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Abstract

Aims To assess the prevalence of left ventricular diastolic
dysfunction in a population of patients with type 2 diabetes
mellitus; to determine correlation of diastolic dysfunction
with heart rate and its variability.

Methods The study included 202 patients with type 2
diabetes mellitus. Echocardiography was performed with
special reference to diastolic function, and heart rate vari-
ability was analysed using standard deviation of normal RR
intervals, root mean square of successive differences and
percentage of successive R-R intervals greater than 50 ms
(pNN 50 %) in a 24-h electrocardiogram recording.
Results  Diastolic dysfunction is present in 79 % of type 2
diabetes mellitus patients: grade 1 in 52 %, grade 2 in 26 %
and grade 3 in 1 % of patients. The subjects with grade 1
diastolic dysfunction had a statistically significantly higher
heart rate variability compared with those with grade 2

Managed by Antonio Secchi.

J. C. Habek - J. Sikic - L. Vrbanic
Department of Cardiology, Croatian Catholic University,
University Hospital Sveti Duh, Zagreb, Croatia

N. Lakusic

Department of Cardiology, Special Hospital for Medical
Rehabilitation, School of Medicine Osijek,

Krapinske Toplice, Croatia

P. Kruzliak (<)

Department of Cardiovascular Diseases, International Clinical
Research Center, St. Anne’s University Hospital and Masaryk
University, Pekarska 53, 656 91 Brno, Czech Republic
e-mail: peter.kruzliak @savba.sk

D. Mahovic
Department of Neurology, University Hospital Center Zagreb,
Zagreb, Croatia

diastolic dysfunction (LSD, post hoc test, p = 0.001). In the
group with diastolic dysfunction, grade 2 reduced heart rate
variability was recorded in 83 % of patients (37 and 7 % for
grade 1 and normal diastolic function). An increase in the
severity of diastolic dysfunction was associated with
decreased heart rate variability and increased heart rate.
Conclusion Progression of diastolic dysfunction is asso-
ciated with a significantly greater prevalence of reduced
heart rate variability, which is accompanied by increased
heart rate.

Keywords Diastolic dysfunction - Diabetes mellitus -
Heart rate variability - Heart rate

Introduction

Cardiovascular autonomic neuropathy is a sympathetic
and parasympathetic system dysfunction. In diabetic
patients, cardiac autonomic tone is impaired due to
lesions of the small nerve endings with predomination of
parasympathetic damage [1], which then results in ele-
vated heart rate and decreased heart rate variability.
Result of sympathetic denervation is reduced coronary
artery blood flow [2] and myocardial contractility [3]. The
prevalence of cardiovascular autonomic neuropathy in
diabetic patients varies from 2.6 % to as high as 90 %,
averaging 30 % [4, 5]. Clinical manifestations include
exercise intolerance, intraoperative cardiovascular insta-
bility, tachycardia at rest, orthostatic hypotension and
silent ischaemia that leads to myocardial infarction asso-
ciated with increased mortality. In patients with DM and
cardiovascular autonomic neuropathy, the 5-year mortality
is four times higher that recorded in DM patients without
cardiovascular autonomic neuropathy [6].
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Diabetic cardiomyopathy is a myocardial disease caused
by DM irrespective of vascular or valvular pathology and
arterial hypertension [7]. The pathogenesis of diabetic
cardiomyopathy remains obscure. The potential causes
include hyperglycaemia [8], hyperlipidaemia, hyperinsuli-
naemia, and glycolysis stimulation and glucose oxidation
defects [9] that lead to structural and functional changes in
myocardial cells, which in turn results in undesired myo-
cardial remodelling, thus causing a vicious circle where
heart failure increases insulin resistance and vice versa [9].
Recognition of diabetic cardiomyopathy in the early stage
of the disease remains a challenge. Increased myocardial
density and subendocardium dysfunction are lesions that
can earliest be detected on echocardiography, whereas
abnormalities in diastolic flow can be detected by tissue
Doppler while conventional echocardiography still shows
preserved left ventricular systolic function.

The aim of the study was to assess the prevalence of left
ventricular diastolic dysfunction (DD) in a population of
type 2 DM patients and to investigate the possible associ-
ation of reduced DD with changes in heart rate variability
(HRV) and heart rate.

Methods

The study included 202 type 2 DM patients, in whom
diabetes was diagnosed according to the Guidelines of
the European Association for the Study of Diabetes from
2007. Patients were collected from the Center for Dia-
betes Clinic of Internal Medicine, University Hospital
Osijek, and the cardiac and diabetic outpatient “Sunce”
Policlinic in Zagreb. In accordance with the Declaration
of Helsinki, patients meeting the criteria for inclusion in
the study received a verbal explanation of the purpose
and progress of the study and the Information for
potential respondents form, containing written informa-
tion on all the relevant data pertaining to the study. The
respondents’ consent to coercion-free and voluntary
participation in the study was confirmed in writing on
the Respondent’s informed consent form. Exclusion cri-
teria were left ventricular ejection fraction <50 %, atrial
fibrillation or undulation, pacemaker or cardioverter
defibrillator implanted, history of myocardial infarction,
angina pectoris, left bundle branch block, chronic con-
gestive heart failure, serious valvular or congenital car-
diac disease, active myocarditis, severe hepatic or renal
disease, and type 1 DM. None of the study patients was
being treated with beta blockers. Table 1 shows a basic
characteristics of patients.

The detailed history of all study patients was taken.
They then underwent a physical examination and 12-lead
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Table 1 Basic characteristics of patients

All patients  Male  Female
Total number 202 123 79
Age (mean) years 60.2 63 58.5
Duration of diabetes (years) 8.9 9.6 8.3
Hb Alc (%) 7.9 8.1 7.8
Hypertension 160 103 57
Duration of hypertension (years) 7 9 6.1
Hb (mg/L) 132 135 127
Creatinine (pmol/L) 89 91 87
Urea (umol/L) 4.5 4.9 4.2
Potassium (mmol/L) 4.2 43 4.1
CRP (mg/L) 33 1.8 3.7

electrocardiography (ECG). The Bruce protocol exercise
stress test was employed to exclude possible coronary
disease. The subjects in whom the exercise test indicated
a low probability of coronary disease continued the study,
and the others were excluded and referred for additional
work-up. The study patients underwent a comprehensive
transthoracic echocardiographic examination that included
two-dimensional imaging in parasternal long- and short-
axis view, apical four-, two- and five-chamber view,
followed by M-mode imaging and Doppler imaging on a
Siemens Acuson Antares Px 4-1 transducer from 2, 3 to 3,
3 MHz and a Siemens Acuson CV 70 P4-2 transducer.
The ultrasound was performed by two operators. The
following parameters were used for diastolic function
evaluation: isovolumic relaxation time (IVRT), pulsed
Doppler determination of transmitral inflow (E-wave,
A-wave, dt, E/A ratio), spectrogram of pulmonary vein
inflow and measurement of myocardial tissue blood flow
(E-wave, E/E’ ratio). The left ventricular diastolic func-
tion was assessed following the Nagueh criteria recom-
mendations [11]. The mean duration of all beat-to-beat
(NN) intervals was determined from 24-h Holter ECG
recordings, and HRV was expressed as the standard
deviation of interbeat intervals (SDNN), the root mean
square of successive differences (RMSSD), and the per-
centage of successive R-R intervals greater then 50 ms
(pPNN50 %), mean 24-h heart rate, mean heart rate during
daily activities, and mean heart rate during sleep
expressed as beats per minute. An Elamedica two-channel
digital recorder and a Schiller 200 three-channel digital
recorder were used in the study.

Statistical analysis was performed using one-way and
two-way analyses of variance, the y*-test and Pearson’s
correlation coefficient. Data were descriptively expressed
by arithmetic mean and standard deviation (SD), as well as
by absolute and relative frequency, as needed.
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Table 2 General echocardiographic parameters

Normal Grade 1 Grade 2
diastolic
function
Left ventricle dimension 51.7 52 54
end-diastole (cm)
Left ventricle dimension 32 30 34
end-systole (cm)
Interventricular wall thickness 11.1 10.7 11.3
at end-diastole (mm)
Left atrium at end-systole (cm) 37.1 39.1 42.1
Aortic roof (cm) 29.3 29.8 30
Fractional area change (%) 26 27 26
LV ejection fraction (%) 62 60 59
Right ventricle diastole (cm) 25 24 27
Results

The study included 202 type 2 DM patients meeting the
inclusion criteria. There were 123 (61 %) male and 79
(39 %) female patients. Twenty-nine patients (17 male and
12 female) were excluded from the study based on positive
exercise test results. The mean age of the study patients was
60.2 years. Correlation of age and DD revealed that patients
with normal diastolic function were 3 years younger than
those with DD, the difference being significant (post hoc
LSD test, p = 0.035). There was no significant difference
between the groups of patients with grade 1 and grade 2 DD
(post hoc LSD test, p = 0.85). The mean duration of DM in
all study patients was 8.9 years. On study entry, there were
35 patients with newly detected DM, while the longest
duration of DM was 33 years. Preserved diastolic function
was found in 21 % of study patients, while the remaining
79 % had some form of impaired diastolic function: grade 1
DD (impaired relaxation; 52 %), followed by grade 2

(pseudonormalisation; 26 %) and grade 3 (reversible
restriction; 1 %). The low number of patients in the last
group prevented their inclusion in further statistical ana-
lysis. Basic echocardiographic measurements are subli-
mated in Table 2, and the diastolic function measurement
values are shown in Table 3.

A linear correlation was found between the grade of
diastolic dysfunction and DM duration. In patients without
verified diastolic dysfunction, the mean length of DM was
4.02 years, whereas in those with grade 1, grade 2 and
grade 3 diastolic dysfunction, the mean length of DM was
9.2, 12.0 and 19.3 years, respectively. A significantly
longer DM duration was recorded in patients with impaired
left ventricular relaxation time versus those without DD
(post hoc LSD test, p = 0.0007), as well as in patients with
grade 2 DD compared to those with grade 1 DD (post hoc
LSD test, p = 0.014). Preserved diastolic function had 16
patients with newly diagnosed DM. Decreased HRV was
found in 88 study patients (pathologic SDNN <100 ms).

The study subjects were divided into groups with pre-
served and decreased HRV. The mean length of DM was
6.7 years in patients with preserved HRV and 11.9 years in
those with decreased HRV, yielding a significant difference
(ANOVA, p < 0.0001). The HRV values are shown in
Fig. 1.

Significant differences in HRV were found in DM
patients according to the presence and severity of DD.
Patients with normal diastolic function had a significantly
higher HRV than those with grade 1 and grade 2 DD (post
hoc LSD test, p = 0.0002 and post hoc LSD test,
p = 0.0000, respectively). Patients with grade 1 DD had a
significantly higher HRV compared to those with grade 2
DD (post hoc LSD test, p = 0.001) (Table 4).

In patients with preserved diastolic function, HRV
showed normal distribution, with SDNN of 120-130 ms in
most patients. The group of patients with grade 1 DD was

Table 3 Echocardiographic

Normal diastolic Standard Grade 1 Standard Grade 2 Standard

parameters of diastolic function function deviation deviation deviation
A dur/ms 137.8 17.9 144.5 21.8 138.4 18.3
E dur/ms 212.3 443 177.2 56.4 196.8 43.0
A val m/s 0.7 0.1 0.9 0.1 0.7 0.2
E val m/s 0.7 0.1 0.7 0.2 0.8 0.2
E/A 1.2 0.9 0.7 0.1 1.3 0.4
IVRT ms 71.3 15 111.6 19.7 83.8 17.8
PVS m/s 0.6 0.1 0.5 0.1 0.3 0.1
PVD m/s 0.5 0.1 0.6 0.1 0.7 0.1
E’ m/s 0.1 0.0 0.1 0.0 0.1 0.0
A’ m/s 0.2 0.3 0.1 0.0 0.1 0.0
E/A’ 14 0.7 0.8 0.3 0.7 0.3
E/E’ 6.2 1.2 10.6 1.7 12.3 24

@ Springer



1002

Acta Diabetol (2014) 51:999-1005

170

150

130

SDNN

o [ o ]

_T_ Min-Max
[ 25%-75%
0 Median value

70

50

no DD DD grade 1 DD grade 2

Fig. 1 Changes in heart rate variability according to the presence and
severity of left ventricular diastolic dysfunction

Table 4 Parameters of hart rate variability

Arithmetic mean Standard deviation

Normal Grade Grade Normal Grade Grade
diastolic 1 2 diastolic 1 2
function function
SDNN (ms) 121.6 1104 95.7 14.5 21.1 16.8
RMSSD 453 437 421 20.8 20.7 30.5
pNN50 (%) 22.0 15.6 7.2 10.2 11.8 8.6

divided into two subgroups of subjects with decreased
HRV and subjects with normal HRV (bimodal distribu-
tion); in this group, normal distribution was still maintained
in some patients, whereas in others, it was formed
according to pathologic, Poisson distribution. The majority
of patients with grade 2 DD showed decreased HRYV,

usually between 90 and 100 ms, while lower values were
less frequently recorded (Fig. 2).

Decreased HRV was recorded in 83 % of patients with
grade 2 DD, 37 % of patients with grade 1 DD (post hoc
LSD test, p < 0.001) and 7 % of patients with preserved
diastolic function (post hoc LSD test, p < 0.001). The
difference in the prevalence of HRV between patients with
grade 1 DD and patients with normal diastolic function was
significant (post hoc LSD test, p < 0.001). The mean
SDNN was 121.8 ms in patients free from diastolic dys-
function, 109.2 ms in patients with grade 1 DD and
96.6 ms in patients with grade 2 DD. The mean SDNN was
88.2 ms (SD 8.6) in patients with decreased HRV and
124 ms in those with normal HRV (SD 11.8).

Significant differences were found in 24-h heart rate
according to the presence and severity of diastolic func-
tion. The mean 24-h heart rate differed statistically sig-
nificantly between patients without DD and those with
grade 1 and grade 2 DD, as well as between patients with
grade 1 and grade 2 DD (post hoc LSD test, p < 0.001
all). The mean diurnal heart rate was significantly higher
in patients with grade 2 DD versus those with grade 1 DD
(post hoc LSD test, p < 0.001). The same level of sta-
tistical significance was found for the difference between
patients with grade 2 DD and those with preserved dia-
stolic function, while the difference between patients with
grade 1 DD and those with normal diastolic function
showed a lower level of statistical significance (post hoc
LSD test, p = 0.002). The mean nocturnal heart rate
yielded no significant differences, irrespective of the
grade of DD. The mean circadian (24-h) heart rate was
73.1/min in patients with preserved diastolic function,
77.6/min in patients with grade 1 DD and 81.2/min in
patients with grade 2 DD (Fig. 3).

Fig. 2 Distribution of heart rate 30
variability according to the left 25
ventricular diastolic function
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ventricular diastolic function pattern
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Fig. 4 Correlation between heart rate variability and mean 24-h heart
rate

The correlation of HRV and heart rate was tested using
Pearson’s correlation coefficient, yielding a significant
correlation (p < 0.001) between the mean 24-h heart rate
and HRV, whereby the patients with lower HRV had a
higher mean heart rate (Pearson’s correlation coefficient,
p = —0.64) (Fig. 4).

In addition, there was a significant correlation between
the heart rate variability and the mean heart rate during
daily activities (p < 0.001), with a significant Pearson’s
correlation coefficient (p = —0.62). Significant changes
were also recorded in the mean nocturnal heart rate
according to the changes in heart rate variability, but with a
lower Pearson’s correlation coefficient (p = —0.41).

Discussion

In the study group of type 2 DM patients, impaired relax-
ation of the left ventricle was most common (52 %),
whereas normal diastolic function was found in 21 % and
grade 2 diastolic dysfunction, or pseudonormalisation, in

26 % of patients. As there were only three patients with
grade 3 diastolic dysfunction (reversible restriction) and
such a small sample is a typical example of a small sample
on statistical analysis, this sample was excluded from ana-
lysis due to impossible calculation of the significance.
According to the literature data, pathologic transmitral
diastolic inflow is quite usual and expected in DM patients.
In a study reported by Poirier et al., diastolic function was
assessed in 46 patients with well-controlled type 2 DM, free
from clinical signs of coronary disease or hypertension,
compensated and with preserved systolic function. Diastolic
dysfunction was found in as many as 60 % of patients, 28 %
of these with pseudonormal transmitral diastolic recording
and 32 % with impaired left ventricular relaxation time
[10]. In comparison with the present study, Poirier et al. had
a greater proportion of patients without diastolic dysfunc-
tion (40 vs. 21 %), but in our study, hypertension was not an
exclusion criterion. Poirier et al. included only patients with
good glycaemic control, which could explain the result
diversity, while hypertension and metabolic disbalance
contribute considerably to the development of diastolic
dysfunction. Attali et al. [11] investigated the prevalence of
diastolic dysfunction in 49 type 1 and type 2 DM patients;
however, the changes they recorded in diastolic function did
not correlate with patient age, sex, DM duration or the
presence of diabetic complications.

Astorri et al. investigated the possible existence of
preclinical myocardial lesion in 20 type 1 DM patients, 10
type 2 DM patients and 12 non-DM subjects as a control
group. Diastolic function measured by transmitral flow
showed a more significant defect of left ventricular filling
in type 2 DM compared with type 1 DM patients, whereby
all had preserved left ventricular systolic function. The
control group showed no impairment of the left ventricular
diastolic function. The data obtained on diastolic flow
showed a correlation with haemoglobin A;. (HbA,.),
patient age and DM duration. The more pronounced dia-
stolic function impairment found in type 2 DM patients
was attributed to the presence of initial microangiopathy
and borderline autonomic neuropathy in these patients [12].

In our study, 83 % of patients with a pseudonormalised
pattern of left ventricular filling had decreased heart rate
variability, pointing to a disbalance in neurovegetative
response, which leads to patient vulnerability and suscep-
tibility to cardiovascular events, in contrast to patients with
normal diastolic function where significantly decreased
heart rate variability was found in only 7 % of cases. The
severity of diastolic impairment correlated with significant
changes in terms of increased heart rate throughout 24-h
Holter recording and during daily activities, but without
nocturnal heart rate increase. The Pearson’s correlation
coefficient yielded a good correlation between heart rate
variability decrease and heart rate increase, with the
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highest correlation recorded for daily activities and during
24-h recording, and the lowest at rest. These results pointed
to a possible association of impaired diastolic function as
the earliest indicator of diabetic cardiomyopathy and
autonomic dysfunction in our patients. The aetiologic
factors that lead to diabetic cardiomyopathy and lesions of
the autonomic nervous system act simultaneously and
synergistically, and thus, a significant decrease in heart rate
variability was observed with the progression of diastolic
function impairment. An increase in resting heart rate, as a
marker of autonomic nervous dysfunction, was found as a
significant predictor of metabolic syndrome in non-obese
Japanese men [13].

Poanta et al. [14] assessed the existence of both DD and
HRYV in type 2 DM patients and healthy subjects and found
the patients with impaired diastolic relaxation to have a
significantly higher heart rate. They conclude that cardiac
autonomic neuropathy was associated with DD in patients
with type 2 DM, but without clinically manifest heart
disease. Rajan and Gokhale found cardiovascular auto-
nomic neuropathy in 56 % of 33 type 1 DM patients, and
12 % of them had impaired left ventricular diastolic but
preserved systolic function. All patients with DD also had
autonomic neuropathy, but with no correlation of left
ventricular systolic dysfunction and diabetic microvascular
complications [15]. In another study including 20 type 1
DM patients, the E/A ratio was significantly lower in
patients with autonomic neuropathy than in those without
it, while the values of cardiovascular autonomic neuropa-
thy measured by endothelin levels correlated with diastolic
defect deterioration [16].

Diabetes mellitus is known to increase the morbidity and
mortality of patients with heart failure [17]. The Spanish
researchers study indicated that DM reduces survival in the
non-ischaemic aetiology of heart failure irrespective of the
presence or absence of left ventricular systolic dysfunction
[18]. It is also known that systolic function is frequently
impaired in patients with DM and without cardiovascular
diseases [19].

With the advent of new ultrasonographic technologies, the
question arises as to whether DD really is the first indicator
of diabetic cardiomyopathy. DD diagnosed according to the
current recommendations is frequent in patients with DM,
but is also influenced by other factors. Systolic strain alter-
ation may be found despite normal diastolic function, indi-
cating that DD should not be considered the first marker of a
preclinical form of diabetic cardiomyopathy [20].

Main limitation of the study

The study has a relatively small number of patients. Ageing
and hypertension may also participate on the development
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of impaired diastolic function. Hypertension was not
excluding criteria, and mean age in study was 60, 2 years.

Conclusion

Impaired diastolic function was found in 79 % of type 2
DM patients, of which 52 % had impaired relaxation, 26 %
had pseudonormalisation, and 1 % had a reversible
restriction. With progression of diastolic dysfunction
decreases heart rate variability, while the mean 24-h heart
rate and diurnal heart rate increase. The progression of
diastolic dysfunction is associated with the occurrence of
cardiovascular autonomic neuropathy as one of the causes
of increased cardiovascular morbidity and mortality in DM
patients independent of occurrence of cardiovascular dis-
eases. Active screening for the presence of both entities in
diabetic patients is recommended.
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