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OBJECTIVE — Studies have demonstrated increased left ventricular mass (LVM) and dia-
stolic dysfunction among diabetic patients without clinical cardiovascular disease (CVD), but
few have assessed the potential contribution of subclinical CVD to ventricular abnormalities in
diabetes. We examined whether diabetic cardiomyopathy is associated with subclinical athero-
sclerosis and if abnormalities are found with impaired fasting glucose (IFG).

RESEARCH DESIGN AND METHODS — LVM, end-diastolic volume (EDV), and
stroke volume were measured by magnetic resonance imaging (MRI), and atherosclerosis was
assessed by coronary artery calcium and carotid intima-media wall thickness in 4,991 partici-
pants in the Multi-Ethnic Study of Atherosclerosis, a cohort study of adults aged 45–84 without
prior CVD. Multivariable linear regression was used to analyze the association between MRI
measures and glucose status.

RESULTS — Increased LVM was observed in white, black, and Hispanic participants with
diabetes but not among Chinese participants. After adjustment for weight, height, CVD risk
factors, and subclinical atherosclerosis, ethnicity-specific differences in ventricular parameters
were present. Among whites and Chinese with diabetes, LVM was similar to that in normal
subjects; EDV and stroke volume were reduced. In blacks with diabetes, EDV and stroke volume
were reduced, and LVM was increased (�5.6 g, P � 0.05). Among Hispanics with diabetes, EDV
and stroke volume were similar to normal, but LVM was increased (�5.5 g, P � 0.05). After
adjustment, IFG was associated with a decrease in EDV and stroke volume in whites and blacks
only; however, no significant differences in LVM were observed.

CONCLUSIONS — Ethnicity-specific differences in LVM, EDV, and stroke volume are as-
sociated with abnormal glucose metabolism and are independent of subclinical CVD.
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H eart failure has become a frequent
manifestation of cardiovascular dis-
ease (CVD) among individuals with

diabetes (1). As the prevalence of diabetes
increases, it will probably emerge as one
of the principal causes of heart failure in
the U.S. (2–4). There is significant evi-
dence of the existence of “diabetic cardio-
myopathy,” described classically as heart
failure in the absence of obstructive coro-
nary disease but now more often defining
ventricular abnormalities seen in individ-
uals without coronary disease including
increased left ventricular mass (LVM) and
impaired diastolic function (3,5–8). Pro-
posed mechanisms include deleterious ef-
fects of hyperglycemia, hypertension, and
impaired endothelial function, which
may lead to compromised myocardial
blood flow (8,9). Atherosclerosis may be a
contributing factor in diabetic cardiomy-
opathy, as many studies have not had an-
giographic data or have focused on the
lack of obstructive lesions on coronary
angiography and have not determined the
presence or extent of subclinical CVD.
There is less information available on
whether cardiomyopathy is also present
in impaired fasting glucose (IFG), al-
though an association between IFG
and heart failure has been found (10).
Determining the relationship between
subclinical atherosclerosis and early ab-
normalities in diabetic and pre-diabetic
hearts would advance our understanding
of the pathophysiology of ventricular dys-
function and may suggest interventions to
prevent heart failure in at-risk adults.
Therefore, we sought to investigate
whether ventricular abnormalities related
to diabetes are also observed in IFG and
whether these abnormalities may be me-
diated by atherosclerosis in the Multi-
Ethnic Study of Atherosclerosis (MESA), a
population-based cohort of adults with-
out CVD.

RESEARCH DESIGN AND
METHODS — MESA is a population-
based sample of 6,814 men and women
from four ethnic groups (white, African
American, Hispanic, and Chinese) aged
45–84 without clinical CVD before re-
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cruitment. Details regarding the design
and objectives of MESA have been pub-
lished (11). Individuals with a medical
history of heart attack, angina, coronary
revascularization, pacemaker or defibril-
lator implantation, valve replacement,
heart failure, or cerebrovascular disease
were excluded from the sample. During
the baseline examination (2000–2002),
standardized questionnaires and cali-
brated devices were used to obtain demo-
graphic data, tobacco usage, medical
conditions, current prescription medica-
tion usage, weight, and height. Resting
seated blood pressure was measured three
times using a Dinamap automated oscil-
lometric sphygmomanometer (model Pro
100; Critikon, Tampa, FL); the last two
measurements were averaged for analysis.
Fasting blood glucose and lipids were an-
alyzed at a central laboratory. Individuals
were considered to have diabetes if they
replied “Yes” to the question “Has a doctor
ever told you that you had diabetes?”
and/or the medication inventory included
hypoglycemic drugs or if fasting blood
glucose was �7.0 mmol/l (126 mg/dl).
Individuals were considered to have IFG
if they did not have diabetes by the pre-
ceding criteria and their fasting blood glu-
cose was �5.6 and �7.0 mmol/l (�100
and �126 mg/dl) in accordance with the
2004 American Diabetes Association def-
inition; others were classified as having
normal fasting glucose (NFG) (12). Hy-
pertension was defined on the basis of the
medication inventory including blood
pressure medicine and a self-report of hy-
pertension or systolic blood pressure
�140 mmHg or diastolic blood pressure
�90 mmHg.

Chest computed tomography was
performed using either a cardiac-gated
electron-beam scanner or a prospectively
electrocardiogram-triggered scan acquisi-
tion at 50% of the R-R interval with a mul-
tidetector system acquiring a block of four
2.5-mm slices for each cardiac cycle in a
sequential or axial scan mode (11). Par-
ticipants were scanned twice over phan-
toms of known physical calcium
concentration. Scans were read centrally;
measurement of coronary artery calcium
(CAC) was calibrated against the phan-
tom. For each scan, a total phantom-
adjusted Agatston score, defined as the
sum of calcium measures from the left an-
terior descending, circumflex, and left
and right coronary arteries, was calcu-
lated; the mean score was used in these
analyses.

Cardiac magnetic resonance imaging

(MRI) was performed using 1.5-Telsa
magnets at each center; the MESA proto-
col has been described in detail (11,13).
Briefly, imaging was performed with a
four-element, phased-array surface coil
placed anteriorly and posteriorly, electro-
cardiogram gating, and brachial artery
blood pressure monitoring. Cine images
of the left ventricle were obtained during
short breath-holding (12–15 s) at resting
lung volume. Quantitative measurements
were performed at one reading center us-
ing MASS (v4.2) analytical software for
reader interpretation (Medis, Leiden, the
Netherlands) by one of two trained tech-
nicians. Left ventricular wall thickness
was defined as the average of six midven-
tricle segment thickness measurements.
Left ventricular EDV and end-systolic vol-
ume (ESV) were calculated by summing
the areas on each separate slice multiplied
by the sum of the slice thickness. End-
diastolic LVM was determined by the sum
of the area between the epicardial and en-
docardial contours multiplied by the slice
thickness; this value was then multiplied
by the specific gravity of myocardium
(1.05 g/ml). Ejection fraction was calcu-
lated as stroke volume divided by EDV.
The inter-reader intraclass correlation co-
efficients were 0.98 for LVM and EDV,
0.94 for ESV and stroke volume, and 0.81
for ejection fraction. The intrareader co-
efficients for these measures ranged from
0.94 to 0.98.

For carotid ultrasonography, images
of the right and left common carotid and
internal carotid arteries were captured,
including images of the near and far wall,
using high-resolution B-mode ultrasound
(14). We defined the internal carotid ar-
tery intima-media thickness (IMT) as the
mean of all available maximum wall
thicknesses across both left and right
sides.

Statistical analysis
Unadjusted differences in characteristics
across three glucose categories (normal,
IFG, and diabetes) were examined using
ANOVA for continuous variables. Cate-
gorical variables were compared using �2

analysis. Because LVM and volumes in
MESA have been found to differ by sex
and ethnicity (13) and differential effects
of diabetes on LVM by sex were found in
prior literature (6,15), we initially inves-
tigated these data using sex and ethnicity-
specific strata. We tested both for trend
across glucose category and for the com-
parison of IFG and diabetes versus nor-
mal. Differences in ventricular parameters

by glucose status were then assessed using
multivariable linear regression, with ad-
justment for age, sex, race, clinic, weight,
and height (model 1). Using interaction
terms in these models, we found evidence
of a significant interaction between glu-
cose status and ethnicity for several ven-
tricular parameters; in ethnicity-stratified
models, we then assessed for a glucose
status–sex interaction. Because of the
greater evidence for glucose status–
ethnicity interaction, further analyses
were performed, stratified by ethnicity
and adjusting for sex. Subsequent models
incorporated risk factors for atherosclero-
sis (smoking, hypertension, blood pres-
sure, LDL and HDL cholesterol, and
triglycerides) and then CAC and carotid
IMT to determine whether adjustment for
these variables altered the relationship be-
tween glucose category and ventricular
parameters. We modeled CAC in several
ways, including using the Agatston score
as a continuous variable, as a categorical
variable (CAC present or not), and as
quartiles. Because of the large number of
individuals with a zero Agatston score, we
ended up with three categories when at-
tempting to make quartiles (Agatston
scores 0 (51%), 1– 87.2 (25%), and
�87.3 (24%). We used these three cate-
gories for subsequent analyses. Two-
tailed P � 0.05 was considered significant.
Analyses were performed using STATA 8
(Stata, College Station, TX).

RESULTS — MRI examination partici-
pation among the 6,814 subjects re-
cruited by MESA was lower among those
with versus those without diabetes (67.0
vs. 76.7%, P � 0.01). CAC was less prev-
alent among those examined by MRI
(48.6 vs. 53.4%, P � 0.01). Among the
4,991 participants who underwent MRI
and for whom glucose status could be as-
certained, 26.7% (n � 1,334) had IFG
and 12.9% (n � 646) had diabetes. The
prevalence of diabetes was higher among
African Americans (18.2%), Hispanics
(17.3%), and Chinese Americans (14.4%)
compared with whites (6.7%). The prev-
alence of IFG was higher among Chinese
Americans (32.2%), Hispanics (30.1%),
and African Americans (25.7%) com-
pared with whites (23.4%). Age, weight,
BMI, and systolic blood pressure in-
creased significantly from normal to IFG
to diabetes (Table 1). Diabetic patients (of
whom 25% were taking a statin drug) had
significantly lower total, LDL, and HDL
cholesterol compared with those having
either NFG (10% with a statin) or IFG

Bertoni and Associates

DIABETES CARE, VOLUME 29, NUMBER 3, MARCH 2006 589

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/29/3/588/593511/zdc00306000588.pdf by guest on 10 April 2024



(16% with a statin). Participants with IFG
or diabetes had more evidence of subclin-
ical atherosclerosis than those with NFG
as measured by the presence of CAC or
carotid IMT. Similar patterns were seen
for these parameters in each ethnic group
(data not shown).

Cardiac structure and function
Ethnicity- and sex-specific ventricular pa-
rameters are presented in Table 2. LVM
increased significantly across glucose cat-
egory in all ethnic groups except Chinese.
LVM was significantly greater in partici-
pants with diabetes versus those with
NFG in all ethnicity/sex groups except
Chinese. LVM was less consistently ele-
vated with IFG. Wall thickness followed a
pattern similar to that of LVM. There were
few differences in unadjusted ventricular
volumes or ejection fraction by glucose
metabolism status.

Multivariate analyses
There was evidence of a differential rela-
tionship of glucose status to LVM by eth-
nicity in our multivariate models (in the
final model P for interaction term race �
glucose category � 0.002). There was
minimal evidence of an interaction be-
tween ethnicity and glucose status in vol-
ume analyses (P for interaction terms

�0.05 but �0.2). After stratification by
ethnicity, we did not find evidence for a
sex � glucose category interaction for
mass, volumes, or thickness.

Differences in selected ventricular pa-
rameters among those with IFG, diabetes,
and NFG, stratified by ethnicity, are pre-
sented in Table 3. After adjustment for
age, sex, height, and weight (model 1),
diabetes remained associated with a
greater LVM only among blacks and His-
panics. This difference was attenuated af-
ter adjustment for atherosclerosis risk
factors (model 2) and subclinical CVD
(model 3); however, diabetes was still as-
sociated with an increased LVM to a sim-
ilar degree in blacks and Hispanics.
Diabetes was associated with increased
wall thickness after adjustment for model
1 in all ethnic groups except Chinese, but
this association remained significant after
full adjustment only in black and His-
panic participants. Both EDV and stroke
volume tended to be lower among those
with diabetes in all ethnic groups except
Hispanics. After adjustment, there was no
difference in LVM between IFG and NFG
in any ethnic group, and after adjustment,
IFG was associated with lower EDV and
stroke volume in whites and blacks.

There were no differences in ESV as-
sociated with diabetes or IFG after adjust-

ment in any ethnic group (data not
shown). Ejection fraction did not gener-
ally differ by glucose status in multivariate
analyses except for being slightly lower
among blacks with diabetes after full ad-
justment (�1.3%, P � 0.05). We did find
one interaction between glucose status
and sex in ethnicity-specific analyses of
ejection fraction among Hispanics (inter-
action term P � 0.003). Among Hispanic
men with diabetes, the ejection fraction
was slightly reduced (�2.1%, P � 0.03)
compared with those with NFG after ad-
justment for variables in model 3; among
Hispanic women, after adjustment for
variables in model 3, the ejection fraction
was similar among those with diabetes
versus those with NFG (�1.5, P � 0.1).

In sensitivity analyses we modeled
CAC as either a dichotomous (presence or
absence) or continuous variable (Agat-
ston score). These alternative models did
not result in substantive changes in point
estimates or statistical significance level
for associations between diabetes or IFG
and ventricular parameters.

CONCLUSIONS — In this multieth-
nic population of individuals without
clinical cardiovascular disease, small dif-
ferences in left ventricular mass, volumes,

Table 1—Characteristics of MESA participants with MRI data by glucose status at first examination, 2000–2002

Parameter NFG IFG Diabetes P value

n 3,011 1,334 646
Age (years) 60.1 � 10.1 63.2 � 9.9 64.6 � 9.3 �0.001
Female (%) 57.4 43.6 47.3 �0.001
Height (cm) 166.3 � 9.9 166.8 � 9.9 165.7 � 10.1 0.1
Weight (kg) 75.0 � 15.6 80.0 � 16.5 81.8 � 16.6 �0.001
BMI (kg/m2) 27.0 � 4.7 28.6 � 5.0 29.7 � 5.2 �0.001
Body surface area 1.83 1.88 1.90 �0.001
White (%) 45.4 34.2 20.3 �0.001
Chinese American (%) 11.3 16.2 14.6 �0.001
African American (%) 23.9 24.7 36.1 �0.001
Hispanic American (%) 19.4 24.9 29.1 �0.001
Cholesterol (mmol/l) 5.06 � 0.90 5.05 � 0.91 4.89 � 0.98 �0.001
HDL cholesterol (mmol/l) 1.38 � 0.40 1.26 � 0.36 1.20 � 0.34 �0.001
LDL cholesterol (mmol/l) 3.05 � 0.80 3.09 � 0.81 2.90 � 0.85 �0.001
CAC present (%) 43.0 54.2 63.2 �0.001
Agatston score 100.4 � 329.6 159.0 � 408.5 250.1 � 583.4 �0.001
IMT (mm) 0.99 � 0.53 1.09 � 0.61 1.26 � 0.70 �0.001
Hypertension 34.7 48.3 66.7 �0.001
BP medication 26.8 41.5 62.4 �0.001
Systolic BP (mmHg) 122.5 � 20.7 128.6 � 20.9 132.6 � 21.9 �0.001
Diastolic BP (mmHg) 71.1 � 10.2 73.3 � 10.3 72.02 � 10.3 �0.001
Past smoker 34.2 38.3 37.2 0.03
Current smoker 13.0 12.4 11.7 0.6

Data are means � SD unless otherwise indicated. P value is for difference across categories. BP, blood pressure.
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and function were detected among those
with IFG and diabetes compared with
those with NGT; however, the pattern of
abnormality and the degree to which risk
factors and subclinical atherosclerosis
modified the association differed by eth-
nicity. Among black and Hispanic partic-
ipants, the observed greater LVM and wall
thickness among patients with diabetes
was partially explained by risk factors and
subclinical atherosclerosis, but remained
significantly higher compared with nor-
mal subjects. In contrast, neither whites
nor Chinese participants with diabetes
had increased LVM after adjustment for
demographic and anthropomorphic fac-
tors. White diabetic participants did ex-
hibit increased wall thickness, which was
fully explained by risk factors and sub-
clinical atherosclerosis. Diabetes was
strongly associated with lower EDV
among whites; the association was more
modest among Chinese and blacks and
was not present in Hispanics. Stroke vol-
ume was significantly lower in whites,
Chinese, and blacks with diabetes. In this
sample, diabetes and IFG were associated
with either small or insignificant changes
in ejection fraction. After adjustment for
demographic and anthropomorphic fac-
tors, IFG was not associated with in-
creased LVM or wall thickness in any
ethnic group. IFG was associated with a
lower EDV and stroke volume among
black and white participants.

Numerous population-based studies
have shown abnormal glucose metabo-
lism to be associated with greater LVM,
particularly in women (5,6,15–17). The
differences observed in MESA in unad-
justed as well as adjusted comparisons
were smaller than those in most studies;
however,previousstudieshaveusedecho-
cardiography-derived estimates of LVM,
and some have not excluded participants
with clinical CVD. There is evidence that
both African-American and Hispanic eth-
nicity is associated with increased LVM
(18 –20). European whites and Afro-
Caribbeans have been shown to differ in
the ventricular response to glucose intol-
erance (21). Although only small in-
creases in LVM associated with diabetes
were observed in this study, it is well es-
tablished that higher LVM predicts subse-
quent CVD morbidity and mortality
(2,22) and is also associated with de-
creased ejection fraction within the sub-
sequent 5 years (23).

The finding of an increased left ven-
tricular wall thickness in those with dia-
betes is consistent with our findings of
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increased LVM and decreased EDV. These
alterations are suggestive of the greater
ventricular stiffness observed when dia-
stolic relaxation is slowed or incomplete
(24). Impaired diastolic function has been
demonstrated in individuals with well-
controlled diabetes with or without hy-
pertension and in the absence of changes
in diastolic dimensions by echocardiogra-
phy (25,26). One study (12 diabetic men
vs. 12 control subjects) in which cardiac
MRI was used to demonstrate signifi-
cantly impaired diastolic function also re-
ported nonstatistically significantly lower
EDV (143 vs. 149 ml) and stroke volume
(85 vs. 92 ml) (27). However, male dia-
betic rat ventricles assessed with MRI
demonstrated significantly decreased
EDV, stroke volume, and ejection fraction
compared with controls (28). The lower
stroke volume alternatively may be ex-
plained by the increased heart rate ob-
served among participants with diabetes.
It is unlikely, however, that this small in-
crease in heart rate induced the ventricu-
lar differences observed, for tachycardia-
induced cardiomyopathy generally is
associated with sustained heart rates
�100 bpm (29). Prior studies have re-
ported either no difference or a small but
significant decrease in ejection fraction or
fractional shortening, a proxy of systolic
function, between subjects with and
without diabetes (5,15,17,30,31).

The strengths of this analysis include
the use of a diverse, well-characterized,
population-based sample, two measures
of subclinical atherosclerosis, and precise
determination of ventricular parameters
by MRI. The exclusion of participants
with clinical CVD resulted in an ideal
sample for exploring the potential contri-
bution of subclinical CVD to diabetes-
associated cardiomyopathy. We have also
applied the most recent criteria for defin-
ing glucose metabolism abnormalities.
Nevertheless, several limitations deserve
mention. Perhaps most significant is our
inability to detect diastolic dysfunction,
as measures of diastolic filling were not
obtained with this protocol. These cross-
sectional analyses do not permit the con-
clusion that abnormal glucose tolerance
causes these ventricular abnormalities.
Furthermore, our findings may not be di-
rectly comparable to studies in which
echocardiography was used, although
MRI-measured LVM has been shown to
be more accurate than echocardiography,
which tends to overestimate LVM (32). In
most clinical studies of diabetic cardio-
myopathy, participants known to be free T
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of coronary disease have been selected.
Although those with clinical CVD were
excluded from this sample, participants
did not undergo functional evaluations
for cardiac ischemia. We evaluated CAC
and carotid IMT, though these may be in-
complete markers of the total atheroscle-
rosis burden. The definition of IFG and
diabetes relied on participant-provided
history and a single measure of glucose.
This introduces a potential misclassifica-
tion of glucose status, which may have
impaired our ability to detect differences
among individuals with normal and ab-
normal glucose tolerance. Our results for
IFG may not be directly comparable to
prior studies that defined impaired glu-
cose tolerance on oral glucose tolerance
tests or a higher level of fasting glucose.

Finally, our ethnicity-stratified analy-
ses should be interpreted cautiously as we
have less power, particularly among the
Chinese, given the small differences ob-
served and the substantially smaller sam-
ple sizes. Nonetheless, these are perhaps
the most intriguing findings. In an in-
sured population with diabetes, the risk
for clinical heart failure has been reported
to be similar for blacks and whites and
significantly decreased for Hispanics and
Asians compared with whites (33). In this
light, we note that before adjustment for
subclinical atherosclerosis, whites and
blacks with diabetes both had decreased
EDV, stroke volume, and increased wall
thickness, whereas in the Chinese with
diabetes only stroke volume was reduced
and less so than in whites or blacks.
Among Hispanics, only LVM and thick-
ness were affected by diabetes. Increased
LVM and thickness may be associated to a
greater degree with hypertension and ath-
erosclerosis than diabetes in whites and
Chinese in the absence of clinical CVD,
whereas in blacks and Hispanics diabetes
remained independently associated with
increased LVM. Our findings may be due,
however, to differential subclinical ath-
erosclerosis by ethnicity, which among
participants with diabetes has recently
been demonstrated in MESA to differ by
ethnicity across vascular beds; most nota-
bly a lower prevalence of CAC among
blacks and Hispanics (34). We also can-
not exclude the possibility that ethnic dif-
ferences in duration, treatment, or control
of diabetes are responsible for the differ-
ences observed. In this sample, however,
data on duration or treatment are missing
for one-third of subjects, and HbA1c was
not measured. Further investigation will
be required to determine whether there

are differences in the incidence of heart
failure by ethnicity in this cohort, and, if
so, whether the observed difference at
baseline will be predictive of the future
risk of heart failure or subtype of heart
failure.
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