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Abstract
BACKGROUND 
Global longitudinal strain (GLS) of the left ventricular is a highly sensitive and 
reliable marker of systolic function and GLS outperforms ejection fraction (EF) in 
detecting preclinical left ventricular systolic dysfunction (LVSD). In patients with 
type 2 diabetes (DM2) albuminuria is a predictor of symptomatic heart failure, but 
data on the relationship between GLS and albuminuria are conflicting.

AIM 
To explore the relationship between GLS and albuminuria in a contemporary 
cohort of DM2 patients.

METHODS 
The study was performed on DM2 patients consecutively enrolled in the TESEO 
study. Patients with symptoms/signs of heart failure, EF < 50%, coronary artery, 
other cardiac diseases, or non-adequate acoustic window for GLS assessment 
were excluded. We collected clinical data, screened for complications, and mea-
sured GLS by speckle-tracking echocardiography. Univariate and multiple linear 
regression analyses were performed to identify independent explanatory 
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variables associated with GLS. Logistic regression analysis was used to assess 
whether albuminuria was independently associated with GLS-diagnosed (GLS > -
18%) LVSD.

RESULTS 
Patients (n = 193, age: 60.6 ± 8.1, male: 57%) had a short DM2 duration (3.8 ± 
4.9 years) and good metabolic control (glycated haemoglobin A1c: 6.5% ± 1.0). 
Preclinical GLS-LVSD was present in 21.8% of the patients. GLS values were 
significantly higher in patients with albuminuria (-19.88 ± 2.16 vs -18.29 ± 2.99, P < 
0.001) and in multivariate analysis natural logarithm of albumin-creatinine ratio 
and uric acid were independent predictors of GLS. In logistic regression analysis, 
albuminuria was associated with a 6.01 (95% confidence interval: 1.874-19.286) 
increased odds ratio of GLS-LVSD, independent of age, sex, diastolic blood pre-
ssure, chronic kidney disease, EF, mitral annulus velocity lateral, uric acid, and 
treatments.

CONCLUSION 
Albuminuria was independently associated with subclinical LVSD in our contem-
porary cohort of DM2 patients.

Key Words: Type 2 diabetes; Global longitudinal strain; Albuminuria; Left ventricular 
systolic dysfunction; Heart failure

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study provides evidence that the prevalence of preclinical global longit-
udinal strain-left ventricular systolic dysfunction was elevated in type 2 diabetic patients 
despite the short duration of the disease and that albuminuria was independently as-
sociated with a 6-fold increased risk of preclinical global longitudinal strain-left 
ventricular systolic dysfunction. Our results suggest that albuminuria may help identify 
individuals with pre-heart failure who might benefit from an early intervention to 
prevent/delay heart failure development.
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INTRODUCTION
Heart failure (HF) is one of the most prevalent and severe complications of type 2 
diabetes (DM2). Patients with DM2 have a 2- to 5-fold increased risk of HF[1,2], and 
DM2 is an independent risk factor for HF development. Moreover, outcomes are 
significantly worse in patients who suffer from both DM2 and HF.

Symptomatic HF is preceded by an asymptomatic stage, referred to as pre-HF, 
which is diagnosed based on the detection of structural abnormalities, systolic or 
diastolic dysfunction, or elevated cardiac biomarkers[3-5]. Systolic and diastolic dy-
sfunction are traditionally defined by reduced ejection fraction (EF) and elevated 
filling pressures, respectively. However, global longitudinal strain (GLS) of the left 
ventricle (LV), assessed using speckle-tracking echocardiography (STE), is more sen-
sitive than EF in diagnosing LV systolic dysfunction (LVSD)[6]. Notably, incorporating 
GLS into the diagnostic criteria for pre-HF provides independent and incremental 
prognostic value in predicting the onset of HF[7]. This highlights the potential for 
early intervention to prevent or delay the development of HF in high-risk populations.

GLS values are significantly worse in patients with DM2[8] and GLS is associated 
with glycated haemoglobin A1c (HbA1c) levels, obesity, arterial hypertension, and 
uric acid in either DM2 patients or the general population[9-12]. Prospective studies on 

https://www.wjgnet.com/1948-9358/full/v16/i9/106914.htm
https://dx.doi.org/10.4239/wjd.v16.i9.106914


Barutta F et al. GLS and albuminuria in diabetic patients

WJD https://www.wjgnet.com 3 September 15, 2025 Volume 16 Issue 9

DM2 patients with normal EF (≥ 50%) and no evidence of coronary artery disease (CAD) have demonstrated a high 
prevalence of GLS-LVSD (GLS ≥ -18.9%) at baseline[13,14]. GLS-LVSD was independently associated with subsequent 
hospitalizations and all-cause mortality[13]. Furthermore, GLS-LVSD (GLS ≥ -18%) also emerged as a predictor of future 
cardiovascular events[15].

Albuminuria, a well-established marker of kidney damage, is recognized as a significant risk factor for both the 
development and progression of symptomatic HF[16]. However, the relationship between albuminuria and GLS in 
patients with DM2 remains unclear, with existing data yielding conflicting results. Jørgensen et al[17] reported an 
independent association between GLS and macroalbuminuria in DM2 patients without coronary heart disease, while no 
association was found with microalbuminuria. In contrast, Pararajasingam et al[18], in a cohort of 222 asymptomatic 
diabetic patients (77% with DM2) without coronary heart disease, found that microalbuminuria - but not macroalbu-
minuria - was significantly associated with reduced GLS. Conversely, a small study by Abdellatif et al[19] involving 
asymptomatic, normotensive individuals found no difference in GLS values between diabetic patients with and without 
albuminuria. Similarly, in a recent study by Silverii et al[20] including 206 DM2 patients without cardiovascular disease, 
valvular heart disease, or significant arrhythmias, no significant difference in GLS was observed between patients with 
and without microalbuminuria. Additionally, whether albuminuria is associated with preclinical GLS-LVSD has yet to be 
explored. This study aimed to investigate whether albuminuria is independently associated with subclinical GLS-LVSD 
in a contemporary prospective cohort of DM2 patients with preserved EF and no evidence of heart disease.

MATERIALS AND METHODS
Study population
The study was performed on DM2 patients consecutively recruited between July 2019 and October 2024 as part of the 
prospective TESEO cohort study, investigating chronic DM2 complications. Patients were included in the study if they 
met the following criteria: Age 18-80 years, first referral to the Unified Diabetes Center at San Giovanni Antica Sede 
Hospital Turin, and availability of speckle-tracking echocardiographic data. Exclusion criteria were the presence of 
symptoms/signs of HF, EF < 50%, CAD, moderate-to-severe valvular heart disease, biological or mechanical valve 
prostheses, significant rhythm disturbances, cardiomyopathies, congenital heart disease, inadequate acoustic window for 
GLS assessment, and/or current malignancy.

At recruitment, data were collected on demographic and clinical characteristics, including age, sex, educational level, 
occupation, marital status, ethnicity, dietary habits, physical activity, alcohol consumption, smoking status, 
cardiovascular risk factors, family history of diabetes, DM2 duration, comorbidities, chronic complications, and current 
therapy. All participants underwent a comprehensive physical examination and fasting blood samples were taken for 
biochemical analyses. Additionally, morning urine samples were collected. Fundus oculi examination, a 12-lead electro-
cardiogram, and transthoracic echocardiography with STE were also performed.

Biochemistry
HbA1c was measured using an immunoenzymatic assay with values standardized according to the DCTT method. Blood 
glucose, total cholesterol, triglycerides, high-density lipoproteins (HDL)-cholesterol, and serum creatinine were analyzed 
using standardized enzymatic methods on a Cobas-Bio Analyzer. Urinary albumin and creatinine levels were determined 
using an immunoturbidimetric assay. Serum N-terminal pro b-type natriuretic peptide levels were measured using a two-
site sandwich electrochemiluminescence immunoassay (Elecsys proBNP II, Roche Diagnostic, Mannheim, Germany) on a 
Modular Analytics Evo analyzer equipped with an E170 module (Roche).

Definitions and calculations
Body mass index (BMI) was calculated using the formula: Weight (kg)/height (m²). Waist circumference (WC) was 
measured in the horizontal plane at the superior border of the right iliac crest at the end of a normal exhalation. Obesity 
was defined as a BMI ≥ 30 kg/m², while overweight was defined as a BMI between 24.9 kg/m² and 29.9 kg/m². Body 
surface area (BSA) was estimated using the Du Bois formula. Systolic and diastolic blood pressure (BP) levels were 
measured with a standard sphygmomanometer (Hawksley, Lancing, United Kingdom). Hypertension was defined as 
systolic BP values ≥ 130 mmHg and/or diastolic BP values ≥ 80 mmHg, confirmed on two separate occasions, or the use 
of antihypertensive therapy[21]. Low-density lipoprotein-cholesterol was calculated using the Friedewald formula. 
According to current guideline[22], the presence of albuminuria was assessed by measuring the urine albumin-to-
creatinine ratio (ACR) in first morning urine samples. Albuminuria is classified as normoalbuminuria (ACR < 3 mg/
mmol); microalbuminuria (ACR: 3-30 mg/mmol); and macroalbuminuria (ACR > 30 mg/mmol). In the present analysis, 
subjects with either micro- or macro-albuminuria were grouped together and albuminuria defined as ACR values ≥ 3 
mg/mmol in at least 2 out of 3 determinations performed over a 6-month period. The estimated glomerular filtration rate 
was calculated based on serum creatinine levels using the chronic kidney disease (CKD)-epidemiology collaboration 
equation. Patients with an estimated glomerular filtration rate ≤ 60 mL/minute/1.73 m² were classified as having CKD.

Retinopathy was assessed by a specialized ophthalmologist through the analysis of retinal images (Optomed Aurora, 
Midimedical) and categorized as either absent or present (non-proliferative or proliferative). Non-proliferative 
retinopathy was diagnosed based on the presence of at least one of the following pathological findings: Microaneurysms, 
haemorrhages, or hard exudates. Proliferative retinopathy was diagnosed in the presence of neovascularization, fibrotic 
scar tissue, or preretinal/intravitreal haemorrhages. The eye with the more severe clinical presentation was considered 
for the assessment. CAD was defined as a history of myocardial infarction, angina pectoris, percutaneous coronary 
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intervention, or coronary artery bypass graft surgery. Patients with electrocardiographic or echocardiography 
abnormalities suggestive of CAD were excluded if subsequent investigations confirmed the diagnosis of CAD.

Echocardiographic evaluation
Transthoracic echocardiogram studies were performed using the Philips (Andover, MA, United States) EPIQ CVx 
ultrasound system, equipped with the X5-1 matrix-array transducer. To ensure reproducibility imaging was performed 
by a European Association of Cardiovascular Imaging certified cardiologist, who applied standardized protocols. High-
resolution 2D images were acquired in standard parasternal, apical, and subcostal views, according to European 
Association of Cardiovascular Imaging guidelines. Frame rates were optimized between 50 fps and 80 fps for dynamic 
imaging. Pulsed-wave, continuous-wave, tissue-doppler and colour doppler modalities were used to assess intracardiac 
flows, valve regurgitation, and stenosis. Doppler settings were adjusted individually for flow velocities and anatomical 
positioning. Image processing and measurements were conducted using QLab (Philips Healthcare, Andover, MA, United 
States) integrated with TomTec Arena. GLS was automatically calculated for the LV using AutoStrain (TomTec Imaging 
Systems). The software facilitated automated contouring of endocardial borders, which were manually refined, if 
required, to ensure accurate tracking. GLS values were averaged across all apical views (four-chamber, two-chamber, and 
three-chamber) to provide a global assessment of myocardial deformation. Tracking quality was visually verified, and 
any segment with poor tracking was excluded from analysis. GLS values of ≥ -18% were considered abnormal and 
indicative of LVSD (LVSD-GLS)[6,23]. End-diastolic diameter, end-diastolic volume, end-systolic volume, septal 
(interventricular septum) and posterior wall thickness, left ventricular mass (LVM) and relative wall thickness were 
measured alongside atrial volumes. Left ventricular hypertrophy was defined as an LV mass indexed to BSA (LV mass/
BSA) > 115 g/m² in males and > 95 g/m² in females. Left ventricular EF was assessed as well as diastolic parameters, 
including early diastolic transmitral flow velocities, and septal and lateral mitral annulus velocity (e’) velocities. Average 
e’ (lateral e’ + septal e’/2) and the ratio E-wave/average e’ were calculated.

Statistical analysis
The results are presented as mean ± SD for normally distributed variables, geometric mean (25th-75th percentile) for non-
normally distributed variables, and percentages for categorical variables. Group comparisons were performed using a 
two-tailed Student’s t-test with logarithmic transformation of non-normally distributed variables (ACR, triglycerides, N-
terminal pro b-type natriuretic peptide). Categorical variables were compared using the χ2 test. A priori power analyses 
conducted using G*Power[24] indicated that the available sample size provided 82% power to detect a medium effect size 
(Cohen’s d = 0.5) using a two-tailed independent samples t-test (α = 0.05), and 99% power to detect a medium effect size 
(w = 0.3) using a χ2 test of independence (α = 0.05). Univariate and multiple linear regression analyses were performed to 
identify independent explanatory variables associated with GLS. Logistic regression analyses were used to determine 
whether albuminuria independently increased the odds ratio (OR) of having GLS-LVSD ≥ -18, after adjusting for 
potential confounders. Both backward and forward strategies, examining all potentially explanatory variables, were 
employed to select models. The likelihood ratio test was used to compare nested models. A P < 0.05 was considered 
statistically significant. All statistical analyses were performed using the SPSS software (version 28).

RESULTS
Study population
Of the 320 patients recruited between July 2019 and October 2024 in the TESEO study, 193 were included in the study 
(Figure 1). Table 1 shows the demographic and clinical characteristics of the enrolled patients. The cohort had a mean age 
of 60.6 years, with a slight predominance of males. As expected, both obesity and hypertension were highly prevalent; 
however, only 65.9% of hypertensive patients were receiving anti-hypertensive therapy. Mean low-density lipoprotein 
cholesterol levels were elevated, and 43% of patients were on statins. The cohort had a relatively short DM2 duration and 
good metabolic control. The majority of patients were treated with metformin; however, more than half were on new-
generation anti-hyperglycemic agents. Retinopathy, albuminuria, and CKD were present in 4.1%, 13.0% (11.9% microal-
buminuria), and 7.8% of the patients, respectively. Twenty-one patients had albuminuria, 11 had CKD, and 4 had both 
albuminuria and CKD.

GLS-LVSD
GLS-LVSD was found in 21.8% of the patients. Tables 2 and 3 show the clinical and echocardiographic characteristics of 
the study cohort, stratified by GLS-LVSD status. There were no significant differences in metabolic parameters between 
the two groups, though uric acid levels showed borderline significance. Retinopathy, CKD, and albuminuria were more 
prevalent in the GLS-LVSD group, but only the difference in albuminuria reached statistical significance (Table 2). 
Patients with and without GLS-LVSD showed comparable structural LV parameters and markers of diastolic dysfunction, 
but EF values were significantly lower in GLS-LVSD patients (Table 3).

Patients with albuminuria were similar to those with normoalbuminuria in terms of clinical characteristics, differing 
only in systolic BP (144.04 ± 17.39 vs 134.63 ± 15.81, P = 0.007) and uric acid levels (6.17 ± 2.45 vs 5.39 ± 1.45, P = 0.032). 
Notably, GLS was the only echocardiographic parameter that differed significantly between subjects with and without 
albuminuria (Table 4) and this difference was even greater after adjustment for age and sex (P = 0.002).
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Table 1 Demographic and clinical characteristics of the 193 subjects with type 2 diabetes recruited in the study, mean ± SD

Characteristics DM2 (n = 193)

Clinical characteristics

Age (year) 60.64 ± 8.11

Male gender (%) 57.0

Diabetes duration (year) 3.84 ± 4.92

BMI (kg/m2) 30.96 ± 5.51

BMI ≥ 30 (%) 52.3

WC (cm) 109.17 ± 11.80

SBP (mmHg) 135.9 ± 16.3

DBP (mmHg) 82.7 ± 9.8

Hypertension (%) 89.6

Smoking status (%)

No smokers 39.4

Active smokers 20.7

Former smokers 39.9

Biochemistry

HbA1c (%) 6.48 ± 1.00

Total cholesterol (mg/dL) 175.74 ± 39.56

LDL-cholesterol (mg/dL) 99.71 ± 34.54

HDL-cholesterol (mg/dL) 51.72 ± 12.72

Triglycerides (mg/dL) 114.8 (86.0-147.0)

ACR (mg/mmol) 1.047 (0.565-1.360)

eGFR (mL/minute/1.73 m2) 87.82 ± 15.87

NTpro-BNP (ng/L) 46.0 (26.0-85.0)

Uric acid (mg/L) 5.45 ± 1.56

Glucose lowering medication (%)

Metformin 85.0

DDP-4 inhibitors 10.9

SGLT-2 inhibitors 23.8

GLP-1 receptor agonists 28.0

Insulin 7.3

Data are expressed as mean ± SD, percentage or geometric mean (25%-75%) for log-transformed data. DM2: Type 2 diabetes; BMI: Body mass index; WC: 
Waist circumference; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HbA1c: Glycated haemoglobin A1c; LDL: Low-density lipoprotein; HDL: 
High-density lipoprotein; eGFR: Estimated glomerular filtration rate; ACR: Albumin-creatinine ratio; NTpro-BNP: N-terminal pro b-type natriuretic 
peptide; DDP-4: Dipeptidyl peptidase-4; SGLT-2: Sodium-glucose cotransporter-2; GLP-1: Glucagon-like peptide-1.

Univariate and multivariate linear regression
After adjusting for age and sex, GLS values were significantly associated with WC, systolic BP, diastolic BP, natural 
logarithm of albumin-creatinine ratio (lnACR), uric acid, and lateral e’ in univariate analyses (Table 5). Among these 
variables, only lnACR [β = 0.22 (0.12-0.60), P = 0.003] and uric acid [β = 0.15 (0.00-0.22) P = 0.049] remained statistical 
significant when included in a multivariate regression model explaining 15.4% of GLS variance. Similar results were 
observed when albuminuria replaced lnACR in the multivariate regression model [albuminuria: Β = 0.223 (0.08-0.366), P 
= 0.002; uric acid β = 0.151 (0.006-0.30), P = 0.041].

Logistic regression analysis
A logistic regression analysis was performed to assess whether albuminuria was independently associated with an 
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Table 2 Demographic and clinical characteristics of 193 type 2 diabetes subjects stratified by global longitudinal strain-left ventricular 
systolic dysfunction status, mean ± SD

Characteristics GLS < -18% (n = 151) GLS ≥ -18% (n = 42) P value

Clinical characteristics

Age (year) 61.11 ± 8.16 58.93 ± 7.76 0.123

Male gender (%) 57.6 54.8 0.741

Diabetes duration (year) 3.68 ± 4.76 4.43 ± 5.47 0.383

BMI (kg/m2) 30.85 ± 5.56 31.35 ± 5.35 0.604

BMI ≥ 30 (%) 50.3 59.5 0.291

WC (cm) 108.56 ± 11.70 111.38 ± 12.02 0.171

SBP (mmHg) 134.99 ± 15.90 138.93 ± 17.46 0.167

DBP (mmHg) 82.03 ± 9.74 84.93 ± 9.75 0.090

Hypertension (%) 88.1 95.2 0.178

Smoking status (%)

Non smokers 40.4 35.7 0.606

Active smokers 19.2 26.2 -

Former smokers 40.4 38.1 -

CKD (%) 6.0 14.3 0.075

Albuminuria (%) 9.3 26.2 0.004

Retinopathy 3.3 7.3 0.372

Biochemistry

HbA1c (%) 6.48 ± 0.99 6.61 ± 1.00 0.479

Total cholesterol (mg/dL) 177.19 ± 42.58 178.26 ± 39.12 0.883

LDL-cholesterol (mg/dL) 99.61 ± 35.13 101.35 ± 31.33 0.777

HDL-cholesterol (mg/dL) 52.25 ± 11.86 49.76 ± 14.93 0.259

Triglycerides (mg/dL) 113.3 (86.0-147.0) 120.2 (86.5-146.8) 0.529

ACR (mg/mmol) 0.95 (0.60-1.40) 1.50 (0.60-3.35) 0.014

eGFR (mL/minute/1.73 m2) 88.53 ± 15.26 87.83 ± 18.67 0.804

NTpro-BNP (ng/L) 44.5 (28.5-82.5) 51.62 (25.0-104.3) 0.127

Uric acid (mg/L) 5.33 ± 1.43 6.04 ± 2.11 0.052

Glucose lowering medication (%)

Metformin 84.8 85.7 0.879

DDP-4 inhibitors 11.3 9.5 0.750

SGLT-2 inhibitors 23.2 26.2 0.685

GLP-1 receptor agonists 26.5 33.3 0.382

Insulin 6.0 11.9 0.997

Data are expressed as mean ± SD, percentage or geometric mean (25%-75%) for log-transformed data. GLS: Global longitudinal strain; BMI: Body mass 
index; WC: Waist circumference; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; CKD: Chronic kidney disease; HbA1c: Glycated haemoglobin 
A1c; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; eGFR: Estimated glomerular filtration rate; ACR: Albumin-creatinine ratio; NTpro-
BNP: N-terminal pro b-type natriuretic peptide; DDP-4: Dipeptidyl peptidase-4; SGLT-2: Sodium-glucose cotransporter-2; GLP-1: Glucagon-like peptide-1.

increased OR for GLS-LVSD, accounting for potential confounders and risk factors. Albuminuria demonstrated a 
significant association with an increased OR for GLS-LVSD, independent of age, sex, diastolic BP, and CKD (model 1). 
The association strengthened further after adjusting for EF, lateral e’, and uric acid (model 2) as well as treatments (model 
3). In the fully adjusted model, albuminuria was linked to a six-fold increase in the OR for GLS-LVSD and emerged as the 
only variable significantly associated with GLS-LVSD (Table 6).
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Table 3 Echocardiografic parameters of 193 type 2 diabetes subjects stratified by global longitudinal strain-left ventricular systolic 
dysfunction status, mean ± SD

Characteristics GLS < -18 (n = 151) GLS ≥ -18% (n = 42) P value

Structural parameters

LVMi (mL/m2) 87.94 ± 18.24 89.57 ± 18.10 0.608

IVS (mm) 11.02 ± 1.32 11.07 ± 1.764 0.826

PW (mm) 10.34 ± 1.19 10.43 ± 1.38 0.696

RWT 0.47 ± 0.69 0.46 ± 0.79 0.687

EDV/BSA 48.79 ± 9.56 48.13 ± 12.3 0.715

LVH (%) 17.9 19.0 0.862

Diastolic function

Lateral e’ (cm/seconds) 10.36 ± 2.60 9.72 ± 2.43 0.175

E/e’ average 7.71 ± 2.31 8.25 ± 2.48 0.202

LAVI (mL/m2) 31.30 ± 7.31 30.35 ± 8.999 0.435

Systolic function

EF (%) 61.74 ± 3.51 59.74 ± 4.19 0.002

GLS: Global longitudinal strain; LVMi: Left ventricle mass index; IVS: Interventricular septum; PW: Posterior wall; RWT: Relative wall thickness; EDV: 
End-diastolic volume; BSA: Body surface area; LVH: Left ventricular hypertrophy; e’: Mitral annulus velocity; E/e’: E-wave/mitral annulus velocity; LAVI: 
Left atrial volume index; EF: Ejection fraction.

Table 4 Echocardiografic parameters of 193 type 2 diabetes subjects stratified by class of albuminuria, mean ± SD

Characteristics Normoalbuminuria (n = 168) Albuminuria (n = 25) P value

Structural parameters

LVMi (mL/m2) 87.80 ± 17.09 94.36 ± 26.08 0.074

IVS (mm) 11.03 ± 1.42 11.00 ± 1.47 0.915

PW (mm) 10.33 ± 1.18 10.60 ± 1.56 0.302

RWT 0.47 ± 0.07 0.46 ± 0.07 0.623

EDV/BSA 48.90 ± 9.81 46.92 ± 12.47 0.366

LVH (%) 17.3 24.0 0.415

Diastolic function

Lateral e’ (cm/seconds) 10.18 ± 2.42 10.57 ± 3.53 0.504

E/e’ average 7.78 ± 2.30 8.15 ±2.69 0.482

LAVI (mL/m2) 31.20 ± 7.16 30.19 ± 10.79 0.541

Systolic function

EF (%) 61.29 ± 3.76 61.36 ± 3.72 0.932

GLS -19.88 ± 2.16 -18.29 ± 2.99 0.001

LVMi: Left ventricle mass index; IVS: Interventricular septum; PW: Posterior wall; RWT: Relative wall thickness; EDV: End-diastolic volume; BSA: Body 
surface area; LVH: Left ventricular hypertrophy; e’: Mitral annulus velocity; E/e’: E-wave/mitral annulus velocity; LAVI: Left atrial volume index; EF: 
Ejection fraction; GLS: Global longitudinal strain.

DISCUSSION
This study demonstrates that albuminuria is independently associated with subclinical LVSD, as assessed by GLS 
measurement in asymptomatic DM2 patients with normal EF and no heart disease.
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Table 5 Linear regression analysis of clinical factors associated with the dependent variable global longitudinal strain

Characteristics β (95%CI) P value

WC 0.153 (0.015-0.296) 0.032

SBP 0.181 (0.021-0.404) 0.011

DBP 0.147 (0.013-0.244) 0.043

lnACR 0.250 (0.001-0.027) < 0.001

Uric Acid 0.203 (0.002-0.040) 0.007

Lateral e’ -0.164 (- 0.322 to 0.007) 0.041

CI: Confidence interval; WC: Waist circumference; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; lnACR: Natural logarithm of albumin-
creatinine ratio; e’: Mitral annulus velocity.

Table 6 Odd ratios for global longitudinal strain≥ -18 in the cohort of 193 type 2 diabetes patients

Characteristics OR (95%CI) model 1 OR (95%CI) model 2 OR (95%CI) model 3

Albuminuria 3.749 (1.343-10.467) 5.185 (1.676-16.040) 6.011 (1.874-19.286)

Model 1: Adjusted for age, sex, diastolic blood pressure, chronic kidney disease; Model 2: Model 1 + ejection fraction, e’ lateral, uric acid; Model 3: Model 2 
+ treatment (renin-angiotensin system inhibitors, sodium-glucose cotransporter-2 inhibitors, β-blockers); OR: Odds ratio; CI: Confidence interval.

Figure 1 Design of the study. T2DM: Type 2 diabetes; HF: Heart failure; EF: Ejection fraction; CAD: Cardiovascular disease; GLS: Global longitudinal strain.

GLS is a highly sensitive and reliable early marker of LVSD, outperforming EF in detecting subclinical systolic 
dysfunction[25,26]. In this study, a GLS threshold of ≥ -18% was used to define LVSD. Although there is no universal 
consensus on the GLS threshold, as it varies depending on the STE software and the studied population, GLS values > -
16% are considered abnormal and values in the range -16% to -18% in a grey zone[6,23]. In our cohort, the 75th percentile 
of GLS distribution was -18.4%, supporting -18% as a suitable cut-off value. Additionally, prospective studies have 
established the negative prognostic significance of GLS levels above -18%, emphasizing the clinical relevance of this 
threshold[7].

In our cohort, 21.8% of patients exhibited GLS-LVSD. A prospective study found abnormal GLS in 45% of asy-
mptomatic DM2 patients[13], while Ernande et al[14] reported a prevalence of 32% in DM2 patients without heart disease 
or hypertension. The lower prevalence in our study likely reflects the shorter DM2 duration among our patients and the 
exclusion of those with any heart disease. However, our finding that a fifth of the patients had GLS-LVSD despite short 
DM2 duration and optimal glycemic control is clinically relevant as GLS-LVSD predicts HF risk and is associated with 
increased risks of all-cause mortality and hospitalization[13].

Subjects with and without GLS-LVSD showed no significant differences in LV structural parameters or diastolic 
dysfunction indices, aligning with previous findings that GLS-LVSD can occur independently of diastolic dysfunction[14] 
or increased LVM[13]. However, mean EF values were significantly lower in patients with GLS-LVSD, reflecting that both 
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EF and GLS measure systolic dysfunction, with GLS being more sensitive for detecting early abnormalities.
The prevalence of albuminuria was significantly higher in patients with GLS-LVSD. Logistic regression analysis 

showed that albuminuria was associated with a six-fold increase in odds for GLS-LVSD, independent of age, sex, diastolic 
BP, CKD, EF, e’ lateral, uric acid, and treatments. Furthermore, ACR levels were significantly higher in patients with GLS-
LVSD, with multivariate analysis confirming ACR/albuminuria as an independent predictor of GLS. Previous studies on 
the relationship between albuminuria and GLS in DM2 have yielded mixed results. Some studies linked albuminuria to 
GLS in cases of macroalbuminuria[17] or microalbuminuria[18], while others found no association between GLS and 
microvascular complications, including albuminuria[19,20]. Our findings not only demonstrate an association between 
albuminuria and GLS in a well-characterized cohort of DM2 patients, but also provide the first evidence of a significant 
link between albuminuria and increased risk of GLS-LVSD even after adjustment for CKD. This highlights the need for 
echocardiographic monitoring of GLS in patients with albuminuria, even when EF and filling pressures are normal, to 
facilitate early detection of LVSD. Of interest, GLS was the only echocardiographic parameter that differed significantly 
between subjects with and without albuminuria, suggesting that alterations in subendocardial longitudinal fibers may 
represent the earliest cardiac abnormality in patients with incipient renal damage[27,28].

In our cohort, the majority of patients exhibited microalbuminuria, with only 2 patients presenting macroalbuminuria. 
Therefore, patients with either micro- or macro-albuminuria were grouped together. However, it would be of interest to 
assess in future analyses whether stratifying patients based on albuminuria severity could provide additional information 
into the relationship between kidney damage and cardiac function.

The underlying cause of the relationship between albuminuria and GLS-LVSD remains unclear. Hypertension is a 
significant determinant of both GLS and albuminuria, and in our study systolic BP was significantly higher in patients 
with albuminuria, with BP showing a univariate association with GLS. However, in both multivariate and logistic 
regression analyses, the relationship between albuminuria and GLS/GLS-LVSD was independent of BP and LVM index. 
On the other hand, studies in patients with hypertrophic cardiomyopathy suggests that GLS may serve as a surrogate 
marker for myocardial fibrosis[29,30]. Therefore, we can speculate that albuminuria is not only an indicator of vascular 
damage, but also a systemic marker of a pro-fibrotic response to diabetes-induced metabolic and inflammatory stress in 
both the kidney and the heart, potentially aiding in the identification of individuals at higher risk for HF[31].

Patients with and without GLS-LVSD showed no significant differences in metabolic parameters, including BMI, WC, 
HbA1c, and lipid profiles. Poor glycemic control is a known predictor of HF, with a 15% higher HF incidence for each 1% 
increase in HbA1c[32]. However, evidence of a HbA1c-GLS relationship is inconsistent. Similar to our findings, 
Mochizuki et al[33] found no difference in glycemic control between patients with and without GLS-LVSD. In contrast, 
Silverii et al[20] observed an independent association between GLS and HbA1c, likely due to higher HbA1c levels in their 
study cohort. Indeed, GLS abnormalities are more evident in poorly controlled DM2, but comparable to controls when 
HbA1c is below 7%[34,35].

Regarding adiposity, there were no significant differences in BMI and WC between subjects with and without GLS-
LVSD. Previous studies on asymptomatic DM2 patients without CVD and with normal EF have reported an independent 
association between LVSD-GLS and fat mass[36]. However, results were not adjusted for albuminuria and in our study 
the significant univariate association between WC and GLS was no longer significant after inclusion of ACR and other 
confounders in the model. Similarly, uric acid levels were higher in GLS-LVSD patients, but the difference was not 
significant and uric acid did not reach statistical significance in the logistic model. A large epidemiological study in the 
general population reported an association between uric acid and GLS-LVSD; however, the authors did not account for 
albuminuria.

The independent association between albuminuria and GLS-LVSD observed in our study may have important clinical 
implications. The concept of pre-HF was introduced to highlight the progressive nature of HF and to encourage 
preventive strategies; thus, early recognition is essential. However, its subclinical presentation often leads to underdia-
gnosis. Furthermore, pre-HF represents a heterogeneous group of patients, and reliable biomarkers to identify those at 
higher risk of progression are currently lacking. Our findings suggest that incorporating albuminuria into HF risk strati-
fication scores may aid in identifying individuals with pre-HF and/or those at increased risk of progression to overt HF. 
This is particularly relevant given the growing availability of therapeutic interventions - such as renin-angiotensin system 
inhibitors, sodium-glucose cotransporter 2 inhibitors, and non-steroidal mineralocorticoid receptor antagonists - that may 
prevent HF progression[37,38]. Notably, renin-angiotensin system inhibitors, sodium-glucose cotransporter 2 inhibitors, 
and mineralocorticoid receptor antagonists are effective in treating albuminuria. This supports the hypothesis of shared 
pathogenic mechanisms - such as endothelial dysfunction, chronic low-grade inflammation, and fibrosis - linking 
albuminuria and LVSD, and raises the possibility that these agents may confer dual benefits for both cardiac and renal 
function. This study has several strengths. First, the study was conducted on a cohort of DM2 patients with a short 
disease duration and good glycemic control, minimizing the confounding effects of glycemic decompensation and the 
multiple chronic complications often associated with long-standing diabetes. Second, individuals with confounding 
clinical conditions were excluded. Third, our cohort is representative of contemporary patients with recently diagnosed 
DM2. Finally, the STE analysis was performed in real-time during the echocardiographic examination, rather than on 
digitized images analyzed retrospectively and all echocardiographic analyses were conducted by the same operator, 
minimizing operator-dependent variability. However, this study also has limitations. Due to the cross-sectional design, 
causal relationships between albuminuria and GLS-LVSD cannot be established and results need to be confirmed in 
future longitudinal studies. In addition, future studies with larger cohorts may benefit from the application of explainable 
machine learning approaches to enhance predictive modeling and the interpretation of key variables.
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CONCLUSION
In conclusion, this study in DM2 patients demonstrates that albuminuria is independently associated with GLS-LVSD, 
supporting the hypothesis that albuminuria and subclinical LVSD may share common pathogenic mechanisms. 
Prospective studies are needed to determine whether risk scores incorporating albuminuria can improve early detection 
and risk stratification of pre-HF. The development of artificial intelligence-based models for GLS-LVSD also holds great 
promise for advancing our understanding in this area and guiding future research. Additionally, pharmacological 
intervention trials targeting patients with GLS-LVSD and elevated albuminuria are warranted to evaluate the efficacy of 
biomarker-guided treatment in high-risk populations.

FOOTNOTES
Author contributions: Barutta F and Andreis A analyzed the data and wrote the manuscript, they contributed equally to this article, they 
are the co-first authors of this manuscript; Bellettini M, Beccuti G, Ferro A, Bellettini M, Bellini S, and Gioiello G performed research; 
Mengozzi G, De Ferrari GM, Alunni G, and Broglio F reviewed and edited the manuscript; Gruden G designed and directed the study, 
wrote the manuscript, had access to all data, and is responsible for the integrity of the data and the accuracy of the data analysis; and all 
authors have read and approved the final manuscript.

Supported by the Italian Ministry for Education, University and Research under the Programme “Dipartimenti di Eccellenza 2018-2022” 
Project, No. D15D18000410001; and Novo Nordisk “Gestione delle complicanze croniche del diabete: From bedside to bench?”, No. 
n1/2021.

Institutional review board statement: This study was approved by the Medical Ethics Committee of the City of Health and Science of 
Turin, approval No. D15D18000410001.

Clinical trial registration statement: The clinical trial statement is not applicable as this study is not a clinical trial.

Informed consent statement: All participants provided written informed consent.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Data sharing statement: The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.

CONSORT 2010 statement: The authors have read the CONSORT 2010 Statement, and the manuscript was prepared and revised 
according to the CONSORT 2010 Statement.

Open Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country of origin: Italy

ORCID number: Federica Barutta 0000-0001-9319-5123.

S-Editor: Bai Y 
L-Editor: A 
P-Editor: Xu ZH

REFERENCES
1 Sattar N, McMurray J, Borén J, Rawshani A, Omerovic E, Berg N, Halminen J, Skoglund K, Eliasson B, Gerstein HC, McGuire DK, Bhatt D, 

Rawshani A. Twenty Years of Cardiovascular Complications and Risk Factors in Patients With Type 2 Diabetes: A Nationwide Swedish 
Cohort Study. Circulation 2023; 147: 1872-1886 [RCA] [PMID: 37154040 DOI: 10.1161/CIRCULATIONAHA.122.063374] [FullText]

2 Echouffo-Tcheugui JB, Ndumele CE, Zhang S, Florido R, Matsushita K, Coresh J, Skali H, Shah AM, Selvin E. Diabetes and Progression of 
Heart Failure: The Atherosclerosis Risk In Communities (ARIC) Study. J Am Coll Cardiol 2022; 79: 2285-2293 [RCA] [PMID: 35680178 
DOI: 10.1016/j.jacc.2022.03.378] [FullText] [Full Text(PDF)]

3 Schütt K, Federici M, Verket M, Marx N, Müller-Wieland D. The '10 commandments' for the 2023 ESC Guidelines for the management of 
cardiovascular disease in patients with diabetes. Eur Heart J 2024; 45: 1298-1300 [RCA] [PMID: 38195096 DOI: 10.1093/eurheartj/ehad881] 
[FullText]

4 American Diabetes Association Professional Practice Committee. 10. Cardiovascular Disease and Risk Management: Standards of Care in 
Diabetes-2024. Diabetes Care 2024; 47: S179-S218 [RCA] [PMID: 38078592 DOI: 10.2337/dc24-S010] [FullText]
Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, Deswal A, Drazner MH, Dunlay SM, Evers LR, Fang JC, Fedson SE, 5

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-9319-5123
http://orcid.org/0000-0001-9319-5123
https://referencecitationanalysis.com/InCiteJournalInfo?id=6389
https://referencecitationanalysis.com/articles?id=10.1161%2fcirculationaha.122.063374
http://www.ncbi.nlm.nih.gov/pubmed/37154040
https://dx.doi.org/10.1161/CIRCULATIONAHA.122.063374
https://dx.doi.org/10.1161/CIRCULATIONAHA.122.063374
https://dx.doi.org/10.1161/CIRCULATIONAHA.122.063374
https://referencecitationanalysis.com/InCiteJournalInfo?id=15334
https://referencecitationanalysis.com/articles?id=10.1016%2fj.jacc.2022.03.378
http://www.ncbi.nlm.nih.gov/pubmed/35680178
https://dx.doi.org/10.1016/j.jacc.2022.03.378
https://dx.doi.org/10.1016/j.jacc.2022.03.378
https://dx.doi.org/10.1016/j.jacc.2022.03.378
https://pmc.ncbi.nlm.nih.gov/articles/PMC10125541/pdf/nihms-1890312.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC10125541/pdf/nihms-1890312.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC10125541/pdf/nihms-1890312.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=8646
https://referencecitationanalysis.com/articles?id=10.1093%2feurheartj%2fehad881
http://www.ncbi.nlm.nih.gov/pubmed/38195096
https://dx.doi.org/10.1093/eurheartj/ehad881
https://dx.doi.org/10.1093/eurheartj/ehad881
https://dx.doi.org/10.1093/eurheartj/ehad881
https://referencecitationanalysis.com/InCiteJournalInfo?id=7738
https://referencecitationanalysis.com/articles?id=10.2337%2fdc24-s010
http://www.ncbi.nlm.nih.gov/pubmed/38078592
https://dx.doi.org/10.2337/dc24-S010
https://dx.doi.org/10.2337/dc24-S010
https://dx.doi.org/10.2337/dc24-S010


Barutta F et al. GLS and albuminuria in diabetic patients

WJD https://www.wjgnet.com 11 September 15, 2025 Volume 16 Issue 9

Fonarow GC, Hayek SS, Hernandez AF, Khazanie P, Kittleson MM, Lee CS, Link MS, Milano CA, Nnacheta LC, Sandhu AT, Stevenson LW, 
Vardeny O, Vest AR, Yancy CW; ACC/AHA Joint Committee Members. 2022 AHA/ACC/HFSA Guideline for the Management of Heart 
Failure: A Report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. 
Circulation 2022; 145: e895-e1032 [RCA] [PMID: 35363499 DOI: 10.1161/CIR.0000000000001063] [FullText]

6 Potter E, Marwick TH. Assessment of Left Ventricular Function by Echocardiography: The Case for Routinely Adding Global Longitudinal 
Strain to Ejection Fraction. JACC Cardiovasc Imaging 2018; 11: 260-274 [RCA] [PMID: 29413646 DOI: 10.1016/j.jcmg.2017.11.017] [Full
Text]

7 Haji K, Huynh Q, Wong C, Stewart S, Carrington M, Marwick TH. Improving the Characterization of Stage A and B Heart Failure by Adding 
Global Longitudinal Strain. JACC Cardiovasc Imaging 2022; 15: 1380-1387 [RCA] [PMID: 35926896 DOI: 10.1016/j.jcmg.2022.03.007] [Full
Text]

8 Ghoreyshi-Hefzabad SM, Jeyaprakash P, Vo HQ, Gupta A, Ozawa K, Pathan F, Negishi K. Subclinical systolic dysfunction detected by 2D 
speckle tracking echocardiography in adults with diabetes mellitus: systematic review and meta-analysis of 6668 individuals with diabetes 
mellitus and 7218 controls. Int J Cardiovasc Imaging 2023; 39: 977-989 [RCA] [PMID: 36995526 DOI: 10.1007/s10554-023-02810-4] [Full
Text] [Full Text(PDF)]

9 Gao J, Xu M, Gong M, Jiang S, Yang Z, Jiang X, Chen M. Left ventricular longitudinal strain in patients with type 2 diabetes mellitus is 
independently associated with glycated hemoglobin level. Clin Cardiol 2023; 46: 1578-1587 [RCA] [PMID: 37621117 DOI: 
10.1002/clc.24136] [FullText] [Full Text(PDF)]

10 Liu J, Yang F, Sun Q, Gu T, Yao J, Zhang N, Meng R, Zhu D. Fat Mass is Associated with Subclinical Left Ventricular Systolic Dysfunction 
in Patients with Type 2 Diabetes Mellitus Without Established Cardiovascular Diseases. Diabetes Ther 2023; 14: 1037-1055 [RCA] [PMID: 
37140878 DOI: 10.1007/s13300-023-01411-7] [FullText]

11 Kornev M, Caglayan HA, Kudryavtsev AV, Malyutina S, Ryabikov A, Schirmer H, Rösner A. Influence of hypertension on systolic and 
diastolic left ventricular function including segmental strain and strain rate. Echocardiography 2023; 40: 623-633 [RCA] [PMID: 37211961 
DOI: 10.1111/echo.15625] [FullText]

12 Liu JH, Wu MZ, Li SM, Chen Y, Ren QW, Lin QS, Ng MY, Tse HF, Yiu KH. Association of serum uric acid with biventricular myocardial 
dysfunction in patients with type 2 diabetes mellitus. Nutr Metab Cardiovasc Dis 2021; 31: 2912-2920 [RCA] [PMID: 34454825 DOI: 
10.1016/j.numecd.2021.06.012] [FullText]

13 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: 1061-1066 [RCA] [PMID: 25935767 DOI: 10.1136/heartjnl-2014-307391] [Full
Text]

14 Ernande L, Bergerot C, Rietzschel ER, De Buyzere ML, Thibault H, Pignonblanc PG, Croisille P, Ovize M, Groisne L, Moulin P, Gillebert 
TC, Derumeaux G. Diastolic dysfunction in patients with type 2 diabetes mellitus: is it really the first marker of diabetic cardiomyopathy? J Am 
Soc Echocardiogr 2011; 24: 1268-1275.e1 [RCA] [PMID: 21907542 DOI: 10.1016/j.echo.2011.07.017] [FullText]

15 Liu JH, Chen Y, Yuen M, Zhen Z, Chan CW, Lam KS, Tse HF, Yiu KH. Incremental prognostic value of global longitudinal strain in patients 
with type 2 diabetes mellitus. Cardiovasc Diabetol 2016; 15: 22 [RCA] [PMID: 26842466 DOI: 10.1186/s12933-016-0333-5] [FullText] [Full 
Text(PDF)]

16 Khan MS, Shahid I, Anker SD, Fonarow GC, Fudim M, Hall ME, Hernandez A, Morris AA, Shafi T, Weir MR, Zannad F, Bakris GL, Butler 
J. Albuminuria and Heart Failure: JACC State-of-the-Art Review. J Am Coll Cardiol 2023; 81: 270-282 [RCA] [PMID: 36653095 DOI: 
10.1016/j.jacc.2022.10.028] [FullText]

17 Jørgensen PG, Biering-Sørensen T, Mogelvang R, Fritz-Hansen T, Vilsbøll T, Rossing P, Jensen JS. Presence of micro- and 
macroalbuminuria and the association with cardiac mechanics in patients with type 2 diabetes. Eur Heart J Cardiovasc Imaging 2018; 19: 
1034-1041 [RCA] [PMID: 29029007 DOI: 10.1093/ehjci/jex231] [FullText]

18 Pararajasingam G, Heinsen LJ, Larsson J, Andersen TR, Løgstrup BB, Auscher S, Hangaard J, Møgelvang R, Egstrup K. Diabetic 
microvascular complications are associated with reduced global longitudinal strain independent of atherosclerotic coronary artery disease in 
asymptomatic patients with diabetes mellitus: a cross-sectional study. BMC Cardiovasc Disord 2021; 21: 269 [RCA] [PMID: 34078282 DOI: 
10.1186/s12872-021-02063-w] [FullText] [Full Text(PDF)]

19 Abdellatif YA, Nazmy NEM, Bastawy IM, Raafat SS. A Subtle Decline in Cardiac Mechanics is correlated with Albuminuria in 
Asymptomatic Normotensive Patients with Type 2 Diabetes Mellitus: A Two Dimensional Strain Echocardiography Study. J Cardiovasc 
Echogr 2021; 31: 220-226 [RCA] [PMID: 35284219 DOI: 10.4103/jcecho.jcecho_36_21] [FullText]

20 Silverii GA, Toncelli L, Casatori L, Bossini R, Nannelli F, Pala L, Mannucci E. Assessment of left ventricular global longitudinal strain in 
patients with type 2 diabetes: Relationship with microvascular damage and glycemic control. Nutr Metab Cardiovasc Dis 2022; 32: 994-1000 
[RCA] [PMID: 35168822 DOI: 10.1016/j.numecd.2022.01.014] [FullText]

21 American Diabetes Association Professional Practice Committee. 10. Cardiovascular Disease and Risk Management: Standards of Care in 
Diabetes-2025. Diabetes Care 2025; 48: S207-S238 [RCA] [PMID: 39651970 DOI: 10.2337/dc25-S010] [FullText]

22 Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2024 Clinical Practice Guideline for the Evaluation 
and Management of Chronic Kidney Disease. Kidney Int 2024; 105: S117-S314 [RCA] [PMID: 38490803 DOI: 10.1016/j.kint.2023.10.018] 
[FullText]

23 Smiseth OA, Rider O, Cvijic M, Valkovič L, Remme EW, Voigt JU. Myocardial Strain Imaging: Theory, Current Practice, and the Future. 
JACC Cardiovasc Imaging 2025; 18: 340-381 [RCA] [PMID: 39269417 DOI: 10.1016/j.jcmg.2024.07.011] [FullText]

24 Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power analysis program for the social, behavioral, and biomedical 
sciences. Behav Res Methods 2007; 39: 175-191 [RCA] [PMID: 17695343 DOI: 10.3758/bf03193146] [FullText]

25 Klaeboe LG, Edvardsen T. Echocardiographic assessment of left ventricular systolic function. J Echocardiogr 2019; 17: 10-16 [RCA] [PMID: 
30390189 DOI: 10.1007/s12574-018-0405-5] [FullText]

26 Kato T, Harada T, Kagami K, Obokata M. The roles of global longitudinal strain imaging in contemporary clinical cardiology. J Med Ultrason 
(2001) 2022; 49: 175-185 [RCA] [PMID: 35088169 DOI: 10.1007/s10396-021-01184-1] [FullText]

27 Geyer H, Caracciolo G, Abe H, Wilansky S, Carerj S, Gentile F, Nesser HJ, Khandheria B, Narula J, Sengupta PP. Assessment of myocardial 
mechanics using speckle tracking echocardiography: fundamentals and clinical applications. J Am Soc Echocardiogr 2010; 23: 351-69; quiz 
453 [RCA] [PMID: 20362924 DOI: 10.1016/j.echo.2010.02.015] [FullText]
Saito K, Okura H, Watanabe N, Hayashida A, Obase K, Imai K, Maehama T, Kawamoto T, Neishi Y, Yoshida K. Comprehensive evaluation 
of left ventricular strain using speckle tracking echocardiography in normal adults: comparison of three-dimensional and two-dimensional 

28

https://referencecitationanalysis.com/InCiteJournalInfo?id=6389
https://referencecitationanalysis.com/articles?id=10.1161%2fcir.0000000000001063
http://www.ncbi.nlm.nih.gov/pubmed/35363499
https://dx.doi.org/10.1161/CIR.0000000000001063
https://dx.doi.org/10.1161/CIR.0000000000001063
https://dx.doi.org/10.1161/CIR.0000000000001063
https://referencecitationanalysis.com/InCiteJournalInfo?id=12147
https://referencecitationanalysis.com/articles?id=10.1016%2fj.jcmg.2017.11.017
http://www.ncbi.nlm.nih.gov/pubmed/29413646
https://dx.doi.org/10.1016/j.jcmg.2017.11.017
https://dx.doi.org/10.1016/j.jcmg.2017.11.017
https://dx.doi.org/10.1016/j.jcmg.2017.11.017
https://referencecitationanalysis.com/InCiteJournalInfo?id=12147
https://referencecitationanalysis.com/articles?id=10.1016%2fj.jcmg.2022.03.007
http://www.ncbi.nlm.nih.gov/pubmed/35926896
https://dx.doi.org/10.1016/j.jcmg.2022.03.007
https://dx.doi.org/10.1016/j.jcmg.2022.03.007
https://dx.doi.org/10.1016/j.jcmg.2022.03.007
https://referencecitationanalysis.com/InCiteJournalInfo?id=11514
https://referencecitationanalysis.com/articles?id=10.1007%2fs10554-023-02810-4
http://www.ncbi.nlm.nih.gov/pubmed/36995526
https://dx.doi.org/10.1007/s10554-023-02810-4
https://dx.doi.org/10.1007/s10554-023-02810-4
https://dx.doi.org/10.1007/s10554-023-02810-4
https://rcastoragev2.blob.core.windows.net/018eaf242d55091528b195c4313d0164/10554_2023_Article_2810.pdf
https://rcastoragev2.blob.core.windows.net/018eaf242d55091528b195c4313d0164/10554_2023_Article_2810.pdf
https://rcastoragev2.blob.core.windows.net/018eaf242d55091528b195c4313d0164/10554_2023_Article_2810.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=6623
https://referencecitationanalysis.com/articles?id=10.1002%2fclc.24136
http://www.ncbi.nlm.nih.gov/pubmed/37621117
https://dx.doi.org/10.1002/clc.24136
https://dx.doi.org/10.1002/clc.24136
https://dx.doi.org/10.1002/clc.24136
https://rcastoragev2.blob.core.windows.net/7e4663ef6398aeeb53aa607257c480e2/CLC-46-1578.pdf
https://rcastoragev2.blob.core.windows.net/7e4663ef6398aeeb53aa607257c480e2/CLC-46-1578.pdf
https://rcastoragev2.blob.core.windows.net/7e4663ef6398aeeb53aa607257c480e2/CLC-46-1578.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=8004
https://referencecitationanalysis.com/articles?id=10.1007%2fs13300-023-01411-7
http://www.ncbi.nlm.nih.gov/pubmed/37140878
https://dx.doi.org/10.1007/s13300-023-01411-7
https://dx.doi.org/10.1007/s13300-023-01411-7
https://dx.doi.org/10.1007/s13300-023-01411-7
https://referencecitationanalysis.com/InCiteJournalInfo?id=169596
https://referencecitationanalysis.com/articles?id=10.1111%2fecho.15625
http://www.ncbi.nlm.nih.gov/pubmed/37211961
https://dx.doi.org/10.1111/echo.15625
https://dx.doi.org/10.1111/echo.15625
https://dx.doi.org/10.1111/echo.15625
https://referencecitationanalysis.com/InCiteJournalInfo?id=169275
https://referencecitationanalysis.com/articles?id=10.1016%2fj.numecd.2021.06.012
http://www.ncbi.nlm.nih.gov/pubmed/34454825
https://dx.doi.org/10.1016/j.numecd.2021.06.012
https://dx.doi.org/10.1016/j.numecd.2021.06.012
https://dx.doi.org/10.1016/j.numecd.2021.06.012
https://referencecitationanalysis.com/InCiteJournalInfo?id=10201
https://referencecitationanalysis.com/articles?id=10.1136%2fheartjnl-2014-307391
http://www.ncbi.nlm.nih.gov/pubmed/25935767
https://dx.doi.org/10.1136/heartjnl-2014-307391
https://dx.doi.org/10.1136/heartjnl-2014-307391
https://dx.doi.org/10.1136/heartjnl-2014-307391
https://referencecitationanalysis.com/InCiteJournalInfo?id=15598
https://referencecitationanalysis.com/InCiteJournalInfo?id=15598
https://referencecitationanalysis.com/articles?id=10.1016%2fj.echo.2011.07.017
http://www.ncbi.nlm.nih.gov/pubmed/21907542
https://dx.doi.org/10.1016/j.echo.2011.07.017
https://dx.doi.org/10.1016/j.echo.2011.07.017
https://dx.doi.org/10.1016/j.echo.2011.07.017
https://referencecitationanalysis.com/InCiteJournalInfo?id=4516
https://referencecitationanalysis.com/articles?id=10.1186%2fs12933-016-0333-5
http://www.ncbi.nlm.nih.gov/pubmed/26842466
https://dx.doi.org/10.1186/s12933-016-0333-5
https://dx.doi.org/10.1186/s12933-016-0333-5
https://dx.doi.org/10.1186/s12933-016-0333-5
https://rcastoragev2.blob.core.windows.net/b4f1f8c7602330701bb6f52774d9ae2d/PMC4738770.pdf
https://rcastoragev2.blob.core.windows.net/b4f1f8c7602330701bb6f52774d9ae2d/PMC4738770.pdf
https://rcastoragev2.blob.core.windows.net/b4f1f8c7602330701bb6f52774d9ae2d/PMC4738770.pdf
https://rcastoragev2.blob.core.windows.net/b4f1f8c7602330701bb6f52774d9ae2d/PMC4738770.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=15334
https://referencecitationanalysis.com/articles?id=10.1016%2fj.jacc.2022.10.028
http://www.ncbi.nlm.nih.gov/pubmed/36653095
https://dx.doi.org/10.1016/j.jacc.2022.10.028
https://dx.doi.org/10.1016/j.jacc.2022.10.028
https://dx.doi.org/10.1016/j.jacc.2022.10.028
https://referencecitationanalysis.com/InCiteJournalInfo?id=8745
https://referencecitationanalysis.com/articles?id=10.1093%2fehjci%2fjex231
http://www.ncbi.nlm.nih.gov/pubmed/29029007
https://dx.doi.org/10.1093/ehjci/jex231
https://dx.doi.org/10.1093/ehjci/jex231
https://dx.doi.org/10.1093/ehjci/jex231
https://referencecitationanalysis.com/InCiteJournalInfo?id=3923
https://referencecitationanalysis.com/articles?id=10.1186%2fs12872-021-02063-w
http://www.ncbi.nlm.nih.gov/pubmed/34078282
https://dx.doi.org/10.1186/s12872-021-02063-w
https://dx.doi.org/10.1186/s12872-021-02063-w
https://dx.doi.org/10.1186/s12872-021-02063-w
https://rcastoragev2.blob.core.windows.net/7354a22018e22dd02e46833531a7fd88/PMC8173786.pdf
https://rcastoragev2.blob.core.windows.net/7354a22018e22dd02e46833531a7fd88/PMC8173786.pdf
https://rcastoragev2.blob.core.windows.net/7354a22018e22dd02e46833531a7fd88/PMC8173786.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=13259
https://referencecitationanalysis.com/InCiteJournalInfo?id=13259
https://referencecitationanalysis.com/articles?id=10.4103%2fjcecho.jcecho_36_21
http://www.ncbi.nlm.nih.gov/pubmed/35284219
https://dx.doi.org/10.4103/jcecho.jcecho_36_21
https://dx.doi.org/10.4103/jcecho.jcecho_36_21
https://dx.doi.org/10.4103/jcecho.jcecho_36_21
https://referencecitationanalysis.com/InCiteJournalInfo?id=169275
https://referencecitationanalysis.com/articles?id=10.1016%2fj.numecd.2022.01.014
http://www.ncbi.nlm.nih.gov/pubmed/35168822
https://dx.doi.org/10.1016/j.numecd.2022.01.014
https://dx.doi.org/10.1016/j.numecd.2022.01.014
https://dx.doi.org/10.1016/j.numecd.2022.01.014
https://referencecitationanalysis.com/InCiteJournalInfo?id=7738
https://referencecitationanalysis.com/articles?id=10.2337%2fdc25-s010
http://www.ncbi.nlm.nih.gov/pubmed/39651970
https://dx.doi.org/10.2337/dc25-S010
https://dx.doi.org/10.2337/dc25-S010
https://dx.doi.org/10.2337/dc25-S010
https://referencecitationanalysis.com/InCiteJournalInfo?id=15875
https://referencecitationanalysis.com/articles?id=10.1016%2fj.kint.2023.10.018
http://www.ncbi.nlm.nih.gov/pubmed/38490803
https://dx.doi.org/10.1016/j.kint.2023.10.018
https://dx.doi.org/10.1016/j.kint.2023.10.018
https://dx.doi.org/10.1016/j.kint.2023.10.018
https://referencecitationanalysis.com/InCiteJournalInfo?id=12147
https://referencecitationanalysis.com/articles?id=10.1016%2fj.jcmg.2024.07.011
http://www.ncbi.nlm.nih.gov/pubmed/39269417
https://dx.doi.org/10.1016/j.jcmg.2024.07.011
https://dx.doi.org/10.1016/j.jcmg.2024.07.011
https://dx.doi.org/10.1016/j.jcmg.2024.07.011
https://referencecitationanalysis.com/InCiteJournalInfo?id=3239
https://referencecitationanalysis.com/articles?id=10.3758%2fbf03193146
http://www.ncbi.nlm.nih.gov/pubmed/17695343
https://dx.doi.org/10.3758/bf03193146
https://dx.doi.org/10.3758/bf03193146
https://dx.doi.org/10.3758/bf03193146
https://referencecitationanalysis.com/InCiteJournalInfo?id=13732
https://referencecitationanalysis.com/articles?id=10.1007%2fs12574-018-0405-5
http://www.ncbi.nlm.nih.gov/pubmed/30390189
https://dx.doi.org/10.1007/s12574-018-0405-5
https://dx.doi.org/10.1007/s12574-018-0405-5
https://dx.doi.org/10.1007/s12574-018-0405-5
https://referencecitationanalysis.com/InCiteJournalInfo?id=14544
https://referencecitationanalysis.com/InCiteJournalInfo?id=14544
https://referencecitationanalysis.com/articles?id=10.1007%2fs10396-021-01184-1
http://www.ncbi.nlm.nih.gov/pubmed/35088169
https://dx.doi.org/10.1007/s10396-021-01184-1
https://dx.doi.org/10.1007/s10396-021-01184-1
https://dx.doi.org/10.1007/s10396-021-01184-1
https://referencecitationanalysis.com/InCiteJournalInfo?id=15598
https://referencecitationanalysis.com/articles?id=10.1016%2fj.echo.2010.02.015
http://www.ncbi.nlm.nih.gov/pubmed/20362924
https://dx.doi.org/10.1016/j.echo.2010.02.015
https://dx.doi.org/10.1016/j.echo.2010.02.015
https://dx.doi.org/10.1016/j.echo.2010.02.015


Barutta F et al. GLS and albuminuria in diabetic patients

WJD https://www.wjgnet.com 12 September 15, 2025 Volume 16 Issue 9

approaches. J Am Soc Echocardiogr 2009; 22: 1025-1030 [RCA] [PMID: 19556106 DOI: 10.1016/j.echo.2009.05.021] [FullText]
29 Saito M, Okayama H, Yoshii T, Higashi H, Morioka H, Hiasa G, Sumimoto T, Inaba S, Nishimura K, Inoue K, Ogimoto A, Shigematsu Y, 

Hamada M, Higaki J. Clinical significance of global two-dimensional strain as a surrogate parameter of myocardial fibrosis and cardiac events 
in patients with hypertrophic cardiomyopathy. Eur Heart J Cardiovasc Imaging 2012; 13: 617-623 [RCA] [PMID: 22271116 DOI: 
10.1093/ejechocard/jer318] [FullText]

30 Gao L, Zhang L, Zhang Z, Lin Y, Ji M, He Q, Xie M, Li Y. Clinical Utility of Strain Imaging in Assessment of Myocardial Fibrosis. J Clin 
Med 2023; 12: 743 [RCA] [PMID: 36769393 DOI: 10.3390/jcm12030743] [FullText]

31 Yang W, Zhu L, Wu W, Jiang M, Zhang H, Zhou D, Xu J, Wang Y, Zhang Q, Sirajuddin A, Arai AE, Zhao S, Lu M. Myocardial 
Abnormalities Across the AHA/ACC Stages of Heart Failure in Patients With Diabetes. JACC Asia 2024; 4: 940-952 [RCA] [PMID: 39803000 
DOI: 10.1016/j.jacasi.2024.08.016] [FullText] [Full Text(PDF)]

32 Erqou S, Lee CT, Suffoletto M, Echouffo-Tcheugui JB, de Boer RA, van Melle JP, Adler AI. Association between glycated haemoglobin and 
the risk of congestive heart failure in diabetes mellitus: systematic review and meta-analysis. Eur J Heart Fail 2013; 15: 185-193 [RCA] 
[PMID: 23099356 DOI: 10.1093/eurjhf/hfs156] [FullText]

33 Mochizuki Y, Tanaka H, Matsumoto K, Sano H, Toki H, Shimoura H, Ooka J, Sawa T, Motoji Y, Ryo K, Hirota Y, Ogawa W, Hirata K. 
Clinical features of subclinical left ventricular systolic dysfunction in patients with diabetes mellitus. Cardiovasc Diabetol 2015; 14: 37 [RCA] 
[PMID: 25889250 DOI: 10.1186/s12933-015-0201-8] [FullText] [Full Text(PDF)]

34 Li C, Yuan M, Li K, Bai W, Rao L. Value of peak strain dispersion in discovering left ventricular dysfunction in diabetes mellitus. Sci Rep 
2020; 10: 21437 [RCA] [PMID: 33293679 DOI: 10.1038/s41598-020-78621-7] [FullText] [Full Text(PDF)]

35 Chen X, Guo H, Yang Q, Fang J, Kang X. Quantitative evaluation of subclinical left ventricular dysfunction in patients with type 2 diabetes 
mellitus by three-dimensional echocardiography. Int J Cardiovasc Imaging 2020; 36: 1311-1319 [RCA] [PMID: 32277320 DOI: 
10.1007/s10554-020-01833-5] [FullText]

36 Hatani Y, Tanaka H, Mochizuki Y, Suto M, Yokota S, Mukai J, Takada H, Soga F, Hatazawa K, Matsuzoe H, Matsumoto K, Hirota Y, Ogawa 
W, Hirata KI. Association of body fat mass with left ventricular longitudinal myocardial systolic function in type 2 diabetes mellitus. J Cardiol 
2020; 75: 189-195 [RCA] [PMID: 31451315 DOI: 10.1016/j.jjcc.2019.07.013] [FullText]

37 Lim S, Bae JH, Oh H, Hwang IC, Yoon YE, Cho GY. Effect of ertugliflozin on left ventricular function in type 2 diabetes and pre-heart 
failure: the Ertu-GLS randomized clinical trial. Cardiovasc Diabetol 2024; 23: 373 [RCA] [PMID: 39438942 DOI: 
10.1186/s12933-024-02463-0] [FullText]

38 Kitai T, Kohsaka S, Kato T, Kato E, Sato K, Teramoto K, Yaku H, Akiyama E, Ando M, Izumi C, Ide T, Iwasaki YK, Ohno Y, Okumura T, 
Ozasa N, Kaji S, Kashimura T, Kitaoka H, Kinugasa Y, Kinugawa S, Toda K, Nagai T, Nakamura M, Hikoso S, Minamisawa M, Wakasa S, 
Anchi Y, Oishi S, Okada A, Obokata M, Kagiyama N, Kato NP, Kohno T, Sato T, Shiraishi Y, Tamaki Y, Tamura Y, Nagao K, Nagatomo Y, 
Nakamura N, Nochioka K, Nomura A, Nomura S, Horiuchi Y, Mizuno A, Murai R, Inomata T, Kuwahara K, Sakata Y, Tsutsui H, Kinugawa 
K; Japanese Circulation Society and the Japanese Heart Failure Society Joint Working Group. JCS/JHFS 2025 Guideline on Diagnosis and 
Treatment of Heart Failure. J Card Fail 2025; S1071-9164(25)00100 [RCA] [PMID: 40155256 DOI: 10.1016/j.cardfail.2025.02.014] [Full
Text]

https://referencecitationanalysis.com/InCiteJournalInfo?id=15598
https://referencecitationanalysis.com/articles?id=10.1016%2fj.echo.2009.05.021
http://www.ncbi.nlm.nih.gov/pubmed/19556106
https://dx.doi.org/10.1016/j.echo.2009.05.021
https://dx.doi.org/10.1016/j.echo.2009.05.021
https://dx.doi.org/10.1016/j.echo.2009.05.021
https://referencecitationanalysis.com/InCiteJournalInfo?id=8745
https://referencecitationanalysis.com/articles?id=10.1093%2fejechocard%2fjer318
http://www.ncbi.nlm.nih.gov/pubmed/22271116
https://dx.doi.org/10.1093/ejechocard/jer318
https://dx.doi.org/10.1093/ejechocard/jer318
https://dx.doi.org/10.1093/ejechocard/jer318
https://referencecitationanalysis.com/InCiteJournalInfo?id=13429
https://referencecitationanalysis.com/InCiteJournalInfo?id=13429
https://referencecitationanalysis.com/articles?id=10.3390%2fjcm12030743
http://www.ncbi.nlm.nih.gov/pubmed/36769393
https://dx.doi.org/10.3390/jcm12030743
https://dx.doi.org/10.3390/jcm12030743
https://dx.doi.org/10.3390/jcm12030743
https://referencecitationanalysis.com/articles?id=10.1016%2fj.jacasi.2024.08.016
http://www.ncbi.nlm.nih.gov/pubmed/39803000
https://dx.doi.org/10.1016/j.jacasi.2024.08.016
https://dx.doi.org/10.1016/j.jacasi.2024.08.016
https://dx.doi.org/10.1016/j.jacasi.2024.08.016
https://rcastoragev2.blob.core.windows.net/1aed08eafeecc5431495ff71490e9d81/main.PMC11712003.pdf
https://rcastoragev2.blob.core.windows.net/1aed08eafeecc5431495ff71490e9d81/main.PMC11712003.pdf
https://rcastoragev2.blob.core.windows.net/1aed08eafeecc5431495ff71490e9d81/main.PMC11712003.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=8847
https://referencecitationanalysis.com/articles?id=10.1093%2feurjhf%2fhfs156
http://www.ncbi.nlm.nih.gov/pubmed/23099356
https://dx.doi.org/10.1093/eurjhf/hfs156
https://dx.doi.org/10.1093/eurjhf/hfs156
https://dx.doi.org/10.1093/eurjhf/hfs156
https://referencecitationanalysis.com/InCiteJournalInfo?id=4516
https://referencecitationanalysis.com/articles?id=10.1186%2fs12933-015-0201-8
http://www.ncbi.nlm.nih.gov/pubmed/25889250
https://dx.doi.org/10.1186/s12933-015-0201-8
https://dx.doi.org/10.1186/s12933-015-0201-8
https://dx.doi.org/10.1186/s12933-015-0201-8
https://rcastoragev2.blob.core.windows.net/7b91ce7783895c897f0dec6e2d7882fa/PMC4404084.pdf
https://rcastoragev2.blob.core.windows.net/7b91ce7783895c897f0dec6e2d7882fa/PMC4404084.pdf
https://rcastoragev2.blob.core.windows.net/7b91ce7783895c897f0dec6e2d7882fa/PMC4404084.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=20954
https://referencecitationanalysis.com/articles?id=10.1038%2fs41598-020-78621-7
http://www.ncbi.nlm.nih.gov/pubmed/33293679
https://dx.doi.org/10.1038/s41598-020-78621-7
https://dx.doi.org/10.1038/s41598-020-78621-7
https://dx.doi.org/10.1038/s41598-020-78621-7
https://rcastoragev2.blob.core.windows.net/af1ec991caa0022bd56a69439fe78376/PMC7722717.pdf
https://rcastoragev2.blob.core.windows.net/af1ec991caa0022bd56a69439fe78376/PMC7722717.pdf
https://rcastoragev2.blob.core.windows.net/af1ec991caa0022bd56a69439fe78376/PMC7722717.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=11514
https://referencecitationanalysis.com/articles?id=10.1007%2fs10554-020-01833-5
http://www.ncbi.nlm.nih.gov/pubmed/32277320
https://dx.doi.org/10.1007/s10554-020-01833-5
https://dx.doi.org/10.1007/s10554-020-01833-5
https://dx.doi.org/10.1007/s10554-020-01833-5
https://referencecitationanalysis.com/InCiteJournalInfo?id=13255
https://referencecitationanalysis.com/articles?id=10.1016%2fj.jjcc.2019.07.013
http://www.ncbi.nlm.nih.gov/pubmed/31451315
https://dx.doi.org/10.1016/j.jjcc.2019.07.013
https://dx.doi.org/10.1016/j.jjcc.2019.07.013
https://dx.doi.org/10.1016/j.jjcc.2019.07.013
https://referencecitationanalysis.com/InCiteJournalInfo?id=4516
https://referencecitationanalysis.com/articles?id=10.1186%2fs12933-024-02463-0
http://www.ncbi.nlm.nih.gov/pubmed/39438942
https://dx.doi.org/10.1186/s12933-024-02463-0
https://dx.doi.org/10.1186/s12933-024-02463-0
https://dx.doi.org/10.1186/s12933-024-02463-0
https://referencecitationanalysis.com/InCiteJournalInfo?id=13254
https://referencecitationanalysis.com/articles?id=10.1016%2fj.cardfail.2025.02.014
http://www.ncbi.nlm.nih.gov/pubmed/40155256
https://dx.doi.org/10.1016/j.cardfail.2025.02.014
https://dx.doi.org/10.1016/j.cardfail.2025.02.014
https://dx.doi.org/10.1016/j.cardfail.2025.02.014


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: office@baishideng.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2025 Baishideng Publishing Group Inc. All rights reserved.

mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study population
	Biochemistry
	Definitions and calculations
	Echocardiographic evaluation
	Statistical analysis

	RESULTS
	Study population
	GLS-LVSD
	Univariate and multivariate linear regression
	Logistic regression analysis

	DISCUSSION
	CONCLUSION
	FOOTNOTES
	REFERENCES

