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Aim. Our aim was to assess the prevalence of subclinical diabetic cardiomyopathy, occurring among diabetic patients without
hypertension or coronary artery disease (CAD). Methods. 656 asymptomatic patients with type 2 diabetes for 14 ± 8 years (359
men, 59.7 ± 8.7 years old, HbA1c 8.7 ± 2.1%) and at least one cardiovascular risk factor had a cardiac echography at rest, a stress
cardiac scintigraphy to screen for silent myocardial ischemia (SMI), and, in case of SMI, a coronary angiography to screen for
silent CAD. Results. SMI was diagnosed in 206 patients, and 71 of them had CAD. In the 157 patients without hypertension or
CAD, left ventricular hypertrophy (LVH: 24.1%) was the most frequent abnormality, followed by left ventricular dilation (8.6%),
hypokinesia (5.3%), and systolic dysfunction (3.8%). SMI was independently associated with hypokinesia (odds ratio 14.7 [2.7–
81.7], 𝑝 < 0.01) and systolic dysfunction (OR 114.6 [1.7–7907], 𝑝 < 0.01), while HbA1c (OR 1.9 [1.1–3.2], 𝑝 < 0.05) and body
mass index (OR 1.6 [1.1–2.4], 𝑝 < 0.05) were associated with systolic dysfunction. LVH was more prevalent among hypertensive
patients and hypokinesia in the patients with CAD. Conclusion. In asymptomatic type 2 diabetic patients, diabetic cardiomyopathy
is highly prevalent and is predominantly characterized by LVH. SMI, obesity, and poor glycemic control contribute to structural
and functional LV abnormalities.

1. Introduction

Myocardial impairment in diabetesmellitus is due tomultiple
pathophysiological pathways involving myocardial ischemia
and/or coronary artery disease (CAD) and hypertension,
which are usual in type 2 diabetes. When thosefactors are
excluded, myocardial impairment is considered to be specific
to diabetes, defining diabetic cardiomyopathy [1]. Cardiac
function abnormalities on echography have been extensively
described but hypertension and/or CAD have not been
always excluded in the cohorts studied. Previous large studies
have shown that left ventricle (LV) structure abnormalities

including hypertrophy and/or concentric remodelling, dias-
tolic filling, and relaxation alterations are often present in
early stages of diabetes mellitus, before symptomatic heart
failure [2–6]. However, these findings were not specific to
diabetic cardiomyopathy as ischemic status was not always
assessed in these studies. This is an important issue as silent
myocardial ischemia (SMI) is a common complication in
diabetes with additional risk factors.Thus, we have previously
reported that considering LV abnormalities including hyper-
trophy, systolic dysfunction, or hypokinesia detected by car-
diac echography in asymptomatic type 2 diabetic patients
significantly improves CAD prediction [7]. Recently, other
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studies using tissue Doppler or strain rate parameters have
also shown early and subclinical systolic impairment [8–11]
and systolic dysfunction may precede diastolic dysfunction
[12]. In those latter papers [8–11], although myocardial
ischemia was excluded, some patients had hypertension and
the number of patients was much smaller than in former
papers [2–6]. Cardiac echographic featuresmay be associated
with diabetes and most often with older age, male gender,
higher body mass index (BMI), hypertension, renal dysfunc-
tion, or other metabolic parameters such as dyslipidemia
[2, 3, 12, 13]. Although several recent studies have confirmed
higher prevalence and severity of heart failure in diabetic than
in nondiabetic patients [14–16], the specificity and the impor-
tance of diabetic cardiomyopathy are still debated [17, 18].

Here, we report the prevalence of LV mass and function
abnormalities on echocardiography and their determinants
in a retrospective series of 656 asymptomatic diabetic patients
referred for cardiac and vascular complications screening.
Patients were then sorted out according to the presence of
hypertension and silent CAD and data on the group without
CAD and without hypertension were analysed in order to
characterize the determinants of diabetic cardiomyopathy in
the absence of confounding factors.

2. Methods

2.1. Patients. We collected the data of type 2 diabetic inpa-
tients of the Department of Endocrinology-Diabetology-
Nutrition, Jean Verdier Hospital (Bondy, France), between
1991 and 2008. Criteria for inclusion in this study were
normal 12-lead resting ECG and the presence of at least one
of the following additional cardiovascular risk factors: dys-
lipidemia (serum total cholesterol > 6.5mmol/L, or triglyc-
erides > 2.3mmol/L, or lipid-lowering treatment), hyper-
tension (blood pressure ≥ 140/90mmHg or antihypertensive
treatment), smoking, microalbuminuria (albumin excretion
rate > 30mg/day on at least two assessments), family history
of premature CAD (before the age of 60 in first-degree
relatives), proximal peripheral (stenosis ≥ 50% on femoral or
popliteal arteries), or carotid (stenosis ≥ 50% on extracranial
carotid artery) occlusive arterial disease detected by ultra-
sound examination. Criteria for noninclusion were history
of myocardial infarction or angina pectoris, congenital heart
disease, known cardiomyopathy or valve diseases, and ECG
ischemic abnormalities. Diabetic retinopathy was diagnosed
if at least one microaneurysm or hemorrhage was found on
eye fundus examination. The diagnosis of peripheral neu-
ropathy was based on the presence of any two or more of the
following: neuropathic symptoms, decreased distal sensation,
or decreased or absent ankle reflexes. Each patient enrolled in
this study gave oral informed consent in accordance with the
European directives.

2.2. Cardiac Investigations

2.2.1. Cardiac Transthoracic Echocardiography. Rest cardiac
transthoracic echocardiography was performed on Acuson
XP128 before 2004 and Sequoia C512 (Siemens, Erlangen,

Germany) after 2004. Two-dimensional images were acqui-
red onparasternal and apical views, time-motion imageswere
acquired on one parasternal view, and pulsed-wave Doppler
was used with a sample volume of 2mm and a sweep speed
of 100mm/s. Measurements and calculations were done
according tothe recommendations of the American Society
of Echocardiography [19]. Patients with aortic stenosis were
not included in the study. LV volumes were measured in a
4-chamber and 2-chamber apical view. LV systolic function
was assessed by the ejection fraction that was calculated with
Simpson’s method. LV diameters and wall thickness were
measured in a parasternal long-axis view using the M-mode
that also allowed the calculation of the LV ejection fraction
(Teicholz formula) in the absence of segmental hypokinesia.
LV mass was calculated according to American Society of
Echocardiography’s formula and normalized with the body
surface area.

2.2.2. Screening for Silent Myocardial Ischemia and CAD.
Each patient underwent a thallium-201 myocardial scintigra-
phy after an ECG stress test and/or a pharmacological stress
test (dipyridamole injection). The ECG stress test protocol
was previously reported [20]. Briefly, the ECG stress test was
performed according to the modified Bruce protocol. Single
photon emission computed tomography (SPECT) gated acq-
uisition was carried out with early images, that is, peak
exercise or 4min after a dipyridamole injection if the exercise
test was not contributive (when the patient was unable to
reach 85% of the maximal predicted heart rate (220-age) or
when the ECG was indeterminate) and with delayed images
(4.0 ± 0.5 hours later). The perfusion pattern (normal or
showing stable or reversible defects) and ECG data (consid-
ered as positive if 1mm flat or down-sloping ST segment
occurred at 0.08 s after the J point with or without angina
pectoris) were assessed by a nuclear medicine physician and
a cardiologist, respectively, who were unaware of the clinical
or ECG data and of the imaging data. SMI was defined as
abnormal results of the ECG stress test and/or myocardial
scintigraphy imaging.

Patients with SMI underwent a selective coronary angiog-
raphy within 2 months after the noninvasive investigation.
CADwas defined as a ≥70% narrowing of the luminal diame-
ter in either the left anterior descending artery, the circumflex
artery, the well-developed marginal vessel, or the right coro-
nary artery or a ≥50% diameter narrowing of the left main
coronary artery. The percentage of narrowing was visually
determined by the consensus of two experienced investiga-
tors. In case of discrepancy between the two investigators,
automatic quantification was used.

2.3. Biological Measurements. The following measurements
were performed at the time of screening for SMI: HbA

1c
(Dimension Technology, Siemens Healthcare Diagnosis Inc.,
Newark, USA), fasting plasma glucose (measured with the
glucose oxidase method, colorimetry, Kone Optima, Ther-
molab System), serum total cholesterol, HDL cholesterol and
triglycerides (enzymatic colorimetry, Hitachi 912, RocheDia-
gnostic, Meylan, France), creatininemia (colorimetry, Kone
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Optima, Thermolab System, Paris La Défense, France), and
the 24 h urinary albumin excretion rate (laser immunoneph-
elometry, BN100, Dade-Behring, Paris, France). LDL choles-
terol was calculated according to the Friedwald formula and
creatinine clearance with Cockroft’s formula.

2.4. Statistical Analyses. Data are summarized as means ± SD
for continuous variables, number of cases, and percentages
for qualitative variables. Differences between groups were
assessed by ANOVA tests or by Mann Whitney test for con-
tinuous variables. The Chi square test or the exact Fisher
test was used for qualitative variables. To determine the sig-
nificant independent predictors of echocardiographic abnor-
malities, stepwise logistic regression analyses were performed
with the variables/parameters that were associated with each
echocardiographic feature in univariate analysis with 𝑝 <
0.1. Statistical analyses were carried out using SPSS software
(SPSS, Chicago, IL). The 0.05 probability level was used for
statistical significance.

3. Results

3.1. Patients Characteristics. A total of 656 type 2 diabetic
patients having been screened for SMI with myocardial
scintigraphy and having interpretable echographic data were
included. Of them, 483 (73.6%) had hypertension and SMI
was diagnosed in 206 (31.4%) patients. Out of these 206 pati-
ents, 189 subsequently underwent a coronary angiography.
Among them, 71 (11.1%) had significant CAD. Thus, 157
patients had neither CAD nor hypertension (Table 1). Com-
pared to patients who had hypertension or CAD or both,
those without hypertension and CAD were younger and had
shorter diabetes duration, lower BMI, and higher total and
LDL cholesterol levels, maybe related to a lower prevalence
of lipid-lowering treatment (odds ratio (OR) 0.49 [95%
confidence interval 0.33–0.71]) (Table 1). By definition, they
were less likely to have antihypertensive treatment and SMI.
Additionally, they had a lower prevalence of retinopathy (OR
0.52 [0.35–0.78]) and nephropathy (OR 0.41 [0.27–0.62]).

3.2. Echographic Abnormalities. LV hypertrophy, dilation,
systolic dysfunction, and hypokinesia could be assessed in
566, 584, 548, and 603 patients, respectively. Missing data
were due to poor echogenicity or segmental hypokinesia,
which did not allow a reliable evaluation of the ejection frac-
tion with Teicholz method. Echocardiographic examination
showed LV hypertrophy in 181 patients (31.9%), LV dilation in
43 (7.3%), systolic dysfunction in 21 (3.8%), and hypokinesia
in 49 (8.1%) (Table 2).

Figure 1 shows the prevalence of echographic disorders
in four exclusive groups of patients defined according to the
presence or the absence of CAD and/or hypertension. Kinds
of prevalence of LV hypertrophy, dilation, systolic dysfunc-
tion, and hypokinesia were the highest in patients with CAD
and hypertension and were, respectively, 46.7, 12, 8.7, and
13.7%. In patients without CAD and hypertension, the most
frequent echography abnormalitywas LVhypertrophy (24%).
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Figure 1: Prevalence of cardiac echographic disorders according to
the presence of coronary artery disease (CAD) and/or hypertension.

3.3. Determinants of Echographic Abnormalities in the Patients
without CAD or Hypertension. LV hypertrophy was associ-
atedwith higher BMI and bodyweight and lower LDL choles-
terol levels (Table 3). In multivariate analysis taking into
account both parameters, only LDL cholesterol levels were
independently associated with LV hypertrophy (OR 0.58
[0.35–0.98], 𝑝 < 0.05).

Table 3 shows that LV dilation was associated with a
lower BMI and a higher creatinine clearance, with a trend for
higher HDL cholesterol levels. A multivariate analysis taking
into account these parameters found that only BMI was
independently associated with LV dilation (OR 0.65 [0.45–
0.93], 𝑝 < 0.05).

Systolic dysfunction was associated with higher BMI and
HbA1c levels and with SMI (OR 8.5 [1.3–54.5]). Multivariate
analysis showed that the three parameters were indepen-
dently associated with systolic dysfunction: BMI (OR 1.6 [1.1–
2.3], 𝑝 < 0.05), HbA1c (OR 1.9 [1.1–3.2], 𝑝 < 0.05), and SMI
(OR 95 [2–5162], 𝑝 < 0.05).

Hypokinesia was associated with SMI (OR 10.8 [2.4–
48.9]), with a trend for an association with peripheral occlu-
sive arterial disease and lipid-lowering treatment. Multivari-
ate analysis showed that SMI (OR 14.2 [2.5–81.2], 𝑝 < 0.01)
and peripheral occlusive arterial disease (OR 9.7 [1.01–93.5],
𝑝 < 0.05) were independently associated with hypokinesia.

4. Discussion

In the present study, we investigated the echographic abnor-
malities in a large series of diabetic patients without cardiac
history or symptoms. In order to provide additional sup-
port to the cardiomyopathy entity, we carefully assessed all
patients for SMI and subsequently for CAD in those with
SMI. We confirm that LV hypertrophy was the most frequent
echocardiographic abnormality in type 2 diabetic patients
without CAD and hypertension, whereas systolic parameters
were impaired in less than 10% of the patients. In the diabetic
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Table 1: Characteristics of the total cohort of type 2 diabetic patients, of those without hypertension and coronary artery disease, and of those
with hypertension or coronary artery disease.

Total Without hypertension
and CAD

With hypertension
or CAD 𝑝

𝑛 = 656 𝑛 = 157 𝑛 = 482∗

Age, years 59.7 ± 8.7 56.7 ± 8.6 60.6 ± 8.6 <0.0001
Gender (male/female) 359/297 95/62 257/225 NS
Diabetes duration, years 13.7 ± 7.7 11.9 ± 7.2 14.2 ± 7.8 0.001
Body mass index, kg/m2 30.3 ± 6.1 28.5 ± 5.5 31.0 ± 6.2 <0.0001
Body weight (kg) 82.6 ± 16.8 78.0 ± 15.9 84.1 ± 16.8 <0.0001
HbA1c, % 8.7 ± 2.1 8.7 ± 2.0 8.7 ± 2.2 NS
Retinopathy (%) 242 (38.2) 42 (27.1) 192 (41.6) 0.001
Nephropathy (%) 256 (39.2) 38 (24.2) 210 (43.8) <0.0001

Urinary albumin excretion rate, mg/day 161 ± 505 55 ± 205 194 ± 567 <0.05
Creatinine clearance (mL/min) 83 ± 24 88 ± 19 81 ± 25 <0.01

Peripheral occlusive arterial disease (%) 64 (10.1) 10 (6.5) 53 (11.4) 0.09
Peripheral neuropathy (%) 292 (45.0) 65 (41.4) 213 (44.8) NS
Silent myocardial ischemia (%) 206 (31.4) 26 (16.6) 163 (33.8) <0.0001
CAD (%) 71 (11.1) / 71 (14.7) /
Hypertension (%) 483 (73.6) / 467 (96.9) /

Antihypertensive therapy (%) 437 (67.8) / 423 (89.6) /
Systolic blood pressure, mmHg 135 ± 19 125 ± 11 138 ± 20 <0.0001
Diastolic blood pressure, mmHg 75 ± 11 71 ± 9 76 ± 11 <0.0001

Dyslipidemia (%) 445 (69.9) 97 (64.2) 334 (71.2) 0.127
Lipid-lowering treatment, % 285 (44.4) 48 (31.2) 228 (48.3) <0.0001
Total cholesterol, mmol/L 5.1 ± 1.2 5.2 ± 1.0 5.0 ± 1.2 <0.05
HDL cholesterol, mmol/L 1.2 ± 0.5 1.2 ± 0.4 1.2 ± 0.5 NS
LDL cholesterol, mmol/L 3.0 ± 1.0 3.2 ± 0.9 2.9 ± 1.0 <0.05
Triglycerides, mmol/L 1.9 ± 1.2 1.9 ± 1.1 1.9 ± 1.2 NS

Smoking (%) 142 (21.8) 37 (23.7) 104 (21.7) NS
Familial history of premature CAD (%) 74 (11.5) 16 (10.5) 54 (11.4) NS
∗17 patients had silent myocardial ischemia but did not undergo a coronary angiography.
CAD: coronary artery disease; NS: nonsignificant (𝑝 > 0.1).
Data are mean ± SD or 𝑛 (%).

Table 2: Echocardiographic findings of the total cohort of type 2 diabetic patients, of those without hypertension and coronary artery disease,
and of those with hypertension or coronary artery disease.

Total
Without hypertension

and CAD
𝑛 = 157

With hypertension
or CAD
n = 482

𝑝

LV systolic diameter, mm 29.5 ± 5.1 29.0 ± 5.3 29.7 ± 5.1 NS
LV diastolic diameter, mm 47.5 ± 5.3 46.7 ± 5.6 47.8 ± 5.2 <0.05
LV mass, g/m2 99.7 ± 27.4 90.8 ± 23.4 102.6 ± 28.0 <0.0001
Ejection fraction, % 67.1 ± 9.0 67.4 ± 9.4 67.1 ± 8.8 NS
Left ventricular hypertrophy (%) 181 (31.9) 33 (24.1) 148 (35.7) <0.05
Left ventricular dilatation (%) 43 (7.3) 12 (8.6) 31 (7.2) NS
Systolic dysfunction (%) 21 (3.8) 5 (3.8) 16 (4.0) NS
Hypokinesia (%) 49 (8.1) 8 (5.3) 41 (9.4) NS
CAD: coronary artery disease; LV: left ventricular; and NS: nonsignificant (𝑝 > 0.1).
Data are mean ± SD or 𝑛 (%).
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patients with both, these abnormalities were 1.5- to 3-fold
more frequent than in those without hypertension and CAD.
In the patients without CAD or hypertension, that is, those
potentiallywith echographic abnormalities likely to be related
to diabetic cardiomyopathy, systolic dysfunction was signif-
icantly associated with glucose levels, SMI, and BMI while
hypokinesia was only related to SMI. Finally, LV hypertrophy
was associated with LDL cholesterol and LV dilation with
BMI.

Although the first papers on diabetic cardiomyopathy by
Rubler et al. and then Regan et al. clearly defined this entity
in diabetic patients without hypertension and without CAD,
there are still some debates on a specific diabetic cardiac
impairment [1, 21]. Diabetic cardiomyopathy is difficult to
assess, because of confounding factors (mostly hypertension)
and the heterogeneity of the echocardiographic parameters
used to evaluate LV function. Notably, systolic and diastolic
functions, which were evaluated by conventional parameters
in previous large studies, are nowadays assessed by parame-
ters derived from tissue Doppler imaging and/or strain rate
but in smaller populations.

The initial large studies on cardiac function found that
LV hypertrophy and diastolic impairment evaluated bymitral
inflow study were more frequent in patients with type 2
diabetes than in patients with impaired glucose tolerance or
patients with and without hypertension [2–4, 6]. There
was a significant association between glycemic control and
increased LV mass [3, 4]. Moreover, patients with a medical
history of heart failure or CADwere excluded from the study
but whether they had silent myocardial ischemia and asym-
ptomatic CAD was unknown [2].

Prevalence of systolic dysfunction in asymptomatic
patients is not often studied and as in our results concerns
less than 10% of the diabetic population. Dawson et al. found
systolic dysfunction in 4% of 500 diabetic patients, among
whom 61% had hypertension and 16% ischemic heart disease
or stroke [6]. Somaratne et al. recently found LV hypertrophy,
systolic dysfunction, and hypokinesia, respectively, in 56, 4,
and 6% of 294 asymptomatic type 2 diabetic patients without
history or symptom of CAD [22]. However, 60% of these
patients had hypertension and LV hypertrophy was reported
only in 32% of the diabetic nonhypertensive patients. Other
features of cardiac echography were not reported for this
subgroup and determinants of these abnormalities were not
assessed. Other papers have also shown early systolic impair-
ment detected by tissue Doppler or speckle tracking, without
alteration of conventional systolic function parameters in
small series of patients compared tomatched control subjects
[8–11]. However, although myocardial ischemia was exclu-
ded, hypertension was not an exclusion criterion [9, 11] or
affected the majority of the patients [10]. More interestingly,
Ernande et al. reported systolic longitudinal and radial dys-
function without diastolic dysfunction in 28% of 114 diabetic
patients without hypertension and myocardial ischemia.
This is the first study to find a systolic impairment as the
earliest marker of cardiac injury before diastolic impairment
which is usually considered as the first alteration in diabetic
cardiomyopathy [12].

In our data, a high BMI was consistently associated with
LV hypertrophy, LV dilation, and dysfunction, while poor
glycaemic control (highHbA1c) was associated only with sys-
tolic dysfunction. This is consistent with the role of obesity
which affected most of these patients and which has been
shown to induce structural and myocardial disorders inde-
pendently of diabetes [23–25]. Only recent studies evaluating
systolic function by strain rate in diabetic patients and
matched control subjects have found a significant link bet-
ween diabetes and early alteration in systolic function (in the
absence of change in ejection fraction or other conventional
parameters) [9–12]. The pathophysiology of diabetic car-
diomyopathy is not yet fully understood and its development
is likely to bemultifactorial. Although chronic hyperglycemia
is thought to play a central role, multiple complex mecha-
nisms and interplay of many molecular and metabolic events
within the myocardium and plasma contribute to the patho-
genesis. The significant association with BMI is in agreement
with the involvement of metabolic impairment related to
insulin resistance and free fatty acids in the pathophysiology
of diabetic cardiomyopathy [26, 27]. Microvascular disease,
by inducing focal ischemia and fibrosis associated with the
metabolic factors,may be involved in themyocardial changes.
Interestingly, we also found a significant link between SMI
and hypokinesia and systolic dysfunction. As there was
no significant CAD in these patients, the presence of SMI
may indicate a possible microvascular contribution to the
development of diabetes-associated cardiac dysfunction and
diabetic cardiomyopathy. Consistent with this hypothesis we
previously reported a reduction of the coronary microcircu-
lation dilation in response to a cold-pressor test in diabetic
patients with SMI but without CAD on angiography [28].
Lastly structural changes in myocardium and autonomic
dysfunction are probably involved [26, 27].

4.1. Study Limitations. The data collected in this paper con-
cern a cohort that was established since the 1990s, implying
that only conventional measurements were complete for the
whole population. For example, the Teicholz method was
the only available method to determine ejection fraction for
some patients, especially before year 2000, although it is not
recommended any more. Furthermore, complete diastolic
parameters including tissue Doppler imaging measurements
are lacking. At the present time, myocardial function exam-
ination needs the regional myocardial function assessment.
The low prevalence of LV dilation, systolic dysfunction, or
focal hypokinesia may have also weakened the statistical
analysis. We have only explored inpatients with at least one
risk factor in addition to diabetes; therefore, the results are
not necessarily generalizable to the diabetic population. Only
patients with an abnormal myocardial scintiscan underwent
a coronary angiography, and some false negative results
might have prevented us from diagnosing asymptomatic
CAD. However, it appears unethical to perform a coronary
angiography in asymptomatic patients without myocardial
ischemia.
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5. Conclusion

This carefully designed study included a large population of
asymptomatic type 2 diabetic patients without hypertension
and CAD and shows that cardiomyopathy is highly prevalent
and predominantly characterized by LVH. The mechanisms
involved in LVhypertrophy need further clarification.Higher
HbA1c levels were only associated with systolic dysfunction,
while SMIwas linked to systolic dysfunction and hypokinesia
suggesting a role played by microvascular impairment. Over-
weight is likely to play a role in myocardial systolic disorders.

Further large studies using conventional parameters with
diastolic parameters as defined by the most recent recom-
mendation [29] and subclinical markers of LV function
(strain, strain rate, and torsion) are needed to improve the
comprehension of the pathophysiology of diabetic cardiomy-
opathy but also for the risk stratification in asymptomatic
patients.
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