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INTRODUCTION

Diabetes mellitus is a chronic disease with increased
cardiovascular morbidity and mortality. Its incidence is
rising and it is becoming a severe health problem mainly
in civilized countries1, 2, 3. In the Czech Republic, ap-
proximately half a million persons with diabetes mellitus
have been diagnosed, of whom about 10 percent are
type 1 diabetics.

The severity of type 1 diabetes mellitus is underlined
by the fact, that it originates mostly at an early age,
often in childhood, is an integral part of the patient’s life
and leads to many complications which may be fatal at
advanced stages.

Since diabetes mellitus affects all cells, diabetes com-
plications may involve almost all organs. Therefore,
diabetic patients are examined regularly for possible
development of diabetic nephropathy, retinopathy and
peripheral neuropathy. However, little attention has
been paid to studies of heart function. The more fre-
quent incidence of heart failure in diabetics even in the
absence of ischaemic heart disease, valvular heart dis-
ease or another disorder outside diabetes, leads to the
presumption that diabetes mellitus unfavourably affects
the heart muscle by its complications.

This hypothesis was tested first experimentally and
then in studies dealing with experimentally-induced dia-
betes in rats showing cytochemical, cytological and his-
tological changes of heart muscle4, 5, 6. These changes
affect the development of microangiopathy of the heart
muscle, pathology of the cardiomyocytes and increased
fibrosis of the interstitium leading to reduce myocar-
dium compliance and to pathological involvement of
the cardiac autonomic nervous system7–19. Cardiac auto-
nomic neuropathy is manifested by altered function of
the sinoatrial node, decreased parasympathetic func-
tion, then sympathetic function. This can be shown by
examination of autonomic functions using spectral analy-
sis of heart rate variability20.

Initial changes in cell metabolism, structure and func-
tion of myocardium are obscure on clinical examination
and at an early phase of the disease patients do not show
signs of cardiac disorder21, 22. However, echocardiographic
or radio-isotope examination of functional parameters of
the left ventricle can show clinically latent abnormalities
even in fully asymptomatic patients21, 22. Some authors
found hypercontractility of the left ventricle at the begin-
ning of diabetes development, subsequently followed by
a disorder of diastolic function and then by decrease in
systolic indices of the left ventricular function21, 22.
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The purpose of this study was to evaluate the influence of diabetes mellitus on left ventricular function. Using
Doppler echocardiography we examined a group of 49 young (20–32 years old) persons with type 1 diabetes
mellitus and a group of healthy age-matched men and evaluated the parameters of diastolic filling of the left
ventricle (LV). We found significant differences in peak velocity of early filling of the left ventricle ((70.07±10.84 vers.
78.2±10.59 cm.s–1, p±0. 01), peak velocity of late diastolic filling of LV (A = 47.74±11.6 vers. 43.15±7.48 cm.s–1,
p ≤ 0.027), ratio E/A (1.53±0.4 vers. 1.84±0.33), time velocity integral of peak E (TVIE = 0.083±0.014 vers.
0.1±0.022m, p ≤ 0.001), time velocity integral of peak A (TVIA = 0.039±0.011 vers. 0.037±0.012m, p ≤ 0.3), ratio
TVIE/TVIA (2.3±0.73 vers. 2.9±0.9, p ≤ 0.001), time E (204.4±31.59 vers. 198.4±19.09 ms, p ≤ 0.27), time
A (126.9 ≤ 23.0 vers. 113.5±15.59 ms, p ≤ 0.002), time E/time A (1.64±0.3 vers. 1.76±0.22, p ≤ 0.039) and duration
of isovolumic relaxation period (IVRT = 88.2±10.8 vers. 71.13±8.4 ms, p ≤ 0.0001). Despite significant differences
all the results were in the range of values for the healthy population. However in detailed analysis we found that the
values measured in young (20–32 years old) persons with type 1 diabetes mellitus corresponded with diastolic
parameters of healthy men of the age of 50 years and more. Thus, diabetes mellitus can influence the relaxation
properties of the left ventricle.
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Phases of diastolic function:
Diastole is divided into four phases23, 24, 25:

1. Isovolumic relaxation phase (left ventricular pressure
drops after aortic closure but before mitral opening)

2. Rapid filling phase (peak E on Doppler echocardio-
graphy, a passive phenomenon, which depends on
the pressure difference between left atrium and left
ventricle that drives blood into the left ventricle)

3. Diastasis (only relatively little filling occurs)
4. Atrial contraction phase (peak A on Doppler echo-

cardiography, depends on active atrial contraction).
The diastolic function is determined by both the

intrinsic myocardial and extrinsic factors. Intrinsic myo-
cardial factors, influencing diastolic properties of the
left ventricle include: myocardial relaxation, atrial con-
traction, viscoelastic properties and myocardial stiff-
ness.

Extrinsic (loading factors) include: preload and after-
load, vascular volume, heart rate, breathing, aging.

Two main diastolic properties influence the Doppler
echocardiographic pattern of left ventricle filling: re-
laxation and compliance of left ventricle.

When relaxation of left ventricle (LV) is slowed,
either by normal aging or cardiac disease, the transmitral
pressure gradient in early diastole decreases and a greater
proportion of filling occurs at atrial contraction. A de-
crease in compliance produces the opposite results, as
the associated increase in filling pressure causes earlier
mitral valve opening, larger early diastolic transmitral
pressure gradient and increased proportion of filling in
early diastole (pseudonormalization of the flow)26. The
Doppler examination of pulmonary venous flow is per-
fomed to differentiate the normal pattern of left ventricle
filling from pseudonormalization.

THE AIM OF THE STUDY

The aim of the study was to follow-up the occurence
of preclinical left ventricular filling abnormalities in
young persons with diabetes and thus to contribute to
better knowledge of heart disease related to diabetes
and to better understanding of increased cardiac mor-
bidity and mortality in diabetics.

METHODS

The project was designed as a non-invasive control-
led study using echocardiography.

Echocardiographic examinations were performed in
the echocardiography laboratory of the University Hos-
pital Olomouc, by means of echocardiographic machines
Ultramark 9 HDI with a mechanical probe and Toshiba
SSW 380 with electronic probe.

A series of patients under study consisted of thor-
oughly selected young cardiac-asymptomatic patients
with type 1 diabetes mellitus, without other associated
disease and complying with the entering criteria of the
study. The control group consisted of healthy age- and
sex-matched individuals.

We have designed a basic method, according to which
a patient entering our study was examined. The study
was performed with appproval of the Ethic Committee
of the Faculty of Medicine, Palacký University in Olo-
mouc and according to Helsinki Declaration.

M. Berková, J. Opavský, Z. Berka, V. Škraňka, J. Salinger

Fig. 1.  Pulsed Doppler imaging of transmitral flow pattern.
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Inclusion criteria for the study:
Sex: male
Age: 20–32 years
Body mass index: 20–25
Diabetes mellitus, type 1
Therapy: insulin treatment (without any other therapy
influencing cardiac function)
Exclusion of any concomitant disease
Normal biochemical and haematological laboratory
screening /except glycaemia/ (see Fig. 2)
Normal systolic function (ejection fraction of the left
ventricle ≥ 60 %, without regional hypokinesis, dyskinesis
or akinesis)

Using echocardiography we evaluated, in addition
to the routinely followed-up parameters, the indices of
left ventricular diastolic filling. When echocardiography
revealed heart disorder, focal kinetics disorder or an-
other pathological finding not related to possible in-
volvement of the heart muscle in diabetes, the patient
was excluded from the study. Coronary artery disease
was excluded by the lack of history of myocardial disea-
se, electrocardiographic changes and echocardiography
performance. (Invasive examination of coronary arteries,
i.e. invasive coronarography could not be applied to
healthy and asymptomatic volunteers for ethical rea-
sons). To exclude the influence of extrinsic factors all
patients were normotensive and all values were calcu-
lated from three measurements gained during three
heart cycles at the end of quiet exspirium. Statistical

analysis was carried out, using Mann Whitney’s test to
compare mean values of the groups. Table 1 shows
relevant parameters of left diastolic ventricular filling.

RESULTS

A total of 49 young (mean age 25.4±3.6 years) car-
diac asymptomatic type 1 diabetic men without any
concomitant disease and 40 age- and sex-matched healthy
subjects were studied by echocardiography M-mode,
two dimensional echo and transmitral blood flow pat-
tern was evaluated by Doppler echocardiography. The
pseudonormalization of Doppler transmitral flow pat-
tern was excluded by history of young healthy men,
measurement of pulmonary vein flow pattern and Val-
salva maneuver. No studied subject showed signs of
pseudonormalization. Table 2 shows the results of exa-
mination.

The results show significant differences especially in
ratio E/A, TVIE/TVIA and duration of isovolumic re-
laxation period, which is a sensitive parameter of relaxa-
tion. However all alterations in measured parameters
are very small and within normal range comparing with
the whole adult healthy population. In detailed analysis
measured values of our 20–30 years old diabetics corre-
late with the findings in healthy men of the age of
50 years in other studies27, 28.

Left ventricular diastolic filling in young persons with type 1 diabetes mellitus

Fig. 2.  Scheme of examination of patient in the study.
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Table 1.  Left ventricle diastolic filling parameters: Abbreviation (Unit)/Full description.

��������� ��	
���
����������
������
���
�����������������������������
��������� ��	
���
�������������
��
���
�����������������������������
���� �����������
�������������
��
���
����������������������������
��������� �����
�
����������
��������
������
���
�������������������
��������� �����
�
����������
�����������
��
���
�������������������
���������� ��������������
�
����������
���������
������������
���������������
���
�������� ����������������
������
���
�����������������������������
���
�������� �����������������
�
�����������������������������
���
�����
��� �����������������������
������������
�
������������������
�
�
�
�����
������ ���
�
�
����������
����
������
���
�������������������
���������� �������������������������
�� ������	
�����
�



60

DISCUSSION

In the present study significant difference for diastolic
filling of the left ventricle was found between young
insulin dependent diabetic patients and a control group
of healthy men of the same age. Differences in left
ventricular diastolic filling could not be attributed to
abnormal systolic function, since patients with cardiac
conditions which impaire diastolic filling had been ex-
cluded.

The entity of diabetic cardiomyopathy was first pro-
posed by Rubler et al. (1972)29 on the basis of postmor-
tem studies and later other experts described many
histological and histochemical abnormalities in diabetic
myocardium, especially extensive perivascular and in-
terstitial fibrosis, endothelial proliferation, subendothe-
lial hyaline thickening with PAS-positive material in the
vessel wall and capillary microaneurysms. Decreased
activity of myosin ATP-ase, a shift in myosine enzyme
distribution, alterations in a variety of Ca fluxes and
changes in responses to alpha and beta adrenergic and
cholinergic stimulation have been recognized in myo-
cardiocytes. Subsequently abnormalities in both systolic
and diastolic function in diabetic subjects have been
demonstrated in animal and human studies. Hamby et
al.30 reported a significantly increased prevalence of
diabetes in idiopathic cardiomyopathy unassociated with
large vessel coronary artery disease. Increasing atten-
tion has been focused recently on the importance of left
ventricular diastolic dysfunction in the aetiology of con-
gestive heart failure with intact systolic function. Diastolic
abnormalities have been noted to precede systolic dys-
function in many instances22.

Several studies reported diminished ventricular com-
pliance at cardiac catheterization, subsequently echo-
cardiography methods were introduced for evaluation
of diastolic function22. M-mode and two-dimensional
echocardiography was first used and then Doppler
echocardiography31 to evaluate diastolic parameters.

Doppler echocardiography interrogation of mitral flow
patterns have been previously shown to correlate well
with results of catheterization and radionuclide met-
hods. Our study confirm the findings of several previous
studies showing existence of small differences in diastolic
filling between young persons with diabetes and age-
-matched healthy men. During the examination of the
cardiac autonomic neuropathy using spectral analysis of
heart rate variability, no dependency of the incidence of
abnormalities of left ventricle diastolic filling on the
incidence of the cardiac autonomic neuropathy has been
shown. The Doppler echocardiography is a useful met-
hod for the follow-up of diastolic function of persons
with diabetes. However, it is important to avoid techni-
cal pitfalls as beam misalighment, misplacement of sam-
ple volume, incorrect pulsed wave Doppler sample
volume size, too high Doppler gain setting and failure to
recognize the suboptimal Doppler spectral flow veloci-
ties. Recognizing the technical pitfalls and following the
general sequence of the Doppler examination for dias-
tolic evaluation can result in a complete and accurate
Doppler evaluation of LV diastolic function.

CONCLUSION

Significant differences in the parameters of left ven-
tricular diastolic filling between a group of young dia-
betics and a group of healthy age-matched men were
found in this study. In detailed analysis assessed values
of our 20–32 years old men with diabetes correlated
with findings in healthy men of the age of 50 years in
other studies27, 28. These findings suggest that relaxation
properties deteriorate in diabetics more rapidly than in
healthy subjects.

These results contribute to better understanding of
pathological process resulting in cardiac failure in dia-
betic patients and support the optimum therapeutic
strategies.
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Table 2.  Assessed values of left ventricle diastolic filling pattern.
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