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Background: Diabetic cardiomyopathy (DCM) will gradually progress to heart failure without
intervention. The timely identification of left ventricular diastolic dysfunction (LVDD) in the early
stage and active intervention helps delay the onset of heart failure. Although myocardial contrast
echocardiography (MCE) allows an accurate evaluation of myocardial perfusion (MP), the char-
acteristics of MP in early-stage or even sub-clinical LVDD are still unclear.

Objective: This study aims to reveal the characteristics of MP in asymptomatic and
normotensive patients with type 2 diabetes mellitus (T2DM) using MCE and investigate
its association with LVDD development.

Methods: A total of 327 T2DM patients were retrospectively analyzed. Patients diagnosed
with LVDD were included in the LVDD+ group (n = 76), and those with normal left
ventricular diastolic function were included in the LVDD—- group (n = 251). The clinical
characteristics, general echocardiographic findings, and MCE parameters were compared
between the two groups. The accuracy of MCE parameters in the diagnosis of LVDD and
their correlations with characteristics of T2DM were evaluated.

Results: In the LVDD+ group, the Axf (derived from the replenishment curve of MCE,
presenting myocardial blood flow) was significantly lower, and the HbAlc and diabetes
duration were significantly higher compared to the LVDD- group (all P < 0.05). The
decrease of Axf helped warn the occurrence of LVDD although it was not suitable for the
independent diagnosis of LVDD (AUC = 0.745). Axf was negatively correlated with
diabetes duration and HbAlc (r = —0.350 and —0.226, both P < 0.001).

Conclusion: MCE was feasible for detecting MP abnormalities in asymptomatic T2DM patients.
Although the A% values of T2DM patients with subclinical LVDD were better than those with
diagnosed LVDD, it impaired with the increase of HbAlc and diabetes duration. It suggested that
MCE might be useful for monitoring glycemic control in T2DM patients with DCM.
Keywords: myocardial perfusion, type 2 diabetes mellitus, left ventricular diastolic
dysfunction, diabetic cardiomyopathy, HbAlc, diabetes duration

Introduction

Diabetic cardiomyopathy (DCM) is a myocardial dysfunction that is independent of
coronary artery disease, valve dysfunction, and hypertension, which exists in nearly
two-thirds of patients with type 2 diabetes mellitus (T2DM).' Several epidemiolo-
gical studies have revealed that most T2DM patients die of cardiovascular
complications.*”> Without intervention, DCM will gradually progress to overt heart
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failure with systolic dysfunction.”> The mortality rate will
then increase significantly, and there are few proven effec-
tive treatments for improving heart failure.*’ Therefore, it
is necessary to detect DCM as early as possible to improve
the cardiovascular risk stratification of T2DM patients. Left
ventricular diastolic dysfunction (LVDD) presented in
T2DM patients without diabetic complications or cardiovas-
cular disease has been suggested as the earliest functional
effect of DCM before changes in systolic function.® Its
timely identification and active improvement in glycemic
control helps avoid or delay the onset of heart failure since
early-stage LVDD is reversible.’

However, the average duration of T2DM patients is
usually more than 4 years when diagnosed with LVDD.'”
This is primarily because echocardiography, which is the
major diagnostic method of LVDD, lacks sensitive echo-
cardiographic features in early-stage LVDD.'' Exploring
more accurately quantifiable examinations will aid in the
diagnosis of early LVDD and generate opportunities to
reverse DCM. Although the pathogenesis of DCM is
unclear, research has shown that diabetic microangiopathy
is related to this dysfunction, and the myocardial micro-
vascular may be abnormal before the diastolic function
changes.'> Myocardial contrast echocardiography (MCE)
has been introduced as a promising quantitative technique
allowing an accurate evaluation of myocardial perfusion
(MP). It is a well-established technique to quantitatively
observe MP according to the recommendations of the
European cardiovascular imaging association.'* However,
the characteristics of MP in early-stage or even sub-
clinical LVDD are still unclear.

The purpose of the present study is to reveal the char-
acteristics of MP in asymptomatic and normotensive
T2DM patients using MCE, and to investigate its associa-
tion with LVDD development.

Materials and Methods

This retrospective study was approved by the institutional
review board of Shuguang Hospital affiliated Shanghai
University of TCM (2020-901-110-01) and the need for
informed consent was waived. It was conducted following
the Declaration of Helsinki.

Patients

Between March 2019 and June 2021, patients from the
outpatient clinic and inpatient ward receiving echocardio-
graphy and MCE examinations were enrolled for this
study. The patient inclusion criteria were as follows: 1)

diagnosed as T2DM referred to the guidelines of the
Diabetes
a systematic examination to identify cardiovascular com-

American Association;'*  2)  Underwent
plications; and 3) complete clinical and imaging data. The
exclusion criteria were as follows: 1) hypertension (blood
pressure >140/90 mm Hg or ongoing treatment for hyper-
tension); 2) a history of cardiovascular disease, including
established or suspected coronary artery disease (CAD),
myocardial infarction, valvular disease, stroke, arrhythmia,
or any other cardiovascular disease; 3) regional wall
motion abnormalities or left ventricular ejection fraction
(LVEF) <50% by resting echocardiography; 4) inadequate
echocardiographic image quality; and 5) other important
comorbidities like tumors.

Finally, 327 T2DM patients were enrolled. Patients diag-
nosed with LVDD were included in the LVDD+ group (n =
76), and those with normal left ventricular diastolic function
were included in the LVDD- group (n = 251) according to
the evidence of echocardiography (Figure 1).

All patients underwent an interview to establish baseline
characteristics. The clinical information, such as age, gender,
body mass index (BMI) (calculated as weight/height?), body
surface area (BSA) (calculated as 0.0061 x height (cm) +
0.0128 x weight (kg) — 0.1529), blood pressure, diabetes
duration, smoking status, and medication intake, was col-
lected. Blood samples were collected from venous blood in
the morning for laboratory tests and fasting blood glucose
(FBG), postprandial-blood glucose (PBG) (2 h after break-
fast), glycated hemoglobin (HbAlc), total cholesterol (TC),
triglycerides (TG), high-density lipoprotein cholesterol
(HDL), low-density lipoprotein cholesterol (LDL), B-type
natriuretic peptide (BNP), creatine kinase (CK), and creatine
kinase isoenzyme MB (CK-MB) were recorded.

Echocardiography

All patients were examined at rest by transthoracic echocar-
diography using EPIQ 7C Ultrasonography (Philips
Healthcare, Andover, MA, USA) equipped with an X5-1
probe (1-5 MHz) in the lateral decubitus position, and
images were analyzed using QLAB software (Version 10.5,
Philips). The interventricular septum thickness (IVST), pos-
terior wall thickness (PWT), left ventricular end-diastolic
dimension (LVDd), and left ventricular end-systolic dimen-
sion (LVDs) were measured in M-mode according to the
Society  of
Echocardiography.'® Left atrial volume index (LAVI) was

recommendations of the American

assessed through the biplane area-length method, dividing
the left atrial volume by the body surface area. LVEF was
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Patients receiving echocardiography and MCE

Inclusion criteria

(1) diagnosed as T2DM

(2) underwent a systematic s
cardiovascular examination
(3) complete clinical and imaging

data

Exclusion criteria

(1) hypertension
(2) history of cardiovascular disease

(3) regional wall motion

abnormalities or LVEF <50%
(4) inadequate echocardiographic
image quality

(5) other important comorbidities

v

LVDD+ group

V.

LVDD- group

Figure | Flow chart of patient enrollment and grouping. LVDD+ group: patients diagnosed with LVDD; LVDD- group: patients with normal left ventricular diastolic

function.

Abbreviations: T2DM, type 2 diabetes mellitus; LVEF, left ventricular ejection fraction; LVDD, left ventricular diastolic dysfunction; MCE, myocardial contrast

echocardiography.

determined by modified biplane Simpson’s method. Pulsed-
wave Doppler-derived transmitral inflow velocities were
recorded in the apical 4-chamber view. Peak velocity in
early diastole (E-wave) and late diastole (A-wave), decelera-
tion time (DT), and E/A ratio were obtained. For tissue
Doppler imaging, early diastolic mitral annular velocity (e’)
was obtained from the two measurements at septal and lateral
sides of mitral annulus, and the average E/e’ ratio was
calculated by averaging the two. Tricuspid regurgitation
peak velocity (TRPV) and isovolumetric relaxation time
(IVRT) were determined using continuous-wave Doppler.
All measurements were averaged over three consecutive
cardiac cycles by a sonographer with more than 10 years of
experience blinded to the study protocol. LVDD at rest was
diagnosed if any three or more of the following criteria were

met:'® 1) average E/e’ > 14, 2) septal ¢’ < 7cm/s or lateral ¢” <
10cm/s, 3) TRPV > 2.8m/s, and 4) LAVI > 34mL/m’.

MCE

MCE was performed after regular echocardiography. The
Sonovue contrast agent (Bracco, Milan, Italy) was diluted
with 5 mL 0.9% saline to form a microbubble suspension of
sulfur hexafluoride. Subsequently, 2.5 mL of the suspension
was diluted to 5 mL and was injected as an intravenous
bolus through the median cubital vein at 2.0 mL/min, fol-
lowed by a SmL normal saline flush. The mitral valve level
was set as the optimal focus and apical 4, 2 chamber, and
long axis view were observed with a mechanical index of
<0.2. Depletion-replenishment imaging was used with
high-MI  (1.35) myocardial

a transient, to deplete
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microbubbles completely, and then replenishment was
observed over 15 cardiac cycles. Quantitative MCE analysis
was performed by one sonographer blinded to patient char-
acteristics and group assignment. Five segmental regions of
interest (ROIs) were manually placed within the myocar-
dium in the apical segment (septal, inferior, lateral, and
anterior segments, as well as apical cap) of the left ventricle
at the end-systolic frame. The replenishment curve of each
segment was obtained (as shown in Figure 2), which could
be described by the following function:

Y=A(1-e")

where ¢ is the pulsing interval of ultrasound, Y is
acoustic intensity at a pulsing interval, A is the plateau
acoustic intensity reflecting myocardial blood volume, 3 is
the rate of rise of acoustic intensity increase reflecting MP
velocity, and Axf is the slope of the tangent to the curve at
the origin, representing myocardial blood flow (MBF).!”
All measurements were repeated 3 times to take the aver-
age. The global A, B, and Ax[} were calculated by aver-
aging the ROIs of all segments in the apex (Figure 3).

Intra- and Inter-Observer Variability

MCE measurements were repeated in 75 randomly
selected subjects in the LVDD- group and 25 in the
LVDD+ group. Intra-observer reliability assessment was
performed 1 week apart by the same sonographer, while
inter-observer reliability assessment was carried out by

another sonographer blinded to previous data.

_—

Acoustic intensity

Y = A(1 — e Pt

Pulsing interval (ms)

Figure 2 The replenishment curve formed after all microbubbles within an ultra-
sound field are destroyed by a single ultrasound pulse. It can be described by the
following function: ¥ = A(1 — e7#"), which is used to derive parameters A and f.
A is the plateau acoustic intensity reflecting myocardial blood volume, B is the rate
of rise of acoustic intensity increase reflecting MP velocity, and Axp is the slope of
the tangent to the curve at the origin, representing myocardial blood flow.'®

Statistical Analysis

Independent sample t-test, chi-square test, and Mann—
Whitney U-test were used for the comparison between
LVDD+ and LVDD- groups. Intra- and inter-observer
reliability was assessed by Bland—Altman analysis and
intraclass correlation coefficient (ICC) test. Correlations
of MCE with characteristics of T2DM were estimated
using Pearson correlation coefficient. The diagnostic accu-
racy calculated by the area under the curve (AUC), sensi-
tivity, and specificity of MCE parameters were evaluated
by the receiver operator characteristic (ROC) curve. IBM
SPSS Statistics 22.0 (IBM Corp., Armonk, NY, United
States) and Medcalc (Version 22.0.1; MedCalc Software,
Ostend, Belgium) were used for statistical analyses.

Results

Patients’ Characteristics

The characteristics of T2DM patients with and without LVDD
are summarized in Table 1. Two hundred and fifty-one patients
in the LVDD- group and 76 patients in the LVDD+ group
were studied. Diabetes duration was longer and HbAlc was
higher in the LVDD+ group than in the LVDD- group (both
P values < 0.05). There was no significant difference in
medication intake, other clinical information and laboratory
tests between the two groups (all P values > 0.05).

General Echocardiographic Findings

The general echocardiographic findings between the two
groups are described in Table 2. All T2DM patients had pre-
served systolic function with an LVEF > 55%. IVST, PWT, left
ventricular dimension, LVEF, transmitral inflow velocities, E/
A ratio, DT, and IVRT and were similar in patients between
LVDD- and LVDD+ groups (all P values > 0.05).
Nonetheless, T2DM patients with LVDD had differing degrees
of impaired diastolic function as reflected by higher LAVI,
TRPV, average E/e’, and lower septal and lateral e’ (all
P values < 0.05).

MCE

For the MCE parameters of subjects, T2DM patients in the
LVDD+ group had significantly lower B and A*p compared
with those in the LVDD- group (both P values < 0.05). MCE
parameter A in the LVDD+ group was lower compared to the
LVDD- group but statistically it was not significant
(P value = 0.102) (Table 3). The individual MBF distributions
for the LVDD- and LVDD+ patients are plotted in Figure 4.
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Figure 3 Quantitative MCE analysis in a T2DM patient. Apical 2-, 3-, and 4-chamber views are observed at the end-systolic frame. Five ROls are placed in the myocardium of
the apical segment. The specific positions are as follows: apical septal and lateral segments, as well as apical cap in apical 4-chamber view (A); apical inferior and anterior
segments, as well as apical cap apical in 2-chamber view (B); and apical lateral and anterior segments, as well as apical cap in apical long axis view (C). A, B, and AXp in each
segment are obtained and all measurements are repeated 3 times to take the average. A represents myocardial blood volume, B represents myocardial perfusion velocity, and

AXB represents myocardial blood flow.

Abbreviations: MCE, myocardial contrast echocardiography; T2DM, type 2 diabetes mellitus; ROI, regions of interest.
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Table | Comparison of Clinical Characteristics in T2DM Patients Between LVDD- and LVDD+ Groups

Item LVDD- (n = 251) LVDD+ (n = 76) P value
Clinical information
Age, year 56.83+8.93 58.62+7.15 o.1n1*
Diabetes duration, year 6(4,9) 7 (5, 10) 0.016*
Male, n(%) 146 (58.2%) 51 (67.1%) 0.163%
BMI, kg/m? 25.12+2.81 24.57+2.84 0.137%
BSA, m? 1.66£0.13 1.68+0.15 0.258*
SBP, mmHg 118.36£10.38 120.53+9.25 0.103*
DBP, mmHg 77.92+8.31 78.42+7.93 0.643*
Smoker, n(%) 74 (29.5%) 20 (26.3%) 0.593%
Medication intake
Oral antidiabetic use, n(%) 194 (77.3%) 63 (82.9%) 0.297%
Insulin use, n(%) 21 (8.4%) 7 (9.2%) 0.818*
Laboratory tests
FBG, mmol/L 9.43+2.75 10.03£2.62 0.093*
PBG, mmol/L 14.92+4.85 15.52+4.52 0.338*
HbAlc, % 7.67+1.70 8.89+1.53 <0.001*
TC, mmol/L 2.14+0.87 2.25+0.74 0.319%
TG, mmol/L 4.01+0.83 4.14£0.95 0.249%
HDL, mmol/L 1.05£0.32 1.03£0.27 0.622*
LDL, mmol/L 2.25+0.53 2.31+0.67 0.418*
BNP, pg/mL 41.28+16.92 44.92+15.34 0.094*
CK, U/L 61.93+18.29 65.82+20.49 0.115%
CK-MB, U/L 8.64+5.24 8.96+4.63 0.632%*

Notes: *for independent sample t-test, $for chi-square test, and #or Mann—-Whitney U-test. LVDD+ group: patients diagnosed with LVDD; LVDD- group: patients with
normal left ventricular diastolic function.

Abbreviations: T2DM, type 2 diabetes mellitus; LVDD, left ventricular diastolic dysfunction; BMI, body mass index; BSA, body surface area; SBP, systolic blood pressure;
DBP, diastolic blood pressure; FBG, fasting blood glucose; PBG, postprandial-blood glucose; HbA I c, glycated hemoglobin; TC, total cholesterol; TG, triglycerides; HDL, high-
density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; BNP, B-type natriuretic peptide; CK, creatine kinase; CK-MB, creatine kinase isoenzyme MB.

Table 2 Comparison of General Echocardiographic Parameters Between LVDD- and LYDD+ Groups

Item LVDD- (n = 251) LVDD+ (n = 76) P value
IVST, mm 9.29+1.28 9.15+1.42 0416
PWT, mm 9.14x1.14 9.22+1.33 0.607
LVDd, mm 46.29+4.74 45.7415.02 0.383
LVDs, mm 26.39+4.58 27.46+4.95 0.081
LAVI, mL/m? 26.53+8.24 34.39+9.43 0.023
LVEF, % 64.45+5.23 63.21+6.14 0.081
E velocity, cm/s 78.35%17.29 74.29+16.32 0.070
A velocity, cm/s 92.24+16.23 89.76+14.38 0.232
E/A ratio 0.84+0.21 0.82+0.24 0.483
DT, ms 224.13+56.34 233.52+45.42 0.185
IVRT, ms 89.39+15.74 92.19+16.21 0.178
TRPV, m/s 2.25+0.46 3.11+0.43 0.003
Septal €, cm/s 9.53%1.24 5.35%1.82 <0.001
Lateral €', cm/s 11.53+1.84 7.32£2.05 <0.001
Average E/e’ 7.44+1.63 11.63+2.39 <0.001

Notes: P values are for independent sample t-test. LVDD+ group: patients diagnosed with LVDD; LVDD- group: patients with normal left ventricular diastolic function.
Abbreviations: LVDD, left ventricular diastolic dysfunction; IVST, inter-ventricular septum thickness; PWT, posterior wall thickness; LVDd, left ventricular end-diastolic
dimension; LVDs, left ventricular end-systolic dimension; LAVI, left atrial volume index; LVEF, left ventricular ejection fraction; E, peak velocity in early diastole; A, peak
velocity in late diastole; DT, deceleration time; IVRT, isovolumetric relaxation time; TRPV, tricuspid regurgitation peak velocity; €’, early diastolic mitral annular velocity.
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Table 3 Comparison of MCE Parameters Between LVDD- and LVDD+ Groups

Item LVDD- (n = 251) LVDD+ (n = 76) P value
A, dB 22.55 (18.30, 29.32) 21.26 (15.91, 30.52) 0.102
B, dB/s 1.15(0.93, 1.35) 0.96 (0.87, 1.08) 0.027
AxB, dBYs 25.93 (21.05, 32.37) 18.40 (13.84, 25.34) <0.001

Notes: P values are for Mann—Whitney U-test. LVDD+ group: patients diagnosed with LVDD; LVDD- group: patients with normal left ventricular diastolic function.
A represents myocardial blood volume, B represents myocardial perfusion velocity, and AXp represents myocardial blood flow.
Abbreviations: MCE, myocardial contrast echocardiography; LVDD, left ventricular diastolic dysfunction.

Intra- and Inter-Observer Reproducibility
MCE parameter Ax( was selected to evaluate intra-
observer and inter-observer reproducibility. Both Axf
obtained good to excellent ICC (0.947 and 0.902, respec-
tively), with small standard deviations in Bland—Altman
plots (—0.1 £+ 3.1 and —0.5 + 5.3, respectively) (Figure 5),

indicating good consistency.

MCE Parameters in Diagnosing LVDD of
T2DM Patients

A ROC curve was constructed for MCE parameter Axf3 to
explore its value in the diagnosis of LVDD in T2DM patients
(Figure 6). Although it had diagnostic value with statistical
significance for LVDD, the accuracy was not high (AUC =
0.745). AxB cut-off of 17.62dB%/s provided high specificity
(90.4%) but relatively low sensitivity (44.7%), which indicated
that it was less suitable for independent diagnosis of LVDD.

P <0.001

45
40
35
30
25
20
15
10

51 | I
LVDD- group LVDD+ group

T

AxB (dB2/s)

Figure 4 Comparison of MBF (represented by Axf) between LVDD- and LVDD+
groups. Bars represent median with interquartile 25-75. The MBF in the LVDD+ group is
significantly lower than in the LVDD- group (P value < 0.05). LVDD+ group: patients
diagnosed with LVDD; LVDD- group: patients with normal left ventricular diastolic
function.

Abbreviations: MBF, myocardial blood flow; LVDD, left ventricular diastolic
dysfunction.

Correlations of Diabetes Duration and
HbAIc with MCE

The correlations of AxB with both diabetes duration and
HbAlc are shown in Figure 7. AX[} was negatively corre-
lated with diabetes duration and HbAlc (r = —0.350 and
—0.226, both P values < 0.001).

Discussion

In the present study, we sought to reveal the characteristics of
MP in T2DM patients who were independent of coronary
artery disease, valve dysfunction, and hypertension, and
explore its status in subclinical LVDD caused by DCM. We
found that the incidence of LVDD should not be ignored
(23.2%) in normotensive and asymptomatic T2DM, indicat-
ing the necessity of early intervention. The results of this
study revealed that the MBF (represented by Axf) in T2DM
patients with LVDD was significantly lower than in patients
without LVDD. The ROC curve indicated that the decrease
of Ax helped warn the occurrence of LVDD although it was
not suitable for the independent diagnosis of LVDD. As
evidenced by the correlation analyses of Ax[} values, patients
with poor glycemic control and longer diabetes duration had
poorer MBF, and such patients were more likely to suffer
from LVDD. These results indicated that the monitoring of
the trend of variations in A%} would allow timely initiation
of treatment strategies to delay and prevent the progression
of DCM.

Although MCE is used to measure the MP of DCM, it
does not form a standard for diagnosing DCM.'® Current
research has reported that LVDD is the earliest functional
change of DCM."® Therefore, identifying early or even sub-
clinical LVDD may help prevent or delay the progression of
DCM.** MP dysfunction induced by diabetic microangio-
pathy as one of the main causes of LVDD is allowed for
quantitative evaluation by MCE. In this way, the evaluation
of the difference in MP of DCM at different stages is valu-
able, and it is expected to be used for direct observations of
the improvement of MP after effective glycemic control.
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Figure 5 Bland—Altman plots for intra-observer (A) and inter-observer (B) reproducibility of MCE parameter Axf. Both show small standard deviations. AXf represents

myocardial blood flow.
Abbreviation: MCE, myocardial contrast echocardiography.
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Figure 6 ROC curve of MCE parameter Axp in the diagnosis of LVDD in T2DM
patients. AXf} represents myocardial blood flow.

Abbreviations: ROC, receiver operator characteristic; MCE, myocardial contrast
echocardiography; LVDD, left ventricular diastolic dysfunction; T2DM, type 2 dia-
betes mellitus.

It is known that DCM may be in a subclinical state for
a long time before clinical signs or symptoms appear.”' The
most commonly observed preclinical abnormalities of asymp-
tomatic T2DM is LVDD.® However, a large proportion of
T2DM patients undergo subtle changes in cardiac function
before the diagnosis of LVDD. Unlike previous studies, our
study focused on observing the characteristics of MP in more

than 300 asymptomatic and normotensive T2DM patients with

MCE, which contributed to a better understanding of the MP in
subclinical DCM.

Our results revealed that the main difference between
T2DM patients with and without LVDD was HbAlc and
diabetes duration, suggesting that myocardial function was
impaired in T2DM patients with long-term poor glycemic
control. HbAIC emerges as an important indicator of
diastolic dysfunction in T2DM. It has proven to be asso-
ciated with the risk of heart failure in T2DM patients.*
Similarly, Chaudhary et al** found that higher HbA1C
level was strongly associated with the presence of
LVDD. With the prolongation of the diabetes duration,
the function of islet cells gradually declines, leading to
the deterioration of glycemic control.** These findings
support the notion that patients with long-term T2DM
have poor glycemic control, which is exactly the key
mechanism in the prevention of LVDD.*=°

Coronary microangiopathy has been recognized as
a significant contributor to DCM.?’ Since it causes
a gradual decrease in perfusion along the base-to-apex,
impaired MP may first appear in the apex.”® In addition
to this, considering the adequate image quality in the apex
and diagnosis efficiency in clinical practices, only the apex
was selected for the MCE examination. This study
revealed significant differences in the MP velocity and
MBF between T2DM patients with and without LVDD.
It verified the potential contribution from myocardial
microvascular disease. Changes in myocardial microvas-
culature in diabetic patients have been demonstrated by
histopathological studies.?’
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Figure 7 Correlations of Axf with HbAlc (A) and diabetic duration (B). Axp is
P values < 0.001).

It is known that echocardiography is currently consid-
ered as the commonly used non-invasive examination to
assess the presence and degree of LVDD.!' However,
some normotensive subjects with mild and early LVDD
failed to be diagnosed by standard echocardiography.®® In
this study, although the MCE-derived MBF (AxfB) was
inappropriate to diagnose LVDD independently, it indi-
cated that the probability of developing LVDD increased
significantly when the MBF was close to the cut-off value
of 17dB%/s. Besides, we have to recognize that the MBF
results reported in various studies are quite different due to
different ultrasound instruments and technical protocols.
We hence suggest observing the tendency of MBF varia-
tion in T2DM patients using the same equipment and
technical recommendation to assess the status of DCM.

The correlation analyses in the present study indicated
that the MCE-derived MBF was negatively correlated with
HbAlc and diabetes duration. This is consistent with the
report of UK Prospective Diabetes Study, which proposed
that strict glycemic control would effectively reduce dia-
betic microvascular disease, especially when the control
was achieved in the early stage.®' Similarly, Voulgari
supported this view by demonstrating that good glycemic
control was associated with a lower incidence of DCM.**
In addition, Runqing et al** observed that when the micro-
circulation is irreversibly affected by glycemic elevation,
strict glycemic control may not be beneficial. Thus, MCE
demonstrated the unique potential to evaluate the micro-
vascular function of T2DM patients receiving treatments
targeted to HbA1C for the prevention of LVDD.
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negatively correlated with HbAlc and diabetic duration (r = —0.226 and —0.350, both

Our study is limited by the evidence of coronary com-
puted tomography angiography and only relied on medical
history, electrocardiogram, echocardiography, and labora-
tory tests to exclude patients with CAD because it is not
clinically recommended to perform computed tomography
with low risk of CAD.
Subsequently, we do not conduct a follow-up study to

angiography on patients

investigate whether the MP is improved when strict gly-
cemic control is applied to patients with higher HbA1C
levels. Further studies are required to investigate the role
of MCE in T2DM patients.

Conclusion

The present study demonstrated that quantitative MCE
examination was feasible for detecting MP abnormalities
in asymptomatic and normotensive T2DM patients.
Although the MCE-derived MBF values of T2DM patients
with subclinical LVDD were better than those with diag-
nosed LVDD, it impaired with the increase of HbAlc and
diabetes duration. Furthermore, quantitative measurements
of MCE used to assess MBF may be useful for monitoring
glycemic control in T2DM patients with DCM.
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