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The additive effects of kidney dysfunction 
on left ventricular function and strain in type 
2 diabetes mellitus patients verified by cardiac 
magnetic resonance imaging
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Abstract 

Background: Patients with type 2 diabetes mellitus (T2DM) are susceptible to coexisted with chronic kidney disease 
(CKD), which may increase cardiovascular mortality in these patients. The present study aimed to verify whether CKD 
aggravates the deterioration of left ventricular (LV) myocardial strain in T2DM patients and to explore the risk factors 
associated with LV strain.

Materials and methods:  In total, 105 T2DM patients and 52 healthy individuals were included and underwent 
cardiac magnetic resonance examination. Patients were divided into the following two groups: T2DM with CKD 
(n = 33) and T2DM without CKD (n = 72). The baseline clinical and biochemical indices were obtained from hospital 
records before the cardiac magnetic resonance scan. Cine sequences, including long‑axis views (2‑chamber and 
4‑chamber) and short‑axis views, were acquired. LV function and global strain parameters were measured based on 
cine sequences and compared among three groups. Pearson’s analysis was performed to investigate the correlation 
between LV strain parameters and clinical indices. Multiple linear regression analysis was used to identify the inde‑
pendent indicators of LV strain.

Results: Compared with normal controls, T2DM patients without CKD had a significantly decreased magnitude of 
peak strain (PS; radial), peak systolic strain rate (radial), and peak diastolic strain rate (radial and circumferential) (all 
P < 0.05). Furthermore, T2DM patients with CKD displayed markedly lower magnitudes of PS (radial, circumferential, 
and longitudinal) and peak diastolic strain rate (circumferential and longitudinal) than both normal controls and T2DM 
patients without CKD (all P < 0.05). The eGFR was positively associated with the magnitude of PS (R = radial, 0.392; cir‑
cumferential, 0.436; longitudinal, 0.556), while uric acid was negatively associated with the magnitude of PS (R = radial, 
− 0.361; circumferential, − 0.391; longitudinal, − 0.460) (all P < 0.001). Multivariable linear regression indicated that the 
magnitude of PS was independently associated with eGFR (β = radial, 0.314; circumferential, 0.292; longitudinal, 0.500) 
and uric acid (β = radial, − 0.239; circumferential, − 0.211; longitudinal, − 0.238) (all P < 0.05).
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Background
Diabetes mellitus (DM) has caused a severe public health 
burden with an estimated 451 million people living with 
diabetes worldwide [1]. A common comorbidity of DM, 
especially type 2 diabetes diabetes mellitus (T2DM), is 
chronic kidney disease (CKD), which is associated with 
an increased risk of cardiovascular disease, heart failure, 
infections, reduced quality of life, increase of financial 
burden and premature mortality [2, 3]. In DM patients 
with CKD, high glucose concentrations and hyperfiltra-
tion lead to extracellular matrix deposition, oxidative 
stress, chronic inflammation, hypertrophy, and neuronal 
abnormalities resulting in stiffening of the myocardium 
[4]. It has been demonstrated that cardiovascular mor-
bidity and mortality in DM patients with CKD are sub-
stantially increased compared to patients with DM alone. 
[1]. These observations underscore the importance of 
evaluating cardiac function in T2DM patients with CKD 
to mitigate CVD risk and improve outcomes.

Cardiac magnetic resonance (CMR) have served as the 
gold standard modality to assess cardiac structure and 
function. CMR derived strain based on cine sequence 
and tissue-tracking techniques has been proven to pro-
vide quantitative assessment of myocardial deformation 
based on every voxel of cine sequence [5–8]. Relation-
ships between CMR indices and metabolic-associated 
factors (e.g., duration of diabetes, obesity, hypertension, 
and dyslipidaemia) have been investigated in uncompli-
cated DM patients in several previous studies [7–10]. 
However, to the best of our knowledge, studies focusing 
on the combined effect of T2DM with CKD on cardiac 
function are scarce. Therefore, this study aimed to verify 
whether kidney dysfunction aggravates the deteriora-
tion of left ventricular (LV) myocardial strain in diabetic 
patients and to investigate the association between LV 
strain and kidney function indices.

Materials and methods
Study population
A total of 138 patients with clinically diagnosed T2DM 
(based on the current American Diabetes Association 
guidelines) were prospectively recruited in the present 
study between September 2016 and September 2020 [11]. 
Diabetic patients with CKD are clinically defined by the 
presence of persistent low eGFR (< 60 mL/min/1.73 m2) 
[12]. We excluded individuals with primary or secondary 

cardiomyopathy diseases not induced by DM (n = 24) 
[13], patients with contraindications to CMR imaging 
(n = 4), and patients with poor quality CMR images due 
to arrhythmia (n = 5). Finally, 105 remaining patients 
participated in the study and received the CMR exami-
nation. Concurrently, 52 age- and sex-matched healthy 
volunteers with no history of impaired glucose toler-
ance; known systematic disease such as hypertension, 
hyper-lipidemia; electrocardiogram abnormalities; and 
cardiovascular abnormalities detected by CMR (abnor-
mal ventricular motion, reduced LVEF, valvular stenosis) 
were included as normal controls.

Data on demographic characteristics, including age, 
gender, height, weight, systolic/diastolic blood pressure, 
and resting heart rate, were collected at the time of CMR 
scanning. The body mass index (BMI) was calculated as 
weight (kg) divided by the square of height (m). Blood 
pressure and resting heart rate were recorded as an aver-
age of three measurements in the right arm in a sitting 
position after a 10-min resting period. Data regarding 
diabetes duration and biochemical indices, including 
fasting plasma glucose, glycated hemoglobin (HbA1c), 
total cholesterol, triglycerides, high density lipopro-
tein (HDL), low density lipoprotein (LDL), creatinine, 
urea, and uric acid were obtained from hospital records 
before the CMR examination. The estimated glomeru-
lar filtration rate (eGFR) was calculated by creatinine 
using the CKD-EPI equation [14]. In addition, related 
complications (retinopathy, neuropathy, peripheral vas-
cular disease, atrial fibrillation) and medications (Insu-
lin, Biguanides, Sulfonylureas, α-Glucosidase inhibitor, 
Glucagon-like peptide-1/Dipeptidyl peptidase-4 inhibi-
tor, Sodium-glucose co-transporter 2 inhibitor, Statin, 
Angiotensin-converting enzyme inhibitor and/or Angio-
tensin receptor blocker, β-blockers, Calcium channel 
blocker, Loop diuretics, Spironolactone, Thiazides) were 
also collected from hospital records.

CMR protocol
All participants underwent CMR examination in the 
supine position using a 3.0T whole-body scanner (Skyra; 
Siemens Medical Solutions, Erlangen, Germany). A 
manufacturer’s standard ECG-triggering device and the 
breath-hold technique were used to monitor the dynamic 
changes of ECG and breathing, respectively. Data acqui-
sition was performed during the breath-holding period at 

Conclusions: Kidney dysfunction may aggravate the deterioration of LV strain in T2DM patients. LV strain is positively 
associated with the estimated glomerular filtration rate and negatively associated with uric acid, which may be inde‑
pendent risk factors for predicting reduction of LV strain.
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the end of inspiration. A series of cine sequences, includ-
ing 8–12 continuous short-axis views of LV from the 
mitral valve to the level of the LV apex, were obtained 
using steady-state free precession (repetition time, 
33.22 ms; echo time, 1.31 ms; flip angle, 39°; slice thick-
ness, 8.0  mm; field of view, 234 × 280  mm2; and matrix 
size, 208 × 139 pixels) as well as the horizontal 4-chamber 
and vertical 2-chamber long-axis. LV function parame-
ters and tissue-tracking indices were assessed from these 
continuous cine sequences. The condition of the partici-
pants remained stable throughout the examination.

Image analysis
Image analysis was performed by two experienced radi-
ologists with more than 3 years of CMR experience using 
commercial software (cvi42; Circle Cardiovascular Imag-
ing, Inc., Calgary, AB, Canada). The endocardial and 
epicardial contours were delineated manually per slice 
at the end-diastole and end-systole, and the papillary 
muscles and moderator bands were carefully excluded in 
all series. The global LV geometry and function param-
eters, including end-diastolic volume (EDV), end-systolic 
volume (ESV), systolic volume (SV), LV ejection frac-
tion (LVEF), and LV mass, were automatically computed 
according to the current guidelines [15]. In addition, the 
LV remodelling index, calculated as LV mass divided by 
LVEDV, was included for analysis [16]. Global LV strain 
variables were analysed based on tracking every voxel of 
myocardium on short-axis, horizontal 4-chamber long-
axis, and vertical 2-chamber long-axis cine slices.

The strain variables included peak strain (PS, defined 
as the absolute highest value of the strain over all phases 
of the cardiac cycle), peak systolic strain rate (PSSR, 
defined as the absolute highest value of the strain rate 
starting from a diastole to the next systole), and peak 
diastolic strain rate (PDSR, defined as the maximum 
absolute value of the strain rate starting from a systole to 
the next diastole) in radial, circumferential, and longitu-
dinal directions. The radial direction was perpendicular 
to the circumferential direction towards the centroid of 
the left ventricle. The circumferential direction was par-
allel to the tangent of the epicardial surface. The longi-
tudinal direction was perpendicular to the radial axis 
pointing from the base to the apex of the ventricle. Radial 
strain was considered positive due to the thickening of 
the myocardium when the left ventricle was contracting. 
Circumferential and longitudinal strains were considered 
negative because the myocardium shortened when con-
tracting [17].

Reproducibility
The intraobserver variability in the LV global strain 
parameters was assessed by an experienced investigator 

(YZ) by comparing the measurements from 60 randomly 
selected cases analysed by the same observer after one 
month. The interobserver variability was evaluated by 
comparing the measurements from the same popula-
tion by another independent double-blinded experienced 
observer (JW).

Statistical analyses
All statistical analyses were performed using SPSS soft-
ware (Version 21.0, Armonk, New York, USA), and statis-
tical diagrams were plotted by GraphPad Prism software 
(version 7.0a, GraphPad Software Inc., San Diego, CA, 
USA). The Kolmogorov-Smirnov test was performed to 
check for normality of continuous variables. Data are 
presented as the mean ± standard deviation for vari-
ables with continuous normal distribution and median 
(25–75% interquartile range) for those with continu-
ous non-normal distribution. Comparisons for normally 
distributed variables were performed by one-way analy-
sis of variance with the Bonferroni post-hoc correction 
among normal controls and T2DM patients with and 
without CKD. The kidney function indices were com-
pared between T2DM patients with and without CKD 
using Student’s t-test. The Kruskal-Wallis rank test was 
performed to evaluate categorical variables and param-
eters that did not conform to normality or homogene-
ity of variance. Spearman’s test was used for correlation 
analysis between PS and clinical indices (e.g., creatinine, 
eGFR, urea, uric acid, diabetes duration, fasting plasma 
glucose, HbA1c, total cholesterol and triglycerides). 
Furthermore, variables with a probability value of < 0.1 
and the absence of collinearity were included in a mul-
tiple linear regression analysis adjusting for age, gender, 
BMI, systolic blood pressure, rest heart rate to identify 
the independent indicators reflecting the severity of LV 
PS. The intraclass correlation coefficient (ICC) was used 
to evaluate both inter- and intraobserver variability. All 
statistical calculations followed a two-tailed test, and a 
P-value of < 0.05 was considered statistically significant.

Results
Participant characteristics
In total, 157 participants (105 patients and 52 controls) 
were included in the present study. Of all 105 diabetic 
patients, 33 (31.4%) diabetic patients were diagnosed 
with CKD, and 72 (68.6%) diabetic patients were diag-
nosed without CKD. Table 1 presents the baseline char-
acteristics, diabetic status, lipid status, kidney function 
indices, complications, and medications. Subjects in the 
three groups were similar in age, gender proportion, 
and BMI. The T2DM with CKD group showed mark-
edly higher creatinine [142.6 (121.0–200.0) µmol/L vs. 
70.3 ± 15.5 µmol/L], urea [10.0 (7.2–12.3) mmol/L vs. 5.7 
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Table 1 Baseline characteristics of the study cohort

a T2DM patients vs. controls (P < 0.05)
b T2DM patients with CKD vs. T2DM patients without CKD (P < 0.05)

T2DM type 2 diabetes diabetes mellitus, CKD chronic kidney disease, BMI body mass index, HDL high-density lipoprotein, LDL low-density lipoprotein, eGFR estimated 
Glomerular Filtration Rate, HbA1c glycated hemoglobin, GLP-1 glucagon-like peptide-1, DPP-4 dipeptidyl peptidase-4, SGLT2 sodium-glucose co-transporter 2, 
ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker

Controls (n = 52) T2DM patients

Without CKD
(n = 72)

With CKD
(n = 33)

Male, n (%) 36 (69.2) 50 (69.4) 23 (69.7)

Age, years 56.4 ± 9.9 57.1 ± 8.5 56.9 ± 15.7

BMI, kg/m2 22.5 (20.5–24.5) 23.9 ± 2.7 24.5 ± 3.4

Systolic blood pressure, mmHg 119.2 ± 5.3 125.5 (116.0–130.0) 132.6 ± 30.9a,b

Diastolic blood pressure, mmHg 80.0 (75.0–83.0) 78.7 ± 10.0 80.2 ± 18.2

Rest Heart rate, bmp 74.2 ± 9.9 73.6 ± 11.2 87.8 ± 11.2a,b

Diabetes duration, years – 6.0 (3.0–9.9) 10.0 ± 5.3b

Diabetic status

 Fasting plasma glucose, mmol/L – 9.2 (7.3–11.0) 7.4 (6.4–12.0)

 HbA1c, % – 7.6 (6.6–9.0) 7.9 ± 1.2

Lipid status

 Total cholesterol, mmol/L – 4.3 (3.6–5.1) 4.3 (3.5–5.2)

 Triglycerides, mmol/L – 1.4 (1.0‑2.2) 1.4 (1.2–2.3)

 HDL, mmol/L – 1.1 (0.9–1.4) 1.0 ± 0.4b

 LDL, mmol/L – 2.4 ± 0.8 3.1 ± 2.1b

Kidney function indices

 Creatinine, umol/L – 70.3 ± 15.5 142.6 (121.0‑200.0)b

 eGFR, ml/min/1.732  m2 – 96.1 ± 14.5 38.2 ± 14.8b

 Urea, mmol/L – 5.7 (4.7–6.8) 10.0 (7.2–12.3)b

 Uric acid, umol/L – 321.7 ± 105.8 479.0 ± 154.4b

Complications, n (%)

 Retinopathy – 4 (5.6) 4 (12.1)

 Neuropathy – 4 (5.6) 5 (15.2)

 Peripheral vascular disease – 2 (2.8) 5 (15.2)b

 Atrial fibrillation – 4 (5.6) 3 (9.1)

Medications, n (%)

 Insulin – 20 (27.8) 18 (54.5)b

 Biguanides – 41 (56.9) 19 (57.6)

 Sulfonylureas – 3 (3.9) 3 (9.1)

 α‑Glucosidase inhibitor – 18(25.0) 9 (27.3)

 GLP‑1/DPP‑4 inhibitor – 5 (6.9) 4 (12.1)

 SGLT2 inhibitor – 10 (13.9) 5 (15.2)

 Statin – 13 (18.1) 17 (51.5)b

 ACEI and/or ARB – 12 (16.7) 8 (24.2)

 β‑blockers – 12(16.7) 14 (42.4)b

 Calcium channel blocker – 7 (9.7) 10 (13.9)b

 Loop diuretics – 5 (6.9) 14 (19.4)b

 Spironolactone – 5 (6.9) 13 (18.1)b

 Thiazides – 2 (2.8) 2 (2.8)
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(4.7–6.8) mmol/L], and uric acid (479.0 ± 154.4  µmol/L 
vs. 321.7 ± 105.8  µmol/L) levels but lower eGFR 
(38.2 ± 14.8  ml/min/1.732  m2 vs. 96.1 ± 14.5  ml/
min/1.732  m2) levels than those of the T2DM without 
CKD group (all P < 0.05).

Comparison of LV function and strain among T2DM groups 
and normal individuals
By comparison of LV function parameters, the T2DM 
without CKD group exhibited an increase in LVESV 
(62.48 ± 55.31  mL vs. 44.86 ± 12.41  mL), LV mass 
(96.14 ± 34.18  g vs. 72.14 ± 19.12  g), and LV remodel-
ling index (0.73 ± 0.20  g/mL vs. 0.58 ± 0.13  g/mL) com-
pared to normal controls (all P < 0.05). However, there 
was no significant difference in LVSV and LVEF between 
the T2DM without CKD group and the normal group 
(P = 0.076).

By comparison of LV strain parameters, the T2DM 
without CKD group had significantly lower radial PS 
compared to normal individuals (30.82 ± 10.48% vs. 
38.42 ± 8.73%, P < 0.05). Regarding systolic function, 
only radial PSSR was reduced in the T2DM without 
CKD group compared to the normal group (1.67 ± 1.07 

1/s vs. 2.14 ± 0.65 1/s) (P < 0.05). There was no signifi-
cant difference in circumferential and longitudinal PSSR 
between T2DM groups and normal individuals. Regard-
ing diastolic function, the magnitude of radial PDSR 
(– 1.72 ± 1.74 1/s vs. – 2.80 ± 0.91 1/s) and circumferen-
tial PDSR (1.10 ± 0.39 1/s vs. 1.25 ± 0.27 1/s) decreased 
in T2DM patients compared to the normal group (all 
P < 0.05) (Table 2).

Progressive deterioration of LV function and strain in T2DM 
patients with CKD
The T2DM with CKD group showed significantly higher 
values for LVEDV, LVESV, LV mass, and LV remodelling 
index but lower values for LVEF compared to normal 
controls (all P < 0.05). Moreover, compared to the T2DM 
without CKD group, LVEF [47.94 (31.33–65.10)% vs. 
58.45 ± 14.14%] decreased and LV mass (124.02 ± 49.32 g 
vs. 96.14 ± 34.18  g) increased in the T2DM with CKD 
group (all P < 0.05).

Regarding strain parameters, the magnitudes of radial 
(20.79 ± 12.02% vs. 38.42 ± 8.73%), circumferential 
(– 13.48 ± 6.16% vs. – 19.94 ± 2.71%), and longitudi-
nal (– 8.35 ± 3.39% vs. 14.82 ± 3.33%) PS in T2DM with 

Table 2 Comparison of CMR findings among T2DM patients with/without CKD and normal controls

a T2DM patients vs. controls (P < 0.05)
b T2DM patients with CKD vs. T2DM patients without CKD (P < 0.05)

T2DM type 2 diabetes diabetes mellitus, LV left ventricular, EDV end diastolic volume, ESV end systolic volume, SV stroke volume, EF ejection fraction, PSSR peak systolic 
strain rate, PDSR peak diastolic strain rate

Controls
(n = 52)

T2DM patients

Without CKD
(n = 72)

With CKD
(n = 33)

LV function parameters

 LVEDV, mL 121.09 ± 27.13 139.04 ± 61.75 161.04 (112.09–209.46)a

 LVESV, mL 44.86 ± 12.41 62.48 ± 55.31a 75.90 (42.13–143.34)a

 LVSV, mL 76.40 ± 18.56 76.55 ± 23.96 75.89 ± 36.97

 LVEF, % 62.62 ± 5.80 58.45 ± 14.14 47.94 (31.33–65.10)a,b

 LV mass, g 72.14 ± 19.12 96.14 ± 34.18a 124.02 ± 49.32a,b

 LV remodelling index, g/mL 0.58 ± 0.13 0.73 ± 0.20a 0.77 ± 0.29a

Peak strain(%)

 Radial 38.42 ± 8.73 30.82 ± 10.48a 20.79 ± 12.02a,b

 Circumferential – 19.94 ± 2.71 – 19.37 ± 5.48 – 13.48 ± 6.16a,b

 Longitudinal – 14.82 ± 3.33 – 13.49 ± 3.78 – 8.35 ± 3.39a,b

PSSR(1/s)

 Radial 2.14 ± 0.65 1.67 ± 1.07a 1.28 ± 0.73a

 Circumferential – 0.97 ± 0.37 – 0.95 ± 0.48 – 0.82 ± 0.38

 Longitudinal – 0.76 ± 0.44 – 0.76 ± 0.70 – 0.61 ± 0.28

PDSR(1/s)

 Radial – 2.80 ± 0.91 – 1.72 ± 1.74a – 1.10 ± 0.90a

 Circumferential 1.25 ± 0.27 1.10 ± 0.39a 0.80 ± 0.35a,b

 Longitudinal 0.94 ± 0.28 0.95 ± 0.65 0.62 ± 0.26a,b
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CKD group were remarkably lower than that in normal 
group (all P < 0.05). Furthermore, compared to T2DM 
patients without CKD, T2DM patients with CKD had 
markedly lower magnitudes of radial (20.79 ± 12.02% 
vs. 30.82 ± 10.48%), circumferential (– 13.48 ± 6.16% vs. 
– 19.37 ± 5.48%), and longitudinal (– 8.35 ± 3.39% vs. – 
13.49 ± 3.78%) PS (all P < 0.05). Concurrently, the circum-
ferential and longitudinal PDSR in T2DM patients with 
CKD were also lower than that in normal individuals and 
T2DM patients without CKD (Table 2). Figure 1 showed 
representative CMR cine images and CMR-derived peak 
strain curves in a normal control, T2DM patient without 
CKD, and T2DM patient with CKD.

Association between the magnitude of LV PS and kidney 
function indices in T2DM patients
The correlations between LV PS and clinical indices 
are presented in Table  3. Within all diabetic patients in 
this cohort, Spearman correlation analysis showed that 
eGFR had a positive correlation with the magnitude of 

PS (R = radial, 0.392; circumferential, 0.436; longitudinal, 
0.556, all P < 0.001) and that uric acid had a negative cor-
relation with the magnitude of PS (R = radial, – 0.361; cir-
cumferential, – 0.391; longitudinal, – 0.460) (all P < 0.001) 
(Fig.  2). In addition, the creatinine and urea were also 
significantly associated with PS (all P < 0.05). There was 
no significant correlation between other clinical param-
eters and PS (all P > 0.05). Multivariable stepwise linear 
regression analysis indicated that eGFR (β = radial, 0.314; 
circumferential, 0.292; longitudinal, 0.500) and uric acid 
(β = radial, – 0.239; circumferential, – 0.211; longitudinal, 
– 0.238) (all P < 0.05) (Table 4) were independently asso-
ciated with the magnitude of PS.

The reproducibility of CMR tissue tracking to access LV PS
The reproducibility of LV PS was considered excellent. 
The ICC values in the intraobserver analysis were 0.942 
(95% confidence interval [CI] 0.908–0.965), 0.950 (95% 
CI 0.920–0.970), and 0.978 (95% CI 0.965–0.987) for 

Fig. 1 Representative CMR pseudocolor images at the end‑systole and CMR‑derived peak strain curves in a normal control, T2DM patient without 
CKD, and T2DM patient with CKD. A1–C1 left ventricle pseudocolor images in short‑axis; A2–C2 LV global peak strain curve in radial direction; 
A3–C3 left ventricle pseudocolor images in horizontal 4‑chamber long‑axis; A4, B4, C4 LV global peak strain curves in longitudinal direction
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radial, circumferential, and longitudinal PS, respectively. 
The ICC values in the interobserver analysis were 0.845 
(95% confidence interval [CI] 0.766–0.903), 0.863 (95% 
CI 0.920–0.970), and 0.937 (95% CI 0.901–0.960) for 
radial, circumferential, and longitudinal PS, respectively.

Discussion
The present study investigated the characteristics of LV 
function and strain in T2DM patients with or without 
CKD using CMR imaging. We verified the occurrence 
of decreased LV strain in T2DM patients compared to 
normal individuals. Furthermore, kidney dysfunction 

was proven to aggravate the deterioration of LV strain 
in T2DM patients with CKD. Finally, the eGFR and uric 
acid were independently associated with LV PS in radial, 
circumferential, and longitudinal directions.

In T2DM patients without CKD, our data revealed a 
reduction in radial PS, radial PSSR, radial PDSR, and cir-
cumferential PDSR compared to normal individuals, but 
no significant difference in LVEF was observed between 
these two groups, which was consistent with previous 
strain data regarding myocardial mechanics in DM [18–
22]. The first 3-dimensional CMR strain study showed 
that longitudinal and circumferential PS as well as peak 

Fig. 2 Linear regression analysis between the magnitude of LV peak strain (radial, circumferential, and longitudinal) and eGFR or uric acid. eGFR, 
estimated glomerular filtration rate
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strain rates are impaired in type 2 diabetes with normal 
LVEF [20]. Similarly, Vukomanovic et  al. reported that 
global longitudinal and circumferential strains are signifi-
cantly reduced in diabetic participants and affect all LV 
myocardial layers [21]. Thus, the reduction of LV strain in 
T2DM patients may precede overt LVEF.

The underlying mechanism of reduced strain is still 
incompletely understood. It was demonstrated that 
hyperglycemia enhances fatty acid metabolism, sup-
presses glucose oxidation, and modifies intracellular 
signaling and leads to interstitial and perivascular fibro-
sis, contributing to reduction in ventricular compliance 
[22, 23]. Cao et al. [24] demonstrated that T2DM patients 
exhibited significantly increased mean native T1 values 
and ECVs of the LV compared with controls. Moreo-
ver, microvascular endothelial inflammation, rarefaction 
and perivascular collagen, and end-products deposition 
results in microvascular dysfunction, affecting cardiac 
contractility. Liu et al. [7] demonstrated an inverse rela-
tionship between time to maximum signal intensity and 
radial PS as well as a positive relationship between time 
to maximum signal intensity and longitudinal PS. These 
studies indicated that diabetes has an adverse effect 
on subclinical LV systolic dysfunction and myocardial 
perfusion.

Although CKD is also a common comorbidity of DM, 
studies on the additive effect of kidney dysfunction on 
cardiac function and deformation in T2DM are scarce. 
Thus, we conducted the present study and revealed that 
the magnitude of radial, circumferential, and longitudinal 
PS was markedly lower in T2DM patients with CKD than 
in both normal individuals and T2DM patients without 
CKD. Moreover, the LVEDV, LVESV, LV mass and LV 
remodelling index were markedly enlarged in T2DM 
patients with CKD compared to both normal individuals 
and T2DM patients without CKD. Taken together, these 

observations suggested that LV function progressively 
decreases in diabetic patients with CKD and is accompa-
nied by left ventricle enlargement and hypertrophy.

In addition, we identified that the eGFR and uric acid 
were independently associated with the magnitude of LV 
PS in the radial, circumferential, and longitudinal direc-
tions, indicating that the magnitude of PS may gradu-
ally decrease with the deterioration of eGFR and the 
accumulation of uric acid. Thus, T2DM patients with 
high uric acid and low eGFR levels have an increased 
risk of myocardial strain deterioration. In CKD patients, 
mechanisms including hemodynamic instability, activa-
tion of the neuroendocrine system, oxidative stress, and 
anaemia, contribute to myocardial injury and resulting 
in poor cardiac outcomes during the process of chronic 
kidney dysfunction [25–27]. It can be inferred that the 
renal dysfunction had an additive adverse effect on LV 
in T2DM patients, contributing to myocardial abnor-
mal deformation and cardiac contractile disability. This 
is partly explained by the activation of Rho-associated 
coiled-coil-containing protein kinase which is reported 
as an essential element in the development of atheroscle-
rosis, hypertrophy of cardiomyocyte, cardiac fibrosis and 
cell death in T2DM patients with CKD [28, 29]. There-
fore, focusing on changes in LV strain may facilitate the 
clinical management of T2DM patients with CKD to mit-
igate CVD risk and improve outcomes.

Limitations
There are several potential limitations in our study. First, 
this was a single centre study. The sample size is relevant 
small but adequately powered to demonstrate the addi-
tive effects of kidney dysfunction on left ventricular 
function and strain in type 2 diabetes mellitus patients. 
A larger cohort or multicentre study with pooled data 
is required in the future. Second, long-term follow-up 

Table 4 Multivariable linear analysis of  LV strains in  all diabetic patients adjusted for  age, gender, BMI, systolic blood 
pressure, rest heart rate, eGFR, urea, and uric acid

*P < 0.05; 

BMI body mass index, eGFR estimated glomerular filtration rate

Radial PS Circumferential PS Longitudinal PS

β P R2 β P R2 β P R2

Age 0.197 0.027 0.226 0.201 0.019 0.282 0.032 0.677 0.419

Gender (Male) – 0.035 0.698 – 0.105 0.222 – 0.063 0.416

BMI 0.176 0.047 0.161 0.059 0.035 0.653

Systolic blood pressure 0.076 0.405 0.138 0.121 0.305 < 0.001

Rest heart rate – 0.101 0.305 – 0.182 0.057 – 0.127 0.135

eGFR 0.314 0.003 0.292 0.006 0.500 < 0.001

Urea – 0.010 0.927 – 0.002 0.069 0.046 0.618

Uric acid – 0.239 0.022 – 0.211 0.038 – 0.238 0.008
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data related to the impact of LV strain changes on car-
diovascular events was not obtained, and further longi-
tudinal studies are required to investigate the potential 
of LV strain for predicting cardiovascular outcomes in 
T2DM patients with CKD. Thirdly, subclinical coronary 
ischemic disease may not be excluded because the stress 
test was not performed. However, the clinical coronary 
artery disease was considered to be unlikely according 
to the evaluation of patients by clinical history, labora-
tory results, echocardiography and electrocardiography. 
Results could still reflect the additive effect of kidney 
dysfunction on diabetic cardiomyopathy after adjust-
ment for other confounders including age, gender, BMI, 
systolic blood pressure, rest heart rate. Last, the fasting 
plasma glucose and lipid status parameters of the con-
trols were not measured. However, we carefully checked 
the detailed medical history and medical examination 
reports of enrolment for the controls to ensure meeting 
the inclusion criteria.

Conclusions
LV global strain is significantly compromised in T2DM 
patients, and kidney dysfunction may aggravate the dete-
rioration of LV strain in diabetic patients. LV strain is 
positively associated with the estimated glomerular filtra-
tion rate and negatively associated with uric acid, which 
may be independent risk factors for predicting reduction 
of LV strain. Therefore, more attention should be paid to 
LV strain evaluation in T2DM patients with CKD.
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