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Abstract

Background and aims: Diabetes mellitus (DM) is a risk factor for left ventricle (LV)
diastolic dysfunction. Aim of this study was to investigate whether endothelial and/
or autonomic dysfunction are associated with LV diastolic dysfunction in DM
patients.

Methods: We studied 84 non-insulin-dependent type 2 DM (T2DM) patients with
no heart disease by assessing: 1) LV diastolic function by echocardiography; 2)
peripheral vasodilator function, by measuring flow-mediated dilation (FMD) and
nitrate-mediate dilation (NMD); 3) heart rate variability (HRV) on 24-h Holter
electrocardiographic monitoring.

Results: Twenty-five patients (29.8%) had normal LV diastolic function, while 47
(55.9%) and 12 (14.3%) showed a mild and moderate/severe diastolic dysfunction,
respectively. FMD in these 3 groups was 5.25 + 2.0, 4.95 + 1.6 and 443 + 1.8%
(p = 0.42), whereas NMD was 10.8 + 2.3, 8.98 + 3.0 and 8.82 + 3.2%, respectively
(b =0.02). HRV variables did not differ among groups. However, the triangular index
tended to be lower in patients with moderate/severe diastolic dysfunction (p = 0.09)
and a significant correlation was found between the E/e’ ratio and both the trian-
gular index (r = —0.26; p = 0.022) and LF amplitude (r = —0.29; p = 0.011).
Conclusions: In T2DM patients an impairment of endothelium-independent, but not
endothelium-dependent, dilatation seems associated with LV diastolic dysfunction.
The possible role of cardiac autonomic dysfunction in diastolic dysfunction deserves

investigation in larger populations of patients.
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cardiac autonomic dysfunction, endothelial dysfunction, left ventricle diastolic dysfunction,
type 2 diabetes mellitus
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1 | INTRODUCTION

A subclinical myocardial disease in patients with type 2 diabetes
mellitus (T2DM) may progress to heart failure (HF) even in the
absence of myocardial ischaemia and hypertension.*™® In particular,
T2DM is among the risk factors that may cause symptoms of HF in
presence of preserved ejection fraction (HFpEF),*> a syndrome
characterized by impaired left ventricle (LV) diastolic relaxation and
increased myocardial stiffness in presence of a normal LV
contractility.” The mechanisms by which T2DM may result in
HFpEF symptoms (mainly dyspnoea on effort), however, have not
been fully elucidated. Endothelial dysfunction (ED) and autonomic
neuropathy are frequent complications of T2DM, affecting up to
one-third of patients, and have both been associated with an
increased risk of cardiovascular events® 1! Of note, both ED and
cardiac autonomic dysfunction have recently been suggested to
adversely affect LV diastolic function, resulting in altered LV filling
patterns and symptoms of heart failure in presence of preserved LV
systolic function.'?13

ED might determine LV diastolic dysfunction as a result of
repeated episodes of subendocardial ischaemia caused by coronary
microvascular dysfunction consequent to the impaired endothelial
NO production and resulting in abnormal cardiomyocyte relaxa-
tion.2* Furthermore, since NO has also relaxing effects on myocardial
cells, it has been hypothesised that an impaired NO production by
the endocardial lining might also adversely affect relaxation of sub-
endocardial myocytes, thus also favouring diastolic LV dysfunction.®
Importantly, although with some differences, ED, when present, is
usually diffused in the circulation; accordingly, several studies have
shown that assessment of ED in peripheral is largely associated with
coronary ED.*%%7

On the other hand, experimental studies have shown that
increased adrenergic stimulation favours LV diastolic dysfunction
thereby, likely increasing cardiomycyte stiffness and myocardial

fibrosis&1?

and a relation between sympatho-vagal imbalance and

LV diastolic dysfunction was reported in patients with HFpEF.'?
However, to the best of our knowledge, no previous study

investigated the relation of LV diastolic function with cardiac auto-

nomic function and endothelial function in patients with T2DM.

2 | METHODS

We prospectively studied consecutive patients with T2DM, followed
at the Diabetic Center of our University Hospital who fulfilled the
following inclusion criteria: 1) no insulin therapy; 2) no evidence of
cardiovascular disease, based on clinical history, physical examina-
tion, 12-lead electrocardiogram, 2D-Doppler echocardiography and
carotid echo-Doppler examination; 3) no significant systemic disease
(e.g., liver and/or kidney failure, malignancies, chronic inflammatory
disorders, neuromuscular disorders, psychiatric diseases).

The presence of other cardiovascular risk factors was carefully

assessed and drug therapy recorded in all patients. Hypertension was

defined as blood pressure >140/90 mmHg or consumption of any
antihypertensive drug. Hypercholesterolaemia was defined as total
blood cholesterol >200 mg/dl, low-density lipoprotein cholesterol
>130 mg/dl, or use of lipid-lowering drugs. Current smoking was
defined as any cigarette smoked in the last 6 months.

The study complies with the Declaration of Helsinki and was
approved by the local Institutional Review Board of our Institution.
All patients were informed of the purpose and nature of the study
and provided written, informed consent for participation.

2.1 | Echocardiography
Mono-bidimensional colour- and tissue-Doppler echocardiography
was performed in all patients using the ultrasound equipment Artida
Toshiba (Toshiba Italy) and a 3.5-MHz probe to measure the volumes
and dimensions of heart chambers and assess LV systolic and dia-
stolic function. Patients were positioned in the left lateral decubitus
position and a 4-chamber apical view was obtained. The sample
volume of the pulsed-wave Doppler was positioned immediately
below the central point of contact of the two mitral leaflets in systole
and the Doppler profile of the mitral flow was recorded. The E wave
and A wave peaks were measured and the E/A wave ratio was
calculated. Tissue-Doppler imaging was then performed to measure
the speed of displacement of the mitral annulus at the level of the
lateral and septal wall. The echographic signal obtained at this level
shows three different components: a peak systolic wave (S) and two
waves of opposite polarity (¢’ and A’) during the early and late phase
of diastole, respectively. From pulsed-wave Doppler and tissue-
Doppler images, we obtained the E/e’ ratio for both the lateral and
septal wall; from the 2 measures the average E/e’ ratio was obtained,
which was used in all subsequent analyses. The average E/e’ ratio,
indeed, has been demonstrated to correlate significantly with left
ventricular filling pressure and is therefore considered a valuable
index of LV diastolic function.®

A combination of E/A ratio (normal value >0.8), average E/e’ ratio
(normal value <10), peak diastolic tricuspid velocity (normal
value <2.8 m/s) and left atrial volume index (normal value < 34 ml/m?)
was used to classify LV diastolic function in normal and as grade |
(mild), grade |l (moderate) or grade Ill (severe) diastolic dysfunction
according to the criteria of the 2016 American Society of Echocar-
diography (ASE) and European Association of Cardiovascular Imaging
(EACVI) guidelines.t®

Left ventricle ejection fraction (LVEF) was calculated according
to the modified Simpson's rule (biplane methods of disks), following
the current ASE/EACVI recommendations.'”

2.2 | Peripheral arterial dilator function

All patients underwent assessment of systemic arterial dilator func-

tion, following a method described in detail elsewhere, 101820

Vasodilator tests were performed by the same expert operator.
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Endothelium-dependent vasodilation was assessed by measuring
flow mediated dilation (FMD). Briefly, subjects rested in a supine
position for at least 10 min before testing. A 10-MHz multifrequency
linear array probe attached to a high-resolution ultrasound machine
was used to acquire images of the right brachial artery with a me-
chanical support maintaining the probe in a fixed position throughout
the examination. Brachial artery diameter was measured throughout
the test using a totally automated system that identifies the internal
edges of the vessel and tracks the walls of the artery via differences
in brightness intensity compared to the lumen of the vessel. The
software provides a diameter measurement for every second. After
obtaining basal images of the brachial artery, a forearm cuff, posi-
tioned 1 cm under the antecubital fossa, was inflated to 50 mm Hg
above the systolic blood pressure and released after 5 min to elicit
forearm reactive hyperaemia. FMD was calculated as the maximum
percent change of the brachial artery diameter during hyperaemia
compared to the basal diameter.

Endothelium-independent dilator function was also assessed in
our patients by measuring nitrate-mediated dilation (NMD). To this
aim, 10 min after full recovery from FMD assessment, brachial artery
diameter was measured at baseline and for 15 min after adminis-
tration of 25 pg of sublingual nitroglycerin, and NMD was expressed
as the percent maximal increase of the artery diameter after nitro-

glycerin compared to baseline.'8-2°

2.3 | Cardiac autonomic function

Cardiac autonomic function was assessed by heart rate variability
(HRV) on 24-h electrocardiographic (ECG) Holter recordings, which
were performed using 3-channel digital recorders (FD5-plus, Schiller
Medilog). The bipolar chest leads CM5, CM1 and modified aVF were
monitored and the data were analysed by an expert operator using
the Medilog Darwin-2 system (Schiller Medilog). HRV was assessed
both in the time-domain and frequency-domain, as previously
described.?"?? Time domain HRV variables included the standard
deviation of all RR intervals in the 24 h (SDNN), the mean of the
standard deviations of RR intervals of all 5-min segments in the 24 h
(SDNNi) and the triangular index, obtained as the ratio between the
total number of RR intervals in the 24 h and the number of RR in-
tervals with the modal value. Frequency domain HRV was assessed
by fast Fourier transform spectral analysis, obtaining the amplitudes
of the RR interval changes in the ranges of very low-frequency (VLF,
0.0033-0.04 Hz), low-frequency (LF, 0.04-0.15 Hz) and high-
frequency (HF, 0.15-0.40 Hz). The LF/HF ratio was also calculated.

2.4 | Statistical analysis
Data are reported as mean and standard deviation for continuous
variables and number and proportions for discrete variables. No

variable showed a distribution different from the normal one

according to Kolmogorov-Smirnov test. Thus, continuous variables
were compared by the analysis of variance (ANOVA). Significant
differences in outcome variables were adjusted for clinical/labo-
ratory variables that showed significant or borderline (p < 0.1)
statistical differences among groups using a generalised linear
model. Bonferroni correction was then applied for multiple
between-group comparisons. Categorical variables were compared
by x? test. Since all patients with moderate/severe LV diastolic
dysfunction had abnormally high E/e’ ratio, correlation analyses by
Pearson's test were performed between the E/e’ ratio, as the
most significant single variable for the presence of impaired dia-
stolic function, and FMD, NMD and HRV parameters. A two-tailed
p value <0.05 was considered as statistically significant. The SPSS
21.0 statistical software (SPSS lItalia Inc, Florence, Italy) was used

for analyses.

3 | RESULTS

3.1 | General and echocardiographic findings
Overall, 84 patients were enrolled in the study. LV diastolic function
was found to be normal in 25 patients (29.8%; Group 1), whereas
some degree of diastolic dysfunction was found in 59 patients
(70.2%). Specifically, 47 patients (55.9%) had mild diastolic dysfunc-
tion (grade I; Group 2), whereas 10 patients (11.9%) had moderate
(grade IlI) and 2 patients (2.4%) severe (grade Ill) LV diastolic
dysfunction. As only 2 patients had severe LV diastolic dysfunction, a
single group of 12 patients with moderate or severe diastolic
dysfunction was considered for analyses (Group 3).

The main demographic and clinical characteristics of the whole
population and the 3 groups of patients are summarised in Table 1.
As shown, patients of Group 3 were significantly older compared to
patients of the other groups (p = 0.012). There were no significant
differences among groups in other major clinical characteristics,
except for a higher rate of dyslipidaemia in Group 3 patients
(p = 0.043). Furthermore, glycated haemoglobin (HbA1c) serum
levels also tended to be higher in patients with more severe forms of
LV diastolic dysfunction (p = 0.096). The latter group of patients also
showed a higher consumption of beta-blockers (p = 0.041),
angiotensin-Il receptor blockers (ARBs) (p = 0.025) and glinides
(p = 0.007) compared to the other groups.

The main echocardiographic data of the 3 groups of patients are
summarised in Table 2. As expected, the indices correlated to LV
diastolic function differed significantly among groups. LVEF, howev-

er, was comparatively normal in the 3 groups (p = 0.27).

3.2 | Peripheral arterial dilator function

The main findings concerning the assessment of arterial dilator

function are summarised in Table 3, whereas individual data of both
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Whole population Group 1 Group 2
(n = 84) (n = 25) (n = 47)
Age (years) 64.1 + 10 594+ 13 654 +8
Male (%) 54 (64.3) 17 (68.0) 29 (61.7)
BMI (Kg/m?) 285+ 4 291+4 280+ 4
Diabetes duration (years) 136 + 8 124 +7 138 + 8
Hb1AC (%) 716 + 1.2 696 +11 7.10+08
C-reactive protein (mg/L) 253 +45 242 + 32 241 +53
CV risk factors
Hypertension (%) 52 (61.9) 15 (60.0) 27 (57.4)
Hypercholesterolaemia (%) 47 (56.0) 10 (40.0) 27 (57.4)
Active smokers (%) 16 (19.0) 7 (28.0) 8 (17.0)
CV therapy
Antiaggregants (%) 42 (50.0) 8 (32.0) 27 (57.4)
Beta blockers (%) 25 (29.8) 8 (32.0) 10 (21.3)
Calcium antagonists (%) 16 (19.0) 5(20.0) 6(12.8)
ACE inhibitors (%) 23 (27.4) 3(12.0) 16 (34.0)
ARBs (%) 24 (28.6) 8 (32.0) 9 (19.1)
Diuretics (%) 18 (21.4) 3(12.0) 11 (23.4)
Statins (%) 43 (51.2) 10 (40.0) 25 (53.2)
Antidiabetic therapy
Metformin (%) 78 (92.9) 23 (92.0) 45 (95.7)
Sulfonylureas (%) 31 (36.9) 10 (40.0) 17 (36.2)
Incretins (%) 13 (15.5) 5 (20.0) 7 (14.9)
DPP-4 inhibitors (%) 14 (16.7) 1 (4.0) 11 (23.4)
Glinides (%) 11 (13.1) 2 (8.0) 4 (8.5)
GLP-1 analogues (%) 6(7.1) 2 (8.0) 3(6.4)
SGLT-2 inhibitors (%) 2 (2.4) 2 (8.0) 0 (0.0)

TABLE 1 Main characteristics of the

L) whole population and the three groups
(n=12) p .

of patients
68.7 £5 0.012

8 (66.7) 0.85
291+3 0.44
156 + 6 0.50
782+ 22 0.096

322+36 088

10 (83.3) 0.25

10 (83.3) 0.043
1(8.3) 0.31

7 (58.3) 0.099
7 (58.3) 0.041
5 (41.7) 0.074

4 (33.3) 0.12
7 (58.3) 0.025
4 (33.3) 0.29

8 (66.7) 0.29

10 (83.3) 0.32
4 (33.3) 0.91
1(8.3) 0.65
2 (16.7) 0.11

5(41.7) 0.007
1(8.3) 0.95
0 (0.0) 0.089

Note: Group 1 = patients with normal left ventricle diastolic function; Group 2 = patients with grade
1 (mild) left ventricle diastolic dysfunction; Group 3 = patients with grade II-11l (moderate/severe)

left ventricle diastolic dysfunction.

Abbreviations: ACE, angiotensin-converting enzyme; ARBs, angiotensin-Il receptor blockers; BMI,
body mass index; CV, cardiovascular; DPP-4, dipeptidyl peptidase-4; GLP-1, Glucagon-like peptide-

1; HbA1c, glycated haemoglobin; SGLT-2, sodium-glucose co-transporter-2.

FMD and NMD are shown in Figure 1. The endothelium-dependent
peripheral vasodilator function did not show statistically significant
differences between the 3 groups. FMD was, indeed, 5.25% + 2.0% in
patients of Group 1, 4.95% + 1.6% in patients of Group 2 and
4.43 + 1.8% in patients of Group 3 (p = 0.42).

In contrast, we found that endothelium-independent vasodi-
lator function was lower in our patients of Group 2 and Group 3
as compared to those of Group 1. NMD was, indeed,
10.8% + 2.3%, 8.98 + 3.0 and 8.82 + 3.2 in the three groups,

respectively (p = 0.02 after adjustment for confounding clinical/

laboratory variables). However, no significant correlation was
found between the E/e’ ratio and both FMD (r = —-0.10; p = 0.36)
and NMD (r = -0.13; p = 0.25).

3.3 | Cardiac autonomic function
Twenty-four-hour Holter ECG monitoring was available for analyses
in 77 patients (92%); 5 patients, indeed, refused to undergo the test,

whereas 2 recordings were unreliable due to technical issues.
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TABLE 2 Main echocardiographic
findings of the 3 groups of patients
E wave (cm/sec)

A wave (cm/sec)
E/A ratio

E/e’ ratio

DcT (msec)

LAVi (mL/m?)

Peak tricuspid vel. (m/s)

LVEF (%)

Group1(n=25) Group2(n=47) Group3(nh=12) p

734 +17.6 54.6 + 85 823+ 191 <0.001
753 + 17.4 844 + 123 91.9 + 253 0.011
0.98 + 0.17 0.65 + 0.08 0.95 + 0.32 <0.001
712+ 14 679 + 1.2 11.83 + 2.1 <0.001
197.7 + 41 200.8 + 46 190.9 + 39 0.78
244 + 5.2 254 +44 362 +72 <0.001
22+03 21+03 26 +0.2 <0.001
624 + 3.1 617 +4.7 60.0 + 4.0 0.27

Note: Group 1 = patients with normal left ventricle diastolic function; Group 2 = patients with grade
I (mild) left ventricle diastolic dysfunction; Group 3 = patients with grade Il-11l (moderate/severe)
left ventricle diastolic dysfunction.

Abbreviations: DcT, deceleration time; LAVi, left atrial volume index; LVEF, left ventricle ejection

fraction; vel, velocity.

TABLE 3 Main findings of arterial
dilator function tests
FMD assessment

Basal artery diameter (mm)
Peak artery diameter (mm)

Artery diameter increase (mm) 0.21 + 0.09

FMD (%)

NMD assessment

Basal artery diameter (mm)
Peak artery diameter (mm)

Artery diameter increase (mm) 0.43 + 0.11

NMD (%)

Group 1 (n = 25) Group 2 (n =47) Group 3 (n=12) p

3.98 + 0.70 4.09 + 0.64 4.19 + 0.61 0.62
4.19 + 0.75 4.29 + 0.68 4.38 + 0.61 071
0.20 + 0.07 0.19 + 0.07 0.64
525+ 20 495+ 16 443 + 1.8 0.42
4.00 + 0.71 4.11 + 0.66 4.16 + 0.61 0.75
441 + 0.77 445 + 0.68 4.57 + 0.70 0.81
0.36 + 0.13 0.37 + 0.15 0.27
10.8 + 2.3 8.98 + 3.0 8.82 + 3.2 0.027

Note: Group 1 = patients with normal left ventricle diastolic function; Group 2 = patients with grade
I (mild) left ventricle diastolic dysfunction; Group 3 = patients with grade Il-1ll (moderate/severe)
left ventricle diastolic dysfunction.

Abbreviations: FMD, flow-mediated dilation; NMD, nitrate-mediate dilation.

No significant differences were observed between the 3 groups
of patients in HRV variables, both in the time-domain and frequency-
domain (Table 4). However, the triangular index showed a trend to-
ward lower values in patients of Group 3 (p = 0.09). Furthermore, a
significant, although mild, correlation was found between the E/e’
ratio and both the triangular index in the time domain (r = —0.26;
p = 0.022) and LF amplitude in the frequency domain (r = —0.29;
p = 0.011) (Figure 2).

4 | DISCUSSION

In this study we aimed at assessing whether endothelial dysfunction
and/or cardiac autonomic dysfunction may play a pathophysiologic
role in LV diastolic dysfunction of T2DM patients. Our results show

that, in non-insulin-dependent T2DM, LV diastolic dysfunction is not

associated with systemic endothelial dysfunction; however, a lower
endothelium-independent vasodilation was observed in patients with
impaired as compared to those with normal diastolic function. On the
other hand, no clear association also emerged between cardiac
autonomic dysfunction, as assessed by HRV, and diastolic dysfunction.

T2DM is associated with a sizeable increase of the risk of car-
diovascular and, in particular, coronary events. Coronary involve-
ment may concern both large epicardial arteries and coronary
microcirculation.?® However, several data suggest that T2DM may
also cause direct abnormalities of cardiomyocyte metabolism and
function, resulting in a ‘diabetic cardiomyopathy’.> Moreover, T2DM
has also consistently been found to be a significant risk factor for the

development of the clinical syndrome of HFpEF,*>

which is typically
characterized by impaired LV relaxation during diastole. Indeed,
diastolic dysfunction has been found in up to 75% of T2DM patients,

with symptoms of HFpEF reported in about 30%-40% of patients.*
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Individual data, with average and standard deviation, of flow-mediated dilation (FMD) and nitrate mediated dilation (NMD) in

the 3 groups of patients. Group 1 = patients with normal left ventricle diastolic function; Group 2 = patients with grade | (mild) left ventricle
diastolic dysfunction; Group 3 = patients with grade Il-1ll (moderate/severe) left ventricle diastolic dysfunction

Group 1 (n = 22) Group 2 (n = 44)

Time domain

Group 3 (n = 11) p

TABLE 4 Main heart rate variability
data in the 3 groups of patients

SDANN (msec) 106.4 + 31.1 98.3 + 32.7 107.7 £ 32.3 0.30
SDNNi (msec) 43.9 + 147 392+ 17.9 414 + 16.9 0.19
VFC 329+ 95 298 + 122 255+ 14.1 0.09
pNN50 (%) 45 + 43 48 +79 3.3+31 0.73
Frequency-domain
VLF (msec) 29.6 + 9.0 27.8 + 12.2 272 + 12.2 0.47
LF (msec) 183+ 78 16.7 £ 9.1 13.7 £ 5.8 0.21
HF (msec) 10.8 + 5.3 10.2 + 6.6 9.2 + 3.6 0.65
LF/HF ratio 1.90 + 0.7 182 + 0.6 157 £ 0.6 0.26

Note: Group 1 = patients with normal left ventricular diastolic function; Group 2 = patients with
grade | (mild) left ventricular diastolic dysfunction; Group 3 = patients with grade II-11l (moderate/
severe) left ventricular diastolic dysfunction. See “Methods” for definition of heart rate variability

parameters.

The pathophysiologic mechanisms of diastolic dysfunction in
T2DM, however, remain poorly known. Both ED and cardiac auto-
nomic dysfunction are frequent complications of T2DM and both
have pathophysiologic consequences that might favour LV diastolic
dysfunction.?*-2°

An abnormal function of vascular endothelial cells in T2DM is
likely to be associated with an abnormal function also of endocardial
cells, which usually contribute to myocardial relaxation through
subendocardial relase of NO,'?>° thus resulting in LV diastolic
dysfunction.®2?® Furthermore, vascular endothelial dysfunction may
favour increased arterial stiffening, as assessed by arterial elastance,
as well as increased systemic vascular resistance, thus favouring an

increase in blood pressure, which poses increased workload to the

myocardium, resulting in LV hypertrophy, a frequent finding and
cause of diastolic dysfunction in HFpEF patients.!2232425

Our study, however, failed to show a correlation between dia-
stolic dysfunction and endothelium-dependent systemic vascular
dilator function, as FMD showed no significant difference between
patients with or without diastolic dysfunction or between patients
with mild compared to patients with moderate/severe diastolic
dysfunction.

On the other

endothelium-independent peripheral dilator function in patients with

hand, we surprisingly found an impaired
any evidence of LV diastolic dysfunction compared to those with
normal LV diastolic function, as indicated by lower NMD values, even

after adjustment for significant clinical variables and drugs. The
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reasons for this finding are not immediately clear, but it is possible
that an impairment of a maximal dilator response to direct stimula-
tion of vascular smooth muscle cells may better reflect an increase in
systemic vascular resistance and LV afterload which translate into LV
overload and impairment of cardiomyocyte relaxation.?®

Cardiac autonomic dysfunction in T2DM patients usually initially
results in sympatho-vagal imbalance, with a predominance of sym-
pathetic activity over an impaired vagal function.?4?” This may cause
alterations in cardiomyocyte metabolism, resulting in an impairment
of cardiomyocyte relaxation. Also, sympathetic predominance may
determine coronary microvascular dysfunction, with a consequent
impairment of myocardial perfusion, which has also been suggested
to contribute to abnormal LV diastolic relaxation.?®

In our study, we also failed to find a clear relation between LV
diastolic dysfunction and cardiac autonomic dysfunction in T2DM.
HRV parameters, indeed, did not differ significantly between patients
with normal LV diastolic function and those with mild or moderate
diastolic dysfunction.

However, the triangular index tended to be lower, although just
above statistical significance, in patients with moderate/severe LV
diastolic dysfunction, as compared to the other 2 groups. Further-
more, the same index and LF amplitude showed a significant,
although slight, correlation with E/e’ ratio, which is considered the
single most valuable echocardiographic index of increased LV dia-
stolic pressure and, therefore, diastolic dysfunction. Thus, these re-
sults suggest that further studies are desirable to better assess, in
larger populations, whether some relation may actually exist be-
tween cardiac sympatho/vagal imbalance and LV diastolic function.

It is worth noting that our data suggest some relation between a
more difficult glycaemic control and LV diastolic dysfunction. Pa-
tients with moderate/severe diastolic dysfunction, indeed, showed
the highest values of HbA1c, although just above statistical signifi-
cance, and the highest consumption of glinide, as compared to the

other 2 groups. Among other clinical/laboratory variables, on the

other hand, only age and a history of hypercholesterolaemia were
associated with LV dysfunction.

Some limitations of our study should be acknowledged. First, the
number of patients included was relatively small and therefore minor
true differences among groups in FMD and HRV might not have been
detected as significant; furthermore, our population mainly included
patients with a mild form of LV diastolic dysfunction, as only 2 and 10
patients, respectively, had a severe (lll grade) or moderate (Il grade)
form of diastolic dysfunction. Therefore, further studies, in larger
groups of patients, are needed to establish whether endothelial
dysfunction and/or cardiac autonomic dysfunction present a different
prevalence in patients with more severe forms of LV diastolic
dysfunction. Second, we did not perform any measurement of shear
stimulus during FMD assessment; therefore, we cannot exclude that
different entities of shear stress were achieved in the 3 groups and
influenced in some way the results, despite the same method of
forearm ischaemia was carefully applied in all patients. Thus, our data
need to be confirmed in studies also assessing a measure of shear
stimulus. Finally, a confirmation of the independent association of
NMD with LV diastolic dysfunction should also be obtained in further
studies, as the limited number of patients included in our study might
have not allowed appropriate correction for potentially confounding
variables.

5 | CONCLUSIONS

Our data in T2DM patients failed to demonstrate a relation between
LV diastolic dysfunction and endothelial dysfunction, whereas they
showed a significant relationship between peripheral endothelium-
independent arterial dilator function and LV diastolic dysfunction.
The tendency to lower values of the triangular index and a significant
inverse correlation between some HRV parameters and the echocar-

diographic E/e’ ratio, on the other hand, suggest that an impairment of
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cardiac autonomic function might contribute to LV diastolic dysfunc-
tion, although this should be clarified in larger studies.
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