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Abstract
Objective—To determine whether abnormalities of the left ventricle diVer by glucose tolerance
status, to explore reasons for diVerences, and to assess ethnic diVerences in these relations.
Design—Population based prevalence study.
Setting—London, UK.
Patients—1152 African Caribbeans and Europeans.
Methods—Echocardiograms, blood pressure, obesity, fasting and two hour blood glucose,
insulin and lipids, and urinary albumin excretion rate were measured.
Main outcome measures—Left ventricular mass index, wall thickness, and early (E) to atrial
(A) wave ratio.
Results—Left ventricular mass index was greater in diabetic Europeans than in normoglycaemic
Europeans (mean (SE), 95.6 (5.0) v 79.7 (0.8) g/m2, p = 0.001) and in diabetic African Carib-
beans than in normoglycaemic African Caribbeans (88.6 (2.5) v 82.4 (0.9) g/m2, p = 0.02).
Similar, but weaker associations were observed for the E:A ratio. â CoeYcients between left ven-
tricular mass index and fasting glucose in the normoglycaemic range, adjusted for age and sex,
were 2.43 in Europeans (p = 0.05) and 3.74 in African Caribbeans (p = 0.02). These were
attenuated to 1.19 (p = 0.4) and 3.03 (p = 0.08) in Europeans and African Caribbeans, respec-
tively, when adjusted further for blood pressure and obesity. Adjustments for other risk factors
made little diVerence to the coeYcients. There were no ethnic diVerences in risk factor relations.
Conclusions—Abnormalities of the left ventricle occur in response to glucose intolerance and
are observable into the normoglycaemic range. These disturbances are largely accounted for by
associated obesity and hypertension. African Caribbeans have a greater degree of left ventricular
structural impairment, emphasising the importance of tight blood pressure control.
(Heart 2001;85:643–648)
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People with diabetes have a greater risk of
morbidity and mortality from cardiovascular
disease than the general population,1 2 but the
reasons for this remain unclear. One possible
explanation is that diabetes may result in struc-
tural alterations of the heart, in particular left
ventricular hypertrophy, which is itself an inde-
pendent risk factor for mortality.3 4 In both type
1 and type 2 diabetes, there are claims for a
distinct diabetic cardiomyopathy, which occurs
even in the absence of ischaemic heart disease
and may be responsible for the observed high
rates of heart failure in diabetes.5–7 However,
others argue that concomitant hypertension is
mainly responsible for the cardiac changes
observed with diabetes.8 9 More recent data
indicate that both glucose intolerance and
hypertension could contribute to left ventricu-
lar hypertrophy through their associations with
insulin resistance.10–12 If this were the case, we
would expect to see consistent ventricular
structural changes across the range of glucose
tolerance, and not unique changes in the pres-
ence of diabetes alone.

People of black African descent are at high
risk from both diabetes and raised blood pres-
sure, and are known to have higher rates of
stroke and hypertensive heart disease than
Europeans.13 14 However, ischaemic heart dis-
ease rates are very low, and we have shown that
the adverse cardiovascular risk factor profile

observed in Europeans in the presence of
glucose intolerance does not occur to the same
extent in African Caribbeans.15 It is thus clear
that risk factor relations observed in one ethnic
group may not necessarily be true for others,
and that such comparisons between ethnic
groups may provide valuable clues about
disease aetiology.

With this in mind, we examined the relation
between degrees of glucose intolerance and
measures of left ventricular structure, as
assessed by echocardiography, in a general
population sample of European and African
Caribbean men and women, and assessed the
relative impact of other risk factors in this rela-
tion, both within and between ethnic groups.

Methods
The analyses were performed on data from a
cross sectional general population survey of
1166 African Caribbean and European men
and women aged 40–64 years.13 A detailed
description of the methods has been published
previously13 16; in brief, individuals who agreed
to take part were invited to attend fasting for a
health examination and were asked to complete
a questionnaire detailing demographic charac-
teristics, drug treatment, and previous medical
history. The study was approved by the relevant
ethics committees and written informed con-
sent was obtained from all participants.
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At the examination centre, standardised pro-
tocols were used for the measurement of
height, weight, and resting blood pressure
(determined twice using a random zero
Hawksley sphygmomanometer (Lancing, Sus-
sex, UK)). The use of antihypertensive drugs
was recorded. A 12 lead ECG was recorded
and coded using the Minnesota code. Blood
samples were taken fasting and two hours after
a 75 g oral glucose load for measurement of
glucose, insulin, total cholesterol, triglyceride,
and high density lipoprotein cholesterol. An
overnight urine collection was performed for
measurement of albumin to calculate albumin
excretion rate. This was performed using an
in-house immunoturbidimetric method, with
antiserum and quality control material from
the Supraregional Protein Reference Unit,
SheYeld, UK.

ECHOCARDIOGRAPHIC STUDIES

All participants had two dimensional M mode
and Doppler echocardiography performed
according to standard procedures.17 Left ven-
tricular dimension measures were taken from
at least three cycles18 and included left
ventricular end diastolic diameter (LVEDD),
posterior wall thickness, and interventricular
septal thickness (all in mm). Relative wall
thickness and the left ventricular mass index
was calculated from the American Society of
Echocardiography formula,19 the latter indexed
to body surface area. Doppler studies were
used to measure flow velocity across the mitral
valve, and the early (E) to atrial (A) wave ratio
(E:A) was calculated. All studies were vide-
otaped, and readings were double checked by
one senior observer (PN) who only had access
to the identity number of the participant.

STATISTICAL ANALYSES

The mean of the two resting blood pressure
measurements was used in all analyses. Results
for systolic and diastolic blood pressure were
similar, and we have therefore only presented
the systolic blood pressure analyses. Diabetes
and impaired glucose tolerance was diagnosed
according to the previous World Health
Organization criteria20 which were current at
the time of the study. Analyses were repeated
using the newer classification21 and the results
did not diVer. All subjects with evidence of a
previous myocardial infarct and all those on
treatment for hypertension were included in
the analyses, comparing echocardiographic
variables by glucose tolerance category, as we
wished to determine whether diVerences ex-
isted in a representative sample of the general
population which might, for whatever reason,
explain population levels of disease. As the
majority of people with known diabetes are on
antihypertensive treatment, excluding these
from the analysis could result in the compari-
son of a biased and certainly unrepresentative
population. We have previously shown that cal-
culated left ventricular mass index may be mis-
leading when comparing diVerent ethnic
groups, as the structural response to raised
blood pressure may be very diVerent.16 19 In this
paper we therefore present associations with

component measures as well as with mass
index itself. Mean values for echocardiographic
variables were calculated using multiple
regression techniques, with ethnic group and
glucose tolerance as the predictor variables
adjusted for age and sex. Interactions between
ethnic group and glucose tolerance status were
also tested. Pearson correlation coeYcients
were estimated for variables associated with
insulin resistance, again stratified by ethnic
group. Skewed variables such as insulin,
triglyceride, and albumin excretion rate were
log transformed for analysis.

The second level of analysis was designed to
explore reasons for a relation between circulat-
ing glucose and echocardiographic abnormali-
ties. For these analyses, we wished to ensure
that potential risk factors had not been
modified by the glucose intolerant state or that
outcomes (echocardiographic measures) had
been altered by disease or treatment. Thus
these latter analyses are restricted to normogly-
caemic individuals only, and those with evi-
dence of myocardial infarction on ECG or on
antihypertensive treatment were excluded from
the analysis. â CoeYcients for fasting glucose
in multiple regression models, again stratified
by ethnicity, are reported. Changes in this
coeYcient following the addition of confound-
ing variables such as blood pressure and body
mass index indicate how much of the relation
between glucose and an echocardiographic
variable can be accounted for by confounders.
Analyses were performed separately for men
and women first, and as there were no appreci-
able sex diVerences in risks and risk factor
relations, the sexes have been combined for
presentation.

Glucose intolerance status could not be
assigned to nine individuals, so the association
between glucose intolerance and echocardio-
graphic indices was restricted to 1157 of 1166
patients (582 Europeans and 575 African Car-
ibbeans). In those who were potentially eligible
for the normoglycaemic analyses, 18 had
evidence of a previous myocardial infarct on
ECG, and 119 were on antihypertensive treat-
ment. Thus those analyses were performed on
757 of 894 participants.

Results
In general, echocardiographic measures of
structure were worse for people with known
diabetes compared with normoglycaemic indi-
viduals (table 1), although this comparison
reached significance in both ethnic groups for
both the wall thickness measurements and the
left ventricular mass index only. Tests for trend
across the range of glucose intolerance showed
statistical significance for both ethnic groups
for posterior wall thickness and the E:A ratio.
However, even a comparison of normoglycae-
mic individuals and those with impaired
glucose tolerance showed important diVer-
ences, especially for African Caribbeans,
where interventricular septal thickness, poste-
rior wall thickness, E:A ratio, relative wall
thickness, and LVEDD all diVered signifi-
cantly. Less strong associations were observed
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for Europeans. Throughout, African Carib-
beans tended to have a more adverse echocar-
diographic profile than Europeans (apart from
LVEDD). Tests for an ethnic group interac-
tion comparing glucose intolerant and normo-
glycaemic individuals were significant for
LVEDD (p = 0.003) and interventricular sep-
tal thickness (p = 0.02), and approached
significance for relative wall thickness (0.06).
This ethnic diVerence in the impact of
impaired glucose tolerance on echocardio-
graphic variables is reflected in the diVerence
in resting systolic blood pressure between nor-
moglycaemic individuals and those with im-
paired glucose tolerance—1 mm Hg in Euro-
peans and 5 mm Hg in African Caribbeans
(p = 0.0001).

In normoglycaemic individuals with no
evidence of a previous myocardial infarct and
not on antihypertensive treatment, there were
strong correlations between fasting glucose and

echocardiographic variables (table 2). Results
for posterior wall thickness were similar to
those for interventricular septal thickness and
for clarity are not shown here. Associations
were also observed with fasting insulin, lipids,
and albumin excretion rate, but these were
generally stronger for Europeans than for Afri-
can Caribbeans. In both ethnic groups, very
strong associations were observed between
measures of obesity and blood pressure and the
echocardiographic measures.

â CoeYcients were calculated between fast-
ing glucose and echocardiographic measures
for this group of normoglycaemic individuals
(table 3). In both ethnic groups, strong coeY-
cients were observed for measures of wall
thickness and left ventricular mass index, even
when adjusted for age and sex. These associa-
tions were largely attenuated by the addition of
resting systolic blood pressure and body mass

Table 1 Echocardiographic measures of structure and function by glucose tolerance status and ethnic group (adjusted for age and sex)

Glucose tolerance category
p Value for
DM v NG

p Value for
IGT v NG

p Value for
ethnicityVariable Normoglycaemic IGT New DM Known DM p Trend

European (n) 499 53 15 15
African Caribbean (n) 395 90 33 57

Left ventricular end diastolic diameter (mm)
European 45.8 (0.2) 46.9 (0.6) 44.1 (1.2) 47.2 (1.2) 0.4 0.3 0.1
African Caribbean 45.3 (0.2) 43.9 (0.5) 44.8 (0.8) 44.9 (0.6) 0.06 0.5 0.008 0.01

Interventricular septal thickness (mm)
European 9.5 (0.1) 9.6 (0.2) 9.7 (0.4) 10.3 (0.4) 0.2 0.04 0.8
African Caribbean 10.0 (0.1) 10.7 (0.2) 10.2 (0.3) 10.6 (0.2) 0.002 0.02 0.005 0.0005

Posterior wall thickness (mm)
European 9.2 (0.1) 9.5 (0.2) 9.2 (0.4) 10.1 (0.4) 0.02 0.01 0.06
African Caribbean 9.6 (0.1) 10.0 (0.2) 9.8 (0.2) 10.1 (0.2) 0.01 0.01 0.008 0.03

E:A ratio
European 1.26 (0.02) 1.09 (0.06) 1.22 (0.11) 1.14 (0.10) 0.05 0.3 0.008
African Caribbean 1.14 (0.02) 0.98 (0.03) 1.02 (0.07) 1.00 (0.05) 0.0001 0.003 0.001 0.007

Relative wall thickness
European 0.41 (0.003) 0.41 (0.01) 0.42 (0.02) 0.44 (0.02) 0.3 0.09 0.4
African Caribbean 0.43 (0.005) 0.47 (0.01) 0.44 (0.01) 0.46 (0.01) 0.004 0.03 0.001 0.004

Left ventricular mass index (g/m2)
European 79.7 (0.8) 84.5 (2.5) 77.4 (4.8) 95.6 (5.0) 0.004 0.001 0.07
African Caribbean 82.4 (0.9) 83.4 (1.9) 83.8 (3.3) 88.6 (2.5) 0.2 0.02 0.6 0.9

Values are mean (SE).
DM, diabetes mellitus; E:A, ratio of early (E) to atrial (A) wave; IGT, impaired glucose tolerance; NG, normoglycaemic.

Table 2 Correlation coeYcients between echocardiographic measures of structure and function by ethnic group in
normoglycaemic individuals (excluding those with a previous myocardial infarct or on antihypertensive treatment)

LVEDD IVS E:A RWT LVMI

Europeans (n=452)
Age −0.4 0.19*** −0.42*** 0.20*** 0.16***
Systolic blood pressure 0.17*** 0.33*** −0.28*** 0.11* 0.27***
Fasting glucose 0.13** 0.21*** −0.06 0.12* 0.17***
Fasting insulin 0.18*** −0.03 −0.13** −0.15** −0.03
BMI 0.30*** 0.20*** −0.19*** −0.05 0.11*
Waist circumference 0.50*** 0.33*** −0.21*** −0.05 0.24***
Albumin excretion rate 0.15** 0.16*** 0.05 0.07 0.17***
Fasting triglyceride 0.17*** 0.16*** −0.14** 0.02 0.15**

African Caribbeans (n=305)
Age 0.03 0.15** −0.44*** 0.08 0.20***
Systolic blood pressure 0.01 0.13* −0.20*** 0.09 0.11*
Fasting glucose 0.17** 0.15** −0.14* 0.06 0.20***
Fasting insulin 0 0.05 −0.07 0.04 0
BMI 0.05 0.11* −0.11 0.07 −0.04
Waist circumference 0.24*** 0.26*** −0.17** 0.07 0.14*
Albumin excretion rate 0 0.12* 0.04 0.12 0.09
Fasting triglyceride 0.06 0.06 −0.17** 0.02 0.03

*p < 0.05; **p < 0.01; ***p < 0.001.
BMI, body mass index; E:A, early (E) to atrial (A) wave ratio; IVS, interventricular septal thickness; LVEDD, left ventricular end
diastolic diameter; LVMI, left ventricular mass index; RWT, relative wall thickness.
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index into the model, reducing the â coef-
ficient by one third to one half. Further addi-
tion of other variables—such as insulin,
albumin excretion rate, lipids, and other
measures of obesity—did not materially alter
the â coeYcients. In general, the magnitude of
the â coefficients and the impact of adjustment
for various confounders were similar for the
two ethnic groups.

Discussion
In this population based study, with a wide
range of blood glucose concentrations, we
show that people with diabetes have abnor-
malities of the left ventricle compared with
their normoglycaemic counterparts, and that
this applies equally to both Europeans and
African Caribbeans. These diVerences are par-
ticularly pronounced for measures of wall
thickness and the composite measure of left
ventricular mass index. We further show that
the diVerences are present even at the impaired
glucose tolerance stage, where drug treatment
is unlikely to have altered the echocardio-
graphic indices.

Several other studies have shown an increase
in interventricular septal thickness with glucose
intolerance or diabetes in women only6 22 23 or
in both sexes combined.24 One showed no
association25 and one showed a diVerence only
between controls and patients with diabetic
complications.26 LVEDD is not usually raised
in the glucose intolerant state,23–25 27 28 but some
investigators have found an increase6 or a
reduction in LVEDD with glucose intoler-
ance.22 26 Left ventricular mass index is also
generally found to be raised in the diabetic
state in women only,6 22 23 or in both sexes.11 24 29

No diVerences were found between diabetic
individuals and controls in two studies.26 30

The disparate findings from previous studies
could be accounted for in various ways. Several
of the studies had relatively small numbers and
may have been underpowered for some of the
comparisons.24 26 Patient selection could be
another factor, as several excluded patients with
varying degrees of pre-existing heart disease or
hypertension,24 25 26 30 and this may introduce
bias if these conditions are not equally distrib-
uted in the comparator groups. Further, as we
have previously shown, the structural response
to an insult may diVer by ethnicity,16 in particu-
lar for LVEDD. These diVerent responses,
which may be determined by factors other than
ethnicity, could be the reason why left ventricu-
lar mass index (which is a composite of LVEDD
and wall thickness measurements) may be
higher in some glucose intolerant populations
compared with controls while not diVering in
others. The use of composite measures of echo-
cardiography to compare left ventricular hyper-
trophy between ethnic groups has rightly been
criticised for this reason.31

Most of these previous studies have been
confined to people with diabetes. In the present
study we show a dose–response relation for
interventricular septal thickness across a wide
range of blood glucose in the general popula-
tion. Further, we found that there was a strong
correlation between fasting glucose and
echocardiographic indices even in normogly-
caemic individuals, such that increasing glu-
cose intolerance in the normoglycaemic range
was positively associated with obesity and
blood pressure. Adjusting for any measure of
blood pressure and for obesity greatly attenu-
ated the relation between glucose and left ven-
tricular hypertrophy. In general, the â coeY-
cients were reduced by about one third to one
half, supporting previous findings.24 32 How-
ever, adjustment for blood pressure alone
could not wholly abolish the observed associ-
ation between glycaemia and echocardio-
graphic measures of structure. A single
measurement of blood pressure and obesity
can only begin to approximate lifetime expo-
sure to these two risk factors. If it were possible
to include “perfect” measures of these variables
in our multivariate model, it is likely that the â
coeYcients for the impact of glucose on
echocardiographic measures would be attenu-
ated still further, and we therefore suggest that
the greatest part of the association between
glucose and left ventricular abnormalities can
largely be explained by associated changes in
blood pressure and obesity.

Other factors that may account for the
relation between glucose and interventricular
septal thickness in these data were albumin
excretion rate, insulin, and triglyceride concen-
trations. Others have shown that the presence
of diabetic complications further increases
structural damage to the left ventricle.24 26 The
reasons for this increased damage are unclear,
but again it is most likely to reflect disturbances
in the other risk factors, particularly blood
pressure.24 We show that adjustment for
albumin excretion rate over blood pressure had

Table 3 â CoeYcients and p values for fasting glucose by
ethnic group (normoglycaemic only, with no history of
myocardial infarction or antihypertensive treatment)

Model
variables

European
(n=452)

African Caribbean
(n=305)

â p Value â p Value

Left ventricular end diastolic diameter
Age, sex 0.14 0.6 0.71 0.1
+BP −0.02 0.9 0.70 0.1
+BP +BMI −0.44 0.2 0.41 0.4

Interventricular septal thickness
Age, sex 0.31 0.002 0.28 0.07
+BP 0.20 0.04 0.24 0.1
+BP +BMI 0.15 0.1 0.14 0.4

Posterior wall thickness
Age, sex 0.32 0.0003 0.34 0.02
+BP 0.26 0.004 0.31 0.03
+BP +BMI 0.23 0.01 0.21 0.1

E:A ratio
Age, sex −0.02 0.5 −0.07 0.02
+BP 0.01 0.8 −0.06 0.04
+BP +BMI 0.02 0.4 −0.05 0.1

Relative wall thickness
Age, sex 0.01 0.007 0.01 0.3
+BP 0.01 0.02 0.01 0.3
+BP +BMI 0.01 0.004 0.01 0.5

Left ventricular mass index
Age, sex 2.43 0.05 3.74 0.02
+BP 1.43 0.3 3.39 0.02
+BP +BMI 1.19 0.4 3.03 0.08

BMI, body mass index; BP, blood pressure; E:A ratio, early (E)
to atrial (A) wave ratio.
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no appreciable impact on the â coeYcients.
Similarly, although others have indicated the
importance of insulin resistance in determining
left ventricular hypertrophy,10 12 33 in this study,
insulin and triglyceride did not contribute sig-
nificantly to the model in multivariate analysis
and were therefore excluded from the final
models. It is likely, however, that the impact of
insulin resistance on left ventricular hypertro-
phy is mediated through hypertension and
obesity, so it is perhaps not surprising that
insulin has little eVect in a model that already
contains these two risk factors.

Nevertheless, there may be other factors
associated with hyperglycaemia that contribute
to left ventricular structural abnormalities. One
way in which chronic hyperglycaemia expresses
its toxicity is to form non-enzymatic glycation
of tissue macromolecules such as proteins, lip-
ids, and DNA to form irreversibly bound
advanced glycation end products.34 Such prod-
ucts have been found to accumulate in tissues
such as the heart in the presence of diabetes.35

These may cause oxidative damage directly, or
indirectly through stimulation of cytokines.

Across the spectrum of glucose intolerance,
African Caribbeans in general have a worse
echocardiographic profile than Europeans.
There were indications that abnormalities in
glucose intolerant individuals were greater in
African Caribbeans than in Europeans, particu-
larly for LVEDD and interventricular septal
thickness. This greater impact of glucose intoler-
ance on left ventricular indices probably reflects
the higher blood pressures observed in African
Caribbeans. Very few studies have examined
people of black African descent in this context.
Of those that have, a study of Nigerians found
interventricular septal thickness and left ven-
tricular mass index to be higher in diabetic than
non-diabetic subjects, but this diVerence was
much smaller than the diVerence between
normotensive and hypertensive individuals.36

Further, the combination of both diabetes and
hypertension did not appear to be worse than
hypertension itself. In a UK based study,
variations in wall thickness were examined in
relation to serum creatinine in diabetic pa-
tients.27 It was found that wall thickness was
greater in African Caribbeans than in Europe-
ans,27 as in the present study. The reasons for
these diVerences—in particular the role of blood
pressure—were not explored.

CONCLUSIONS

Thus there is little evidence for a distinct eVect
of diabetes on the left ventricle, but instead there
is evidence of an association with left ventricular
hypertrophy across the range of blood glucose
concentrations and well into the normoglycae-
mic range. These associations can largely be
accounted for by blood pressure and obesity.
There is a link between left ventricular structure
and measures of insulin resistance, but this can
be accounted for by obesity and blood pressure.
While African Caribbeans appear more likely to
have left ventricular abnormalities associated
with glucose intolerance, this probably reflects
the higher blood pressures observed in this

group and it emphasises the importance of good
blood pressure control in this population.
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IMAGES IN CARDIOLOGY

Coronary arterial-left ventricular fistulae
A 64 year old woman presented with a six
month history of progressive exertional dys-
pnoea and paroxysmal nocturnal dyspnoea.
Echocardiography showed severe pulmonary
hypertension, concentric left ventricular hyper-
trophy, normal systolic function, and no
evidence of shunting by saline contrast. The 12
lead ECG exhibited atrial fibrillation. Chest
radiography and computed tomography (CT)
revealed dilated proximal pulmonary arteries
without signs of parenchymal lung disease or
pulmonary venous abnormalities.

Cardiac catheterisation showed fixed pulmo-
nary hypertension without shunting. Selective
coronary angiography demonstrated tortuous,
dilated, epicardial coronary arteries (below
left) with all three coronary arteries draining
into the left ventricle via a diVuse plexus of
coronary fistulae. Left coronary angiography
(late frame) revealed diastolic opacification of
the left ventricle (below right). The coronary
sinus was not cannulated during right heart
catheterisation, and there was no obvious

opacification of it in the delayed phase of
coronary angiogram.

Coronary artery fistulae between a coronary
artery and a cardiac chamber can occur in
0.2% of diagnostic cardiac catheterisations and
usually arise from the right coronary artery to
drain into a right heart structure (right atrium,
right ventricle or pulmonary artery). Fistulae
draining into the left ventricle are uncommon,
with less than 20 reported cases of fistulae
involving all three coronary arteries. These
congenital fistulae are abnormally prominent
Thebesian vessels that represent persistence of
the intertrabecular vascular network. They
result in a diastolic volume overload of the left
ventricle (left-to-left shunt), dilated epicardial
arteries, and a “coronary steal” with shunting
of blood away from the myocardium into the
low resistance fistulae.
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