using
QGS software (Cedars Sinai Inc., Los Angeles, California).
We did not adjust LV volumes to body surface area, because
we were making comparisons across categories of BML.

Two experienced observers (SD and MDC) assessed the
gated myocardial perfusion images using a standard 17-
segment model,® using a 5-point scoring system (0 = nor-
mal, 1 = mild reduction in tracer uptake, 2 = moderate
reduction in tracer uptake, 3 = severe reduction in tracer
uptake, and 4 = absent tracer uptake). A summed stress
score of <4 was considered to represent a normal study
result.

Statistical analysis: Continuous variables are reported
as mean = SD, median (interquartile range), or as simple
proportions as appropriate. Differences among the study
groups were assessed by 1-way analysis of variance for
continuous variables with Tukey’s post hoc test for inter-
group comparisons or a chi-square test as appropriate. The
normal subjects were used as controls, and all results were
compared with this group. Kendall’s trend test was used to
evaluate trends across study groups.

Multiple linear regression models were developed to
predict the independent contribution of factors that influ-
enced the LVEF and end-diastolic and end-systolic vol-
umes. Because normal limits of the LVEF and volumes are
gender specific,”-® separate models were developed stratified
by gender. The influence of BMI was studied as a contin-
uous and categorical variable. Variables with a univariate

significance level of <0.10 were included in the model. A
2-tailed p value of <0.05 was considered significant for all
analyses.

Results

Clinical characteristics of the study subjects: The
baseline characteristics of the study cohort by BMI catego-
ries are listed in Table 1. There were 61% women (n =
1,097) in the study cohort. Overweight subjects (37%) con-
stituted the largest study group. Eighteen percent of the
subjects (n = 324) were severely obese, with 75% of them
being women. The mean age of the subjects decreased with
increasing BMI in men and women (Table 1). The preva-
lence of diabetes and hypertension increased with increas-
ing BMI (Table 1).

Influence of BMI on the LVEF: The prevalence of LV
systolic dysfunction (LVEF <50%) was lower in women
(3.1% vs 11%, p <0.001). However, among the BMI cat-
egories of 18.5 to <25, 25 to 30, 30 to 35, and =35 kg/mz,
the percentage of subjects with LVEFs <50% was similar
in men and women (p = NS).

The mean LVEF was significantly greater and LV vol-
umes significantly smaller in women than in men in each
BMI category (p <0.001 for each comparison; Table 2). On
univariate analyses, there was a small (likely not clinically
significant) but statistically significant decrease in the LVEF
across BMI categories in women (Table 2). A similar trend
was observed in men that was not statistically significant,
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Table 2
Gated myocardial perfusion imaging data by body mass index category
Characteristic BMI (kg/m?) p Value
<25 25-30 30-35 >35
Men n = 130 n = 326 n =171 n =82
LVEF (%) 61 = 11 61 =10 60 =9 59+38 0.1
LV end-diastolic volume (ml) 99 =42 107 = 42 110 = 34 120 = 34 =0.001
LV end-systolic volume (ml) 42 =32 45 *+ 35 46 =23 51 £21 0.1
Women n = 266 n = 345 n = 244 n = 242
LVEF (%) 71 = 11* 70 = 11* 70 £ 11* 68 = 9* <0.001
LV end-diastolic volume (ml) 64 *+ 25% 67 + 22% T2 + 23%* 82 = 27* <0.001
LV end-systolic volume (ml) 20 £ 19* 21 = 16* 23 + 17* 28 *+ 18* <0.001
Data are presented as mean = SD. p Values depict the significance of change across the groups.
*p <0.001 compared with mean values in men.
Table 3
Independent predictors of left ventricular ejection fraction
Variable Age BMI Hypertension Diabetes Female Gender
LVEEF, overall study cohort, model R = 0.5, F = 158, p <0.001
B coefficient 0.14 —0.08 -1.0 -3.6 +9.7
p value <0.001 0.03 0.06 <0.001 <0.001
Men, model R = 0.2, F = 4.7, p = 0.01
B coefficient 0.07 —0.08 —-14 —-2.1
p value 0.01 0.3 0.09 0.04
Women, model R = 0.3, F = 27, p <0.001
B coefficient 0.2 —0.09 —0.79 —4.5
p value <0.001 0.08 0.24 <0.001

likely because of the small effect and smaller number of
subjects.

Independent predictors of the LVEF across catego-
ries of weight: We performed multiple linear regression
analysis (Table 3) to further evaluate the relation between
BMI and the LVEF, adjusting for age, gender, hypertension,
and diabetes, factors known to influence the LVEF (multi-
ple R = 0.5, F = 158, p <0.001). Overall, female gender
and age were independent predictors of a greater LVEF (p
<0.001), whereas diabetes was an independent predictor of
a smaller LVEF. There was an inverse relation between
BMI and the LVEF (p = 0.03). However, the magnitude of
this effect was very small and not statistically significant
after stratifying the results by gender (Table 3).

On analysis stratified by gender, diabetes was a signifi-
cant independent predictor of a smaller LVEF in men and
women. Similarly, increasing age was a significant indepen-
dent predictor of a greater LVEF in men and women. How-
ever, after accounting for differences in age, hypertension,
and diabetes, BMI was not an independent predictor of a
smaller LVEF in men or women.

Influence of BMI on LV volumes in men: The influ-
ence of BMI on LV volumes by univariate analysis in men
and women is summarized in Table 2. LV end-diastolic
volume increased across BMI categories (p =0.001, chi-
square test). Obese (p = 0.03) and severely obese (p =
0.002) subjects had significantly larger LV end-diastolic

volumes compared with men in the normal group. There
was no significant difference in LV end-systolic volume on
the basis of BMI.

On multiple linear regression analysis, larger BMI and
hypertension were significant independent predictors of
greater LV end-diastolic volume, while hypertension alone
was an independent predictor of LV end-systolic volume.
Only hypertension, not diabetes mellitus, was an indepen-
dent predictor of larger LV volumes in men. Age was in-
versely related to LV end-diastolic and end-systolic volumes.

Influence of BMI on LV volumes in women: LV end-
diastolic and end-systolic volumes increased across catego-
ries of BMI (Table 2). LV volumes were significantly
greater in obese (p <0.001) and severely obese (p <0.001)
women compared with women in the normal group.

On multiple linear regression analysis, in addition to
BMLI, diabetes remained an independent predictor of greater
LV end-diastolic and end-systolic volumes. In contrast to
their effects in men, hypertension was not an independent
predictor of larger LV volumes in women. Age was again
inversely related to LV end-diastolic and end-systolic
volumes.

Discussion

This study represents the largest systematic evaluation of
the relation of BMI and the LVEF and volumes in a large
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number of men and women. The findings of our study using
subjects with normal BMIs as a reference group add to
previous observations® !© that greater BMI is associated with
LV enlargement. LV enlargement was evident at even mild
degrees of obesity in men and women. However, LV vol-
umes and the EF even in the severely obese women were
smaller than in normal men. Further, the LVEF was not
adversely affected even with severe degrees of obesity.
Small decrements in the LVEF seen in severely obese
women appear to be due not to a greater BMI per se but
rather to a higher prevalence of diabetes. Diabetes was the
major correlate of depressed LV systolic function in men
and women. In women, diabetes was also a correlate of LV
enlargement, while hypertension was an independent corre-
late of LV enlargement in men. Gender advantages of
smaller LV volumes and a greater EF were seen even with
large BMIs and severe obesity.

Elevated BMI may result in LV dilatation from many
factors,!! including hemodynamic overload from increased
blood volume and capillary flow,!? neurohormonal activa-
tion,'? and increased oxidative stress.'# An interesting find-
ing in our study was LV dilation in obese (mild or severe)
but not overweight men and women. This suggests that the
“threshold BMI” beyond which the left ventricle fails to
accommodate greater blood volumes without dilatation is
likely the same in men and women and likely greater than
the overweight range. Our findings contrast with those of a
number of previous studies limited either by small or se-
lected study cohorts that demonstrated smaller LVEFs in
severely obese subjects!—3>.15.16; the difference is likely ex-
plained by our evaluation of a large number of unselected
subjects. However, our results are akin to a few other
reports describing normal LVEFs in obese subjects.*!6-17
There was no independent relation between BMI and a
smaller LVEF in our study, despite a higher prevalence of
hypertension and diabetes with greater BMIs. This finding
adds to and expands on the results of a previous report
showing that obesity alone, in the absence of glucose intol-
erance, hypertension, and dyslipidemia, seems to be asso-
ciated only with an impairment of diastolic function and
hyperkinetic systole.!> The “protective effect” of a greater
BMI against systolic dysfunction despite a higher preva-
lence of diabetes and hypertension could be a potential
mechanism for the paradoxical lower mortality risk de-
scribed in subjects with heart failure with greater BMIs.!8

The prevalence of LV systolic dysfunction in our cohort
was lower in women than in men and similar to that de-
scribed previously.!® Women are known to have larger
LVEFs and smaller LV volumes compared with men in
multiple clinical settings.?-'0 These differences could be
attributed in part to differences in body stature. Yet, sur-
prisingly, the mean LVEF and volumes even in severely
obese women were smaller than in normal men. These
findings suggest an inherent difference in LV remodeling
between men and women that may be independent of
BMI.20

We evaluated subjects with clinical indications to docu-
ment coronary artery disease, and the results of this study
will be most applicable to subjects with similar character-
istics. However, because we included only subjects without
scan evidence of coronary artery disease, the results may be
extrapolated to asymptomatic subjects. Self-reported height
and weight correlate highly with measured height and
weight.?! A systematic error in the underestimation of BMI
in the overweight and obese subjects may be seen, as de-
scribed previously. However, these errors are usually small
and thus not likely to have influenced our results.?! The
observed differences in LV volumes may be a result of
smaller LV volumes in normal subjects, as opposed to
greater LV volumes in obese subjects. However, this is not
likely the case, because >50% of normal subjects in our
cohort had hypertension, and mean LV volumes in normal
subjects were greater than the gender-based normal limits
for LV volumes from our laboratory.
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