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Background: Subclinical left ventricular dysfunction is an important predictor of
cardiovascular death, detected via the globallongitudinal strain (GLS) echocardiographic
parameter. While T2DM is associated with a worse GLS, it is not cost-effective to perform
2D speckle tracking echocardiography for all asymptomatic T2DM patients to screen for
early signs of subclinical left ventricular dysfunction.

Objectives: Weaimed toinvestigate the association of possible risk factors with subclinical
left ventricular dysfunction assessed by 2D speckle tracking echocardiography in T2DM
patients with normal ejection fraction, excluding patients with comorbidities associated
with left ventricular dysfunction such as hypertension or any cardiovascular disease.
Methods: This cross-sectional study involved patients aged >18 with type 2 diabetes
mellitus (T2DM) and EF > 50% referred to Shohada-e-Tajrish Hospital, Tehran, Iran,
from May 2, 2023, to June 21, 2023. Patients with any history or signs and symptoms of
heart disease and hypertension were excluded. The correlation of GLS with age, BMI,
duration of diabetes, systolic (SBP) and diastolic blood pressure (DBP), and laboratory
parameters was assessed using Pearson’s correlation test, with P < 0.05 denoting
significance.

Results: In this cross-sectional study, 118 patients consisting of 70 women (59.32%) and
48 men (40.68%) with T2DM were enrolled. The mean age of the participants was 49.61
+ 5.10 years. The mean GLS was -16.71 + 2.14%. The GLS correlated positively with BMI
(P =0.038 and r = 0.197), SBP (P = 0.003 and r = 0.268), DBP (P = 0.023 and r = 0.209),
homocysteine (P = 0.001 and r = 0.310), HbA1C (P = 0.046 and r = 0.184), LDL (P = 0.034
and r = 0.203), and TG (P < 0.001 and r = 0.375), and negatively with GFR (P < 0.001 and
r=-0.363).

Conclusions: BMI, SBP, DBP, homocysteine, HbA1C, LDL, TG, and GFR correlated
with subclinical left ventricular dysfunction assessed by GLS in patients with T2DM;
these markers may offer value in selecting T2DM patients for cost-effective 2D speckle
tracking echocardiography screening of subclinical left ventricular dysfunction.

1. Background

of prevalence and mortality (1). Along with the production

Type 2 diabetes mellitus (T2DM) constitutes one of the  of more effective diabetes medications, several studies have

most prominent public health concerns due to its rising trend
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been conducted on other medications and even supplements
to help control blood glucose levels (2, 3). T2DM has
numerous well-known complications, with cardiovascular
diseases representing one of the leading causes of death
globally (4). Among the wide range of cardiovascular
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diseases, heart failure is one of the major causes of morbidity
and mortality (4). T2DM is an independent risk factor for
heart failure (5); “diabetic cardiomyopathy” is defined as
a condition in which heart failure occurs in patients with
diabetes without the presence of any coronary artery
disease, valvular disease, or hypertension (5). This medical
condition is explained by glucose and lipid toxicity in the
setting of insulin resistance and metabolic disorders (5).

Heart failure with preserved or reduced ejection fraction is
associated with diabetes (6), beginning with left ventricular
diastolic dysfunction and progressing to systolic dysfunction
with reduced ejection fraction later in the course of diabetes
(5). Therefore, the best strategy for preventing overt heart
failure or delaying its progression to an advanced stage is
screening for heart failure in stage A (people at risk) or
stage B (people without any symptoms having evidence
on echocardiography or laboratory biomarkers), which may
lead to the early prescription of approved medications to
prevent heart failure progression including sodium glucose
co-transporter 2 (SGLT?2) inhibitors, B-blockers, and renin
angiotensin aldosterone system (RAAS) inhibitors (7).

The more available strategies, including traditional
transthoracic echocardiography or laboratory biomarkers
(including troponin or natriuretic peptides), are suboptimal
in detecting asymptomatic heart failure patients (7).
However, in comparison to the tissue Doppler method,
speckle tracking echocardiography assesses the
myocardial deformation by global longitudinal strain
(GLS) measurement and detects left ventricular systolic
dysfunction in patients with normal left ventricular
ejection fraction (LVEF); it is easy to calculate and more
accurate as it is independent of the angle—unlike the
tissue Doppler method (8, 9). Therefore, GLS assessment
has become a clinically feasible alternative to LVEF; it is
more sensitive to left ventricular dysfunction than LVEF
and provides additional prognostic information (10). As a
result, it has been used in different clinical settings (11, 12),
including the assessment of T2DM patients (13). T2DM is
associated with a worse GLS value (14). Early detection
of subclinical LV dysfunction by 2D speckle tracking has
important clinical and prognostic significance in patients
with T2DM (15). However, performing 2D speckle-tracking
echocardiography for all asymptomatic patients with T2DM
is not cost-effective (7).

2. Objectives

We aimed to investigate the association of the possible
risk factors with subclinical LV dysfunction assessed by
2D speckle tracking echocardiography in T2DM patients
with normal EF, which may help to find the most eligible
T2DM patients for subclinical LV dysfunction assessment
using this modality.

3. Methods

3.1. Study Design and Population

This cross-sectional study involved patients aged > 18
with T2DM and systolic LVEF > 50% referred to Shohada-
e-Tajrish Hospital, Tehran, Iran, from May 2, 2023, to June
21,2023. Patients with any history or signs and symptoms of
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heart diseases, including systolic or diastolic heart failure,
diastolic dysfunction grade > 2, LV hypertrophy (more than
mild), coronary artery diseases, arrhythmia, congenital or
structural heart disease, considerable valvular heart disease
(moderate or severe), regional wall motion abnormality in
echocardiography, and hypertension were excluded.

The study was approved by the Shahid Beheshti University
of Medical Sciences Ethics Committee (IR.SBMU.MSP.
REC.1402.38), and written informed consent was obtained
from all patients before enrollment.

3.2. Clinical and Laboratory Measurements

The patient’s demographic data, including age, sex,
and duration of diabetes (years) since diagnosis, were
documented. Body mass index (BMI) was calculated as
the ratio of weight (kg) to height squared (m?). Systolic
and diastolic blood pressures (SBP and DBP, respectively)
were measured by a manual sphygmomanometer in a seated
position following 15 minutes of rest and smoke/caffeine
avoidance.

All participants underwent transthoracic echocardiography
using 2D speckle tracking by an expert cardiologist,
and global longitudinal strain (GLS) was calculated
automatically from the mean of the global peak systolic
strain obtained from three apical long-axis views (16). After
12 hours of fasting, a venous blood sample was collected
from the antecubital vein to measure the serum level of
vitamin D (vit D), hemocysteine, low-density lipoprotein
(LDL), high-density lipoprotein (HDL), triglyceride
(TG), C-reactive protein (CRP), calcium (Ca), phosphorus
(P), glycated hemoglobin (HbA1C), thyroid stimulating
hormone (TSH), creatinine (Cr), and estimation of
glomerular filtration rate (GFR).

3.3. Definition of Terms

In this study, T2DM was defined as fasting plasma glucose
(FPG) > 126 mg/dL or 2 hours post 75 g glucose intake (2-h
PG)>200 mg/dL during oral glucose tolerance test (OGTT)
or HbA1C > 6.5% or random plasma glucose > 200 mg/dL in
a patient with classic symptoms of hyperglycemia or taking
any glucose-lowering medications (17). Hypertension was
defined as SBP > 140 mmHg, DBP > 90 mmHg, or taking
blood pressure-lowering medications (18).

Subclinical LV dysfunction was considered abnormal GLS
in the presence of LVEF > 50% and no clinical symptoms
of heart failure. GLS is a myocardial deformation analysis
that mainly reflects the performance of sub-endocardial
longitudinal fibers, which are more susceptible to ischemic
injury and wall stress. The mean normal value of GLS is
considered —20% (16), previously categorized as follows:
-15% to -25% normal, -15% to -12.5% mildly reduced,
-12.5% to -8.1% moderately reduced, and < -8 % severely
reduced (19). As a GLS amount worse than -12.5% is
mostly associated with considerable decreases in EF and
the population of our study consisted of patients with EF >
50%, we considered -20% as the normal value as reported
previously (16) and categorized the GLS into three groups
of worse than -15 %, -15% to -20%, and better than -20%.

The risk factors considered to evaluate their possible
association with subclinical LV dysfunction were age, BMI,
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duration of diabetes since diagnosis, SBP and DBP, and
laboratory tests including vit D, homocysteine, LDL, HDL,
TG, CRP, Ca, P, HbAIC, TSH, Cr, and GFR.

3.4. Statistical Analysis

Data analysis was done using SPSS statistical software
version 22, and the mean and standard deviation were used
to report quantitative variables. Frequency and percentage
were used to report qualitative variables. The association of
subclinical left ventricular dysfunction (measured by GLS)
with possible risk factors, including age, BMI, duration
of diabetes, SBP, DBP, Cr, vitamin D, homocysteine,
LDL, HDL, TG, CRP, Ca, P, HbA1C, GFR, and TSH, was
assessed using Pearson’s correlation test. P-values < 0.05
were considered statistically significant.

4. Results

This cross-sectional study enrolled 118 patients with T2DM,
consisting of 70 women (59.32%) and 48 men (40.68%). The
mean age of the participants was 49.61 & 5.10 years, and the
age range was 36 — 89 years. The demographic, clinical, and
laboratory findings are described in Table 1.

The mean GLS of the patients was -16.71 + 2.14%.
According to Table 2, GLS was worse than -15% in 48
(40.67%) patients.

As mentioned in Tables 3 and 4, the results of Pearson’s
correlation test showed a significant positive correlation
of GLS’s numerical value with BMI (P = 0.038 and r =
0.197), SBP (P = 0.003 and r = 0.268), DBP (P = 0.023
and r = 0.209), homocysteine (P = 0.001 and r = 0.310),
HbAIC (P = 0.046 and r = 0.184), LDL (P = 0.034 and
r = 0.203), and TG (P < 0.001 and r = 0.375). That is,
higher levels of the mentioned parameters were associated
with worse GLS amount and subclinical LV dysfunction.

Table 1. Description of Demographic, Clinical, and Laboratory
Findings of the Participants

Mean + SD
Age (Years) 49.61 +5.10
BMI (kg/m?) 26.07 + 5.24
Duration of diabetes (years) 8.69 +4.24
SBP (mmHg) 121.75 + 12.29
DBP (mmHg) 74.09 + 6.61
Cr (mg/dL) 1.39 +0.29
Vit D (ng/mL) 20.17 £ 4.81
Homocysteine (mecmol/L) 14.56 + 7.35
LDL (mg/dL) 137.49 + 27.78
HDL (mg/dL) 42.58 + 10.56
TG (mg/dL) 204.31 + 83.74
CRP (mg/L) 5.33 +2.88
Ca (mg/dL) 891 +1.44
P (mg/dL) 2.79 £ 0.90
HDbA1C (%) 7.53 +0.73
GER (mL/min/1.73m?) 59.98 + 25.60
TSH (mIU/L) 4.68 +2.04

Abbreviations: BMI; body mass index, SBP; systolic blood pressure, DBP;
diastolic blood pressure, Cr; creatinine, Vit D; vitamin D, LDL; low-
density lipoprotein, HDL; high-density lipoprotein, TG; triglyceride,
CRP; C-reactive protein, Ca; calcium, P; phosphorus, HbA1GC; glycated
hemoglobin, GFR; glomerular filtration rate, TSH; thyroid stimulating
hormone.

Table 2. Distribution of Global Longitudinal Strain Categories
among Patients

Frequency (Percentage)

GLS worse than -15 %
GLS -15% to -20% 29 (24.57%)
GLS better than -20% 41 (34.76%)

48 (40.67%)

Abbreviations: GLS: global longitudinal strain

Table 3. Evaluation of the Correlation of Global Longitudinal Strain with Demographic Features and Blood Pressure Values

Parameter r P value

Age (years) 0.134 0.147

BMI (kg/m?) 0.197 0.038
Duration of diabetes (years) 0.031 0.736

SBP (mmHg) 0.268 0.003

DBP (mmHg) 0.209 0.023
Abbreviations: BMI; body mass index, SBP; systolic blood pressure, DBP; diastolic blood pressure

Table 4. Evaluation of the Correlation of Global Longitudinal Strain with Laboratory Findings

Laboratory Parameter r P value
Cr (mg/dL) 0.140 0.130
Vitamin D (ng/mL) -0.105 0.257
Homocysteine (mcmol/L) 0.310 0.001
LDL (mg/dL) 0.203 0.034
HDL (mg/dL) -0.136 0.143
TG (mg/dL) 0.375 <0.001
CRP (mg/L) 0.023 0.877
Ca (mg/dL) 0.101 0.067
P (mg/dL) -0.113 0.223
HbAI1C (%) 0.184 0.046
GFR (mL/min/1.73m?) -0.363 < 0.001
TSH (mIU/L) 0.056 0.602

Abbreviatons: Cr; creatinine, Vit D; vitamin D, LDL; low-density lipoprotein, HDL; high-density lipoprotein, TG; triglyceride, CRP; C-reactive
protein, Ca; calcium, P; phosphorus, HbA1C; glycated hemoglobin, GFR; glomerular filtration rate, TSH; thyroid stimulating hormone.
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However, a significant negative correlation was seen
between GLS and GFR (P <0.001 and r =-0.363), meaning
that decreased GFR was associated with a worse GLS
amount and subclinical LV dysfunction.

5. Discussion

Our study shows that in patients with T2DM and
normal EF, clinical findings including higher BMI, SBP,
and DPB, are associated with a higher GLS, indicating
worse subclinical LV systolic function. These readily
available parameters are valuable as they can be measured
during each medical consult. In terms of diabetes-related
parameters, the HbA1C level showed a positive correlation
with the numerical amount of GLS, also meaning worse
subclinical LV systolic function with poorly controlled
diabetes. However, the duration of diabetes did not show a
significant correlation, which means it may not be a reliable
indicator of diabetes onset. Among laboratory parameters,
the serum levels of homocysteine, LDL, and TG were
positively correlated, and GFR was inversely correlated
with GLS, indicating the association of these factors with
subclinical LV systolic dysfunction in patients with T2DM.
The mentioned parameters are also easily accessible, and
our results show that they may be considered to help find
the most eligible T2DM patients with normal ejection
fraction being cost-effective for subclinical LV dysfunction
assessment using 2D speckle tracking echocardiography.

Several studies have been conducted on subclinical LV
dysfunction. A significantly lower LV systolic function (as
measured by tissue Doppler echocardiography) has been
reported in patients with T2DM, which correlated inversely
with DBP, LDL, age, and HbA1C (20). GLS, more sensitive
for detecting subclinical systolic dysfunction, is significantly
impaired in asymptomatic T2DM patients with normal EF
(21). Moreover, subclinical LV dysfunction assessed by
GLS was independently associated with adverse outcomes
including all-cause mortality and hospitalization during ten
years of follow-up in asymptomatic patients with T2DM and
normal EF (22). Although the study of Nakai et al. showed a
correlation between GLS and duration of diabetes (23), this
correlation was not significant in our study.

In previous studies, a positive linear correlation was
reported between BMI and subclinical LV dysfunction
assessed by 3D speckle-tracking echocardiography, not
only in obese patients but also in overweight people (24).
Our study replicated this correlation in patients with T2DM.

Moreover, a significant correlation between systolic
and diastolic blood pressure with GLS was shown in our
study, which may propose that higher blood pressure and
diabetes are both involved in accelerating subclinical LV
dysfunction. Similarly, Holland et al. showed a significant
correlation of GLS with SBP (22). Ballo et al. reported
that the co-existence of diabetes and hypertension led to
greater impairment of LV longitudinal systolic function
(25). However, patients with hypertension were excluded
from our study, and therefore, our results show that even in
normal systolic and diastolic blood pressure, the correlation
between SBP or DBP and GLS remains significant. Apart
from patients with T2DM, the results of a study on
antihypertensive medication-naive individuals showed that
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systolic hypertension and isolated diastolic hypertension
were associated with a risk of abnormal left ventricular
GLS in both sexes, while this association between blood
pressure and GLS remained significant only among women
with elevated blood pressure (26).

Homocysteine is another factor that showed a significant
correlation with GLS in our study, proposing that an elevated
homocysteine level may confer an additive risk of developing
LV dysfunction in patients with T2DM. Although higher
homocysteine levels have been proposed for the prediction
of congestive heart failure development in adults without a
history of previous myocardial infarction (27), there is a lack
of studies on the association between serum homocysteine
level and subclinical LV dysfunction, especially assessed
by 2D speckle tracking echocardiography. In a study on
patients with diabetes, the serum homocysteine level was
associated with a higher risk of cardiovascular and all-cause
mortality (28). Moreover, homocysteine has been proposed
as a promising biomarker for vascular complications in
the setting of diabetes (29). While an inverse correlation
between serum homocysteine level and LVEF was reported
in patients with diabetes (30), our results propose that
homocysteine can be useful in subclinical reduced LV
systolic function detection. Some mechanisms have been
proposed for the role of homocysteine in diabetes and its
cardiovascular complications, including exacerbation of
endothelial dysfunction and insulin resistance, possibly
associated with its oxidative stress property (31-33).

Another finding of the current study was the significant
correlation between GLS and GFR in T2DM patients,
previously reported in patients with chronic kidney disease
(CKD)(34). This may be due to the progressive myocardial
structure change mediated by uremia, biochemical disorders
secondary to CKD, and pressure or volume overload (35).
The mentioned study also reported an association between
phosphate level and GLS (34), which was not replicated in
our study.

In terms of lipid profile, a significant correlation between
GLS and the levels of LDL and TG was reported in patients
with asymptomatic carotid stenosis (36). In our study on
patients with T2DM, LDL and TG showed a significant
correlation with GLS and subclinical LV systolic dysfunction.
This may be explained by their lipotoxic effects on the
myocardium (5). The fatty acids of the cardiomyocytes
increase in response to free fatty acids of the serum;
this excess fatty acids accumulation in cardiomyocytes
leads to an increase of toxic lipid intermediates, including
diacylglycerol. Diacylglycerol aggravates insulin resistance
and mediates oxidative stress, resulting in cardiac
dysfunction (5). Moreover, insulin resistance has been
proposed as a cause of impaired metabolic flexibility of the
heart. A decrease in glucose uptake from cardiomyocytes
may lead to a change in the substrate towards an increase
in fatty acid oxidation, which causes lipotoxicity and, as
a result, a decrease in cardiac efficiency, as well as an
increase in myocardial oxygen consumption and reactive
oxygen species production. In addition, hyperglycemia
itself may induce advanced glycosylation end products
that stimulate collagen expression and accumulation,
leading to myocardial fibrosis with increased myocardial
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stiffness and decreased cardiac compliance (37-39). High
glucose levels also cause calcium misuse and mitochondrial
dysfunction, which may play important roles in the early
stages of diabetic cardiomyopathy (40).

One of the present study’s strengths is being the first to
investigate possible risk factors affecting GLS in T2DM
patients without hypertension or any cardiovascular
disease. Also, to our knowledge, we are the first to assess
the correlation of SBP and DPB with GLS in normotensive
patients with T2DM. This can itself be evidence of the
possible effect of higher systolic and diastolic blood
pressure (even within the normal range) in causing diabetic
cardiomyopathy. As a result, more studies to investigate this
association and the possible need to reduce the threshold
of high blood pressure definition in patients with T2DM
having risk factors of developing diabetic cardiomyopathy
are proposed. One limitation of this study is that patients
were from a single center; conducting multicenter studies
with larger sample sizes will increase the accuracy of the
findings. Moreover, this was a cross-sectional study, and
performing a cohort study to confirm our findings and
the factors affecting the development of subclinical left
ventricular dysfunction over time is recommended.

5.1. Conclusion

The results of the present study show a significant
correlation between GLS and BMI, SBP, DBP, homocysteine,
HbAIC, LDL, TG, and GFR in patients with T2DM. These
clinical and laboratory parameters are readily available and
might help identify patients who are at a greater risk of
developing subclinical LV dysfunction among those with
T2DM and normal EF; therefore, to achieve greater cost-
efficiency, it is worth considering prioritizing subclinical
LV dysfunction assessment using 2D speckle tracking
echocardiography for people in this subgroup rather than
all patients with T2DM.
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This study was approved by the Shahid Beheshti
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