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Patients with diabetes mellitus (DM) have more severe coronary artery disease and a two- to
fourfold higher risk for myocardial infarction and death as compared to patients without DM.
In this study, we analyzed coronary anatomy, left ventricular ejection fraction, and cardiac
risk factors in patients with DM referred for coronary angiography and compared them with
findings in nondiabetic patients. Coronary anatomy was assessed in a total of 6,234 patients
and left ventricular ejection fraction in a subset of 4,767 (76.5%) patients. Diabetic patients
(n � 641) were older (60.8 � 9.6 vs. 58.5 � 10.5 years; P < 0.0001) and had higher rates of
hypertension (65% vs. 47%; P < 0.0001). Three-vessel disease (DM 44.7% vs. no DM 25.4%; P <
0.0001) and reduced left ventricular ejection fraction (DM 58.4% � 15.2 vs. no DM 63.9% � 13.2;
P < 0.0001) were significantly associated with DM. After adjustment for age and other vascular
risk factors, the presence of DM was associated with a higher atherosclerotic burden. We
conclude that advanced coronary heart disease and left ventricular dysfunction are highly
prevalent in diabetic patients, independent of age and other cardiovascular risk factors.
Thus, cardiac assessment in diabetic patients should, in addition to optimal diabetic control,
involve screening for left ventricular dysfunction. Catheter Cardiovasc Interv 2004;62:
432–438. © 2004 Wiley-Liss, Inc.
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INTRODUCTION

An epidemic increase of patients suffering from type 2
diabetes mellitus (DM) has been observed in the United
States and most of the Western countries over the last
decade [1,2]. Diabetes is associated with a two- to fourfold
higher risk for myocardial infarction and death [3]. The
higher mortality rate observed in patients with DM cannot
only be explained by a higher incidence of other risk factors
for coronary artery disease such as smoking, hypertension,
and hypercholesterolemia [3], with an incidence of macro-
vascular complications twice that of microvascular disease
[4]. On the other hand, many studies of patients with cor-
onary artery disease, including a high percentage of DM
patients, have shown improved outcome with optimal med-
ical therapy [5–11]. Taken together, these studies underline
the importance of DM as a major risk factor for coronary
artery disease and the potential for therapeutic interventions
in these patients.

However, previous studies have provided controver-
sial results regarding the association between the se-
verity of coronary artery disease and the presence of
DM [12–15]. Therefore, the aim of the present study
was to assess the prevalence and severity of coronary
artery disease in the largest cohort of diabetic patients

yet studied in comparison with nondiabetic patients,
consecutively referred to our center between 1990 and
2000. Additionally, we proposed that diabetic patients
might have an impaired left ventricular ejection frac-
tion as compared to nondiabetics as an important rea-
son for their higher mortality rate beyond the risk
factors for coronary artery disease.
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MATERIALS AND METHODS

Study Population and Technical Procedures

Between January 1990 and December 1999, data from
a total of 6,234 patients were collected with a computer-
assisted registry of all patients referred for coronary
angiography to our hospital. Coronary angiography was
performed by nine trained cardiologists in all patients
using right and/or left Judkins angiographic procedures.
Left ventricular angiograms were performed in a subset
of 4,767 (76.5%) patients in the right anterior oblique
projection. In the remaining patients, angiograms were
not done due to unstable clinical conditions such as acute
coronary syndrome. All patients provided written in-
formed consent for coronary angiographies and the local
ethics committee approved the analysis of registry data.

Quantitative Coronary Study

Coronary anatomy was assessed by at least two senior
cardiologists using a simplified scoring system derived from
Dortimeter et al. [16]. Nine coronary segments were ana-
lyzed: the left main artery, four segments of the left descen-
dent artery (proximal, middle, distal segment, and side
branches), two segments of the circumflex artery, and two
segments of the right coronary artery. Relevant coronary
artery stenosis was defined as stenosis � 50%. In addition,
a more sophisticated scoring system was used to assess the
atherosclerotic burden of each individual patient as de-
scribed previously [14,17]: each of the nine segments was
graded as follows: grade 0, angiographically normal seg-
ment; grade 1, � 50% stenosis; grade 2, 50–75% stenosis;
grade 3, 75–99% stenosis; and grade 4, occlusion. Three
scores were used to describe coronary atherosclerosis. The
coronary score was defined by the number of coronary
arteries exhibiting a stenosis greater than 75% (grades 3 and
4). Stenosis of the left main coronary artery � 50% was
considered a two-vessel disease. The extent score was de-
fined as the number of segments exhibiting stenoses
greater � 50% (grade 2) adjusted to the nine-segment
coronary model. The atherosclerotic score was calculated as
the average severity of all analyzable segments. Left ven-
tricular function was assessed using computerized calcula-
tions of angiographic data. According to the left ventricular
ejection fraction, four groups of patients were identified:
patients with normal ejection fraction (� 55%), patients
with slightly impaired ejection fraction (41–55%), patients
with moderately impaired left ventricular ejection fraction
(30–40%), and patients with severely impaired ejection
fraction (� 30%).

Assessment of Risk Factors

Clinical diagnosis of type 2 diabetes was established by
reviewing the medical records of all patients. Body mass
index (BMI), defined as body weight in kg divided by the

square of height in m, was used as a measure of central
obesity. Hypercholesterolemia was diagnosed if fasting
blood samples of total cholesterol were above 200 mg/dl
(5.0 mmol/L); hypertension was defined as repeated blood
pressure measurements above 140/90 mm Hg.

Statistical Analyses

All data are expressed as mean � standard deviation
or median with 25th and 75th percentile and as per-
centages or frequencies as appropriate. The Fisher’s
exact test was used to compare categorical data, num-
ber of vessels involved, and gender differences in
diabetic and nondiabetic patients (Tables I and II, Fig.
1). Mann-Whitney statistics were used to compare
coronary, extent, and atherosclerotic scores, left ven-
tricular ejection fraction, as well as for calculation of
continuous data in diabetic and nondiabetic patients
(Tables I and III, Fig. 2).

Ordinal multivariate regression analysis was used to
test independence of risk factors for the coronary artery
disease (CAD) scores in multivariate analysis. Ordinal
regression was used instead of linear regression because
the number of categories and differences between the
categories were not equivalent throughout the whole
range of the CAD scores. Multivariate logistic regression
analysis was used to calculate the impact of different risk
factors and angiographic findings on impaired left ven-
tricular ejection fraction (Table V). A two-tailed P of
� 0.05 was considered statistically significant. A com-
mercially available statistical program was used for anal-
ysis (SPSS 11.0 for Windows).

TABLE I. Characteristics of the Study Population

Characteristic
Diabetes

(n � 641)
No diabetes
(n � 5,593) P

Age, years 60.8 � 9.6 58.5 � 10.5 � 0.0001
Sex1

Female 168 (26) 1,326 (24) 0.35
Male 473 (74) 4,267 (76)

Body mass index,a kg/m2 27.9 � 4.0 26.5 � 3.5 � 0.0001
History of smoking 262 (41) 2,622 (47) 0.003
Hypercholesterolemiab 510 (79) 4,283 (77) 0.097
Arterial hypertensionc 416 (65) 2,644 (47) � 0.0001
Family history of CAD 116 (18) 897 (16) 0.19
Angina prior to angiography

No angina pectoris 147 (22.9) 1,538 (27.5) 0.02
Stable angina pectoris 378 (58.9) 3,110 (55.6) 0.11
Unstable angina pectoris 116 (18.2) 945 (16.9) 0.48

History of myocardial infarction 277 (43.1) 2,348 (42) 0.57
aThe body mass index is calculated as weight in kg divided by the square
of the height in m; it is indicated as mean � SD.
bDefined as total cholesterol � 200 mg/dl.
cDefined as blood pressure � 140/90 mm Hg.
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RESULTS

Baseline Patient Data and Frequencies of Risk
Factors

Baseline clinical data of the study population are pre-
sented in Table I. Six hundred forty-one (10.3%) of the
6,234 patients were diabetic. Patients with diabetes were
older, had a higher body mass index, and were more
frequently hypertensive, but smoked less often. Neither

the presence of clinical symptoms prior to coronary an-
giography nor the history of a prior myocardial infarction
differed between patients with or without diabetes.

Coronary Anatomy

Results of coronary anatomy summarized by sex and
coronary stenoses � 50% are presented in Figure 1. Inde-
pendent of sex, diabetic patients tended to have more often
two-vessel (DM 24.5% vs. no DM 22.4%; P � 0.09) and
significantly more often three-vessel disease (DM 44.7% vs.
no DM 25.4%; P � 0.002). In contrast, one-vessel disease
was more frequent in patients without diabetes (no DM
24.6% vs. DM 17.1%; P � 0.02). In the angiographic
subgroups (zero-vessel, one-vessel, two-vessel, and three-
vessel disease), we found no gender differences between
diabetic and nondiabetic patients (Fig. 1).

Distribution of segments with stenoses � 50% in the left
anterior descending artery (LAD), the circumflex (RCx),
and right coronary artery (RCA) is presented in Table II.
Male patients with diabetes presented significantly more
often with � 50% stenoses in the LAD as compared to
patients without diabetes, whereas in women, no significant
difference could be demonstrated. Furthermore, men had
significantly higher rates of RCx stenosis. A similar trend
was seen regarding RCA stenoses; however, the difference
failed to reach statistical significance.

Differences in coronary atherosclerosis scores be-
tween patients with and without diabetes are shown in
Table III. Diabetic patients presented significantly higher
coronary, extent, and atherosclerotic scores as compared
to patients without diabetes. In patients without diabetes,
men had a significantly higher atherosclerotic burden
than women. However, in diabetics we could not dem-
onstrate such a difference except for a slightly higher
atherosclerotic score (Table III). After adjustment for

Fig. 1. Coronary artery anatomy in respect to sex and the pres-
ence of one-, two-, and three-vessel disease or normal coronary
arteries. In the zero-, one-, two-, and three-vessel disease groups,
statistical differences between diabetic and nondiabetic patients
were as follows: for zero-vessel disease, P � 0.91; one-vessel, P �
0.02; two-vessel, P � 0.09; and three-vessel, P � 0.002. Gender
differences between diabetic and nondiabetic patients in the ze-
ro-, one-, two-, and three-vessel disease groups were as follows:
for female, zero-vessel disease, P � 0.0001; one-vessel, P � 0.76;
two-vessel, P � 0.09; and three-vessel P � 0.0001; for male, zero-
vessel, P � 0.0001; one-vessel, P � 0.0001; two-vessel, P � 0.57;
and three-vessel, P � 0.0001.

TABLE II. Percentages of Segments With Stenoses > 50% in Patients With Type 2 Diabetes Compared to Patients Without
Diabetes in Respect to the Coronary Artery Anatomy

Stenoses � 50%

Diabetes (n � 641) No diabetes (n � 5,593)
P between male, female,

and overalla

Female
(n � 168)

Male
(n � 473) Overall

Female
(n � 1,326)

Male
(n � 4,267) Overall Female Male Overall

LAD
Proximal % 11.8 39.6 51.4 6.4 32.5 38.9
Middle % 9.0 24.1 33.1 3.8 15.5 19.3 0.52 0.04 0.01
Distal % 3.0 10.9 13.9 1.2 6.5 7.7
Side branches % 9.2 30.1 39.3 4.6 23.5 28.1

RCx
Main branch % 9.5 36.6 46.1 5.0 25.5 30.5 0.1 � 0.0001 � 0.0001
Side branches % 9.2 30.7 39.9 3.4 2.1 5.6

RCA
Main branch % 12.5 43.3 55.8 6.6 34.4 41.0 0.6 0.06 0.07
Side branches % 5.0 22.9 27.9 2.4 14.9 17.3

aP values compare the distribution of coronary artery stenoses in each vessel between diabetic and nondiabetic patients overall and in each gender
separately.
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age, gender, and other cardiovascular risk factors, these
differences remained statistically significant (Table IV).
In fact, the effect of diabetes on all the scores was not
significantly influenced by the covariates.

Left Ventricular Ejection Fraction

Diabetic patients referred to coronary angiography had a
significantly reduced left ventricular ejection fraction as
compared to patients without diabetes (58.4% � 15.2 vs.
63.9% � 13.2; P � 0.0001). Dividing patients into different
risk groups of sudden cardiac death according to the studies
of implantable defibrillators in coronary artery disease [5,6],
we found a significantly impaired left ventricular ejection
fraction in the quartiles below 50% ejection fraction in
diabetic compared to nondiabetic patients (P � 0.009;
Fig. 2). Additionally, the presence of diabetes mellitus was
the second most independent risk factor for decreased left
ventricular ejection fraction (OR � 2.19; CI � 1.75–2.75;
P � 0.0001) after myocardial infarction (OR � 3.68; CI �
3.06–4.42; P � 0.0001) in multivariate analysis (Table V).
No gender differences could be observed in left ventricular

ejection fraction between patients with and without diabetes
(data not presented).

DISCUSSION

To our knowledge, this is the largest angiographic study
that systematically compared left ventricular ejection frac-
tion and coronary artery anatomy in more than 6,000 pa-
tients with and without diabetes. The present study shows
that, after myocardial infarction, the presence of diabetes
itself is the strongest independent risk factor for left ven-
tricular dysfunction. Additionally, we found an increased
rate of advanced atherosclerosis in patients with DM, inde-
pendent of age, sex, and other cardiovascular risk factors

TABLE III. Differences in Coronary Atherosclerosis Scores Between Women and Men With and Without Diabetes*

Coronary scores

Diabetes (n � 641) No Diabetes (n � 5593)

Female
(n � 168)

Male
(n � 473) P

Female
(n � 1,326)

Male
(n � 4,267) P

Coronary score 2 (0–2) 2 (1–3) 0.12 1 (0–3) 2 (1–4) � 0.0001
Extent score 3 (1–4.25) 3 (2–5) 0.06 1 (0–1.33) 2 (0.33–1.44) � 0.0001
Atherosclerotic score 1.4 (0.67–1.78) 1.4 (0.78–1.89) 0.05 0.67 (0–1.33) 0.89 (0.33–1.44) � 0.0001

*For each patient, a coronary, extent, and atherosclerotic score was calculated. Afterward, the median value and interquartile ranges for each score were
calculated and presented. Note the highly significant gender differences in the coronary, extent, and atherosclerotic scores in nondiabetic patients.
Concerning coronary and extent score, these differences are blunted by the presence of diabetes. All score differences between patients with and without
diabetes are highly significant (P � 0.0001). Interquartile range in parentheses.

Fig. 2. Overall mean left ventricular ejection fraction is signif-
icantly worse in diabetic as compared to nondiabetic patients
(58.4% � 15.2 vs. 63.9% � 13.2; P < 0.0001). Patients are
divided into different risk groups of normal (≥ 50%), slightly
impaired (41–49%), moderately impaired (30–40%), and se-
verely impaired (< 30%) left ventricular ejection fraction.

TABLE IV. Multivariate Ordinal Regression Analyses of Risk
Factors for Prediction of Various Scores of
Atherosclerosis (n � 6,234)*

Scores B Wald P

Coronary score
Sex 0.413 45.9 � 0.0001
Age 0.172 33.9 � 0.0001
Diabetes 0.729 66.9 � 0.0001
Hypertension 0.167 12.9 0.0003
Smoking 0.205 17.9 � 0.0001
Hypercholesterolemia 0.392 40.1 � 0.0001

Extent score
Sex 0.437 53.7 � 0.0001
Age 0.189 42.0 � 0.0001
Diabetes 0.823 83.3 � 0.0001
Hypertension 0.180 15.8 0.0001
Smoking 0.211 20.1 � 0.0001
Hypercholesterolemia 0.441 53.0 � 0.0001

Atherosclerotic score
Sex 0.458 64.4 � 0.0001
Age 0.220 59.2 � 0.0001
Diabetes 0.853 101.6 � 0.0001
Hypertension 0.192 20.4 0.0001
Smoking 0.210 22.6 � 0.0001
Hypercholesterolemia 0.455 62.4 � 0.0001

*Independent predictors of scores are shown. Predictors not statistically
significant in multivariate analysis are not depicted. B denotes parameter
estimate of each variable in ordinal regression model. Wald denotes im-
portance of each variable as predictor of the scores (i.e., severity of
coronary artery disease).
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such as hypercholesterolemia, hypertension, positive family
history, and smoking. Patients with diabetes presented with
a higher percentage of two- and three-vessel disease defined
as coronary artery stenoses � 50% when compared to
nondiabetics. Interestingly, in diabetic patients, atheroscle-
rotic burden and severity scores were considerably less
different between sexes when compared to patients without
diabetes. This finding indicates that the protective effects of
the development of atherogenesis of female sex are consid-
erably reduced by the presence of diabetes. Still, male
diabetics demonstrated more frequently peripheral coronary
artery disease, while these differences could not be demon-
strated in women. Taken together, our study demonstrates
the paramount importance of DM as a risk factor for devel-
opment and progression of coronary artery disease.

Multifactorial analyses of several prospective popula-
tion studies have shown that the high incidence of cor-
onary artery disease in DM patients cannot be explained
by a higher incidence of other known risk factors as
compared to the general population [18,19]. Our findings
indicate that the severity of coronary artery disease is
also notably influenced by the presence of DM, irrespec-
tive of other cardiovascular risk factors, age, and gender.
Even after adjustment for these factors, DM was signif-
icantly associated with a more severe atherosclerotic
burden as compared to patients without DM. However,
there is some controversy in this regard in the literature.
Whereas Ledru et al. [14] found similar results as in our
registry, there are other reports that could not demon-
strate a significant difference in the severity of coronary
artery disease between diabetic patients and patients
without diabetes [15,20,21]. The much smaller number
of patients investigated compared to the present study
may explain this discrepancy. Our study is the first that
used established scores of the atherosclerotic burden
determined by angiography in a large study population.
The present findings of more severe coronary artery
disease with higher atherosclerotic scores on angiogra-

phy in patients with diabetes are confirmed in two re-
cently published investigations by Ledru et al. [14] and
Natali et al. [22], as well as two epidemiological studies
[23,24] that also found a more severe and diffuse coro-
nary atherosclerosis in diabetic patients. The higher rates
of diffuse disease found in these studies is in line with the
higher frequency of three-vessel disease and the presence
of peripheral coronary artery disease in our study popu-
lation. In contrast to the study of Natali et al. [22], we
were not able to detect a sex-specific pattern in coronary
atherosclerosis in diabetic patients. The most likely ex-
planation for this difference is the much higher number
of diabetic patients investigated in the present study. This
is supported by a larger angiographic study from Meli-
donis et al. [25], who also found no sex differences in
diabetic patients concerning coronary artery anatomy.

Our finding of such a remarkable amount of left ventric-
ular dysfunction in patients with diabetes is astonishing. The
significantly higher rate of coronary artery disease in dia-
betic patients suggests that decreased left ventricular ejec-
tion fraction in diabetics may be due to more severe coro-
nary artery disease. The fact that myocardial infarction was
the strongest predictor for left ventricular dysfunction in
multivariate analysis and the results of a large autopsy study
[20], which found more myocardial lesions in diabetic as
compared to matched nondiabetic patients, support this hy-
pothesis. However, beyond myocardial infarction, the pres-
ence of diabetes alone was the second most important
independent risk factor for decreased left ventricular ejec-
tion fraction. This suggests that diabetes itself leads to left
ventricular dysfunction. Decreased left ventricular ejection
fraction has also been shown in a small group of patients
with insulin-dependent diabetes mellitus without coronary
artery disease, and an impaired cardiac sympathetic inner-
vation associated with a defective blunted recruitment of
myocardial contractility leading to left ventricular dysfunc-
tion has been postulated [26]. Microvascular disease and the
significantly higher presence of hypertension in diabetics as
compared to nondiabetic patients may add to this condition.
Whether poor control of blood sugar and associated glyco-
sylation of cardiac myocytes add an additional burden is
currently undetermined [27]. The overproportionally high
percentage of DM patients (33%) with severely impaired
left ventricular ejection fraction included to the recently
published trials of implantable cardioverter and defibrilla-
tors [5,6] as compared to the routine prevalence of about
10% of diabetic patients referred to coronary angiography
(10.3% in our hospital) supports our data of a higher
prevalence of left ventricular dysfunction in patients
with diabetes admitted for elective coronary angiog-
raphy. This suggests that diabetes is an important risk
factor not only for the presence of coronary artery
disease, but also for left ventricular dysfunction with a
poor outcome by yet unknown mechanisms. Our find-

TABLE V. Multivariate Logistic Regression Analysis of
Different Risk Factors and Angiographic Findings Associated
With Impaired Left Ventricular Ejection Fraction (< 50%)*

Risk factor or
angiographic finding OR (95% CI) Wald P

History of
myocardial
infarction 3.68 (3.06–4.42) 193.4 � 0.0001

Diabetes mellitus 2.19 (1.75–2.75) 46 � 0.0001
BMI (per kg/m2) 0.94 (0.92–0.96) 24.7 � 0.0001
History of smoking 1.26 (1.07–1.49) 7.5 0.006
Atherosclerotic score 1.12 (1.00–1.25) 3.6 0.05

*Wald denotes the importance of each variable as predictor of the risk
factors for left ventricular dysfunction. Predictors not statistically signifi-
cant in multivariate analysis are not depicted.
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ings are supported by other investigators who found
that diabetes and arterial hypertension have adverse
effects on left ventricular geometry and function, and
that the combination of hypertension and diabetes
resulted in the greatest degree of left ventricular hy-
pertrophy and myocardial dysfunction [28]. However,
coronary angiographies were not routinely performed
in this study. In this context, it is noteworthy that 50%
of patients with left ventricular dysfunction are
asymptomatic [29]. Therefore, especially diabetic pa-
tients should be screened for left ventricular dysfunc-
tion even in the absence of clinical symptoms.

Previous studies using myocardial scintigraphy,
treadmill stress test, or 24-hr heart rate variability have
demonstrated a higher percentage of silent angina in
patients with diabetes [30 –32]. Autonomic impair-
ment and abnormalities in pain perception have been
advocated for it in diabetics. Interestingly, we could
not demonstrate differences between diabetic and non-
diabetic patients concerning their clinical symptoms
when referred for coronary angiography, although cor-
onary artery disease was significantly more severe in
diabetics. This supports theories of an abnormal pain
perception in patients with DM. It is tempting to
speculate if abnormal pain perception was the main
reason for the significantly higher age of diabetic as
compared to nondiabetic patients referred for coronary
angiography. However, due to the retrospective design
of this study, a negative referral bias for coronary
angiography in diabetic patients due to physicians’
decisions cannot be excluded.

Study Limitations

In our study population, diagnosis of type 2 diabetes
mellitus was based on information of patients, medical
records, and blood glucose measurements in the majority of
patients prior to coronary angiography. Information on the
type of antidiabetic therapy and other cardiac medication
was not systematically collected in our registry. Information
on the duration of the disease, the glycemic control, other
end-organ damage, or systematical follow-up investigations
after coronary angiography is lacking.

In addition, coronary anatomy was assessed by an-
giography and not by intravascular ultrasound. Until
now, there are only few studies giving insight into the
role of diabetes on vascular remodeling and plaque ac-
cumulation in stenotic and nonstenotic coronary vessels
[33,34]. In these studies, limited vessel remodeling could
be demonstrated, but seemed to be confined to patients
with type 1 diabetes. However, patients with type 2
diabetes showed a very similar plaque burden and vas-
cular remodeling as compared to patients without diabe-
tes at least in obstructive (� 50% stenosis) lesions [33].
Therefore, coronary angiography seems to be an ade-

quate method to detect coronary artery disease and ath-
erosclerotic burden in patients with type 2 diabetes.

Patients with DM have significantly more severe coro-
nary artery disease even after adjustment for age and other
coronary atherosclerotic risk factors. In particular, DM is
the most important risk factor for the severity of the disease.
Furthermore, diabetic patients more often show left ventric-
ular dysfunction as compared to nondiabetics, which is
related to more severe and more diffuse atherosclerotic
disease and to the presence of diabetes itself. Thus, diabetic
patients with and without coronary artery disease may need
more aggressive diagnostic and therapeutic efforts, irrespec-
tive of other cardiac risk factors and gender. Since the more
diffuse nature of coronary disease in diabetic patients may
make revascularization difficult or even impossible, slowing
down progression of the disease by means of secondary
prevention is particularly important in these high-risk pa-
tients. Future prospective studies are warranted to assess the
long-term course of left ventricular function in newly diag-
nosed diabetics in relation to several strategies to modify
additional risk factors.
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