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Abstract

Background: Left ventricular (LV) involvement in diabetic cardiomyopathy has been reported; however, only limited
data exist on right ventricular (RV) involvement. Therefore, our purpose was to investigate RV systolic dysfunction
and its association with LV longitudinal myocardial dysfunction in patients with type 2 diabetes mellitus (T2DM) and
preserved LV ejection fraction (LVEF).

Methods: We studied 177 T2DM patients with preserved LVEF and 79 age-, sex-, and LVEF-matched healthy volun-
teers. LV longitudinal myocardial function was assessed as global longitudinal strain (GLS), and RV systolic function
was assessed as RV free-wall strain, and predefined cutoff values for subclinical dysfunction were set at GLS < 18% and
RV free-wall strain < 20%, respectively.

Results: RV free-wall strain in T2DM patients was significantly lower than that in normal controls (19.3% 4-4.8% vs.
24.4%+5.1%; P <0.0001). RV free-wall strain in T2DM patients and LV longitudinal dysfunction was similar compared
to that in T2DM patients without (19.0 £4.5% vs. 19.6 + 5.0%, P =0.40). Furthermore, multivariate logistic regression
analyses showed that GLS was independently associated with RV systolic dysfunction as well as mitral inflow E and
mitral e’ annular velocities ratio (odds ratio, 1.16; 95% confidence interval: 1.03-1.31; P <0.05). Sequential logistic mod-
els evaluating the association of RV systolic dysfunction in T2DM patients showed an improvement in clinical variables
(x> =6.2) with the addition of conventional echocardiographic parameters (x’ = 13.4, P<0.001) and a further improve-
ment with the addition of GLS (y* =20.8, P<0.001).

Conclusion: RV subclinical systolic dysfunction was observed in T2DM patients with preserved LVEF and was associ-
ated with LV longitudinal myocardial dysfunction. Our findings may provide additional findings for the management
of T2DM patients.
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fibrosis and myocyte hypertrophy, are observed even
in patients with T2DM and preserved LV ejection frac-
tion (LVEF). Diabetes-related cardiomyopathy, known as
diabetic cardiomyopathy, possibly leads to HF with pre-
served ejection fraction (HFpEF). LV longitudinal myo-
cardial dysfunction, as assessed in terms of lower global
longitudinal strain (GLS), has been identified even in
patients with T2DM and preserved LVEF but without
overt coronary artery disease or HF [3-7] and should
be considered the first marker of a preclinical form of
diabetic cardiomyopathy. Furthermore, LV longitudinal
myocardial dysfunction is strongly associated with poor
outcomes in asymptomatic patients with T2DM and pre-
served LVEF [8]. Thus, the assessment of LV longitudinal
myocardial function plays an important role in the better
management of patients with T2DM and stage A HFE.

The role of right ventricular (RV) systolic function has
been increasingly recognized, and there is a growing
body of evidence that RV systolic function is a powerful
predictor of mortality in patients with various types of
HF [9-12]. Several investigators have previously reported
RV systolic dysfunction in T2DM patients with preserved
LVEF [13-18]. However, the association between LV lon-
gitudinal myocardial function and RV systolic function in
patients with T2DM and preserved LVEF remains uncer-
tain. Therefore, the purpose of this study was to investi-
gate the presence of subclinical RV systolic dysfunction
in asymptomatic patients with T2DM and preserved
LVEF without coronary artery disease and to investi-
gate the association between LV longitudinal myocardial
function and RV systolic function in such patients.

Methods

Study population

A total of 177 asymptomatic patients with T2DM and
preserved LVEF (all >55%) without coronary artery
disease who were admitted to Kobe University Hospi-
tal between June 2013 and March 2020 were retrospec-
tively studied. The mean patient age was 61413 years,
83 patients (47%) were women, and the mean LVEF was
66% £ 5% (all >55%). All enrolled patients underwent an
exercise stress screening test, such as a treadmill exercise
or stress myocardial perfusion scintigraphy during hos-
pitalization, and patients with an ischemic response were
excluded. The preliminary exclusion criteria were as fol-
lows: (1) history of coronary artery disease; (2) previous
history of open-heart surgery or congenital heart dis-
ease; (3) severe renal dysfunction defined as a glomeru-
lar filtration rate <30 mL/min/1.73 m? (4) uncontrolled
hypertension with blood pressure >180/100 mmHg; (5)
more than moderate valvular heart disease; and (6) atrial
fibrillation. The diagnosis of T2DM was based on World
Health Organization criteria [19]. For comparison, a
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control group including 79 age-, sex-, and LVEF-matched
normal subjects without T2DM or cardiovascular disease
were randomly chosen from our database by the observ-
ers who were not involved in the echocardiographic
analysis. This study was approved by the local ethics
committee of our institution (No. B210127).

Standard echocardiographic examination

All patients with T2DM 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 heartbeats were obtained
at end-expiratory apnea from standard parasternal and
apical views. The 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 European Association of Cardiovascular Imaging
[20].

Speckle-tracking strain analysis

Two-dimensional speckle-tracking strain analysis was
performed for each patient using dedicated software
(EchoPAC version 113; General Electric Medical Sys-
tems, Milwaukee, WI, USA) to evaluate LV longitudinal
myocardial function and RV systolic function. LV lon-
gitudinal myocardial function was assessed as GLS, and
longitudinal speckle-tracking strain was calculated using
an automated contouring detection algorithm, and man-
ual 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 com-
bined in a bull’s eye plot. GLS was then determined as the
average peak longitudinal strain of 18 LV segments and
was expressed as an absolute value [20]. RV systolic func-
tion was assessed as RV free-wall strain, which was calcu-
lated by averaging each of the three regional peak systolic
strains along the entire RV free-wall, and expressed as
an absolute value [20]. In accordance with the current
guidelines of the European Association of Cardiovas-
cular Imaging, the predefined cutoff for LV longitudinal
myocardial dysfunction and RV systolic dysfunction was
set at a GLS <18% and RV free-wall strain <20%, respec-
tively [20].

Statistical analysis

Continuous variables are expressed as mean values with
standard deviation for normally distributed data and
median values with interquartile range for non-normally
distributed data. Categorical variables are expressed as
frequencies and percentages. The parameters of the two
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subgroups were compared using Student’s ¢-test or the
Mann—Whitney U test, as appropriate. Proportional dif-
ferences were evaluated using Fisher’s exact test. The
initial univariate logistic regression analysis to iden-
tify univariate determinants of RV systolic dysfunction
(RV free-wall strain <20%) was followed by a multivari-
ate logistic regression model using stepwise selection,
with the P-values for entry into the model set at <0.50.
Sequential logistic models were performed to determine
the incremental benefit of GLS in relation to RV systolic
dysfunction using clinical variables, including age, sex,
dyslipidemia, and estimated glomerular filtration rate
(eGFR), and echocardiographic parameters, including
LVEF, mitral inflow E and mitral e’ annular velocity ratio
(E/€’), and left atrial volume index. A statistically signifi-
cant increase in the global log-likelihood x* of the model
was considered to represent an incremental predictive
value. For all steps, a P-value <0.05 was considered sta-
tistically significant. All analyses were performed using
commercially available software (MedCalc, version 19.6;
MedCalc Software, Mariakerke, Belgium).

Results

Baseline characteristics of patients with T2DM and controls
The baseline clinical and echocardiographic charac-
teristics of the 177 patients with T2DM and 79 nor-
mal controls are summarized in Table 1. Clinical data
showed that patients with T2DM were more likely
to have a higher body mass index (2545 kg/m? vs.
2244 kg/m? P<0.0001), higher systolic blood pres-
sure (1314+20 mmHg vs. 1254+14 mmHg, P=0.049),
increased heart rate (70+11 bpm vs. 66+10 bpm,
P=0.013), and higher prevalence of hypertension (107
(60%) vs. 6 (8%), P<0.0001) and dyslipidemia (105
(59%) vs. 6 (8%), P<0.0001), while echocardiographic
data showed that patients with T2DM were more likely
to have a larger left atrial volume index (30.0+8.4 mL/
m* vs. 27.1£84 mL/m? P=0.02), LV mass index
(81.7421.2 g/m?vs. 71.5419.2 g/m?, P =0.0004), and E/
e’ (11.0£4.1 vs. 8.4+2.5, P<0.0001) and a smaller GLS
(17.6 +£3.1% vs. 20.5+1.8%, P<0.0001) and RV free-wall
strain (19.3+4.8% vs. 24.44+5.1%, P<0.0001) compared
to normal controls.

Association between RV and LV GLS

RV free-wall strain in patients with T2DM was signifi-
cantly lower than that in normal controls as shown in
Fig. 1 (19.3% £4.8% vs. 24.4% %+ 5.1%; P <0.0001). In addi-
tion, RV free-wall strain in patients with T2DM and LV
longitudinal dysfunction (GLS<18%) was similar com-
pared to that in patients with T2DM without LV longi-
tudinal dysfunction (GLS > 18%), but this difference was
not statistically significant (19.04+4.5% vs. 19.6+5.0%,
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Table 1 Baseline characteristics of T2DM patients and normal

controls
Variables T2DM Normal P value
patients controls
(n=177) (n=79)

Clinical characteristics
Age, years 61+13 58+14 0.12
Gender (female), n (%) 83 (47) 45(57) 0.14
DM duration, years 10 (2-16) - -
BMI, kg/m? 2545 2+4 <0.0001
Systolic blood pressure, mmHg 131420 125+14 0.049
Heart rate, bpm 70+ 11 66410 0.013
eGFR, mL/min/1.73 m? 7404240 7944262 0.13
HbA1c, % 88420 56405 <0.0001

Comorbidities, n (%)
Hypertension 107 (60) 6(8) <0.0001
Dyslipidemia 105 (59) (8) <0.0001

Diabetic-related comorbidities, n (%)
Neuropathy 53 (30)
Retinopathy 58 (33)
Nephropathy 69 (39)

Antidiabetic drugs, n (%)
Insulin 80 (45)
DPP-4i 89 (50) - -
GLP-1RA 27 (15) - -
SU 38(21) - -
a-Gl 35 (20) - -
Thiazalidine 19(011) - -
Metformin 87 (50) - -
SGLT2 inhibitors 20(11) - -
Statins 72 (41)
Calcium channel blockers 65 (37)
-blockers 25(14)

Echocardiographic Parameters
LV end-diastolic volume, mL 693£21.2 748+225 0.06
LV end-systolic volume, mL 242497 26.549.1 0.08
LVEF, % 66+5 665 0.54
LVMI, g/m? 8174212 7154192 0.0004
LAVI, mL/m? 300+84 271184 0.02
E/A 08403 1.14+03 <0.0001
E/e’ 11.0£4.1 84425 <0.0001
Tricuspid regurgitation velocity, 2.1+04 22403 0.009
m/s
GLS, % 17.6£3.1 205+£18 <0.0001
RV free-wall strain, % 193£438 244+£5.1 <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; BMI, body mass index; eGFR, estimated glomerular
filtration rate; DPP-4l, 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;
LVMI, left ventricular mass index; LAV, left atrial volume index; €/, spectral
pulsed-wave Doppler-derived early diastolic velocity from the septal mitral
annulus; E, peak early diastolic mitral flow velocity; GLS, global longitudinal
strain; RV, right ventricular
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P<0.001

30

25
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RV free wall strain (%)

1 1
T2DM Patients
(N=177)

Fig. 1 Comparison of RV free-wall strain between asymptomatic
T2DM patients with preserved LVEF and normal controls, showing
significant lower RV free-wall strain in asymptomatic T2DM patients
with preserved LVEF

Normal Controls
(N=79)

P=0.40

...

RV free wall strain (%)

U= I
T2DM Patients with GLS<18%
(N=98)

T2DM Patients with GLS>18%
(N=79)

Fig. 2 Comparison of RV free-wall strain in asymptomatic T2DM
patients with preserved LVEF between those with GLS < 18% and GLS

> 18%, showing similar RV free-wall strain values

P=0.40; Fig. 2). Table 2 shows the results of the uni-
variate and multivariate logistic regression analyses to
identify RV systolic dysfunction in patients with T2DM.
It is noteworthy that GLS was independently associated
with RV systolic dysfunction as well as E/e’ (odds ratio:
1.16; 95% confidence interval: 1.03-1.31; P<0.05). In
addition, 54 T2DM patients were classified as having LV
longitudinal dysfunction with RV systolic dysfunction,
whereas, 44 T2DM patients were classified as having LV
longitudinal dysfunction without RV systolic dysfunc-
tion. The characteristics of these two groups were almost
similar except for body mass index, triglyceride, and
high-density lipoprotein cholesterol. In T2DM patients
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with LV longitudinal and RV systolic dysfunction had
significantly higher body mass index (2846 kg/m? vs.
25+6 kg/m? P=0.02) and triglyceride (180497 mg/
dL vs. 142+ 64 mg/dL, P=0.03), and lower high-density
lipoprotein cholesterol (48414 mg/dL vs. 554+18 mg/
dL, P=0.04) compared to those with LV longitudinal
dysfunction without RV systolic dysfunction.

The incremental benefits determined using sequential
logistic models to identify the association between RV
systolic dysfunction and clinical variables are shown in
Additional file 1. One model based on clinical variables,
including age, sex, dyslipidemia, and eGFR (X2=6.2),
showed an improvement with the addition of LVEF, E/
e’, and left atrial volume index (x*=13.4, P<0.001) and a
further improvement with the addition of GLS (x*=20.8,
P <0.001).

Figure 3 shows representative cases of the polar plot
longitudinal strain mapping and RV free-wall strain
curves in a normal control, a T2DM patient with
GLS > 18%, and a T2DM patient with GLS < 18%.

Discussion

The findings of our study indicate that subclinical RV sys-
tolic dysfunction was observed in asymptomatic patients
with T2DM and preserved LVEF without coronary artery
disease, and LV longitudinal myocardial function was
also highly associated with RV systolic function in such
patients.

RV involvement by diabetic cardiomyopathy

LV systolic dysfunction due to left-sided HF is believed
to be the most common cause of RV systolic dysfunction,
which is independently associated with poor outcomes
in various types of HF patients [9-12]. Currently, the
relationship between LV and RV dysfunction has been
considered as the following mechanism; (1) an increase
in RV afterload through the development of pulmonary
arterial hypertension secondary to chronic pulmonary
venous hypertension; (2) possibility of bi-ventricular
cardiomyopathic process such as simultaneous involve-
ment of both RV and LV myocardium. Similar to patients
with HFrEF, RV systolic dysfunction defined by RV frac-
tional area change <35% was common in patients with
HFpEF and was associated with poor outcomes [21]; and
(3) Ventricular interdependence via LV septum. RV sys-
tolic function was associated with septal dysfunction and
limited pericardial flexibility, neurohormonal interac-
tions, and reduced RV coronary perfusion secondary to
decreased systolic driving pressure [22, 23].

T2DM is considered an independent predictor of
mortality and contributes to the development of HF,
even in patients with preserved LVEF in the absence
of significant coronary artery disease and hypertension
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Table 2 Univariate and multivariate logistic regression analyses to identify RV systolic dysfunction in T2DM patients

Univariate Multivariate

OR 95% Cl P value OR 95% Cl P value
Age 1.02 0.99-1.04 018
Female 1.21 0.67-2.18 053
LDL cholesterol 1.00 1.00-1.01 0.27
Systolic blood pressure 1.01 0.99-1.02 039
eGFR 0.99 0.98-1.00 0.18
GLS 1.08 0.98-1.19 0.13 1.16 1.03-1.31 <0.05
LVEF 0.99 0.93-1.04 0.60
/e’ 112 1.03-1.21 <0.05 1.10 1.00-1.21 <0.05
LAVI 1.04 1.01-1.08 <0.05

OR, odds ratio; Cl, confidential interval; LDL-C, low-density lipoprotein cholesterol

All other abbreviations as in Table 1

Normal Controls

v 60-year-old female
v' LVEF=79 %

GLS=20.1% RV free-wall strain=23.1% GLS=19.9%

GLS >18% and a T2DM patient with GLS < 18%

T2DM patients with GLS >18%

v 64-year-old female
v' LVEF=62%
v HbA1¢=10.5%

RV free-wall strain=14.0%

T2DM patients with GLS < 18%

v 43-year-old male
v' LVEF=62%
v HbA1c=10.4%

| - | |

GLS=14.9% RV free-wall strain=12.8%

Fig. 3 Representative cases of the polar plot longitudinal strain mapping and RV free-wall strain curves in a normal control, a T2DM patient with

[24, 25]. Thus, the detection of subclinical LV dysfunc-
tion has become increasingly important in the man-
agement of asymptomatic patients with T2DM and
preserved LVEF. This phenomenon is known as diabetic
cardiomyopathy and has a complex and multifactorial
pathogenesis. LV involvement in diabetic cardiomyopa-
thy is well known; however, only limited data exist on
RV involvement in diabetic cardiomyopathy in patients
with T2DM and preserved LVEF. Several investigators
have also previously reported RV systolic dysfunction
in T2DM patients with preserved LVEF [13-18]. How-
ever, the association between LV longitudinal myocar-
dial function and RV systolic function in patients with
T2DM and preserved LVEF remains uncertain. As has
just been described, the interrelationship of biventricu-
lar systolic dysfunction in patients with HF has been
well discussed; however, the interrelationship of biven-
tricular subclinical systolic dysfunction in patients with
preserved LVEF, such as stage A HF, including T2DM,

has not been completely elucidated. All proposed
mechanisms leading to LV involvement in diabetic car-
diomyopathy are systemic changes and therefore might
hamper RV function. RV involvement in diabetic car-
diomyopathy might be important because the right
ventricle has a substantial contribution to overall myo-
cardial contractility. In addition, the prevalence of car-
diac conduction abnormalities is increased in patients
with diabetes [26], and RV dysfunction and fibrosis are
associated with lethal ventricular arrhythmias, sudden
death, exercise limitation, and impaired RV cardiac out-
put [27]. Tadic et al. showed that RV free-wall strain in
patients with T2DM was significantly lower than that in
age- and sex-matched healthy controls despite normal
LVEF [28]. In this study, RV free-wall strain in asymp-
tomatic patients with T2DM and preserved LVEF was
significantly lower than that in age-, sex-, and LVEF-
matched normal controls, and GLS was independently
associated with RV free-wall strain in asymptomatic
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patients with T2DM and preserved LVEF. Taken
together, subclinical RV and LV systolic dysfunction
may also be impaired simultaneously, but our data sug-
gest that in asymptomatic patients with T2DM and
preserved LVEF without coronary artery disease, sub-
clinical RV systolic dysfunction may primarily be a con-
sequence of subclinical LV systolic dysfunction.

Clinical implication

HF is a global public health problem, and the number
of hospitalized patients due to HF is increasing, which
is one of the most important issues for the management
of HF [29], in what has been called the “HF pandemic”
Although the identification of individuals with stage A
HF is potentially useful for the implementation of HF
prevention strategies, not all patients with stage A HF
develop LV structural heart disease or symptomatic HEF,
which can lead to advanced HF stages. LV longitudinal
myocardial dysfunction, as assessed in terms of low GLS,
can first appear in stage A HF, which suggests the impor-
tance of GLS assessment for detecting subclinical LV
dysfunction in this subclinical stage. Thus, GLS-guided
management for stage A HF may result in not only the
improvement of individual comorbid diseases, but also
the prevention of future development of LV structural
heart disease and symptomatic HE. In addition to LV
longitudinal myocardial dysfunction in asymptomatic
patients with T2DM and preserved LVEF, RV systolic
dysfunction was present and was independently associ-
ated with LV longitudinal myocardial dysfunction. Thus,
considering the interrelationship of biventricular subclin-
ical dysfunction in asymptomatic patients with T2DM
and preserved LVEF could contribute to a better manage-
ment of patients with stage A HF, including T2DM. Our
findings suggest that established cardioprotective drugs,
including novel cardioprotective medications such as
sacubitril/valsartan and sodium-glucose cotransporter 2
inhibitors, may have potential as a new therapeutic strat-
egy for asymptomatic patients with T2DM, preserved
LVEF, and biventricular subclinical dysfunction.

Study limitations

This was a single-center retrospective study, and was
a cross-sectional study design so that there was only
small evidence of the relationship between T2DM and
RV dysfunction. Thus, prospective multicenter studies
with larger patient populations and longitudinal data are
needed to further assess our findings. Furthermore, the
assessment of GLS and RV free-wall strain after treat-
ment of T2DM was not part of this study because only
a small number of patients were available for follow-up.
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Conclusion

RV subclinical systolic dysfunction was observed in
asymptomatic patients with T2DM and preserved
LVEF without coronary artery disease and was associ-
ated with LV longitudinal myocardial dysfunction. Our
findings may provide additional findings for the man-
agement of T2DM patients.

Abbreviations

E/e’: Mitral inflow E and mitral e’ annular velocities ratio; eGFR: Estimated
glomerular filtration rate; GLS: Global longitudinal strain; HF: Heart failure;
HFpEF: Heart failure with preserved ejection fraction; LV: Left ventricular; LVEF:
Left ventricular ejection fraction; RV: Right ventricular; T2DM: Type 2 diabetes
mellitus.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512933-021-01404-5.

Additional file 1. The incremental benefits determined using sequential
logistic models to identify the association of RV systolic dysfunction,
showing that one model, based on clinical variables including age, gen-
der, dyslipidemia, and eGFR, showed an improvement with the addition of
LVEF, E/e’ and left atrial volume index and a further improvement with the
addition of GLS.

Acknowledgements

The authors are grateful for the support of the entire staff of the Division of
Cardiovascular Medicine, Department of Internal Medicine, Kobe University
Graduate School of Medicine Kobe Japan.

Authors’ contributions

HT and ST designed the study, carried out subject recruitment, performed
echocardiography, analysed the data, and wrote the manuscript. YY, SY, YM,
HS, KY, AS, MS, KS, YT, YH and WO assisted recruitment and manuscript revi-
sion. HT and HK assisted in study design, data interpretation and manuscript
revision. All authors read and approved the final manuscript.

Funding
The authors declare that they have no funding.

Availability of data and materials
Data sharing not applicable to this article as no datasets were generated or
analyzed during the current study.

Declarations

Ethics approval and consent to participate
This study was approved by the local ethics committee of Kobe University
Hospital (No. B210127).

Consent for publication
The consent to publish was obtained from all participants in this study.

Competing interests
The authors declare that they have no competing interests.

Author details

'Division of Cardiovascular Medicine, Department of Internal Medicine,

Kobe University Graduate School of Medicine, 7-5-2, Kusunoki-cho, Chuo-ku,
Kobe 650-0017, Japan. “Division of Diabetes and Endocrinology, Department
of Internal Medicine, Kobe University Graduate School of Medicine, Kobe,
Japan.


https://doi.org/10.1186/s12933-021-01404-5
https://doi.org/10.1186/s12933-021-01404-5

Todo et al. Cardiovasc Diabetol

(2021) 20:212

Received: 17 August 2021 Accepted: 15 October 2021
Published online: 23 October 2021

References

1.

Kannel WB, McGee DL. Diabetes and cardiovascular disease. The Framing-
ham study. JAMA. 1979;241:2035-8.

Vazquez-Benitez G, Desai JR, Xu S, Goodrich GK, Schroeder EB, Nichols
GA, Segal J, Butler MG, Karter AJ, Steiner JF, et al. Preventable major
cardiovascular events associated with uncontrolled glucose, blood
pressure, and lipids and active smoking in adults with diabetes with and
without cardiovascular disease: a contemporary analysis. Diabetes Care.
2015;38:905-12.

Nakai H, Takeuchi M, Nishikage T, Lang RM, Otsuiji Y. Subclinical left
ventricular dysfunction in asymptomatic diabetic patients assessed by
two-dimensional speckle tracking echocardiography: correlation with
diabetic duration. Eur J Echocardiogr. 2009;10:926-32.

Ng AC, Delgado V, Bertini M, van der Meer RW, Rijzewijk LJ, Shanks M,
Nucifora G, Smit JW, Diamant M, Romijn JA, et al. Findings from left ven-
tricular strain and strain rate imaging in asymptomatic patients with type
2 diabetes mellitus. Am J Cardiol. 2009;104:1398-401.

Ernande L, Bergerot C, Girerd N, Thibault H, Davidsen ES, Gautier
Pignon-Blanc P, Amaz C, Croisille P, De Buyzere ML, Rietzschel ER, et al.
Longitudinal myocardial strain alteration is associated with left ventricular
remodeling in asymptomatic patients with type 2 diabetes mellitus. J Am
Soc Echocardiogr. 2014;27:479-88.

Mochizuki Y, Tanaka H, Matsumoto K, Sano H, Toki H, Shimoura H, Ooka J,
Sawa T, Motoji Y, Ryo K, et al. Association of peripheral nerve conduction
in diabetic neuropathy with subclinical left ventricular systolic dysfunc-
tion. Cardiovasc Diabetol. 2015;14:47.

Mochizuki Y, Tanaka H, Matsumoto K, Sano H, Shimoura H, Ooka J, Sawa
T, Motoji Y, Ryo-Koriyama K, Hirota Y, et al. Impact of left ventricular longi-
tudinal functional mechanics on the progression of diastolic function in
diabetes mellitus. Int J Cardiovasc Imaging. 2017,33:1905-14.

Holland DJ, Marwick TH, Haluska BA, Leano R, Hordern MD, Hare JL, Fang
ZY, Prins JB, Stanton T. Subclinical LV dysfunction and 10-year outcomes
in type 2 diabetes mellitus. Heart. 2015;101:1061-6.

Meyer P, Filippatos GS, Ahmed M|, Iskandrian AE, Bittner V, Perry GJ, White
M, Aban IB, Mujib M, Dell'ltalia LJ, et al. Effects of right ventricular ejec-
tion fraction on outcomes in chronic systolic heart failure. Circulation.
2010;121:252-8.

Di Salvo TG, Mathier M, Semigran MJ, Dec GW. Preserved right ventricular
ejection fraction predicts exercise capacity and survival in advanced
heart failure. J Am Coll Cardiol. 1995;25:1143-53.

Guendouz S, Rappeneau S, Nahum J, Dubois-Rande JL, Gueret P, Monin
JL, Lim P, Adnot S, Hittinger L, Damy T. Prognostic significance and normal
values of 2D strain to assess right ventricular systolic function in chronic
heart failure. Circ J. 2012,76:127-36.

Cameli M, Righini FM, Lisi M, Bennati E, Navarri R, Lunghetti S, Padeletti
M, Cameli P, Tsioulpas C, Bernazzali S, et al. Comparison of right versus
left ventricular strain analysis as a predictor of outcome in patients with
systolic heart failure referred for heart transplantation. Am J Cardiol.
2013;112:1778-84.

Linssen PBC, Veugen MGJ, Henry RMA, van der Kallen CJH, Kroon AA,
Schram MT, Brunner-La Rocca HP, Stehouwer CDA. Associations of (pre)
diabetes with right ventricular and atrial structure and function: the
Maastricht study. Cardiovasc Diabetol. 2020;19:88.

Gorter TM, Streng KW, van Melle JP, Rienstra M, Dickinson MG, Lam CSP,
Hummel YM, Voors AA, Hoendermis ES, van Veldhuisen DJ. Diabetes

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

Page 7 of 7

mellitus and right ventricular dysfunction in heart failure with preserved
ejection fraction. Am J Cardiol. 2018;121:621-7.

. Paneni F, Gregori M, Tocci G, Palano F, Ciavarella GM, Pignatelli G, Marra

A, Sciarretta S, Ferrucci A, Volpe M. Do diabetes, metabolic syndrome or
their association equally affect biventricular function? A tissue Doppler
study. Hypertens Res. 2013;36:36-42.

. Kosmala W, Colonna P, Przewlocka-Kosmala M, Mazurek W. Right ven-

tricular dysfunction in asymptomatic diabetic patients. Diabetes Care.
2004,27:2736-8.

. Widya RL, van der Meer RW, Smit JW, Rijzewijk LJ, Diamant M, Bax JJ, de

Roos A, Lamb HJ. Right ventricular involvement in diabetic cardiomyopa-
thy. Diabetes Care. 2013;36:457-62.

. Tadic M, Cuspidi C, Vukomanovic V, llic S, Celic V, Obert P, Kocijancic V. The

influence of type 2 diabetes and arterial hypertension on right ventricular
layer-specific mechanics. Acta Diabetol. 2016;53:791-7.

. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes

mellitus and its complications. Part 1: diagnosis and classification of
diabetes mellitus provisional report of a WHO consultation. Diabet Med.
1998;15:539-53.

Lang RM, Badano LP, Mor-AviV, Afilalo J, Armstrong A, Ernande L,
Flachskampf FA, Foster E, Goldstein SA, Kuznetsova T, et al. Recommenda-
tions for cardiac chamber quantification by echocardiography in adults:
an update from the American Society of Echocardiography and the
European Association of Cardiovascular Imaging. Eur Heart J Cardiovasc
Imaging. 2015;16:233-70.

Melenovsky V, Hwang SJ, Lin G, Redfield MM, Borlaug BA. Right heart
dysfunction in heart failure with preserved ejection fraction. Eur Heart J.
2014;35:3452-62.

Voelkel NF, Quaife RA, Leinwand LA, Barst RJ, McGoon MD, Meldrum DR,
Dupuis J, Long CS, Rubin LJ, Smart FW, et al. Right ventricular function
and failure: report of a National Heart, Lung, and Blood Institute working
group on cellular and molecular mechanisms of right heart failure. Circu-
lation. 2006;114:1883-91.

Haddad F, Doyle R, Murphy DJ, Hunt SA. Right ventricular function in
cardiovascular disease, part II: pathophysiology, clinical importance, and
management of right ventricular failure. Circulation. 2008;117:1717-31.
Boudina S, Abel ED. Diabetic cardiomyopathy revisited. Circulation.
2007;115:3213-23.

MacDonald MR, Petrie MC, Varyani F, Ostergren J, Michelson EL, Young JB,
Solomon SD, Granger CB, Swedberg K, Yusuf S, et al. Impact of diabetes
on outcomes in patients with low and preserved ejection fraction heart
failure: an analysis of the Candesartan in Heart failure: Assessment of
Reduction in Mortality and morbidity (CHARM) programme. Eur Heart J.
2008;29:1377-85.

Movahed MR. Diabetes as a risk factor for cardiac conduction defects: a
review. Diabetes Obes Metab. 2007,9:276-81.

Warnes CA. Adult congenital heart disease importance of the right ventri-
cle.J Am Coll Cardiol. 2009;54:1903-10.

Tadic M, Celic V, Cuspidi C, llic S, Pencic B, Radojkovic J, lvanovic B, Stan-
isavljevic D, Kocabay G, Marjanovic T. Right heart mechanics in untreated
normotensive patients with prediabetes and type 2 diabetes mellitus: a
two- and three-dimensional echocardiographic study. J Am Soc Echocar-
diogr. 2015;28:317-27.

Ziaeian B, Fonarow GC. Epidemiology and aetiology of heart failure. Nat
Rev Cardiol. 2016;13:368-78.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Association of left ventricular longitudinal myocardial function with subclinical right ventricular dysfunction in type 2 diabetes mellitus
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study population
	Standard echocardiographic examination
	Speckle-tracking strain analysis
	Statistical analysis

	Results
	Baseline characteristics of patients with T2DM and controls
	Association between RV and LV GLS

	Discussion
	RV involvement by diabetic cardiomyopathy
	Clinical implication

	Study limitations
	Conclusion
	Acknowledgements
	References




