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Abstract:

Background:

Endothelial dysfunction may be involved in the pathophysiology of cardiac abnormalities in patients with diabetes mellitus (DM). A
correlation between endothelial dysfunction and diastolic dysfunction in patients with type 1 DM has been demonstrated, but this
relationship has not been well investigated in type 2 DM.

Objective:

Compare groups of patients with type 2 DM and hypertension with and without diastolic dysfunction using endothelial function
indexes, and to assess whether correlations exist between the diastolic function and the endothelial function indexes.

Method:

This was a cross-sectional study of 34 men and women with type 2 DM and hypertension who were aged between 40 and 70 years
and were categorized based on assessments of their Doppler echocardiographic parameters as having normal (14 patients) and
abnormal (20 patients) diastolic function. Flow-mediated dilatation (FMD) assessments of the brachial artery evaluated the patients’
endothelial function.

Results:

The mean maximum FMD was 7.15 + 2.80% for the patients with diastolic dysfunction and it was 11.85 + 4.77% for the patients
with normal diastolic function (p = 0.004). Correlations existed between the maximum FMD and the E/e' ratio (p = 0.040, r = -0.354)
and the early wave velocity (e') at the lateral mitral annulus (p = 0.002, r = 0.509).

Conclusion:
The endothelial function assessed by FMD was worse in hypertensive diabetic patients with diastolic dysfunction. There were

correlations between the diastolic function indexes and the endothelial function indexes in our sample.

Keywords: Arterial intima, Diabetes mellitus, Diastole, Doppler echocardiography, Doppler ultrasonography, Endothelium,
Hypertension, Left ventricle.
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INTRODUCTION

About fifty percent of heart failure patients have preserved systolic function, which is a condition called heart
failure with a preserved ejection fraction and it is attributed to diastolic dysfunction (DD) [1, 2]. These patients tend to
be older, and the condition is more prevalent among women [1]. Some conditions predispose patients to DD, including

systemic arterial hypertension, diabetes mellitus (DM), and myocardial ischemia [1]. Hypertension and type 2 DM
often coexist [3, 4], and diastolic function in diabetic hypertensive patients is worse than that in non-diabetic
hypertensive patients [5]. In addition, DD may be associated with worse prognoses for these patients [6, 7].

Endothelial dysfunction (ED) is an early sign of atherosclerosis, it can be detected before coronary heart disease and
other macrovascular complications of DM occur [8, 9], and it can be involved in the pathophysiology of cardiac
abnormalities in these patients. The endothelium plays a central role in the regulation of arterial tone and blood flow,
and it orchestrates the production of nitric oxide, prostacyclin, endothelium-derived hyperpolarizing factor, and
vasoconstrictors such as endothelin-1 and angiotensin II [10]. ED is an important element in the pathophysiology of
atherosclerosis and it is a predictor of future cardiovascular events [11, 12]. ED in the coronary bed can lead to
microvascular coronary dysfunction [12]. Increasing age, systolic blood pressure, body mass index (BMI), and smoking
are associated with reductions in flow-mediated dilatation (FMD) [13].

Study findings have shown a relationship between type 2 DM and ED, and there is an association with insulin
resistance [10, 12]. A correlation between endothelial function and DD has been demonstrated in patients with type 1
DM [14 - 16]. Only one study demonstrated the correlation between ED and post-exercise diastolic function indexes in
type 2 DM patients, but not with diastolic function indexes at rest [17].

The objective of this study was to compare groups of type 2 DM hypertensive patients with normal and abnormal
diastolic functions using endothelial function indexes, and to assess whether correlations exist between diastolic and
endothelial function indexes.

METHODS

We selected 46 hypertensive patients of both genders with type 2 DM who were aged between 40 and 70 years and
being managed at the outpatient hypertension clinic of the State University of Rio de Janeiro. Patients who required
insulin, or had blood pressure > 180/110 mmHg, fasting blood glucose levels > 200 mg/dL, glycosylated hemoglobin
(HbA1lc) levels > 8.0%, valvar disease, heart failure, angina, previous myocardial infarction or stroke, peripheral
vascular disease, stages 3, 4, or 5 kidney disease, arrhythmias were excluded from the study.

Patients were evaluated every 4 weeks for an observation period of 12 weeks, during which time their medication
status remained stable and monitored. Medication compliance was assessed by counting the patients’ medication cards
at each visit, and patients were considered to have complied well when they had used over 80% of the medication
during the study period.

At the end of the observation period, the patients underwent laboratory tests, which included blood glucose, HbAlc,
lipid profile, blood counts, C-reactive protein. Imaging exams were obtained with Vivid 3 ultrasound system (General
Electric, USA), using 1.5-3.6 MHz phased array sector transducer for transthoracic Doppler echocardiography and
3.0-7.0 MHz linear array transducer for carotid ultrasound, with intima-medial thickness measurement, and brachial
artery echo Doppler for FMD assessment.

The following echocardiographic measurements were recorded: mitral flow early (E) and late (A) waves velocities,
the isovolumic relaxation time (IVRT), the E-wave deceleration time of the mitral flow, and pulmonary vein systolic,
diastolic, and reversal waves flow velocities. The E/A velocity ratio of the mitral flow was calculated [18]. The Tei
index was calculated from the IVRT and the isovolumic contraction (IVCT) and ejection time (ET) that were obtained
from continuous wave Doppler measurements at the left ventricle outflow tract with the formula: Tei index =
(IVCT+IVRT)/ET [19]. Tissue Doppler obtained measurement of the early wave velocities (e') at the septal and lateral
mitral annulus and the average E/e' velocity ratio was calculated [18]. The left atrial and ventricular diameters, mass and
ejection fraction was obtained from M-mode, left atrial volume was calculated using the area-length equation at two-
dimensional and the result was indexed according to the body surface area [20].

Patients were categorized as having normal diastolic function (ND), based on these Doppler measurements: septal
mitral annulus e' wave velocity of >8 cm/s, a lateral mitral annulus e’ wave velocity of >10 cm/s, and an indexed left
atrial volume of <34 mL/m’ [18]. The patients who exhibited changes in the aforementioned parameters were
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categorized as having abnormal diastolic function (AD). The DD was graded in accordance with the guidelines as:
grade 1 if E/e’ ratios of <8 and E/A ratios of <0.8, grade 2 if E/e’ ratios of between 8 and 12 and E/A ratios of between
0.8 and 1.5 and grade 3 if E/e’ ratio > 12 and E/A ratio > 1.5 [18].

The intima-media thickness was obtained from three measurements in a free of plaque 10-mm segment of distal
common carotid arteries and the mean value of both sides was used for analysis [21].

Patients fasted for at least 4 h before the FMD was undertaken. The tests were carried out with the patient in the
supine position and with the right arm compressed for 5 min using a cuff. The right brachial artery diameter was
recorded before cuff inflation, and at 30, 60, and 90 s after cuff deflation, and the highest of these three values was used
to calculate the maximum FMD as a percentage of increase above the baseline diameter [22, 23].

Statistical analyses were performed using Statistical Package for Social Sciences, Version 18.0 (IBM, Chicago,
USA). Unpaired Student’s t-test was used to compare the ND and AD groups. Pearson’s test was used to determine
correlations between variables related to diastolic and endothelial function. P values < 0.05 were considered statistically
significant. We used previous studies of FMD in similar populations to estimate the sample size [24]. Assuming an
alpha error of 5% and a standard deviation of 3.5%, a sample size of 14 patients in each group had an 80% power to
detect a 4% difference in the FMD between the groups at the end of the study.

All of the patients provided signed informed consent before the study began. This study was approved by the State
University of Rio de Janeiro Hospital’s research ethics board, and it was conducted in accordance with principles
outlined in the Declaration of Helsinki. Invasive procedures were not conducted. The study was registered in the
Clinical Trials Registry (Clinical trial registration number: NCT01603940).

RESULTS

During the observation period, 12 patients were excluded from the study because of new onset atrial fibrillation (n =
1), deep venous thrombosis (n = 1), need for insulin therapy was needed (n = 9) and patient's urge to quit the study (n =
1). The other thirty-four patients were categorized based on Doppler measurements as ND (n = 14) and AD (n = 20). In
the AD group, seven patients had grade 1 DD, 13 patients had grade II DD and none of the patients had grade 3 DD.

Table 1 summarizes the epidemiological, clinical, and laboratory data from the patients in the ND and AD groups.
The patients were treated in accordance with the current guidelines for the treatment of hypertension and DM [25, 26].
All patients took the calcium channel blocker, amlodipine, and a renin-angiotensin-aldosterone system inhibitor,
specifically, losartan or benazepril. In the ND group, 57% of the patients took losartan and 43% of the patients took
benazepril, and in the AD group, 50% of the patients took losartan and 50% of the patients took benazepril (p = 0.467).
With regard to oral antidiabetic agent, metformin was used in 91% and glibenclamide in 38% of the patients. The
patients in the AD group were older (58 + 6 years vs 55 + 6 years, p = 0.071) and had a lower BMI than those in the ND
group (28.6 £ 4.4 vs 31.8 £ 4.8, p = 0.053), but without statistical significance. At logistic regression analysis only the
C-reactive protein level showed an influence with the FMD results (R =-2.411, p = 0.035), although this parameter did
not differ between the groups. Table 2 summarizes echocardiographic parameters.

Table 1. Comparison of the patients in the normal and abnormal diastolic function groups.

Parameter Normal diastolic function group (n = 14) Abnormal diastolic function group (n = 20) |p value
Age, years 55+6 58+6 0.071
Male gender, n (%) 4(29) 7(35) 0.702
Black color, n (%) 2(14) 7(35) 0.166
Tobacco use, n (%) 1(7) 2 (10) 0.775
BMI, kg/m’ 31.8+4.8 28.6 £4.4 0.053
SBP, mmHg 135+ 14 140+ 16 0.360
DBP, mmHg) 79+ 10 82+ 11 0.376
24hSBP, mmHg) 124+ 11 13217 0.653
24hDBP, mmHg) 73+12 79+ 12 0.323
CRP, mg/dL 0.34+£0.30 0.47 +£0.38 0.361
Chol, mg/dL 184 + 30 186 +43 0.919
LDL, mg/dL 108 £28 108 + 39 0.470
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(Table 1) contd.....

Parameter Normal diastolic function group (n = 14) Abnormal diastolic function group (n = 20) |p value
HDL, mg/dL 55+ 11 47+ 8 0.918
Gluc, mg/dL 132 £37 129 £33 0.797
HbAlc, % 72+13 69+1.2 0.603

Data are expressed as mean + standard deviation or in proportions, when indicated. BMI: body mass index, SBP: Systolic blood pressure, DBP:
Diastolic blood pressure, 244SBP: Mean 24 hours systolic blood pressure, 242DBP: Mean 24 hours diastolic blood pressure, CRP: C-reactive protein,
Chol: serum cholesterol, LDL: Low density lipoprotein cholesterol, HDL: High density lipoprotein cholesterol, Gluc: Serum glucose, HbAlc:
Glycated hemoglobin.

Table 2. Echocardiographic parameters in patients with normal and abnormal diastolic functions.

Parameter Normal diastolic function group Abnormal diastolic function group p value
(n=14) (n=20)
Mitral E, m/s 0.76 +£0.15 0.79+0.10 0.481
Mitral A, m/s 0.82+0.18 0.92+0.18 0.118
E wave DT, ms 209 + 39 209 +39 0.076
IVRT, ms 121+ 17 123+£12 0.754
Septal e’, cm/s 8.57+1.27 7.13+1.40 0.004
Lateral e’, cm/s 11.27+1.33 8.96 +1.24 <0.001
E/A ratio 0.95+0.23 0.88+0.16 0.321
E/e’ ratio 7.65+1.25 10.05 £ 2.00 <0.001
Tei index 0.42 +0.05 0.39+0.04 0.089
Heart rate, bpm 71+ 10 71+9 0.832
LA diameter index, cm/m’ 2.04+£0.27 2.20+0.24 0.095
LA volume index, ml/m’ 28.9+6.7 35.7+£8.2 0.013
LV mass index, g/m’ 80.8+19.4 79.2+8.8 0.780
LV EF 0.66 +0.06 0.66 +0.09 0913

Data are expressed as mean + standard deviation or in proportions, when indicated. Mitral E: E wave velocity at mitral flow, Mitral A: A wave
velocity at mitral flow, £ wave DT: mitral flow E wave deceleration time, /VRT: isovolumetric relaxation time, Septal e’: €’ wave velocity on septal
mitral annulus tissue Doppler, Lateral e”: ¢’ wave velocity on lateral mitral annulus tissue Doppler, E/4 ratio mitral flow E and A wave velocities
ratio, E/e’ ratio: mitral flow E wave velocity to mean e’ wave velocity at mitral annulus ratio, LA4: left atrium, LV left ventricle, EF: ejection fraction.

The endothelial function indexes assessed by FMD were worse in the AD patient group than in the ND patient
group (Fig. 1). There were correlations between the maximum FMD and the E/e' ratio (Fig. 2), the mitral A wave
velocity, the ¢' wave velocity at the lateral mitral annulus (Fig. 3), and between the maximum FMD and the Tei index
(Table 3).

Maximum FMD (%)
14.00
12.00 p=0.004
10.00
8.00
6.00
4.00
2.00

0.00 ND AD

Fig. (1). Maximum FMD in patient with normal and abnormal diastolic function. (FMD flow mediated dilation, ND normal diastolic
function, AD abnormal diastolic function).

Table 3. Correlations between the maximum flow-mediated dilatation and diastolic function.

Parameter r p value
Emit -0.137 0.441
Amit -0.382 0.026
TDE -0.208 0.238
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Parameter r p value
IVRT 0.129 0.466
Rel. E/A 0.289 0.100
Spul 0.012 0.943
Dpul 0.339 0.050
Apul -0,021 0.904
Septal e’ 0.058 0.744
Lateral ¢’ 0.509 0.002
Rel. E/e’ -0.354 0.040
Tei index 0.529 0.001
DD grade -0.435 0.010

E: Early, A: Late, Emit: Speed of the E wave in the mitral flow, Amit: speed of the A wave in the mitral flow, TDE: Deceleration time of the E wave,
IVRT: Isovolumic relaxation time, Rel. E/A: Ratio of the speed of the E and A waves in the mitral flow, e E wave velocity on tissue Doppler imaging

of the mitral annulus, E/e’ ratio: of the speed of the E wave in the mitral flow and ¢' on tissue Doppler imaging of the mitral annulus.

r=0.354, p=0.040
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Fig. (2). Correlation between maximum FMD and E/e' ratio. (FMD flow mediated dilation, E/e' velocities ratio between mitral flow

E wave and mean mitral annulus e' wave).
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Fig. (3). Correlation between maximum FMD and e' wave velocity at the lateral mitral annulus. (FMD flow mediated dilation).
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The intima-media thickness was greater in AD group (0.86 = 0.10 vs. 0.77 £ 0.12 mm, p = 0.039).

DISCUSSION

Our results showed that endothelial function in the brachial arteries of the diabetic hypertensive patients with DD
was worse than that in the diabetic hypertensive patients with ND. Furthermore, correlations existed between the
endothelial function indexes and the diastolic function indexes, which have been demonstrated in studies of patients
with type I DM [14 - 16].

We believe that ED is involved in the pathophysiology of patients with DD, and that this can be observed before the
diastolic changes are detected. It is thought that the mechanisms involved in the genesis of ED and DD are similar, and
that neurohumoral factors may be involved in the pathophysiology of both ED and DD. Furthermore, improvements in
ED and DD following treatment with angiotensin-converting enzyme inhibitors (ACEI) support this hypothesis [27]. A
correlation between the degree of ED and the severity of heart failure has been demonstrated, but it remains unclear
whether DD is aggravated by the progression of ED [27].

The correlation between ED and diastolic function may be associated with the widespread dysfunction of nitric
oxide production that would reduce diastolic compliance by increasing contraction duration, but it would have little or
no effect on systolic function [28]. Other mechanisms include coronary ED that causes subendocardial ischemia, which
is a factor that leads to changes in diastolic function and in the paracrine function of the coronary endothelium, that
predisposes individuals to hypertrophy and myocardial fibrosis [29]. The greater intima-media thickness in the AD
group suggests a widespread vascular envolvement, and this same finding was found in other studies assessing diastolic
and endothelial function in type I DM [14 - 16]. In one study there was a correlation between intima-media thickness
and FMD [14], but we didn’t found this correlation in our sample.

Some antihypertensive agents have beneficial effects on endothelial function [8, 24, 27, 31]. In our sample patients
were treated in accordance with the current treatment guidelines and all received a drug that acts on the renin-
angiotensin-aldosterone system associated to an calcium channel blocker [4, 26] Hypertensive diabetic patients
frequently require more than one drug to control their blood pressure and this combination seems to be the most
effective [30]. The differences in antihypertensive regimens in our sample have no statistical significance, beyond the
fact that ACEI and angiotensin receptor blockers have similar beneficial effects on endothelial function [8, 24, 27, 31],
which, in comparative studies, have been shown to be greater than the effects of beta-blockers and calcium channel
blockers [8, 27].

The pathophysiology of DD is unclear and analyzing its correlation with ED could open up a new field of research.
Indeed, determining whether ED precedes the onset of DD and whether the progression of DD correlates with the
deterioration of ED is an area of research that is of particular importance. We believe that ED research using FMD
could add value to the risk stratification of hypertensive diabetic patients, and FMD is a noninvasive and low-cost
method. Furthermore, applying this research to non-hypertensive diabetic patients may be important. Diabetic
cardiomyopathy was described a few years ago, and it is characterized by alterations in the structure and function of the
myocardium, including DD, regardless of the presence of hypertension or coronary atherosclerosis [32 - 35]. However,
the pathophysiology of these changes remains unclear and it is important to determine the role of ED in this process.

One limitation of our study relates to the small number of patients who were enrolled to participate in the study. Our
outpatient clinic has a large number of diabetic patients; however, most of them fulfilled one or more of the study’s
exclusion criteria that mostly included the presence of coronary artery disease, heart failure, arrhythmia, or advanced
renal disease, or they were being treated with insulin. Another limitation of our study was the coexistence of type 2 DM
with hypertension in all of the patients, both of which contribute to DD. Type 2 DM patients are more likely to be
hypertensive, and about 50% of patients with type 2 DM are found to be hypertensive at the time of diagnosis [4]. Thus,
the patient sample studied represented a significant proportion of the population and a higher risk group for which the
detection of early changes could have more significant prognostic implications. However, studying patients with type 2
DM who do not have coexisting hypertension will be important to determine whether the same correlations exist when
the influence of hypertension is absent, which has already been shown for patients with type 1 DM [14].

In conclusion, the findings in our study indicate that endothelial function was worse in hypertensive diabetic
patients with abnormal diastolic function than in hypertensive diabetic patients with normal diastolic function, and that
there were correlations between diastolic function and endothelial function indexes. Further prospective longitudinal
studies are necessary to confirm these findings.
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LIST OF ABBREVIATIONS
ACEI = Angiotensin converting enzime inhibitor
AD = Abnormal diastolic function
BMI = Body mass index
DD = Diastolic dysfunction
DM = Diabetes mellitus
ED = Endothelial dysfunction
ET = Ejection time
FMD = Flow-mediated dilatation
HbAlc = Glycosylated hemoglobin
IVRT = Isovolumic relaxation time
IVCT = Isovolumic contraction time
ND = Normal diastolic function
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