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Abstract
This study aimed to compare the differences in echocardiographic and strain parameters in patients with diabetic kidney dis-
ease (DKD) and non-diabetic kidney disease (NDKD) in a cohort with pre-dialysis chronic kidney disease (CKD) and normal 
ejection fraction (EF). In this single-center prospective study, patients with CKD stages 3–5 and EF > 55% were included. 
We compared cardiac structure and function using conventional and speckle-tracking strain echocardiography among DKD 
and NDKD groups. Cardiovascular outcomes were assessed at the end of the study. Of the included 117 patients, 56 (47.9%) 
had DKD, and 61 (52.1%) had NDKD. Patients with DKD had higher ratios of early mitral inflow velocity and mitral annular 
early diastolic velocity (E/e’) (11.9 ± 4.4 vs. 9.8 ± 3.5; p = 0.004), lower septal e’ velocity (7.1 ± 2.5 vs. 8.2 ± 2.8; p = 0.031), 
lower lateral e’ velocity (9.2 ± 2.9 vs. 10.4 ± 3.8; p = 0.045) and longer deceleration times (209.2 ± 41.5 vs. 189.1 ± 48.0; 
p = 0.017), compared to those with NDKD. Left ventricular mass index (LVMI), global longitudinal strain (GLS), early dias-
tolic strain rate (SRE), and E/SRE were similar. At a median follow-up of 239 days, 3-P MACE (11.5% vs. 4.9%; p = 0.047) 
and 4-P MACE (28.6% vs. 11.5%; p = 0.020) were observed to be higher in the DKD group. Diastolic dysfunction was more 
common in patients with DKD, compared to those with NDKD, although both groups had similar LVMI and GLS. Those 
with DKD also had poorer cardiovascular outcomes. This highlights the importance of the assessment of diastolic function 
in CKD, particularly in those with diabetic CKD.

Keywords  Strain echocardiography · Strain imaging · Deformation imaging · Speckle-tracking · Diastolic dysfunction · 
Diabetic kidney disease · Diabetic nephropathy · Chronic kidney disease · Atherosclerotic cardiovascular disease · Major 
adverse cardiovascular events · Cardiovascular outcomes

Introduction

Patients with chronic kidney disease (CKD) are at an 
increased risk of cardiovascular disease (CVD) compared 
to the general population. CVD is the most common cause 
of mortality in patients with CKD, accounting for 40–50% of 
deaths in those with advanced kidney disease [1, 2]. In addi-
tion to cardiovascular mortality related to atherosclerotic 
cardiovascular disease (ASCVD), mortality attributable to 
sudden cardiac death and heart failure is also significantly 
higher in CKD, compared to the general population [3].

Echocardiography is a simple, non-invasive, and afford-
able means of cardiovascular risk stratification in CKD. 
Studies have found that echocardiographic findings such as 
left ventricular hypertrophy (LVH), reduced ejection fraction 
(EF), and diastolic dysfunction predict future risk of adverse 
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cardiovascular events and all-cause mortality [4–6]. There 
is also a growing body of evidence that deformation analy-
sis by speckle-tracking echocardiography (also called strain 
imaging) can identify cardiac abnormalities earlier than 
conventional echocardiographic techniques. This modality 
could potentially transform our understanding of cardiomyo-
pathy in CKD, help in prognostication, and improve thera-
peutic decision-making [7].

Of those with CKD, patients with diabetic kidney disease 
(DKD) form a distinct sub-group. These patients account 
for approximately 40% of the CKD population and are at a 
higher risk of cardiovascular events, compared to their coun-
terparts with non-diabetic CKD [8]. Little is known, how-
ever, about the differences in echocardiographic and strain 
parameters between these two groups. We sought to compare 
both conventional echocardiographic and strain parameters 
in patients with DKD and those with non-diabetic kidney 
disease (NDKD).

Methods

Study design and setting

This was a prospective study conducted in the departments 
of Nephrology and Cardiology during the period March 
2019 to Dec 2021 at Kasturba Medical College, Manipal, a 
tertiary care hospital in South India. The study was approved 
by the institutional ethics committee and was conducted by 
the declaration of Helsinki. The study was registered in the 
Clinical Trials Registry of India (CTRI/2019/03/018119).

Study participants

Patients aged ≥ 40 years with CKD stages 3–5 and nor-
mal left ventricular ejection fraction (EF ≥ 55%) in sinus 
rhythm were included. CKD was diagnosed and staged 
as per the Kidney Disease: Improving Global Outcomes 
(KDIGO) guidelines [9]. Those with known coronary artery 
disease, significant valvular heart disease, congenital heart 
disease, pericardial disease causing significant pericar-
dial effusion or chronic constrictive pericarditis, irregular 
rhythms like atrial fibrillation or flutter, the poor window 
for echocardiography, patients on hemodialysis or peritoneal 
dialysis, pregnant patients, seriously ill patients, and patients 
unable to lie down comfortably for the duration of the study 
were excluded.

Study procedure

Eligible patients who were willing to participate were 
enrolled after obtaining written informed consent. A brief 

clinical history was taken, and baseline data were noted. 
Physical examination findings and baseline lab parameters 
were also recorded.

Based on the etiology of CKD, patients were grouped as 
either having DKD or non-diabetic kidney disease (NDKD) 
as follows:

DKD group: CKD patients with diabetes and (a) biopsy 
evidence of DKD or (b) presence of diabetic retinopathy 
and no clinical or serological evidence suggesting alternate 
causes of CKD.

NDKD group: (a) CKD patients without diabetes or (b) 
those with diabetes but biopsy evidence of other causes of 
CKD (in the absence of histopathological evidence of dia-
betic changes).

Echocardiographic assessment

Detailed echocardiographic evaluation was done using 
standard views including parasternal long axis and short 
axis view at three levels of the left ventricle and apical 4-, 
3- and 2-chamber views. All echocardiographic studies were 
performed on the GE VIVID S60 2D echocardiographic sys-
tem (GE healthcare, US) with 1.3–4.5 MHz 3Sc-RS adult 
probe. Echocardiographic images were stored for offline 
analysis. Left ventricular (LV) internal diameter during end 
diastole (LVEDD), LV internal diameter during end-systole 
(LVESD), wall thickness of posterior wall of LV (PWT), 
and interventricular septum (IVST) were recorded. Left ven-
tricle ejection fraction measurements were taken by using 
M-Mode and Modified Simpson’s method. LV end diastolic 
volume (LVEDV) and LV end systolic volume (LVESV) 
were measured by tracing the border between myocar-
dium and LV cavity as recommended in the 2015 Ameri-
can Society of Echocardiography/European Association of 
Cardiovascular Imaging (ASE/EACVI) guidelines [10]. LV 
mass (LVM) and LV mass index (LVMI) were calculated 
using Devereaux formula [11]. LV hypertrophy (LVH) was 
deemed to be present when LVMI was more than 95 g/m2 in 
women and 115 g/m2 in men.

Pulse‑wave doppler and tissue doppler echocardiography

In the apical four chamber view, doppler echocardiography 
was used to assess peak early diastolic transmitral velocity 
(E), peak late diastolic transmitral velocity (A), E/A ratio, 
and mitral E-wave deceleration time (DT). Tissue doppler 
velocity analysis was done by placing a 2 mm doppler sam-
ple in septal and lateral mitral annulus to measure septal and 
lateral peak early diastolic velocity (e’). E/e’ was calculated 
as E divided by the mean of septal e’ and lateral e’ (Fig. 1) 
[12]. Right ventricular systolic pressure was estimated using 
the tricuspid regurgitation jet velocity.
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Speckle tracking echocardiography

Strain and strain rate analysis was done offline using GE 
EchoPac software v201 (EchoPAC Advanced Analysis 
Technologies; GE Healthcare, US). All measurements were 

performed as recommended by the 2010 EACVI/ASE/Indus-
try Task Force consensus document [13]. Two-dimensional 
speckle-tracking was performed using the three standard 
apical views by first manually tracing the endocardium 
at the onset of systole after which the acoustic tracking 

Fig. 1   Doppler and strain echocardiographic images. Top left, pulsed-
wave doppler recording at mitral inflow showing E, A velocities 
and E-wave DT. Top right, tissue doppler imaging at lateral mitral 
annulus showing e’. Mid left, region of interest tracing in the apical 
4-chamber view during offline analysis using semi-automatic speckle-

tracking software. Mid right, segments of left ventricle as seen in the 
apical 4-chamber view. Bottom left, peak systolic strain waveform 
obtained from apical 4-chamber view shown in mid panel. Bottom 
right, Bull's eye plot of longitudinal strain 3 apical views showing 
strain values of each segment
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software tracked the myocardial speckle pattern frame-by-
frame throughout the cardiac cycle. The region of interest 
was adjusted to cover the thickness of the myocardium and 
adequate tracking was verified and corrected if necessary. 
The aortic valve closure was identified on continuous wave 
doppler recording through the aortic valve. The LV was sub-
sequently divided by the software into 18 segments covering 
the entire myocardium. Longitudinal strain was calculated 
for each of these segments and global longitudinal strain 
(GLS) was calculated as the average value of all 18 seg-
ments (Fig. 1). Similarly, global systolic strain rate (SRS) 
and global early diastolic SR (SRE) and late diastolic strain 
rate (SRA) were calculated from the average of all 18 seg-
ments. The E/SRE ratio was calculated as the E velocity 
(m/s) divided by the global SRE value.

At the end of the study, data on patient outcomes such 
as major adverse cardiovascular events (MACE), all-cause 
mortality and hospitalization with heart failure, were col-
lected from hospital electronic medical records.

Outcome definitions

3-point MACE (3-P MACE): Composite of cardiovascular 
mortality, non-fatal myocardial infarction and non-fatal 
stroke.
4-point MACE (4-P MACE): Composite of cardiovascu-
lar mortality, non-fatal myocardial infarction, non-fatal 
stroke and hospitalization for heart failure. Given the lack 
of accepted definition for heart failure in CKD population, 
we defined “hospitalization for heart failure” as symptoms 
of heart failure along with elevated N-terminal pro-B-type 
natriuretic peptide (NT-proBNP) levels (> 1200 pg/dL) 
requiring hospitalization and intravenous diuretic therapy 
and/or ultrafiltration for the purpose of this study [14].

Statistical analysis

Statistical analysis was performed using SPSS version 22.0. 
Continuous data were tested for normality using the Kol-
mogorov–Smirnov test and those normally distributed were 
presented as mean and standard deviation (SD), while those 
not following normal distribution were expressed as median 
and interquartile range (IQR). Categorical data were pre-
sented as frequency (n) and percentages (%). Comparison 
of proportions was performed using the chi-squared test and 
normally distributed continuous data were compared using 
the two-sample t-test. Mann–Whitney U test was used to 
compare non-normal continuous data. All results were con-
sidered significant at a p-value of < 0.05.

Results

Patient characteristics

A total of 117 patients with CKD stages 3–5 were enrolled 
during the study period after obtaining written consent. The 
mean age of the study population was 57.3 ± 10.5 years, and 
96 patients (82.1%) were male. The median serum creati-
nine was 3.5 (IQR, 2.2–6.0) mg/dL, with a median eGFR of 
17.1 mL/min/1.73m2 (IQR, 9.0–29.9).

Fifty-six (47.9%) patients had biopsy-proven or presumed 
DKD, while 61 (52.1%) had CKD of other etiologies. The 
baseline characteristics of the study groups are shown in 
Table 1. There were significantly more hypertensives in the 
DKD group (98.2% vs. 85.2%; p = 0.017), however there 
was no difference in the baseline systolic and diastolic blood 
pressures. Higher number of patients in the DKD group were 
on statins (51.8% vs. 29.5%; p = 0.016) and anti-platelet 
drugs (44.6% vs. 21.3%; p = 0.010), compared to the NDKD 
group. There were no other significant differences between 
the two groups.

Echocardiographic findings

The main findings on traditional echocardiography are 
shown in Table 2. LV dimensions, including LV end-
systolic and end-diastolic diameters, LV mass, LV mass 
index (LVMI), inter-ventricular septum (IVS) thickness 
and posterior wall thickness were similar in both groups. 
LV ejection fraction (LVEF), peak early diastolic trans-
mitral velocity (E), peak late diastolic transmitral veloc-
ity (A) and E/A ratios were also similar in both groups. 
There was a significant difference in early diastolic mitral 
annular velocity at interventricular septum (septal e’) 
(7.1 ± 2.5 vs. 8.2 ± 2.8; p = 0.031) and lateral wall (lateral 
e’) (9.2 ± 2.9 vs. 10.4 ± 3.8; p = 0.045) measured by tis-
sue doppler imaging in the DKD and NDKD groups. The 
E/e’ ratio was significantly higher in DKD (11.9 ± 4.4 vs. 
9.8 ± 3.5; p = 0.004) and so was the mitral E wave deceler-
ation time (in milliseconds) (209.2 ± 41.5 vs. 189.1 ± 48.0; 
p = 0.017), compared to those with NDKD. Overall, abnor-
mal E/e’ (> 12) was seen in 40 (34.2%) patients. Higher 
proportion of patients with DKD had abnormal E/e’ com-
pared to those with NDKD (44.6% vs 24.6%; p = 0.022).

Strain echocardiographic findings

There was no significant difference in the average GLS of 
both groups (Table 3). Low GLS (> −16%) was seen in 15 
(26.8%) patients with DKD and 20 (32.8%) with NDKD 
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(p = 0.479). E/e’ ratio was higher in patients with low 
GLS compared to those with normal values (12.5 ± 5.1 vs. 
10.0 ± 3.3; p = 0.002).

Table 1   Baseline characteristics of DKD and NDKD groups

ACEi/ARBs angiotensin-converting enzyme inhibitors/angiotensin 
receptor blockers, BMI body mass index, BP blood pressure, BSA 
body surface area, CGN chronic glomerulonephritis, CIN chronic 
interstitial nephritis, CKD chronic kidney disease, CVA cerebrovascu-
lar accident, eGFR estimated glomerular filtration rate (as per CKD-
EPI formula), HbA1c glycosylated hemoglobin, PTH parathyroid 
hormone, PVD peripheral vascular disease, TSH thyroid stimulating 
hormone, UPCR urine protein-creatinine ratio

Parameter DKD (n = 56) NDKD (n = 61) P value

Demographics
 Age, years 59.1 ± 9.6 55.7 ± 11.1 0.078
 Men 44 (78.6%) 52 (85.2%) 0.347
 BMI, kg/m2 24.3 ± 3.6 23.5 ± 3.5 0.218
 BSA, m2 1.7 ± 0.1 1.65 ± 0.1 0.158

Clinical Character-
istics

 Etiology of CKD
   CGN – 18 (29.5%)
   CIN – 14 (23.0%)
   Others – 7 (11.5%)
   Unknown – 22 (36.1%)
 CKD stage 0.539
   3 13 (23.2%) 16 (26.2%)
   4 20 (35.7%) 16 (26.2%)
   5 23 (41.1%) 29 (47.5%)
 Hypertension 55 (98.2%) 52 (85.2%) 0.017
 PVD 1 (1.8%) 0 (0.0%) 0.479
 CVA 1 (1.8%) 0 (0.0%) 0.479
 Heart rate, min−1 85.7 ± 9.0 84.7 ± 9.3 0.572
 Systolic BP, mmHg 138.0 ± 18.5 133.3 ± 20.1 0.195
 Diastolic BP, mmHg 85.7 ± 7.5 84.0 ± 9.7 0.277

Medications
 ACEi/ARBs 5 (8.9%) 3 (4.9%) 0.477
 Statins 29 (51.8%) 18 (29.5%) 0.016
 Antiplatelets 25 (44.6%) 13 (21.3%) 0.010
 Diuretics 30 (53.6%) 26 (42.6%) 0.269

Lab parameters
 eGFR, mL/

min/1.73m2
20.5 ± 12.8 20.7 ± 15.0 0.924

 Serum Creatinine, 
mg/dL

4.1 ± 2.4 5.1 ± 4.0 0.095

 HbA1c, % 8.1 ± 2.3 – –
 UPCR, g/g 0.75 (0.46, 2.71) 0.78 (0.24, 2.41) 0.606
 Serum calcium, mg/

dL
8.0 ± 1.2 8.2 ± 1.2 0.414

 Serum phosphorus, 
md/dL

4.4 ± 1.6 4.3 ± 1.8 0.868

 PTH, pg/mL 251 ± 272 245 ± 153 0.951
 TSH, mIU/mL 4.1 ± 5.6 2.9 ± 1.9 0.336

Table 2   Conventional echocardiographic parameters of DKD and 
NDKD groups

All significant p-values, ie. p-value < 0.05 have been highlighted in 
bold
A, peak late Diastolic transmitral velocity; DT mitral E wave decel-
eration time, E peak early diastolic transmitral velocity, e’, early 
diastolic mitral annular velocity, FS fractional shortening, IVS inter-
ventricular septum, LVEDD left ventricular end-diastolic diameter, 
LVEDV left ventricular end-diastolic volume, LVEF left ventricu-
lar ejection fraction, LVESD left ventricular end-systolic diameter, 
LVESV left ventricular end-systolic volume, LVMI left ventricular 
mass index, PW posterior wall of left ventricle, RVSP right ventricu-
lar systolic pressure, RWT​ relative wall thickness,  TAPSE tricuspid 
annular plane peak systolic excursion

Parameter DKD (n = 56) NDKD (n = 61) P value

Dimensions
 IVS thickness, mm 13.2 ± 1.9 12.6 ± 2.3 0.104
 PW thickness, mm 12.2 ± 1.8 11.6 ± 1.9 0.079
 LVEDD, mm 48.1 ± 5.6 47.2 ± 4.4 0.353
 LVESD, mm 30.5 ± 5.4 29.8 ± 3.8 0.385
 LVEDV, mL 88.6 ± 20.3 85.8 ± 18.1 0.426
 LVESV, mL 33.8 ± 13.1 30.3 ± 8.3 0.089
 LVMI, g/m2 145.2 ± 42.9 132.7 ± 37.1 0.099
 RWT​ 0.511 ± 0.085 0.495 ± 0.097 0.365

Systolic
 FS, % 36.8 ± 5.3 37.0 ± 8.2 0.901
 LVEF, % 65.7 ± 5.0 66.1 ± 4.2 0.608
 TAPSE, mm 2.1 ± 0.3 2.1 ± 0.2 0.274
 RVSP, mmHg 26.4 ± 10.5 29.1 ± 11.1 0.171

Diastolic
 E (mitral), cm/s 90.3 ± 24.9 84.9 ± 24.3 0.241
 A (mitral), cm/s 89.1 ± 23.3 81.7 ± 26.0 0.109
 E/A 1.12 ± 0.6 1.29 ± 0.5 0.426
 e’ (septal), cm/s 7.1 ± 2.5 8.2 ± 2.8 0.031
 e’ (lateral), cm/s 9.2 ± 2.9 10.4 ± 3.8 0.045
 DT, ms 209.2 ± 41.5 189.1 ± 48.0 0.017
 E/e’ 11.9 ± 4.4 9.8 ± 3.5 0.004

Table 3   Strain echocardiography parameters of DKD and NDKD 
groups

E/SRE, ratio of peak early diastolic transmitral velocity to early dias-
tolic strain rate; GLS global longitudinal strain of left ventricle, SRA 
late diastolic strain rate, SRE early diastolic strain rate, SRS peak sys-
tolic strain rate

Parameter DKD (n = 56) NDKD (n = 61) P value

Systolic
 GLS, % −18.1 ± (−4.0) −18.1 ± (−4.0) 0.997
 SRS, s−1 −1.2 ± (−0.3) −1.2 ± (−0.3) 0.600

Diastolic
 SRE, s−1 1.3 ± 0.4 1.4 ± 0.4 0.663
 SRA, s−1 1.1 ± 0.4 1.2 ± 0.5 0.742
 E/SRE*10 73.9 ± 32.4 66.8 ± 24.9 0.183
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The LV peak systolic strain rate (SRS), LV early diastolic 
strain rate (SRE) and LV late diastolic strain rate (SRA) were 
similar across both groups. There was no statistically signifi-
cant difference in the E/SRE ratios of both groups, although 
it was numerically higher in the DKD group (73.9 ± 32.4 vs. 
66.8 ± 24.9, p = 0.183).

Clinical outcomes

At the end of a median follow-up of 239 (IQR, 76.5–566) 
days, those with DKD had higher 3-P MACE (11.5% 
vs. 4.9%; p = 0.047) and 4-P MACE (28.6% vs. 11.5%; 
p = 0.020), compared to those with NDKD (Table 4.). 
Other clinical outcomes such as all-cause mortality and 
cardiovascular mortality were similar in both groups.

Discussion

We studied echocardiographic parameters of patients with 
CKD stages 3–5 and normal ejection fraction and found 
that the ratio of peak early diastolic transmitral velocity to 
early diastolic mitral annular velocity (E/e’) was abnormal in 
nearly a third of patients. Further, E/e’ was higher in patients 
with DKD, compared to those with NDKD (11.9 ± 4.4 vs. 
9.8 ± 3.5; p = 0.004). E/e’ ratio is an estimate of LV end dias-
tolic pressure and is widely considered to be a non-invasive 
marker of LV diastolic dysfunction [15]. We also found 
that both septal e’ (7.1 ± 0.25 vs. 8.2 ± 2.8; p = 0.031) and 
lateral e’ (9.2 ± 2.9 vs. 10.4 ± 3.8; p = 0.045) were signifi-
cantly lower in the DKD group, in addition to higher mitral 
E wave deceleration times (209.2 ± 41.5 vs. 189.1 ± 48.0; 
p = 0.017). While the lower septal and lateral e’ values indi-
cate impairment in LV relaxation and early diastolic recoil, 
longer DT indicates LV stiffness-these are the key underly-
ing mechanisms for diastolic dysfunction [16]. Despite the 

fact that both groups had similar LVMI and systolic func-
tion, the observed differences in the indices of LV diastolic 
function suggest that there are additional mechanisms at 
play in patients with DKD compared to those with other 
etiologies for CKD. In a study similar to ours, Miyazato 
et al. reported that echocardiographic parameters of LV dias-
tolic function were more impaired in those with diabetic 
nephropathy, compared to those with chronic glomerulone-
phritis [17]. There too the authors observed no difference in 
LV structure and systolic function between the two groups. 
Another study by Han et al. too found higher E/e’ ratios in 
patients with DKD compared to those with NDKD [18]. It 
has been described that the diabetic state is associated with 
increased oxidative stress, elevated levels of pro-fibrotic and 
pro-inflammatory cytokines and accumulation of advanced 
glycation end products [19]. These abnormalities can lead 
to myocyte apoptosis, fibrosis, and LVH resulting in a con-
dition referred to as diabetic cardiomyopathy-an entity that 
is still poorly understood [20–22]. This condition manifests 
as diastolic dysfunction in the presence of preserved EF in 
the initial stages, with systolic dysfunction developing over 
time. Some of these factors like LVH and fibrosis are also 
operative in non-diabetic CKD [3, 23]. However, in addi-
tion, diabetic state is also associated with abnormal myocyte 
relaxation due to abnormal calcium handling in cardiomyo-
cytes [24]. Prognostically, the presence of diastolic dysfunc-
tion assumes importance since evidence suggests that it is 
associated with higher all-cause and cardiovascular mortal-
ity [25]. Even in our study, patients with DKD had poorer 
cardiovascular outcomes in a relatively short follow-up 
period. These findings make a strong argument for the rou-
tine assessment of diastolic function in patients with DKD.

The role of LV deformation imaging (using speckle 
tracking echocardiography) for early detection of diastolic 
dysfunction remains unclear at present. Like e’, SRE is a 
marker of LV relaxation in early diastole. However, tech-
nical difficulties and lack of reference standards make the 
interpretation of diastolic parameters challenging [16]. It 
has been suggested that the ratio of peak early diastolic 
transmitral velocity to early diastolic strain rate (E/SRE) 
may be better than E/e’ ratio for detection of LV diastolic 
dysfunction in certain patient populations [26]. E/SRE has 
also been described to be a superior to E/e’ for prediction 
of MACE in the hemodialysis population [27, 28]. In our 
study, however, we found no statistical difference between 
E/SRE of the DKD and NDKD groups, although E/e’ was 
significantly different. Of note, E/ SRE was numerically 
higher in the DKD group compared to NDKD (73.9 ± 32.4 
vs. 66.8 ± 24.9; p = 0.183) and so the lack of statistical dif-
ference could be explained by the relatively small sample 
size. Moreover, the role of E/SRE in pre-dialysis CKD has 
not been studied previously and is still uncertain.

Table 4   Clinical outcomes of DKD and NDKD groups

All significant p-values, ie. p-value < 0.05 have been highlighted in 
bold
CV cardiovascular, HHF hospitalization for heart failure, MACE 
major adverse cardiovascular events

Parameter DKD (n = 56) NDKD (n = 61) P value

3-point MACE 9 (11.5%) 3 (4.9%) 0.047
 Non-fatal MI 5 (8.9%) 2 (3.3%) 0.257
 Non-fatal stroke 0 (0%) 1 (1.6%) 1.00
 CV death 4 (7.1%) 0 (0%) 0.049
4-point MACE 16 (28.6%) 7 (11.5%) 0.020
 HHF 7 (12.5%) 4 (6.6%) 0.348
All-cause death 5 (8.9%) 4 (6.6%) 0.735
CV death 4 (7.1%) 0 (0%) 0.049
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A low GLS (> − 16%) suggestive of LV systolic dysfunc-
tion was seen in approximately 30% of our study popula-
tion even though the study included only those with a nor-
mal LVEF. This confirms the findings of previous studies 
that strain imaging-derived GLS precedes changes in EF 
observed by conventional echocardiography [29–31]. GLS 
has been shown to be a predictor of all-cause and cardiovas-
cular mortality in several studies [7, 32, 33]. However, there 
was no difference in GLS between the DKD and NDKD 
groups in our study. This indicates that, although deforma-
tion imaging is able to identify the so-called “subclinical 
LV systolic dysfunction” in almost a third of these patients, 
DKD does not seem to be associated with a worse systolic 
function compared to those with NDKD in our study. Fur-
ther, we found that patients with a low GLS (> − 16%) had 
higher E/e’ compared to those with normal GLS (12.6 ± 5.1 
vs. 10.0 ± 3.3; p = 0.002). Although conventional wisdom is 
that GLS is a marker of subclinical LV systolic dysfunction, 
recent studies have suggested that it may provide additional 
information. A study by DeVore et al., showed that GLS 
may be a marker of myocardial fibrosis and hence diastolic 
dysfunction by showing an association between abnormal 
GLS and higher levels of biomarkers of collagen synthe-
sis and NT-proBNP in blood [34]. The finding in our study 
that those with abnormal GLS had higher E/e’ (indicating 
diastolic dysfunction) suggests myocardial fibrosis as a pos-
sible explanation for impaired diastolic function. However, it 
remains unclear as to why DKD group had higher E/e’ com-
pared to NDKD group even though both groups had similar 
proportion of patients with impaired GLS. It is possible that 
apart from myocardial fibrosis, there are additional factors 
such as abnormal myocardial relaxation (as described above) 
that account for higher E/e’ in the DKD group.

There were no differences in peak systolic strain rates 
(SRS) between DKD and NDKD. As with diastolic strain 
rates, the lack of standardization in measurement techniques 
and cut-offs pose a challenge in the analysis of these newer 
parameters.

At the end of a median follow-up of 239 days, higher rates 
of 3-P MACE (11.5% vs. 4.9%; p = 0.047) and 4-P MACE 
(28.6% vs. 11.5%; p = 0.020) were observed in the DKD 
group, indicating poorer outcomes even in the short-term. 
Clearly, these two groups are clinically different in terms 
of cardiovascular outcomes even in the relatively short fol-
low up period of our study. But the only difference with 
respect to echocardiography was in diastolic function. Both 
groups had similar systolic function even when sensitive 
parameter like GLS was used. Therefore, it is plausible that 
diastolic dysfunction could be one of the factors associated 
with future cardiovascular events. However, the number of 
events in our study is small and it is difficult to draw conclu-
sions on the association of diastolic dysfunction (and other 
echocardiographic parameters) and clinical outcomes.

This study is unique on two counts. Firstly, we used 
speckle-tracking echocardiography, a more sensitive modal-
ity, to identify subtle differences in cardiac function in the 
DKD and NDKD groups. Secondly, we specifically included 
CKD patients with normal EF (in contrast to previous stud-
ies) because indices of diastolic function can be affected 
once left ventricular EF is reduced and may not necessarily 
indicate diastolic dysfunction per se. Moreover, patients with 
reduced EF represent those with a more advanced stage of 
cardiac dysfunction. Here, we attempted to identify early 
echocardiographic changes prior to the onset of frank LV 
systolic dysfunction by including only those with normal EF. 
The limitations of this study are the short duration of follow-
up and the small sample size. Approximately one-fourth of 
patients in the NDKD group had diabetes mellitus. Although 
none of them had any other diabetes-related target-organ 
damage such as diabetic retinopathy, neuropathy or athero-
sclerotic cardiovascular disease at the time of inclusion in 
the study, the influence of diabetes on the myocardium in 
this group cannot be ruled out. Those with recent-onset dia-
betes may not have undergone myocardial remodeling and 
therefore, the duration of the disease could also have affected 
the findings. Moreover, a higher proportion of patients in 
the DKD group had hypertension, compared to the non-
DKD group and this may have impacted echocardiographic 
findings and patient outcomes, even though mean systolic 
and diastolic blood pressures were similar in both groups at 
the time of entry into the study. Data on novel echocardio-
graphic parameters such as LA strain (which is increasingly 
being recognized as a useful tool to assess diastolic dys-
function) and layer-specific strain is also lacking [35, 36]. 
Finally, this being a single-center study conducted in the 
Indian population, the generalizability of our findings may 
be limited.

Conclusions

Lower e’, longer DT and higher E/e’ was observed in DKD 
patients compared to those with NDKD suggesting diastolic 
dysfunction was more common in DKD at a stage when 
EF was normal. However, LV GLS, which was abnormal in 
30% of the overall cohort, was comparable among DKD and 
NDKD groups. Cardiovascular outcomes were also worse in 
the DKD group. Further studies are needed to determine if 
cardiomyopathy in DKD represents a distinct phenotype that 
carries a prognostic implication different from that of cardio-
myopathy in other etiologies of CKD. The impact of these 
echocardiographic differences on therapeutic approaches 
also needs to be explored.

Acknowledgements  None



10	 The International Journal of Cardiovascular Imaging (2023) 39:3–11

1 3

Author contributions  GP, TD and IRR contributed to the study concep-
tion and design. Material preparation, data collection and analysis were 
performed by GP, JS, KN, RN, SAM, RJ and IRR. The first draft of the 
manuscript was written by GP and IRR. SPN, ARP and TD reviewed 
and edited previous versions of the manuscript. All authors read and 
approved the final manuscript.

Funding  Open access funding provided by Manipal Academy of 
Higher Education, Manipal. The authors declare that no funds, 
grants, or other support were received during the preparation of this 
manuscript.

Declarations 

Conflict of interests  The authors have no relevant financial or non-
financial interests to disclose.

Ethics approval  This study was performed in line with the principles 
of the Declaration of Helsinki. Approval was granted by the Institu-
tional Ethics Committee (Date: 13–02-2019/No. 133/2019).

Consent to participate  Informed consent was obtained from all indi-
vidual participants included in the study.

Consent to publish  The authors affirm that human research participants 
provided informed consent for publication of the images in Fig. 1.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Webster AC, Nagler EV, Morton RL et al (2017) Chronic kid-
ney disease. The Lancet 389:1238–1252. https://​doi.​org/​10.​1016/​
s0140-​6736(16)​32064-5

	 2.	 Thompson S, James M, Wiebe N et al (2015) Cause of death in 
patients with reduced kidney function. J Am Soc Nephrol. https://​
doi.​org/​10.​1681/​ASN.​20140​70714

	 3.	 Jankowski J, Floege J, Fliser D et al (2021) Cardiovascular dis-
ease in chronic kidney disease: pathophysiological insights and 
therapeutic options. Circulation. https://​doi.​org/​10.​1161/​CIRCU​
LATIO​NAHA.​120.​050686

	 4.	 Zoccali C (2004) Prognostic value of echocardiographic indica-
tors of left ventricular systolic function in asymptomatic dialysis 
patients. J Am Soc Nephrol 15:1029–1037. https://​doi.​org/​10.​
1097/​01.​asn.​00001​17977.​14912.​91

	 5.	 Liang HY, Hsiao YL, Yeh HC et al (2022) Associations between 
myocardial diastolic dysfunction and cardiovascular mortality in 
chronic kidney disease: a large single-center cohort study. J Am 
Soc Echocardiogr. https://​doi.​org/​10.​1016/j.​echo.​2021.​12.​003

	 6.	 Zoccali C (2007) How important is echocardiography for risk 
stratification in follow-up of patients with chronic kidney disease? 
Nat Clin Pract Nephrol 3:178–179. https://​doi.​org/​10.​1038/​ncpne​
ph0441

	 7.	 Zhang T, Li J, Cao S (2020) Prognostic value of left ventricular 
global longitudinal strain in chronic kidney disease patients: a 
systematic review and meta-analysis. Int Urol Nephrol 52:1747–
1756. https://​doi.​org/​10.​1007/​s11255-​020-​02492-0

	 8.	 Wang Y, Zhou T, Zhang Q et al (2020) Poor Renal and cardiovas-
cular outcomes in patients with biopsy-proven diabetic nephropa-
thy. Kidney Blood Press Res 45:378–390. https://​doi.​org/​10.​1159/​
00050​5919

	 9.	 Stevens PE, Levin A (2013) Evaluation and management of 
chronic kidney disease: synopsis of the kidney disease: improving 
global outcomes 2012 clinical practice guideline. Ann Intern Med. 
https://​doi.​org/​10.​7326/​0003-​4819-​158-​11-​20130​6040-​00007

	10.	 Lang RM, Badano LP, Mor-Avi V et al (2015) Recommendations 
for cardiac chamber quantification by echocardiography in adults: 
an update from the american society of echocardiography and 
the european association of cardiovascular imaging. J Am Soc 
Echocardiogr 28:1-39.e14. https://​doi.​org/​10.​1016/j.​echo.​2014.​
10.​003

	11.	 Devereux RB, Alonso DR, Lutas EM et al (1986) Echocardio-
graphic assessment of left ventricular hypertrophy: comparison 
to necropsy findings. Am J Cardiol 57:450–458. https://​doi.​org/​
10.​1016/​0002-​9149(86)​90771-x

	12.	 Nagueh SF, Smiseth OA, Appleton CP et al (2016) Recommen-
dations for the evaluation of left ventricular diastolic function 
by echocardiography: an update from the american society of 
echocardiography and the european association of cardiovascular 
imaging. J Am Soc Echocardiogr 29:277–314. https://​doi.​org/​10.​
1016/j.​echo.​2016.​01.​011

	13.	 Voigt J-U, Pedrizzetti G, Lysyansky P et al (2015) Definitions for a 
common standard for 2d speckle tracking echocardiography: con-
sensus document of the EACVI/ASE/Industry task force to stand-
ardize deformation imaging. J Am Soc Echocardiogr 28:183–193. 
https://​doi.​org/​10.​1016/j.​echo.​2014.​11.​003

	14.	 Wang S, Li M, Wang X et al (2021) The Ratio of NT-proBNP to 
CysC(1.53) predicts heart failure in patients with chronic kidney 
disease. Front Cardiovasc Med 8:731864–731864. https://​doi.​org/​
10.​3389/​fcvm.​2021.​731864

	15.	 Mitter SS, Shah SJ, Thomas JD (2017) A test in context: E/A and 
E/e’ to assess diastolic dysfunction and lv filling pressure. J Am 
Coll Cardiol 69:1451–1464. https://​doi.​org/​10.​1016/j.​jacc.​2016.​
12.​037

	16.	 Nagueh SF (2020) Left ventricular diastolic function: understand-
ing pathophysiology, diagnosis, and prognosis with echocardiog-
raphy. JACC Cardiovasc Imaging 13:228–244. https://​doi.​org/​10.​
1016/j.​jcmg.​2018.​10.​038

	17.	 Miyazato J, Horio T, Takiuchi S et al (2005) Left ventricular dias-
tolic dysfunction in patients with chronic renal failure: impact 
of diabetes mellitus. Diabet Med 22:730–736. https://​doi.​org/​10.​
1111/j.​1464-​5491.​2005.​01500.x

	18.	 Huh JH, Yang JW, Han BG (2020) P0809left ventricular dias-
tolic dysfunction in patients with diabetic chronic kidney disease. 
Nephrol Dial Transplant. https://​doi.​org/​10.​1093/​ndt/​gfaa1​42.​
P0809

	19.	 Fang ZY, Prins JB, Marwick TH (2004) Diabetic cardiomyopathy: 
evidence, mechanisms, and therapeutic implications. Endocr Rev 
25:543–567. https://​doi.​org/​10.​1210/​er.​2003-​0012

	20.	 Maisch B, Alter P, Pankuweit S (2011) Diabetic cardiomyopa-
thy—fact or fiction? Herz 36:102–115. https://​doi.​org/​10.​1007/​
s00059-​011-​3429-4

	21.	 Marfella R, Sardu C, Mansueto G et al (2021) Evidence for human 
diabetic cardiomyopathy. Acta Diabetol 58:983–988. https://​doi.​
org/​10.​1007/​s00592-​021-​01705-x

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/s0140-6736(16)32064-5
https://doi.org/10.1016/s0140-6736(16)32064-5
https://doi.org/10.1681/ASN.2014070714
https://doi.org/10.1681/ASN.2014070714
https://doi.org/10.1161/CIRCULATIONAHA.120.050686
https://doi.org/10.1161/CIRCULATIONAHA.120.050686
https://doi.org/10.1097/01.asn.0000117977.14912.91
https://doi.org/10.1097/01.asn.0000117977.14912.91
https://doi.org/10.1016/j.echo.2021.12.003
https://doi.org/10.1038/ncpneph0441
https://doi.org/10.1038/ncpneph0441
https://doi.org/10.1007/s11255-020-02492-0
https://doi.org/10.1159/000505919
https://doi.org/10.1159/000505919
https://doi.org/10.7326/0003-4819-158-11-201306040-00007
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1016/0002-9149(86)90771-x
https://doi.org/10.1016/0002-9149(86)90771-x
https://doi.org/10.1016/j.echo.2016.01.011
https://doi.org/10.1016/j.echo.2016.01.011
https://doi.org/10.1016/j.echo.2014.11.003
https://doi.org/10.3389/fcvm.2021.731864
https://doi.org/10.3389/fcvm.2021.731864
https://doi.org/10.1016/j.jacc.2016.12.037
https://doi.org/10.1016/j.jacc.2016.12.037
https://doi.org/10.1016/j.jcmg.2018.10.038
https://doi.org/10.1016/j.jcmg.2018.10.038
https://doi.org/10.1111/j.1464-5491.2005.01500.x
https://doi.org/10.1111/j.1464-5491.2005.01500.x
https://doi.org/10.1093/ndt/gfaa142.P0809
https://doi.org/10.1093/ndt/gfaa142.P0809
https://doi.org/10.1210/er.2003-0012
https://doi.org/10.1007/s00059-011-3429-4
https://doi.org/10.1007/s00059-011-3429-4
https://doi.org/10.1007/s00592-021-01705-x
https://doi.org/10.1007/s00592-021-01705-x


11The International Journal of Cardiovascular Imaging (2023) 39:3–11	

1 3

	22.	 Jia G, Hill MA, Sowers JR (2018) Diabetic Cardiomyopathy: an 
update of mechanisms contributing to this clinical entity. Circ Res 
122:624–638. https://​doi.​org/​10.​1161/​CIRCR​ESAHA.​117.​311586

	23.	 Alhaj E, Alhaj N, Rahman I et al (2013) Uremic Cardiomyopa-
thy: an underdiagnosed disease. Congest Heart Fail 19:E40–E45. 
https://​doi.​org/​10.​1111/​chf.​12030

	24.	 Fukui S, Fukumoto Y, Suzuki J et al (2009) Diabetes mellitus 
accelerates left ventricular diastolic dysfunction through activa-
tion of the renin–angiotensin system in hypertensive rats. Hyper-
tens Res 32:472–480. https://​doi.​org/​10.​1038/​hr.​2009.​43

	25.	 Farshid A, Pathak R, Shadbolt B et al (2013) Diastolic function 
is a strong predictor of mortality in patients with chronic kid-
ney disease. BMC Nephrol 14:280–280. https://​doi.​org/​10.​1186/​
1471-​2369-​14-​280

	26.	 Kimura K, Takenaka K, Ebihara A et al (2012) Speckle tracking 
global strain rate E/E’ predicts LV filling pressure more accurately 
than traditional tissue Doppler E/E’. Echocardiography 29:404–
410. https://​doi.​org/​10.​1111/j.​1540-​8175.​2011.​01587.x

	27.	 Huang J-C, Su H-M, Wu P-Y et al (2019) Ratio of early mitral 
inflow velocity to the global diastolic strain rate and global left 
ventricular longitudinal systolic strain predict overall mortality 
and major adverse cardiovascular events in hemodialysis patients. 
Dis Markers 2019:7512805–7512805. https://​doi.​org/​10.​1155/​
2019/​75128​05

	28.	 Chen S-C, Huang J-C, Su H-M et al (2018) Prognostic cardiovas-
cular markers in chronic kidney disease. Kidney Blood Press Res 
43:1388–1407. https://​doi.​org/​10.​1159/​00049​2953

	29.	 Hensen LCR, Goossens K, Delgado V et al (2018) Prevalence of 
left ventricular systolic dysfunction in pre-dialysis and dialysis 
patients with preserved left ventricular ejection fraction. Eur J 
Heart Fail 20:560–568. https://​doi.​org/​10.​1002/​ejhf.​1077

	30.	 Panoulas VF, Sulemane S, Konstantinou K et al (2015) Early 
detection of subclinical left ventricular myocardial dysfunction 
in patients with chronic kidney disease. Eur Heart J Cardiovasc 
Imaging 16:539–548. https://​doi.​org/​10.​1093/​ehjci/​jeu229

	31.	 Jensen MT, Sogaard P, Andersen HU et al (2015) Global longi-
tudinal strain is not impaired in type 1 diabetes patients without 
albuminuria: the thousand & 1 study. JACC Cardiovasc Imaging 
8:400–410. https://​doi.​org/​10.​1016/j.​jcmg.​2014.​12.​020

	32.	 Sulemane S, Panoulas VF, Bratsas A et al (2017) Subclinical 
markers of cardiovascular disease predict adverse outcomes in 
chronic kidney disease patients with normal left ventricular ejec-
tion fraction. Int J Cardiovasc Imaging 33:687–698. https://​doi.​
org/​10.​1007/​s10554-​016-​1059-x

	33.	 Krishnasamy R, Isbel NM, Hawley CM et al (2015) Left ven-
tricular global longitudinal strain (GLS) is a superior predictor of 
all-cause and cardiovascular mortality when compared to ejec-
tion fraction in advanced chronic kidney disease. PLoS ONE 
10:e0127044–e0127044. https://​doi.​org/​10.​1371/​journ​al.​pone.​
01270​44

	34.	 DeVore AD, McNulty S, Alenezi F et al (2017) Impaired left 
ventricular global longitudinal strain in patients with heart failure 
with preserved ejection fraction: insights from the RELAX trial. 
European J Heart Fail 19:893–900. https://​doi.​org/​10.​1002/​ejhf.​
754

	35.	 Smiseth OA, Morris DA, Cardim N et al (2022) Multimodality 
imaging in patients with heart failure and preserved ejection frac-
tion: an expert consensus document of the European Associa-
tion of Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging 
23:e34–e61. https://​doi.​org/​10.​1093/​ehjci/​jeab1​54

	36.	 Cameli M, Mandoli GE, Lisi E et al (2019) Left atrial, ventricular 
and atrio-ventricular strain in patients with subclinical heart dys-
function. Int J Cardiovasc Imaging 35:249–258. https://​doi.​org/​
10.​1007/​s10554-​018-​1461-7

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1161/CIRCRESAHA.117.311586
https://doi.org/10.1111/chf.12030
https://doi.org/10.1038/hr.2009.43
https://doi.org/10.1186/1471-2369-14-280
https://doi.org/10.1186/1471-2369-14-280
https://doi.org/10.1111/j.1540-8175.2011.01587.x
https://doi.org/10.1155/2019/7512805
https://doi.org/10.1155/2019/7512805
https://doi.org/10.1159/000492953
https://doi.org/10.1002/ejhf.1077
https://doi.org/10.1093/ehjci/jeu229
https://doi.org/10.1016/j.jcmg.2014.12.020
https://doi.org/10.1007/s10554-016-1059-x
https://doi.org/10.1007/s10554-016-1059-x
https://doi.org/10.1371/journal.pone.0127044
https://doi.org/10.1371/journal.pone.0127044
https://doi.org/10.1002/ejhf.754
https://doi.org/10.1002/ejhf.754
https://doi.org/10.1093/ehjci/jeab154
https://doi.org/10.1007/s10554-018-1461-7
https://doi.org/10.1007/s10554-018-1461-7

	A comparative analysis of conventional and speckle-tracking strain echocardiographic findings in diabetic and non-diabetic kidney disease patients with normal ejection fraction
	Abstract
	Introduction
	Methods
	Study design and setting
	Study participants
	Study procedure
	Echocardiographic assessment
	Pulse-wave doppler and tissue doppler echocardiography
	Speckle tracking echocardiography

	Outcome definitions
	Statistical analysis

	Results
	Patient characteristics
	Echocardiographic findings
	Strain echocardiographic findings
	Clinical outcomes

	Discussion
	Conclusions

	Acknowledgements 
	References




