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1. introduction
Abnormalities in diastolic func-

tion are considered to be an early 
sign of diabetic cardiomyopathy, 
and are identified in type 2 diabetic 
patients without systolic ventricular 
dysfunction as assessed by conven-
tional methods, and also by tissue 
Doppler imaging (TDI) (1, 2, 3, 4, 5, 
6, 7, 8). The close association of dia-
betes with high cardiovascular mor-
bidity and mortality is primarily due 
to an increased rate of ischemic heart 
disease. Some authors have reported 
a direct effect of diabetes on the myo-
cardium (diabetic cardiomyopathy) 
that can lead to congestive heart 
failure in the absence of coronary 
atherosclerosis (9, 10, 11). Prevalence 
of CVD especially of ischemic heart 
disease in diabetics is more increased 
when associated with: arterial hyper-
tension, overweight, increased levels 

of serum lipoproteins etc. (12, 13). 
Therefore, tissue Doppler imaging, as 
a new echocardiography tool, based 
on measurement of wall motion ve-
locities (1, 14, 15, 16, 17, 18), seems 
better suited for evaluating diastolic 
function, and is expected to improve 
the identification of diabetic patients 
with diastolic dysfunction and early 
impairment of cardiac performance 
(1, 19). Recent studies have reported 
that the addition of TDI to CE in-
creases the ability to identify dia-
stolic dysfunction among diabetic pa-
tients (6). In the early stage, diabetic 
cardiomyopathy is characterized by 
left ventricular diastolic dysfunction 
(LVDD), while left ventricular (LV) 
systolic function impairs later on in 
the clinical course of diabetes (20).

The aim of the study was to eval-
uate whether TDI is able to detect 
abnormalities of diastolic function 

by using exercise stress test in type 2 
diabetic subjects even in the presence 
of a normal cardiac function with CE 
and symptom free in rest.

2. material and metHods

2.1. subjects
Three hundred subjects of both 

genders were studied; the study pop-
ulation was selected from two groups 
of subjects: 150 non-obese, normoten-
sive, uncomplicated type 2 diabetic 
patients of average age of 50,5±10, in 
five years duration of disease and the 
control group which consisted of 150 
non-diabetic subjects, of average age 
of 47,50±8,5, recruited from healthy 
volunteers. From the study were ex-
cluded patients with HTA, obesity, 
acute ischemic disease, heart failure, 
heart defects and pulmonary ob-
structive disease. The diagnosis of 
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ABSTRACT
the aim of the study was detection of diastolic 
dysfunction of myocardium with Tissue Dop-
pler Imaging (TDI) in asymptomatic type 
2 diabetic patients, in five years duration 
of disease, and normal cardiac function on 
conventional echocardiography (CE), accord-
ing to the performance showed on exercise 
stress test. material and methods: We studied 
300 patients, of them 150 patients with non-
obese, normotensive, uncomplicated type 2 
diabetes, in five years duration of disease and 
150 healthy control subjects. Of all patients, 
100 with type 2 diabetes, and 100 patients 
from the control group underwent exercise test 
on a treadmill. all participants underwent both 
CE and TDI echocardiography. With TDI, lateral 

E’ peak velocity, atrial velocity (a’), their ratio 
(E’/a’) and systolic velocity (S’) were measured. 
Diastolic dysfunction was diagnosed by tissue 
Doppler imaging, and the following criterion 
was met: E’/a’ ratio <1. Cardiac function 
with CE was without significant features in 
the two groups. results and discussion: using 
TDI interrogation, diabetic subjects showed a 
lower E’ velocity (10,75±1,2 vs. 14±3 cm/s, 
p<0,001), an increased a’ velocity (10,65±1,8 
vs. 11±3 cm/s, p<0,02), and a reduced E/a 
ratio (0,82±0,04 vs. 1,17±1,4, p<0,001), 
S (8.92±3,80 vs. 9,30±3.30 cm/sec);  E/a 
(1,17±0.55, p<0,01). In diabetic patients, 
after the exercise stress test performance, 
the myocardial velocity increase is registered 
for wave E’=1,27 cm/sec (12,01%), for wave 
a’=1,7 cm/sec (15,9%), reduced ratio E’/a’ 

(0.89±0,1 cm/sec 9,0%) and S’=1,3 cm/sec 
(14,77%). Whereas, mean myocardial veloc-
ity values in examined control group after the 
exercise stress test were higher as follows: 
E’=2,7 cm/sec (19%), a’=2,1 cm/sec (14%), 
E’/a’=0,8 cm/sec (12%), and S’=2,7 cm/sec 
(18%). Myocardial diastolic dysfunction due to 
reduced exercise tolerance can be evidenced 
by TDI in type 2 diabetic subjects, even in the 
presence of a normal cardiac function with CE 
and symptom free diabetic patients in rest. 
Therefore, our findings could justify the use of 
Tissue Doppler imaging for diastolic function 
assessment in diabetics with otherwise non 
significant features on CE.
Key words:  echocardiography, diabetes mel-
litus, diastolic dysfunction, tissue Doppler 
imaging.
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diabetes was established according 
to current World Health Organiza-
tion criteria (21). Of all subjects, 100 
patients with type 2 diabetes, and 100 
subjects from the control group per-
formed the same symptom-limited 
graded exercise test on a treadmill. 
Bruce treadmill protocol was applied 
to all patients. Time in seconds on 
the treadmill was used to evaluate 
exercise capacity, and the number of 
metabolic equivalents (MET-s) was 
estimated using appropriate equa-
tions. Blood pressure was recorded 
with a manual mercury sphygmoma-
nometer and heart rate was recorded 
every 3 minutes during exercise. Raw 
data and an average 12- lead electro-
cardiogram monitored cardiac status 
during the exercise test. Cardiologists 
blinded to echocardiography diag-
noses supervised all exercise tests.

2.2. echocardiography
Conventional echocardiography. 

Standard and pulsed wave Doppler 
echocardiograms were obtained in 
all diabetic patients and healthy vol-
unteers. All subjects were examined 
in the left lateral decubitus position, 
using a commercially available ultra-
sound system Phillips I/E 33 (Bothell, 
WA, USA) S5-1 phased-array trans-
ducer with M-mode, two-dimen-
sional, pulsed and continuous wave, 
color-flow, and tissue Doppler ca-
pabilities. Measurements of the dif-
ferent cardiac chambers were made 
according to recommendations of 
the American Society of Cardiology 
(21).

Tissue Doppler imaging. Color TDI 
images were obtained from an apical 
window, utilizing the 4-chamber and 
2-chamber orientations. For preven-
tion of additional artifacts by total 
cardiac motion during breathing, 
image acquisition performance has 
been done during apnea. The image 
angle was adjusted to ensure a parallel 
alignment of the sampling window. 
Early (E) and late (A) diastolic myo-
cardial velocities were obtained and 
their ratio was derived. The TDI sig-
nals were recorded at a speed of 100 
mm/s. The velocity profiles were re-
corded with a sample volume of < 
5 mm placed at the lateral corner 
of mitral annulus, according to rec-
ommendations of the American So-

ciety of Echocardiography. 
An average of 3 to 5 con-
secutive cardiac cycles was 
taken for the calculation 
of all echo-Doppler param-
eters. Diastolic dysfunction 
was diagnosed by tissue 
Doppler imaging according 
to the guidelines of the Eu-
ropean Study Group on Di-
astolic Heart Failure (21), 
and the following criterion 
was met: E’/A’ ratio <1.

A team of two experi-
enced sonographers per-
formed all echocardiog-
raphy measurements. All 
echocardiography exami-
nations were recorded for 
offline analysis by a second 
team of two investigators 
blinded to the patient’s di-
agnosis. The study was approved by 
the Local Ethics Committee and in-
formed consent was obtained from 
all participants.

2.3. statistical analysis
Statistical analysis was performed 

with SPSS for Windows version 11.5 
(SPSS Inc., Chicago, IL, USA). Results 
are given as mean ±SD or number. 
Means were compared by unpaired 
Student’s t-test. A P value < 0,5, two-
sided, was considered statistically sig-
nificant.

3. results
Diabetic subjects, were treated 

with an association between glicla-
zide 1-3 mg plus or/and metformin 
500-1000 mg, b.d. The median of dia-
betes duration was 5.0 years. Parame-
ters of both diastolic and systolic func-
tion assessed with CE were similar or 
non significant in diabetic and non 
diabetic subjects. However, at TDI 
recordings were registered approxi-
mate values between two groups. 
The echocardiography characteris-
tics of the two groups before the ex-
ercise stress test are listed in Table 1. 

E’ velocity (10,75+1,2 vs. 14±3 cm/s, 
p<0,01), A’ velocity (10,65±1,8 vs. 11±3 
cm/s, p<0,02), E/A ratio (8.93±3.72 vs. 
1,17±0,55, 0,01), S’(8,93±3,72 cm/sec vs. 
9,30±3,30).

The performance of exercise stress 
test has showed in diabetics, a lower 
increase of E’ velocity (12,02±1,6 cm/
sec vs. 16,7±1,3 cm/s, p<0,01), slight in-
crease of A’ velocity (12,35±1,8 cm/sec 
vs. 13,1±1,2 cm/sec and reduced E’/A’ 
ratio (0,89±0,1 vs. 1,8±1,2, p<0,01) com-
pared with control subjects Table 2.

Parameters
Diabetic 
patients

Control 
group

P

E’ (cm/sec) 12,02±1,6 16,7±1,3 P<0,01
A’ (cm/sec) 12,35±1,8 13,1±1,2 P<0,02
E’/A’ 0.89±0,1 1,8±1,2 P<0,01
S’ (cm/sec) 10,22±0,95 12.92±1,2 P<0,01

Table 2. Tissue Doppler Echocardiography characteristics 
of both groups after the stress test

In diabetic patients, after the exer-
cise stress test performance, the mean 
values of myocardial velocity increase 
are registered for: wave E’=2,7cm/sec 
(19%),, for A’=1,7cm/sec (15,9%), for E’/
A’=0,8cm/sec (12%) and S’=1,3cm/sec 
(14,77%), (Figure 2).

4. discussion
This article emphasizes high clin-

ical relevance of the detection of left 
ventricular diastolic dysfunction in 
type 2 diabetics based on tissue Dop-
pler imaging criteria.

In our study, impairment of dia-
stolic function has been detected by 
means of TDI. Performing the exer-

Figure 1. 

Figure 2. 

Parameters
Diabetic 
patients

Control 
group

P

E’ (cm/sec) 10,75±1,2 14±3 P<0,01
A’ (cm/sec) 10,65±1,8 11±3 P<0,02
E’/A’ 0,82±0,04 1,17±0,55 P<0,01
S’ (cm/sec) 8,93±3,72 9,30±3,30 N.S

Table 1. Tissue Doppler Echocardiography caracteristics 
of both groups before the stress test
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cise stress test in type 2 diabetic sub-
jects with five years duration of dis-
ease, and normal LV function at CE, 
with TDI interrogation we managed 
to unmask the presence of diastolic 
dysfunction in asymptomatic dia-
betics, underscoring its relation to re-
duced exercise tolerance.

In contrast, classical criteria based 
on CE do not seem to share the 
same ability. In addition, this abnor-
mality seems to be related to the dia-
betic cardiomyopathy. It is likely that 
metabolic abnormalities may play a 
major role. Experimental data from 
animal models of diabetes strongly 
support a causal role of insulin resis-
tance in the development of diastolic 
dysfunction. Treatment with met-
formin prevented the development of 
cardiomyocite dysfunction (22, 23). 
In an insulin-resistant pre-diabetic rat 
model, Mizushige et al. observed that 
the abnormalities of diastolic filling 
occurred before the development of 
frank hyperglycaemia.

Histopathology studies evidenced 
increased myocite fibrosis and col-
lagen deposition, suggesting that 
these structural alterations play an 
important role in the development 
of diastolic dysfunction (24). Another 
factor that may impair diastolic func-
tion is hyperglycaemia. There is ex-
perimental evidence that short-term 
hyperglycemia is able to alter cardio-
myocite contraction and relaxation 
(25). In addition, high glucose con-
centration causes the formation of ad-
vanced glycation endproducts (AGE) 
that alter collagen structure (26) and 
interfere with intracellular calcium 
handling (27). In humans, Fang and 
colleagues found an increased myo-
cardial fibrosis in diabetic patients 
with cardiac dysfunction (28). Col-
lectively, these data indicate that the 
diabetic milieu, i.e. insulin resistance 
and hyperglycaemia, is able to induce 
functional and structural changes of 
cardiomyocites, which lead to pro-
gressive deterioration of regional and 
global diastolic dynamics.

The prevalence of LVDD in type 
2 diabetes is variable, ranging from 
16% in normoalbuminuric diabetic 
patients in the Strong Heart Study 
(29) to 60% in well-controlled type 
2 diabetic men (30). To identify the 
earliest abnormalities, the impact of 

diabetes per se on the diastolic func-
tion, and to rule out the impact of ef-
fort on diabetes, we examined a ho-
mogeneous group of non-obese, nor-
motensive, uncomplicated type 2 di-
abetic patients with very short dura-
tion of disease (median one year). The 
reduced exercise performance in our 
studied diabetic subjects with dia-
stolic dysfunction recognized by TDI 
suggests a potential clinical appli-
cation for combined TDI and stress 
test application, in the assessment of 
diastolic function in diabetics appar-
ently free from heart disease.

Such a finding might as well serve as 
stimulus for the development of strat-
egies aimed at correcting the causal 
mechanisms and preventing the pro-
gression from tissue Doppler imaging 
abnormalities to more advanced struc-
tural derangements and, ultimately, to 
symptomatic heart disease.

5. conclusion
Myocardial diastolic dysfunction 

due to reduced exercise tolerance can 
be unmasked by TDI in type 2 dia-
betic patients, even in the presence 
of a normal cardiac function with 
CE and symptom free state. Tissue 
Doppler imaging application might 
justify routine screening for diastolic 
dysfunction in diabetic patients pre-
sumed to have healthy hearts.

List of Abbreviations 
 • A–atrial velocity, CE–conventional 

echocardiography, CVD–cardiovas-
cular disease, E–early velocity, LV–
left ventricle, LVDD–left ventricular 
diastolic dysfunction, S–systolic ve-
locity, TDI–tissue Doppler imaging
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