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O B J E C T I V E S The purpose of this study was to evaluate the relationship of left ventricular (LV)

remodeling assessed by cardiac magnetic resonance to various measures of obesity in a large

population-based study.

B A C K G R O U N D Obesity is a well-known risk factor for cardiovascular disease, yet its relationship

with LV size and function is poorly understood.

M E T H O D S A total of 5,098 participants (age 45 to 84 years; 48% men) in the Multi-Ethnic Study of

Atherosclerosis who were free of clinically apparent cardiovascular disease underwent cardiac magnetic

resonance to assess LV size and function as well as measures of obesity, including body mass index,

waist-to-hip ratio and waist circumference, and cardiovascular risk factors. Fat mass (FM) was estimated

based on height-weight models derived from bioelectrical impedance studies. The associations of

obesity measures with LV size and function were evaluated using linear spline regression models for

body mass index and multivariable regression models for other measures of obesity; they were displayed

graphically using generalized additive models.

R E S U L T S LV mass and end-diastolic volume were positively associated with measures of obesity in

both sexes after adjustment for risk factors (e.g., 5.7-g and 6.9-g increase in LV mass per 10-kg increase

in FM in women and men, respectively [p � 0.001]). LV mass-to-volume ratio was positively associated

with increased body mass index, waist-to-hip ratio, waist circumference, and estimated FM (e.g.,

0.02-g/ml and 0.06-g/ml increase in mass-to-volume ratio per 10-kg increase in FM in women and men,

respectively [p � 0.001]). The increased mass-to-volume ratio was due to a greater increase in LV mass

relative to LV end-diastolic volume. All associations were stronger for men than for women. Ejection

fraction showed no significant association with measures of obesity.

C O N C L U S I O N S Obesity was associated with concentric LV remodeling without change in ejection

fraction in a large, multiethnic cohort study. (J Am Coll Cardiol Img 2010;3:266–74) © 2010 by the

American College of Cardiology Foundation
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besity is associated with a spectrum of
cardiovascular changes thought to be me-
diated by altered hemodynamics and an

inflammatory state that could result in
tructural heart changes and heart failure (1,2). In
en and women residents of Framingham, Massa-

husetts, obesity was associated with an increase in
all thickness to a greater extent than the increase

n chamber size (3). A similar finding was present
n an evaluation of 20 healthy, young obese
omen (4). However, the pattern of obesity-

nduced remodeling in relationship to different
atterns of adipose tissue distribution and ethnicity
s unknown.

See page 275

Previous studies evaluating obesity and left ventric-
lar (LV) remodeling have relied on echocardiogra-
hy, which becomes increasing suboptimal as levels of
besity increase due to limited acoustic windows.
oreover, geometric assumptions used in echocardi-

graphy to compute LV mass and volumes have
imitations that are well documented (5). Cine cardiac

agnetic resonance (CMR) has been shown to be
ighly accurate and reproducible for the assessment of
entricular size and function based on 3-dimensional
mages of the heart (6,7).

The MESA (Multi-Ethnic Study of Atheroscle-
osis) study is a large population-based study that
sed CMR to measure LV structure and function.
he aim of this study was to evaluate the associa-

ion of various measures of obesity and differences
n body composition with LV structure and func-
ion in a multiethnic population free of clinically
pparent cardiovascular disease.

E T H O D S

tudy design and population. MESA has been pre-
iously described (8). In brief, between July 2000
nd August 2002, 6,814 men and women who
dentified themselves as white, African-American,

ispanic, or Chinese and were 45 to 84 years old
nd free of clinically apparent cardiovascular disease
ere recruited from 6 U.S. communities: Baltimore
ity and Baltimore County, Maryland; Chicago,

llinois; Forsyth County, North Carolina; Los An-
eles County, California; Northern Manhattan and
he Bronx, New York; and St. Paul, Minnesota.
onsenting participants underwent a CMR scan a
edian of 16 days after the baseline evaluation; 95%

ere completed by 11 weeks after the baseline f
xamination. The institutional review boards at all
articipating centers approved the study, and all
articipants gave informed consent.
aseline examination. Participants underwent an ex-
ensive baseline evaluation including clinical his-
ory, physical examination, anthropometric mea-
urements (weight, height, and waist and hip girth),
aboratory tests including 12-h fasting blood glu-
ose, total cholesterol, triglycerides, high-density
ipoprotein, and calculated low-density lipoprotein
holesterol from Friedewald’s equation (9). Stan-
ardized questionnaires were used to obtain infor-
ation about smoking history, alcohol intake, ex-

rcise, current medications, and physician diagnoses
f hypertension and diabetes. Systolic blood pres-
ure �140 mm Hg, diastolic blood pressure �90
m Hg, or use of antihypertensive medications was

lassified as hypertension. Diabetes was defined as
se of hypoglycemic drugs or fasting blood glucose
126 mg/dl.
ssessment of obesity. Body weight,
eight, waist circumference (WC), and
ip circumference were measured to the
earest 0.5 kg, 0.1 cm, and 0.1 cm, respec-
ively. Body mass index (BMI), calculated
s weight (kg) divided by height squared
m2), was used as a measure of overall
diposity. Obesity and overweight were
efined as BMI �30 kg/m2 and between
5 and 30 kg/m2, respectively (10,11).

C was measured using a steel measuring
ape (standard 4-oz tension) from midway
etween the last rib and the iliac crest at
ormal breathing. Hip circumference was measured
rom the largest diameter of the hip, and waist-to-
ip ratio (WHR) was calculated by dividing the
C by the hip circumference. WC and WHR were

sed as indexes of abdominal (central, visceral)
besity. The lean body mass of participants was
stimated based on height-weight models derived
rom bioelectrical impedance studies by Kuch et al.
12). Lean body mass was defined as 5.1 � [height
m)1.14] � [weight (kg)0.41] for men and 5.34 �
height (m)1.47] � [weight (kg)0.33] for women. Fat
ass (FM) was calculated by subtracting the lean

ody mass from weight.
MR and image analysis. Of 6,814 total participants,
,098 agreed to undergo a CMR examination and
igned an informed consent. CMR examinations
ere performed according to a standard protocol as
reviously described (13). Briefly, LV mass, vol-
mes, and functional parameters were determined

A B B

A N D

BMI �

CMR �

reson

FM �

LV �

M/V �

WC �

WHR
rom short-axis fast gradient echo cine i
R E V I A T I O N S

A C R O N YM S

body mass index

cardiac magnetic
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fat mass

left ventricular

mass to volume
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overing the heart from base to apex throughout the
ardiac cycle with temporal resolution �50 ms. For
MR measurements, the technical error of mea-

urement percentage of the mean was 6% and 4%
or LV mass and volume, respectively (13).
tatistical analysis. The characteristics of the study
roups are presented as mean � SD for continuous
ariables and as percentages for categorical vari-
bles. BMI, WC, WHR, and FM were used as
ontinuous variables. The unadjusted magnitude
nd direction of the associations between various
easures of body size and obesity as well as mea-

ures of LV size and obesity were determined using
earson correlation coefficients.
The associations of LV mass, LV end-diastolic

olume, mass-to-volume (M/V) ratio, and ejection
raction with BMI, WC, WHR, and FM were
isplayed graphically using generalized additive
odels for both sexes. All models were adjusted for

ge, race/ethnicity, systolic and diastolic blood pres-
ures, use of antihypertensive medications, diabetes,
otal cholesterol, high-density lipoprotein, triglyc-
rides, use of lipid-lowering medication, family
istory of heart attack, intentional exercise (the sum
f walking for exercise, sports/dancing, and condi-
ioning in metabolic equivalent hours/week) in
uartiles, cigarette smoking, and heavy alcohol con-
umption (current/former drinkers with usual con-
umption �2 drinks/day). Models examining the
ssociation of FM with LV measures were also
djusted for lean body mass.

Significant nonlinearity was present in several of
he BMI relationships, and hence a set of linear
pline regression models, with prespecified knots at
MI of 25 and 30, were used to evaluate the

elationships as a piecewise linear function. The line
egments were constrained to be continuous be-
ween categories. Within each BMI category, we
valuated the slope for the end point within that
ange and examined whether the slope differed from
and differed by sex. Slopes for other measures of

besity were based on multiple linear regression
odels. We also tested for interaction between sex

nd race/ethnicity and each body size measure.
Differences in associations of LV indexes with

MI and FM for participants with and without
elected traditional cardiovascular risk factors were
lso examined separately according to the presence
f any of the following: 1) diabetes, abnormal
lucose levels, or use of antidiabetic medication;
) hypertension or use of antihypertensive medica-

ion; 3) current or former smoking (�100 cigarette u
ack-years in the lifetime); and current or former
eavy alcohol use.
All analyses were performed using Stata 10.0 for
indows (StataCorp, College Station, Texas). Values of
� 0.05 were considered as statistically significant.
ace/ethnicity interactions were accepted as signif-

cant if p � 0.01 due to multiple testing.

E S U L T S

articipant characteristics. A total of 5,098 MESA
articipants underwent CMR (75% of all MESA
articipants) and 5,004 of them (98%) had techni-
ally adequate data and were included in the anal-
sis. The mean age of the participants was 61.5
ears (range 45 to 84 years): 52% were female, 13%
ere Chinese-American, 26% were African-
merican, 22% Hispanic, and 39% were Caucasian.
The risk factor characteristics, body size, and

besity measures of the study group and descriptive
esults of CMR measures are shown in Table 1.
ccording to BMI categories, 29% of the partici-
ants were overweight and 41% were obese. Obese
articipants were more likely to have hypertension
nd diabetes and had higher low-density lipopro-
ein cholesterol and triglyceride levels than normal-
eight participants.
orrelation among measures of obesity and between
easures of obesity and LV size. Measures of body

ize and obesity were highly correlated with each
ther in both women and men (Table 2). Among
hese measures, WHR had much weaker corre-
ations with other measures of obesity for both
exes.

All measures of obesity, except WHR, were also
ignificantly correlated with measures of LV size and
unction (Table 3); WHR was weakly correlated with
V mass and cardiac output for both sexes.
ssociation of LV size and function with BMI. LV
ass and end-diastolic volume were positively

ssociated with BMI in a nonlinear fashion for
oth sexes (Fig. 1A, B). The increase in LV mass
er each 10-kg/m2 increase in BMI for men was
4 g for lean individuals (i.e., BMI �25 kg/m2)
ersus 28 g for obese individuals (p � 0.001 for
oth). For men with an average LV size (169 g),
10-unit change in BMI corresponded to a 26%

ncrease in LV mass. The increase in LV end-
iastolic volume per each 10-kg/m2 increase in
MI for lean and obese men was 27 ml and 10
l, respectively (p � 0.001 and p � 0.008,

espectively). For men with an average LV vol-

me (140 ml), a 10-unit change in BMI corre-
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ponded to a 19% increase in LV volume. Similar
elationships were also observed for women. The slope
f the mean LV mass curve was steeper for men than
or women in the obese range (p � 0.001 for sex
nteraction), whereas the slope of LV end-diastolic
olume did not differ significantly by sex (p � 0.35
or sex interaction) (Table 4).

LV M/V ratio was positively associated with
MI for men (slope: 0.09-g/ml increase in M/V

Table 1. Characteristics of MESA Participants With CMR (N � 5,

Women (n � 2,6
Mean � SD or n

Risk factors

Hypertension 1,147 (43.7)

Diabetes 272 (10.4)

Family history of heart attack 1,143 (43.6)

HDL (mg/dl) 56.8 � 15.5

LDL (mg/dl) 117 � 31.8

Triglycerides (mg/dl) 129 � 82.5

Ever smoker 1,044 (39.8)

Body size measures

Fat mass (kg) 28.5 � 11.8

Lean body mass (kg) 43.6 � 5.0

Weight (kg) 72.1 � 15.7

BMI category

Lean (�25) 853 (32.5)

Overweight (25–30) 836 (31.9)

Obese (�30) 933 (35.6)

BMI (kg/m2) 28.0 � 5.6

Waist circumference (cm) 95.2 � 14.7

Hip circumference (cm) 106 � 11.7

Waist-to-hip ratio 0.90 � 0.08

LV size and function measures

LV mass (g) 124 � 27.4

LV end-diastolic volume (ml) 114 � 24.4

LV end-systolic volume (ml) 33.1 � 12.0

LV ejection fraction (%) 71.3 � 6.6

Stroke volume (ml) 80.7 � 17.0

Cardiac output (l/min) 5.4 � 1.4

BMI � body mass index; CMR � cardiac magnetic resonance; HDL � high-d
Multi-Ethnic Study of Atherosclerosis.

Table 2. Correlation Coefficients Between Measures of Body Siz

Women

Weight BMI FM WC

Weight 1.00

BMI 0.92 1.00

FM 0.97 0.98 1.00

WC 0.83 0.86 0.86 1.00

WHR 0.27 0.36 0.32 0.69

All the correlation coefficients are significantly different from 0 (p � 0.001).

FM � fat mass; WC � waist circumference; WHR � waist-to-hip ratio; other abbre
atio per 10-unit increase in BMI for obese indi-
iduals or approximately 8% increase in M/V ratio).
ver the range of observed M/V ratios (approxi-
ately 1.1 to 1.4), 30% of that range was accounted

or by a 10-unit change in BMI. For women, there
as no significant change in M/V ratio with in-

reasing BMI (slope: 0.01-g/ml increase in M/V
atio per 10-unit increase in BMI for obese indi-
iduals) (Fig. 1C, Table 4).

) by Sex, 2000 to 2002

Men (n � 2,382),
Mean � SD or n (%) p Value

973 (40.8) 0.038

309 (13.0) 0.004

853 (35.8) �0.001

45.0 � 11.6 �0.001

117 � 30.8 0.67

134 � 87.9 0.019

1,377 (57.8) �0.001

24.5 � 9.3 �0.001

58.3 � 6.4 �0.001

82.9 � 14.8 �0.001

�0.001

693 (29.1)

588 (24.7)

1,101 (46.2)

27.4 � 4.1 �0.001

98 � 11.3 �0.001

103 � 8.5 �0.001

0.96 � 0.07 �0.001

169 � 37.2 �0.001

140 � 32.7 �0.001

47.6 � 18.6 �0.001

66.6 � 7.5 �0.001

92.6 � 20.8 �0.001

6.0 � 1.5 �0.001

y lipoprotein; LDL � low-density lipoprotein; LV � left ventricular; MESA �

d Obesity by Sex in MESA Participants With CMR (N � 5,004)

Men

R Weight BMI FM WC WHR

1.00

0.88 1.00

0.97 0.97 1.00

0.88 0.89 0.91 1.00

0 0.40 0.48 0.45 0.67 1.00
004

22),
(%)

ensit
e an

WH

1.0
viations as in Table 1.
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There were no significant associations between
jection fraction and BMI for either sex (p � 0.8,
or sex interaction) (Fig. 1D).
ssociation of LV size and function with FM. LV mass
as positively associated with FM at a given level of

ean body mass for both sexes (p � 0.15 for sex
nteraction) (Fig. 2A). On average, LV mass in-
reased 5.7 g (4.5%) for women and 6.9 g (4.1%) for
en per 10-kg increase in FM (p � 0.001 for

oth). At a given level of lean body mass (Fig. 2B),
he increase in the mean LV end-diastolic volume
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Figure 1. Association of BMI With LV Parameters

Generalized additive models representing the association of body m
ume (B), mass-to-volume ratio (C), and ejection fraction (D) after ad

Table 3. Correlation Coefficients Between Measures of Obesity

Women

LV Mass LV EDV SV

Weight 0.60 0.54 0.50

BMI 0.52 0.41 0.39

FM 0.56 0.48 0.45

WC 0.48 0.31 0.30

WHR 0.19 �0.03 �0.004

All these correlations are significantly different from 0 at the p � 0.001 level e
cardiac output.
CO � cardiac output; EDV � end-diastolic volume; SV � stroke volume; othe
lines represent the mean values of LV parameters and the dashed lines
as 3.4 ml for women (p � 0.001) and �2.1 ml for
en (p � 0.052) per 10 kg of FM (Table 4).
M/V ratio was positively associated with FM

Fig. 2C) (slope: 0.02-g/ml increase in M/V ratio
or women and 0.06-g/ml increase in M/V ratio
or men per 10-kg increase in FM). The slopes
ere steeper for men compared with women (p �
.001 for sex interaction). There was no signifi-
ant association between ejection fraction and
M for either sex (p � 0.28 for sex interaction)

Fig. 2D).
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index (BMI) with left ventricular (LV) mass (A), end-diastolic vol-
ment for risk factors. Fully adjusted models per Table 4. The color

LV Size by Sex in MESA Participants With CMR (N � 5,004)

Men

LV Mass LV EDV SV CO

3 0.51 0.38 0.33 0.30

6 0.42 0.22 0.20 0.22

0 0.47 0.30 0.27 0.27

9 0.39 0.22 0.19 0.22

5 0.15 0.01 �0.01 0.06

for the WHR correlations. WHR was significantly correlated with LV mass and

reviations as in Tables 1 and 2.
B

D

ass
just
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represent 95% confidence intervals.
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ssociations of LV size and function with WHR. The
ssociations of LV mass (Online Appendix Fig. 1A)
nd end-diastolic volume (Online Appendix Fig.
B) with WHR had the same trend as for other
easures of obesity but with diminished magni-

ude. The M/V ratio (Online Appendix Fig. 1C)
ncreased with increasing WHR for women (slope:
.32-g/ml increase in M/V ratio per unit increase in

HR) and men (slope: 0.33-g/ml increase in M/V
atio per unit increase in WHR) in a similar fashion
p � 0.74 for sex interaction) (Table 4). There was
o significant association between ejection fraction
nd WHR (p � 0.20 for sex interaction) (Online
ppendix Fig. 1D).
WC showed a similar pattern in the associations

or LV mass, end-diastolic volume, and M/V ratio

Table 4. Association of Obesity Measures With LV Parameters b

LV Parameter Obesity Measure
Slope (per 10-Un

in Obesity M

LV mass (g) BMI range (kg/m2)

�25 21.9

25–30 27.0

�30 15.4

FM (kg) 5.7

LBM (kg) 19.1

WHR* 48.3

LV volume (ml) BMI range (kg/m2)

�25 21.7

25–30 19.1

�30 13.4

FM (kg) 3.4

LBM (kg) 21.7

WHR* 12.8

M/V ratio (g/ml) BMI range (kg/m2)

�25 0.01

25–30 0.05

�30 0.01

FM (kg) 0.02

LBM (kg) �0.04

WHR* 0.32

Ejection fraction (%) BMI range (kg/m2)

�25 0.2

25–30 0.1

�30 �1.0

FM (kg) �1.0

LBM (kg) �0.4

WHR* 0.82

*Each slope corresponds to 1-unit change in WHR. All models are stratified by sex
cigarette smoking, total cholesterol, HDL, log triglycerides, use of lipid-lowering
models examining associations between FM and LV parameters additionally ad
LBM � lean body mass; M/V � mass to volume; other abbreviations as in Ta
not shown). m
ifferences between obese groups with and without
isk factors. We examined differences in LV mass
nd function in participants with and without
ardiovascular risk factors (i.e., diabetes, hyper-
ension, smoking, alcohol use). Both groups
howed similar associations with BMI and FM
or all LV parameters (p � 0.05 for all). Those
ith risk factors had a significantly higher LV
ass, but a nonsignificantly higher LV volume at

aseline compared with those without risk factors
or both sexes across the whole range of BMIs
not shown).
ace/ethnicity differences. The associations of LV
ndexes with measures of body size were in a
imilar direction and of the same magnitude for
ll ethnic groups except the associations of LV

x After Adjustment for Risk Factors in MESA Participants With C

en Men

hange
re) p Value

Slope (per 10-Unit Change
in Obesity Measure) p Value

�0.001 44.2 �0.001

�0.001 26.1 �0.001

�0.001 27.6 �0.001

�0.001 6.9 �0.001

�0.001 18.6 �0.001

�0.001 69.4 �0.001

�0.001 27.2 �0.001

�0.001 13.0 0.001

�0.001 10.4 0.008

�0.001 �2.1 0.052

�0.001 23.9 �0.001

0.038 25.9 0.013

0.997 0.10 0.024

0.051 0.08 0.021

0.497 0.09 0.004

�0.001 0.06 �0.001

0.001 �0.07 �0.001

�0.001 0.33 �0.001

0.88 2.2 0.11

0.90 0.0 0.98

0.06 �0.7 0.47

0.46 0.4 0.14

0.34 �1.0 0.02

0.64 �0.97 0.70

adjusted for age, race, systolic and diastolic blood pressures, use of antihypertens
ication, family history of heart attack, heavy drinking, and intentional exercise in q
d for LBM.
1 and 2.
y Se MR (N � 5,004)
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he associations between FM and BMI were
tronger in Caucasian and Hispanic men than in
frican-American and Chinese men. The in-

rease in the mean LV mass per 10-kg increase in
M was 6.1 g in Caucasian men (p � 0.001),
.7 g in Chinese men (p � 0.027), 6.4 g in
frican-American men (p � 0.009), and 9.7 g

p � 0.001) in Hispanic men.
For M/V ratio, the increase in M/V ratio per

0-kg increase in FM was 0.08 kg/ml in Caucasian
en (p � 0.001), 0.06 kg/ml in Chinese men (p �

.047), 0.03 kg/ml in African-American men (p �

.13), and 0.10 kg/ml (p � 0.001) in Hispanic men.

I S C U S S I O N

he results of this study indicate that obesity is
ositively related to LV mass and volume in a

arge, community-based multiethnic population.
sing multiple measures of obesity (BMI, WC,
HR, and FM), LV mass increased to a greater

xtent than LV volume. We observed 1) increas-
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Generalized additive models representing the association of fat ma
ratio (C), and ejection fraction (D) after adjustment for risk factors.
values of LV parameters and the dashed lines represent 95% confid
ng levels of obesity were associated with concen- s
ric LV remodeling, expressed by increased LV
/V ratio; 2) the increased M/V ratio was due to
greater increase in LV mass relative to LV

nd-diastolic volume; 3) the relationships be-
ween obesity measures and LV mass and M/V
atio were generally greater in Hispanic and
aucasian men compared with other subgroups;
) global ventricular systolic function (assessed by
jection fraction) was insensitive to myocardial
hanges associated with obesity.

Obesity has been considered as a state of
hronic volume overload because the heart is
equired to circulate blood through the large and
elatively low resistance depot of adipose tissue.
arly studies had suggested that obesity was

ssociated with eccentric LV remodeling. The
esults of this CMR study and other echocardi-
graphy studies instead now consistently show
hat both LV cavity size and wall thickness may
e increased in obese subjects with wall thickness
ncreased to a greater extent than cavity size
concentric LV remodeling) (3,14 –16). Several

LV
 V

o
lu

m
e 

(m
l)

Fat Mass (kg)

50

100

125

75

150

175

200

0 20 40 60 80

Women Men

D

E
je

ct
io

n
 F

ra
ct

io
n

 (
%

)

Fat Mass (kg)

60

62

66

64

68

70

72

74

0 20 40 60 80

Women Men

M) with left ventricular (LV) mass (A), volume (B), mass-to-volume
adjusted models per Table 4. The color lines represent the mean
e intervals.
B

ss (F
Fully
tudies have found that LV ejection fraction is



n
s

p
p
w
a
t
b
i
h
t
a
(
w
s
g
b
b
h
c
s
h
n
t

p
v
g
p
a
b
c
e
m
p
d
I
p
s
i
T
w
r

a
p
v
i
u
a
m

t
b
m
i
s
i
i

m
a
a
M
g
w
W
s
c
S
M
a
o
c
r
S
b
t
h
a

C

I
o
i
g
d
t
o
s

A
T
a
v
M
a

R
B
9
I

J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 3 , N O . 3 , 2 0 1 0

M A R C H 2 0 1 0 : 2 6 6 – 7 4

Turkbey et al.

Obesity and the Left Ventricle

273
ormal to increased in the majority of obese
ubjects (14,17).

Multiple biological mechanisms have been im-
licated in explaining the impact of excess adi-
osity on LV geometry and function. Visceral fat,
hich has been shown to be the metabolically

ctive compartment of fat deposits, may mediate
he increased LV mass by secreting a variety of
ioactive molecules such as angiotensin II and
nflammatory cytokines. A previous MESA study
as reported that pathways related to inflamma-
ion might, at least partially, explain the associ-
tion between obesity and chronic heart failure
18). Hyperinsulinemia and insulin resistance,
hich are also closely related to abdominal obe-

ity, may induce myocardial hypertrophy by
rowth-stimulating effect of insulin or increasing
lood volume (19). Typically, higher systolic
lood pressures, even if they are not in the
ypertensive range, have an additive effect on
oncentric myocardial remodeling. Finally, ob-
tructive sleep apnea could contribute to LV
ypertrophy by exacerbation of daytime and
ighttime hypertension, increased sympathetic
one, and chronic hypoxemia (19).

Iacobellis and Sharma (20) proposed “uncom-
licated obesity” as those individuals with ele-
ated BMI but with normal fasting glucose,
lucose tolerance, systolic and diastolic blood
ressures, lipid profile, resting electrocardiogram,
nd thyroid function, without history of meta-
olic, cardiovascular, respiratory disease, and
linically significant abnormalities on physical
xamination. They reported that indexed LV
ass and LV geometry in subjects with uncom-

licated obesity (n � 75) were not significantly
ifferent from a lean control group (n � 60) (17).
n the present study, only 1.8% (89/5,004) of
articipants were obese and without hyperten-
ion, impaired glucose tolerance/diabetes, dyslip-
demia, and major electrocardiographic changes.
herefore, the concept of uncomplicated obesity
as not useful in our study population due to the

are occurrence of this phenotype.
Determining the relationship between obesity

nd cardiac size is confounded by the known
ositive relationship of body size to LV mass and
olume. Body surface area is the most common
ndex for cardiac size but has been suggested to
nderestimate the impact of obesity on LV mass
nd geometry (21). Alternatively, indexing LV

ass to the 2.7 power of height has been reported 2
o be appropriate for but has unknown applica-
ility for CMR. For the MESA population, LV
ass indexed to the 2.7 power of height resulted

n a higher proportion of LV hypertrophy for
horter participants compared with taller partic-
pants (data not shown), raising questions regard-
ng the validity of this approach for our data.

To overcome this difficulty, we looked at multiple
easures of obesity (BMI, WC, and WHR) and

lso examined the association of FM with LV size
fter controlling for fat-free mass. In addition, LV

/V ratio and ejection fraction allow ventricular
eometry and function, respectively, to be assessed
ithout the need for further body size adjustment.
ith all measures of obesity, ejection fraction

howed no consistent change in relation to in-
reased obesity levels.
tudy limitations. Selection of participants in
ESA was designed to minimize biases typically

ssociated with studies of volunteers. Because all
ur participants were free of clinically apparent
ardiovascular disease at baseline, participants rep-
esent a relatively healthy population-based sample.
everely obese participants (�300 pounds) had to
e excluded because of CMR bore-diameter and
able weight limits. Estimation of FM from weight-
eight models allowed only an approximate evalu-
tion of FM amount.

O N C L U S I O N S

n a multiethnic population, various measures of
besity are associated with concentric LV remodel-
ng, marked by increased M/V ratio, due to a
reater increase in LV mass than in LV end-
iastolic volume. Ejection fraction was an insensi-
ive marker of myocardial changes associated with
besity as assessed by multiple measures of body
ize and composition.
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