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Abstract

Background: Left ventricular (LV) longitudinal myocardial dysfunction is considered a marker of preclinical LV
dysfunction in patients with type 2 diabetes mellitus (T2DM). High heart rate (HR) is associated with cardiovascular
outcomes, but the effect of HR on LV longitudinal myocardial function in T2DM patients is uncertain.

Methods: We studied 192 T2DM patients with preserved LV ejection fraction (LVEF), and 81 age-, sex-, and LVEF-
matched healthy volunteers. HR was measured as the average HR during echocardiography, and high HR was defined
as resting HR > 70 beats/minute. LV longitudinal myocardial function was assessed as global longitudinal strain (GLS).
The predefined cutoff for subclinical LV dysfunction was set at GLS < 18%.

Results: GLSin T2DM patients with high HR was significantly lower than that in T2DM patients with low HR

(16.3% +4.2% vs. 17.8% + 2.8%; P =0.03), whereas GLS in normal subjects with high and low HR was similar
(20.3+1.7% vs. 20.3 +2.0%; P =0.99). Multivariable logistic regression analysis showed that high HR (odds ratio: 1.04;
95% confidence interval: 1.01-1.07; P=0.01) was independently associated with GLS < 18% in T2DM patients as well
as HbA1c, T2DM duration, LVEF, body mass index, and mitral inflow E and mitral €’ annular velocity ratio. One sequen-
tial logistic model evaluating the associations between GLS < 18% and clinical variables in T2DM patients showed an
improvement with the addition of LVEF and E/e’ (P <0.001) and a further improvement with the addition of high HR
(P<0.0071).

Conclusion: Compared with normal subjects, resting HR was associated with LV longitudinal myocardial function in
asymptomatic T2DM patients with preserved LVEF. Our findings provide new insights on the management of T2DM
patients.
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Background
Heart failure (HF) with preserved ejection fraction
(HFpEF) currently accounts for approximately half of all
HF cases, and its prevalence relative to that of HF with
. reduced ejection fraction (HFrEF) continues to rise at
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progression. Stage B HF patients are ideal targets for HF
prevention. Type 2 diabetes mellitus (T2DM) is another
well-known risk factor for HF and is an important
comorbid disease of Stage A HF, similar to hypertension.
Left ventricular (LV) longitudinal myocardial dysfunc-
tion, assessed in terms of low global longitudinal strain
(GLS), is a sensitive marker for early subtle abnormali-
ties in LV myocardial performance, helpful for predict-
ing outcomes for various cardiac diseases, and superior
to conventional echocardiographic indices such as LV
ejection fraction (LVEF) and mitral inflow E and mitral
e’ annular velocity ratio (E/e’) [1-5]. In addition, LV lon-
gitudinal myocardial dysfunction is altered in Stage A HF
patients and can be an early marker of LV dysfunction,
which in turn indicates cardiovascular morbidity and
mortality. Thus, LV longitudinal myocardial dysfunction
is also considered a sensitive marker of a preclinical form
of LV dysfunction in patients with T2DM and preserved
LVEF without overt HF [6—12]. Therefore, LV longitudi-
nal myocardial dysfunction should be considered the first
marker of a preclinical form of T2DM-related cardiac
dysfunction, known as diabetic cardiomyopathy.

High resting heart rate (HR) is a known marker of
cardiovascular outcomes for various categories of HF
patients, especially HFrEF patients, and HR-lowering
therapy has a positive impact on outcomes in HFrEF
patients [13]. However, the effect of resting HR on LV
longitudinal myocardial function in T2DM patients is
unclear. Therefore, this study aimed to investigate the
association of resting HR with LV longitudinal myocar-
dial function in asymptomatic T2DM patients with pre-
served LVEF without coronary artery disease.

Methods

Study population

In this study, a total of 192 asymptomatic T2DM patients
with preserved LVEF who were admitted to Kobe Univer-
sity Hospital between June 2013 and March 2020 were
retrospectively enrolled. The preliminary exclusion cri-
teria were as follows: (1) history of coronary artery dis-
ease, (2) LVEF<50%, (3) previous history of open-heart
surgery or congenital heart disease, (4) severe renal dys-
function defined as a glomerular filtration rate <30 mL/
min/1.73 m? (5) uncontrolled hypertension with blood
pressure >180/100 mmHg, (6) more than moderate val-
vular heart disease, and (7) atrial fibrillation. All enrolled
patients underwent an exercise stress screening test such
as a treadmill exercise test or stress myocardial perfusion
scintigraphy during hospitalization, and patients with an
ischemic response were excluded. We excluded patients
with atrial fibrillation because the irregular rhythm
effects on the speckle-tracking evaluation. The diagnosis
of T2DM was based on the World Health Organization

Page 2 of 9

criteria [14]. The mean patient age was 61413 years,
92 (48%) patients were women, and the mean LVEF
was 66%+5% (all > 55%). For comparison, a control
group including 81 age-, sex-, and LVEF-matched nor-
mal subjects were randomly chosen from our database
by the observers who were not involved in echocardio-
graphic analysis. All normal subjects did not have a his-
tory of T2DM or cardiovascular disease. This study was
approved by the local ethics committee of our institution
(No. B200306).

Echocardiographic examination
All T2DM patients and normal controls underwent
transthoracic echocardiography. All echocardiographic
data were obtained using a commercially available echo-
cardiographic system (Vivid E9; GE-Vingmed, Horten,
Norway). Digital routine grayscale two-dimensional cine
loops from three consecutive heart beats were obtained
at end-expiratory apnea from standard parasternal and
apical views. Sector width was optimized to allow for
complete myocardial visualization while maximizing the
frame rate. Standard echocardiographic measurements
were obtained in accordance with the current guidelines
of the American Society of Echocardiography [4].
Two-dimensional speckle-tracking strain analysis was
performed for each patient using a dedicated software
(EchoPAC version 113; General Electric Medical Sys-
tems) to evaluate LV longitudinal myocardial function,
which was assessed in terms of GLS. In summary, apical
4-, 2-, and long-axis views were uploaded for subsequent
offline GLS analysis. Longitudinal speckle-tracking strain
was calculated using an automated contouring detec-
tion algorithm, and manual adjustments of the region
of interest were performed, if necessary. Longitudinal
strain results for the individual clips were visualized in
a color-coded format and combined in a bull’s eye plot.
GLS was then determined as the averaged peak longitu-
dinal strain of 18 LV segments and was expressed as an
absolute value in accordance with current guidelines [4],
which also recommend expressing all strain values as
absolute values, as was done in our study, to avoid confu-
sion regarding magnitude relationships. The pre-defined
cutoff for LV longitudinal myocardial dysfunction was set
at GLS<18% [4].

Assessment of resting HR

Resting HR was determined as the average HR dur-
ing echocardiography. High HR was defined as resting
HR > 70 beats/minute (bpm) [13, 15].

Statistical analysis
Continuous variables are expressed as mean values with
standard deviation for normally distributed data and



Yamauchi et al. Cardiovasc Diabetol (2021) 20:87

median values with interquartile range for non-normally
distributed data. Categorical variables are expressed as
frequencies and percentages. The parameters of the two
subgroups were compared using Student’s t-test or the
Mann—-Whitney U test as appropriate. Proportional dif-
ferences were evaluated using Fisher’s exact test. The
comparison of parameters among HR quartiles in T2DM
patients and normal controls was performed using analy-
sis of variance (ANOVA). The initial univariable logistic
regression analysis to identify univariable determinants
of LV longitudinal myocardial dysfunction (GLS<18%)
was followed by a multivariable logistic regression model
using stepwise selection, with the P-values for entry
from the model set at<0.10. Sequential logistic models
were performed to determine the incremental benefit of
HR>70 bpm in relation to GLS using clinical variables
including age, sex, hypertension, and HbAlc, and echo-
cardiographic parameters including LVEF and E/e’ A sta-
tistically significant increase in the global log-likelihood
x2 of the model was considered to represent an incre-
mental predictive value. For all steps, a P-value of<0.05
was considered statistically significant. All analysis were
performed using a commercially available software
(MedCalc software version 19.6.; MedCalc Software,
Mariakerke, Belgium).

Results

Baseline characteristics of T”2DM patients and controls

The baseline clinical and echocardiographic character-
istics of the 192 T2DM patients and 81 normal controls
are summarized in Table 1. Clinical data showed that
T2DM patients were more likely to have a higher body
weight, body mass index, systolic blood pressure, heart
rate, HbAlc, and prevalence of hypertension and dys-
lipidemia than normal controls, while echocardiographic
data showed that T2DM patients were more likely to
have a larger left atrial volume index, LV mass index, and
E/e’ and a smaller GLS and E/A than normal controls. In
addition, the comparison baseline clinical and echocar-
diographic characteristics of T2DM patients and normal
controls according to HR quartiles are shown in Table 2
and Additional file 1.

Association between HR and LV longitudinal myocardial
function

Resting HR>70 bpm was observed in 101 T2DM
patients, whereas it was observed in 33 normal con-
trols. LV longitudinal myocardial function, assessed in
terms of GLS, in normal controls with high and low HR
was similar (20.3%+£1.7% vs. 20.3%+2.0%; P=0.99),
whereas GLS in T2DM patients with high HR was
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Table 1 Baseline characteristics of T2DM patients and normal

controls
Variables T2DM Normal P value
patients controls
(n=192) (n=81)
Clinical characteristics
Age, years 61+13 5714 0.05
Gender (female), n (%) 92 (48) 44 (54) 034
DM duration, years 10 (2-16) - -
Body weight, kg 67+16 59+14 0.0001
Body mass index 254454 2224338 <0.0001
Systolic blood pressure, mmHg 131420 123+ 14 0.02
Heart rate, bpm 70+£11 67+10 0.01
eGFR, mL/min/1.73 m? 7404240 7784278 0.30
HbA1c, % 85420 56405 <0.0001
Comorbidities, n (%)
Hypertension 117 (61) 9) <0.0001
Dyslipidemia 117 (61) 6(7) <0.0001
Antidiabetic drugs, n (%)
DPP-4 97 (51) - -
GLP-1 RA 28 (15) - -
SU 42 (22) - -
a-Gl 40 (21) - -
Thiazalidine 19 (10) - -
Metformin 95 (49) - -
SGLT2 inhibitor 20 (10) - -
Statin 80 (42) 9(11) <0.0001
Calcium channel blockers 70 (36) 9(11) <0.0001
{-blockers 27 (14) 6(7) 0.12
Echocardiographic parameters
LV end-diastolic volume, mL 6924218 734+£212 0.14
LV end-systolic volume, mL 242499 260491 0.19
LVEF, % 66+5 66£5 0.70
LVMI, g/m2 814+212 7074191 0.0001
LAVI, mL/m? 295485 265486 0.008
E/A 08+03 1.14+03 <0.0001
E/e 109441 844£25 <0.0001
Tricuspid regurgitation velocity 1.441.0 16+10 0.1
GLS 176431 203419 <0.0001

Values are mean + SD for normally distributed data and median and
interquartile range for non-normally distributed data, or n (%)

DM diabetes mellitus, eGFR estimated glomerular filtration rate, DPP-4/
Dipeptidyl Peptidase-4 inhibitor, GLP-1 RA glucagon-like peptide-1 receptors
agonists, SU Sulfonylureas, a-Gl a-glucosidase inhibitors, SGLT2 sodium glucose
transporter type 2, LVEF left ventricular ejection fraction, LVM left ventricular
mass index, LAV/ left atrial volume index, E peak early diastolic mitral flow
velocity; A, peak late diastolic mitral flow velocity; ) spectral pulsed-wave
Doppler-derived early diastolic velocity from the septal mitral annulus; GLS
global longitudinal strain

significantly lower than that in T2DM patients with low
HR (16.3% £4.2% vs. 17.8% £ 2.8%; P =0.03; Fig. 1).

Table 3 shows the results of univariable and mul-
tivariable logistic regression analysis to identify LV
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Table 2 Baseline characteristics of T2DM patients according to the HR quartiles

Variables HR:44-62 bpm (n=48) HR:63-69 bpm (n=48) HR:70-77 bpm (n=48) HR:78-109 bpm (n=48) P
value
Clinical characteristics
Age, years 61£14 61+£13 63+12 58+13 0.24
Gender (female), n (%) 19 (40) 23 (48) 25(52) 25(52) 0.58
DM duration, years 10 (8-13) 9(7-11) 10 (7-13) 11(8-13) 0.85
Body weight, kg 67+15 66+15 6617 68+17 0.97
Body mass index 25757 259448 248463 25+50 0.77
Systolic blood pressure, mmHg 129422 132£19 134+£20 130£19 0.56
Heart rate, bpm 56+£5 6742 74+2 85+7 <.0001
eGFR, mL/min/1.73 m? 764£232 70.1£245 7424225 7534261 0.6
HbATc, % 88+23 83+17 92+19 86+20 0.2
Comorbidities, n (%)
Hypertension 28 (58) 30(6) 31 (65) 28 (58) 092
Dyslipidemia 28 (58) 25(52) 29 (60) 35(73) 0.15
Antidiabetic drugs, n (%)
DPP-4| 26 (54) 17 (35) 31(65) 23 (48) 0.04
GLP-1 RA 2(4) 9(19) 7(15) 10 (21) 0.09
SU 10 (21) 8(17) 12 (25) 12 (25) 0.7
a-Gl 13 (27) 8(17) 9(19) 10 (21) 0.65
Thiazalidine 3(6) 7(15) 4 (8) 5(10) 057
Metformin 20 (42) 19 (40) 30 (63) 26 (54) 0.07
SGLT2 inhibitor 4(8) 4(8) 6(13) 6(13) 0.83
Statin 20 (42) 21 (44) 18 (38) 21 (44) 09
Calcium channel blocker 18 (38) 21 (44) 20 (42) 11(23) 0.16
-blocker 5(10) 9(19) 6(13) 7 (15) 0.68
Echocardiographic parameters
LV end-diastolic volume, mL 7344195 70.8+19.9 70.6426.0 61.8+1938 0.05
LV end-systolic volume, mL 254485 253495 2444117 219495 0.26
LVEF, % 66+5 65+6 66+5 66+5 0.82
LVMI, g/m2 86.8+20.7 80.7+£195 8271221 755+214 0.08
LAVI, mL/m? 31.5+80 293190 30.7+89 265472 0.02
E/A 09403 08+0.2 0.7+0.2 08+0.2 0.001
E/e 11.0+36 111435 11.6+£54 10.1+£36 0.36
Tricuspid regurgitation velocity 1.6+09 15£10 1510 09+1.1 0.005
GLS 180+3.0 180+238 16.8+29 174435 0.65

All abbreviations as in Table 1

longitudinal myocardial dysfunction in T2DM patients.
In univariable logistic regression analysis, age, body
mass index, T2DM duration, HR >70 bpm, HbAlc,
E/e, and LVEF were associated with LV longitudinal
myocardial dysfunction. Multivariable logistic regres-
sion analysis showed that HR>70 bpm (odds ratio:
1.04; 95% confidence interval: 1.01-1.07; P=0.01) was
independently associated with LV longitudinal myocar-
dial dysfunction in T2DM patients. Body mass index,
T2DM duration HbAlc, LVEF, and E/e’ were also asso-
ciated with LV longitudinal myocardial dysfunction in
T2DM patients. Table 4 shows the results of univariable

and multivariable logistic regression analysis to identify
LV longitudinal myocardial dysfunction in normal con-
trols. Unlike in T2DM patients, none of the parameters,
including HR > 70 bpm, were associated with LV longi-
tudinal myocardial dysfunction in multivariable logistic
regression analysis.

The incremental benefits determined using sequential
logistic models to identify the association between GLS
and clinical variables are shown in Fig. 2. One model,
based on clinical variables including age, sex, hyper-
tension, and HbAlc (x*=10.6), showed an improve-
ment with the addition of LVEF and E/e’ (x>=33.4,
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Fig. 1 Bar graphs of GLS of T2DM patients and normal controls showing significantly higher GLS in T2DM patients with high HR than those with

Table 3 Associated factor of GLS in T2DM patients

Univariable Multivariable

OR 95% Cl P value OR 95% Cl P value
Age 0.97 0.95-1.00 0.02
Body mass index 113 1.06-1.21 0.0002 1.14 1.07-1.23 0.0002
T2DM duration 1.0 1.0-1.01 0.05 1.0 1.0-1.01 0.01
Heart rate > 70 bpm 1.03 1.00-1.05 0.04 1.04 1.01-1.07 0.01
HbA1c 117 1.01-137 0.04 127 1.06-1.51 0.01
LVEF 0.89 0.84-0.95 0.0003 0.86 0.8-0.93 0.0001
E/e 1.04 1.01-1.04 0.0007 1.1 1.01-1.22 0.03
E/A 0.71 0.23-2.2 0.56
TR velocity 0.89 0.69-1.18 0.44
Hypertension 1.08 0.60-1.94 0.8
Using AV node blockers 142 0.79-2.54 0.24

OR odds ratio, Cl confidential interval

All other abbreviations as in Table 1

P <0.001) and a further improvement with the addition  Discussion

of HR > 70 bpm (x> =44.6, P <0.001).

In our study, resting HR was associated with LV longitu-

Figure 3 shows representative cases of GLS in a bull's  dinal myocardial function in T2DM patients, but such a
eye plot of high and low HR subjects in a T2DM patient ~ phenomenon was not observed in age-, sex-, and LVEF-
and a normal control. matched normal controls.

Association between LV longitudinal function and T2DM
T2DM is a well-known risk factor for HF and is an
important comorbid disease of Stage A HF, similar to
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Table 4 Associated factor of GLS in normal controls
Univariable Multivariable
OR 95% Cl P value OR 95% Cl P
value
Age 1.02 0.97 t0 1.08 043
Heart rate > 70 bpm 0.55 0.10to 3.05 0.50
HbAlc 1.46 0.24 t0 8.69 0.68
LVEF 0.85 0.721t0 1.00 0.05
LAVI 0.98 0.89to 1.07 0.61
E/e’ 0.84 0.581t0 1.20 0.33
OR odds ratio, C/ confidential interval
All other abbreviations as in Table 1
P<0.001
50 - [ |
44.6
4 P<0.001
40 -
35 10.6
&)
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o 25
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* Age * Age * Age
* Gender * Gender * Gender
* Hypertension * Hypertension * Hypertension
* HbAlc * HbAlc * HbAlc
+E/e’ * Ee’
+ LVEF * LVEF
+ HR>70bpm
Fig. 2 Bar graphs of sequential logistic regression models showing that one model, based on clinical variables including age, sex, hypertension,
and HbAT1c, showed an improvement with the addition of LVEF and E/e’and a further improvement with the addition of HR>70 bpm

hypertension. Lack of T2DM control is an important pre-
dictor of new-onset HF, with every 1% increase in HbAlc
correlating to an 8%-19% increase in the incidence of HF
[16, 17]. The presence of LV longitudinal myocardial dys-
function has been identified in T2DM patients with pre-
served LVEF without overt coronary artery disease or HF
[6-12]. In addition, T2DM is a major cause of HFpEF,
similar to hypertension, with HFpEF usually present-
ing as LV diastolic dysfunction. Some researchers have
maintained that LV longitudinal myocardial dysfunction,

rather than LV diastolic dysfunction, should be con-
sidered the first marker of a preclinical form of T2DM-
related cardiac dysfunction in T2DM patients with
preserved LVEF without overt HF [8, 18]. Ernande et al.
showed that LV longitudinal dysfunction, assessed as
GLS < 18%, was even present in T2DM patients with pre-
served LVEF and normal LV diastolic function [8]. Thus,
it has been suggested that progression of uncontrolled
T2DM leads to LV longitudinal myocardial dysfunction
and LV diastolic dysfunction, that GLS is associated with
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T2DM Patients Normal Controls
Heart Rate >70bpm Heart Rate <70bpm Heart Rate >70bpm Heart Rate <70bpm

v’ 83-year-old female
v' LVEF=72%
v" HR=65bpm

v 63-year-old male
v" LVEF=65%
v' HR=92bpm

GLS=14.9%

Fig. 3 Representative cases of GLS in a bull's eye plot of high and low HR subjects in a T2DM patient and a normal control

GLS=18.0%

v 68-year-old female
v' LVEF=74%
v" HR=63bpm

v’ 20-year-old female
v" LVEF=70 %
v' HR=72bpm

GLS=20.3% GLS=23.5%

LV diastolic function, and that reduced GLS can coex-
ist with LV diastolic dysfunction in T2DM patients with
preserved LVEF, leading to HFpEF. Therefore, assess-
ment of LV longitudinal myocardial function is promis-
ing strategy for detection of LV myocardial damage due
to T2DM, known as diabetic cardiomyopathy.

Impact of HR on LV function in T2DM

Poanta et al. evaluated the association of HR with LV
diastolic function in 58 T2DM patients without signs
of cardiovascular disease [19]. They showed that HR in
T2DM patients with impaired relaxation pattern of LV
diastolic dysfunction was significantly higher than that
in T2DM patients without LV diastolic dysfunction
(91+£10 bpm vs. 88+11 bpm, P<0.05). Other studies
focusing on the association between HR variability and
LV diastolic function in T2DM patients without overt HF
[19-21] have reported that HR variability parameters in
T2DM patients with LV diastolic dysfunction were sig-
nificantly lower than those in T2DM patients without LV
diastolic dysfunction. As described above, limited stud-
ies have evaluated the association between HR with LV
diastolic function in T2DM patients and the effect of
HR on LV longitudinal myocardial function in asymp-
tomatic T2DM patients with preserved LVEF is unclear.
In this study, we showed that LV longitudinal myocar-
dial function in T2DM patients with HR>70 bpm was
significantly worse than that in T2DM patients with
HR <70 bpm, but this finding was not observed in normal
controls. In addition, HR>70 bpm was independently
associated with LV longitudinal myocardial dysfunction

in T2DM patients in multivariable logistic regression
analysis. LV longitudinal myocardial function in T2DM
patients with preserved LVEF was already impaired com-
pared to normal controls in this study so that T2DM
patients may be susceptible to the adverse effect of high
HR, leading to further early LV damage caused by high
HR. However, our speculation seems to be insufficient to
ascertain the existence of a true differential GLS behav-
ior by HR between T2DM patients and normal controls.
Thus, further investigation is necessary to confirm our
findings.

In addition, other investigators have reported the
association of exercise-induced hemodynamics evalu-
ation with impaired HR adjustment in HFpEF patients
and T2DM patients [22—25]. Borlaug et al. showed that
exercise-induced elevation in pulmonary capillary wedge
pressure in HFpEF patients was confirmed by greater
increases in LV end-diastolic pressure and was associ-
ated with blunted increases in HR [22]. O’Connor et al.
showed that a slower kinetics of adjustments of HR was
more evident in older T2DM male patients with longer
T2DM duration or with suboptimal glycemic control
[24]. On the contrary, Caron et al. reported that well-
controlled T2DM male patients and with relatively short
T2DM duration did not show significant HR abnormali-
ties with respect to control subjects [25].

Clinical implication

High resting HR is a known marker of cardiovascu-
lar outcomes in HF patients, especially HFrEF patients
and general populations [13, 15, 26]. In addition, a high
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HR was associated with a significantly high risk of all-
cause death or cardiovascular hospitalization in HFpEF
patients in sinus rhythm, similar to that observed in
HFrEF patients [27]. However, it is unclear whether HR-
lowering therapy is beneficial for patients with HFpEF,
including those with Stage A HF. There are no large ran-
domized controlled trials to evaluate HR lowering with
[B-blockers or ivabradine in HFpEF with LVEF > 50% [28].
Moreover, ivabradine is currently restricted to off-label
use in HFpEF patients with HR>70 bpm. Thus, we are
conducting a multi-center prospective study (IVA-PEF
study) to evaluate the effect of ivabradine on LV function
such as LV diastolic function and LV longitudinal myo-
cardial function in HFpEF patients, including those with
Stage A HF [29]. Our findings suggest that careful obser-
vation or early therapeutic intervention with established
cardioprotective medications, including ivabradine, may
avoid or limit the progression of Stage A HF to Stage B
HF for patients with HR > 70 bpm.

Study limitations

There were the following limitations in this study. First,
this was a single-center retrospective study; hence, pro-
spective multicenter studies with larger patient popula-
tions are needed to further assess our findings. Second,
only a small number of patients were currently avail-
able for follow-up; hence, the effect of HR changes on
LV longitudinal myocardial function is unclear. Third, a
control group consisted of age-, sex-, and LVEF-matched
normal subjects who were randomly chosen from our
database, however, there were significant differences of
body weight, systolic blood pressure, and the prevalence
of hypertension and dyslipidemia between two groups.
These parameters can effect on LV longitudinal myo-
cardial function (GLS). Finally, high HR was defined as
resting HR>70 bpm based on the previous registry for
HFrEF [13, 15] in this study, but there is currently no
established optimal cutoff value of high HR for predicting
cardiovascular events for HFpEF patients.

Conclusion

Compared with normal subjects, resting HR was associated
with LV longitudinal myocardial function in asymptomatic
T2DM patients with preserved LVEFE. Our findings provide
new insights on the management of T2DM patients.

Abbreviations

Bpm: Beats/minute; E/e": Mitral inflow E and mitral E’annular velocities ratio;
GLS: Global longitudinal strain; HF: Heart failure; HFpEF: Heart failure with
preserved ejection fraction; HR: Heart rate; HFrEF: Heart failure with reduced
ejection fraction; LV: Left ventricular; LVEF: Left ventricular ejection fraction;
T2DM: Type 2 diabetes mellitus.
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