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hypertrophy is considered to be one of the strongest risk 
factors for all-cause mortality in patients with advanced 
CKD, and the pathogenesis of left ventricular hypertrophy 
is multifactorial [3, 4]. Sympathetic hyperactivity, hyperten-
sion, hypoproteinemia, anemia, and accumulation of endog-
enous nitric oxide synthase inhibitors have been proposed 
as pathogenic mechanisms of left ventricular hypertrophy 
[5–7]. Norepinephrine, a marker of sympathetic nerves 
in patients with advanced CKD, promotes cardiomyocyte 
hypertrophy [8]. Left ventricular hypertrophy reduces coro-
nary artery reserve and induces myocardial ischemia, which 
in turn promotes myocardial infarction and fatal arrhythmia 
[9]. There is evidence that increased sympathetic activity is 
also present in patients with mild to moderate renal insuf-
ficiency. Diffuse myocardial interstitial fibrosis has devel-
oped in patients with mild to moderate CKD, resulting in 
abnormal intracardiac blood flow [10]. The presence of 
protein in the urine increases CVD morbidity and mortality, 
and is independently associated with traditional risk factors 

Introduction

The incidence of chronic kidney disease (CKD) is progres-
sively increasing globally, with multiple comorbid compli-
cations, the most serious of which is cardiovascular disease 
(CVD) [1]. A hallmark of CKD is left ventricular (LV) 
myocardial hypertrophy, which is mainly due to factors 
including insulin resistance, accumulation of uremic toxins, 
and endogenous cardiotonic steroids [2]. Left ventricular 
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Abstract
Cardiovascular disease (CVD) is the leading cause of end-stage mortality in chronic kidney disease (CKD) patients. 
However, CVD and CKD are inextricably linked, as microalbuminuria is an independent risk factor for CVD. Herein, we 
investigated changes in cardiac function and its risk factors in CKD patients who had different urine albumin-to-creatinine 
ratios (UACRs) and estimated glomerular filtration rates (eGFRs). We prospectively enrolled 182 CKD patients, classified 
into three groups based on UACRs and eGFRs. Fifty healthy volunteers were included as controls. Changes in clinical and 
echocardiographic parameters were assessed in each group, and factors independently associated with strain parameters 
were further analyzed. Compared with those in the control group, the albuminuria but unimpaired renal function (ALB-
CKD G1-2), albuminuria and impaired renal function (ALB-CKD G3), and normoalbuminuric CKD (NACKD) groups 
had decreased left ventricular (LV), right ventricular (RV), and left atrial (LA) strains, the LA contractile strain being the 
only statistically comparable parameter. Stepwise multiple linear regression analysis revealed varying factors indepen-
dently correlating with the LV global longitudinal strain. The LA reservoir and conduit strains independently correlated 
with LV diastolic function in stage 3 CKD associated with comorbid albuminuria or normoalbuminuria. LV function was 
a partial determinant of LA and RV function in the ALB-CKD G3 group, whereas ventricular and atrial function were 
independent of each other in the ALB-CKD G1-2 and NACKD groups. Clinical intervention should focus on specific 
factors affecting cardiac function in patients to reduce the risk of CVD-related death.
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for CVD. Even a urine protein level lower than the microal-
buminuria threshold is associated with an increased risk of 
cardiovascular events [11]. Penno et al. suggested that the 
risk of CVD was significantly higher in patients with nor-
moalbuminuria and impaired renal function than in patients 
with normal eGFR but with albuminuria [12]. Epicardial 
adipose tissue (EAT) is located between the myocardium 
and the visceral layer of the pericardium. EAT secretes car-
dioprotective cytokines under normal conditions and pro-
inflammatory or pro-atherosclerotic cytokines in obese 
people [13]. One study reported that EAT volume correlates 
with the severity of coronary atherosclerosis, demonstrat-
ing the unique versatility of EAT [14]. Several studies have 
shown that patients with CKD and a preserved LV ejection 
fraction (LVEF) have already developed LV strain, left atrial 
(LA) strain, and LV diastolic function abnormalities, and it 
has been reported that LA parameters are the best predic-
tors of adverse cardiovascular outcomes in CKD patients 
[15–17]. Most current studies on the right ventricle in CKD 
patients have focused on patients who underwent renal 
replacement therapy. There is limited data on the right ven-
tricle in patients at the stage of compensated renal failure. 
Myocardial strains assessed using speckle-tracking tech-
nology can sensitively detect abnormalities in myocardial 
motions, which is important in both CVD diagnosis and risk 
stratification. This study aimed to analyze cardiac function 
and EAT in populations with different UACRs and eGFRs 
to determine whether there is an interaction between left 
and right ventricular (RV) function. We also aimed to iden-
tify factors independently correlated to cardiac function in 
populations with different urine albumin-to-creatinine ratios 
(UACRs) and estimated glomerular filtration rates (eGFRs) 
to provide a theoretical basis for clinical intervention in rela-
tion to cardiac function at different stages. We hypothesized 
that cardiac function in different groups of CKD patients 
would be reduced, but that the degree of reduction may vary 
with changes in eGFR and UACR.

Methods

Patient population

We prospectively enrolled 182 CKD patients who attended 
the Department of Nephrology, First Affiliated Hospital, 
Jinzhou Medical University, from May 2021 to March 
2023 as the study population. The inclusion criteria com-
prised patients with the following CKD diagnostic criteria: 
(i) CKD was diagnosed with reference to Kidney Disease: 
Improving Global Outcomes 2020 Clinical Practice Guide-
lines [18]; (ii) the eGFR was calculated using the CKD Epi-
demiology Collaboration (CKD-EPI) equation, based on the 

creatinine level [19]; and (iii) based on eGFRs and UACRs, 
patient groups were classified as follows: albuminuria but 
unimpaired renal function (ALB-CKD G1-2 [eGFR ≥ 60 
mL/min/1.73 m2; UACR ≥ 30  mg/g]; n = 55), albuminuria 
and impaired renal function (ALB-CKD G3 [eGFR 30–60 
mL/min/1.73 m2; UACR ≥ 30 mg/g]; n = 95), and normoal-
buminuric CKD (NACKD, [eGFR 30–60 mL/min/1.73 m2; 
UACR < 30 mg/g]; n = 32). The exclusion criteria comprised 
patients: (i) who underwent renal replacement therapy, (ii) 
with renal vascular disease or space-occupying lesions, (iii) 
with poor insonation conditions, (iv) with incorrectly out-
lined endocardium due to software failure, and (v) with a 
history of malignancy.

Fifty healthy volunteers who attended our hospital health 
check-up center were selected as controls (eGFR, ≥ 60 mL/
min/1.73 m2; UACR, < 30 mg/g). Based on electrocardiog-
raphy, echocardiography, blood pressure, biochemical indi-
cators, and routine urine test results, we confirmed that none 
of the control group volunteers had heart disease, CKD, 
hypertension, or diabetes mellitus.

Fasting venous blood and random urine samples were 
collected in the morning from all participants to test the bio-
chemical indicators and calculate the UACRs. This study 
was approved by the Ethics Committee of First Affiliated 
Hospital, Jinzhou Medical University (202,335). All partici-
pants provided their written informed consent to participate, 
and all investigations were conducted in accordance with 
the principles of the Declaration of Helsinki.

Echocardiography

A Philips Epiq 7c ultrasound system (Philips, Best, The 
Netherlands) was used to examine all the participants. EAT 
was observed as a hypoechoic space between the visceral 
layer of the pericardium and the epicardium of the right 
ventricle. EAT thickness was measured as the depth of this 
hypoechoic space. In the parasternal long-axis view at the 
left ventricle, EAT, interventricular septal thickness, and 
LV posterior wall thickness were measured on still-frame 
end-diastolic images while the LA dimension was measured 
on still-frame end-systolic images. All measurements were 
obtained in accordance with American Society of Echocar-
diography recommendations. The LVEF, LV end-diastolic 
volume (LVEDV), and LV end-systolic volume (LVESV) 
were measured in apical four- and two-chamber views using 
the biplane Simpson’s method. Left ventricular mass (LVM) 
and left ventricular mass index (LVMI) were calculated by 
the American Society of Echocardiography formula [20]. 
LVM=0.8 × 1.04× [(IVSd+LVPWd+LVEDD)3 -LVEDD3] 
+ 0.6;LVMI=LVM/ BSA. Early diastolic mitral inflow 
velocity (E) and late diastolic mitral inflow velocity (A) were 
measured at the mitral orifice using pulsed wave Doppler. 
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Peak early diastolic mitral annular velocity (e’) and peak 
systolic mitral annular velocity (s’) at the LV lateral wall 
were measured using tissue Doppler imaging, and E/e’ was 
calculated. Mitral annular plane systolic excursion and tri-
cuspid annular plane systolic excursion from end-diastole to 
end-systole were measured using M-mode through placing 
the sampling line at the roots of the mitral annulus and tri-
cuspid annulus attaching to the LV and RV lateral walls. LA 
endocardium was outlined in apical four- and two-chamber 
views using the biplane Simpson’s method, followed by 
measuring the LA area, LA volume, and LA volume index 
(LAVI). In the apical 4-chamber views focusing on the right 
ventricle, end-diastolic RV base diameter, RV mid-diame-
ter, and RV length were measured, and RV fractional area 
change was obtained through outlining the RV endocardium 
at end-diastole and end-systole. The sampling frame of the 
pulse wave Doppler was placed parallel to the direction of 
blood flow at the tricuspid orifice to obtain the early dia-
stolic tricuspid inflow velocity (E), late diastolic tricuspid 
inflow velocity (A), and E/A. The tissue Doppler imaging 
mode was selected and the sampling frame was placed at the 
intersection of the tricuspid annulus and the RV lateral wall 
to obtain peak systolic tricuspid annular velocity (s’). Two-
dimensional dynamic images of four cardiac cycles in the 
apical four-, three-, and two-chamber views were acquired 
and stored within the ultrasound system. Echocardiographic 
examinations were performed by physicians unaware of the 
clinical data.

Speckle-tracking echocardiography

All acquired images were imported into Qlab software 
(Philips) for offline analysis. The LV myocardial longitu-
dinal strain and the corresponding bull’s-eye diagram were 
derived from the LV endocardium that was automatically 
outlined by the system through selecting apical four-, three-, 
and two-chamber views at the same time as using the Auto-
strain LV plug-in. Images in the apical four-chamber view 
were also imported into the Autostrain LA plug-in. The LA 
reservoir strain (LASr), the LA conduit strain (LAScd), and 
the LA contractile strain (LASct) were obtained from the 
LV endocardium automatically outlined by the system using 
end-diastole as the zero point of strain. Images in the apical 
four-chamber view focusing on the RV were imported into 
the Autostrain RV plug-in. The system automatically out-
lined the RV endocardium and calculated the RV free-wall 
longitudinal strain (RVFWSL) and the RV four-chamber 
cardiac strain (RV4CSL). The region of interest generated 
automatically by the system can be manually modified in all 
of the above plug-ins until they overlap with the endocar-
dium and epicardium. The final data for each parameter was 
the mean of three repeated measurements.

Statistical analysis

SPSS 25.0 statistical software was applied and a chi-square 
test was used for comparing the count data. Analysis of 
variance was used for comparing the measurement data that 
conformed to normal distribution, while a Kruskal-Wallis 
rank sum test was used for comparing the measurement 
data that did not conform to normal distribution. Pearson’s 
correlation, point biserial correlation, and Spearman’s rank 
correlation were used to analyze the correlations between 
the strain parameters and LV diastolic function, and clini-
cal parameters, as well as EAT, respectively. To identify the 
factors that independently correlated with the strains in the 
different groups, stepwise multiple linear regression analy-
ses were performed with the strains being the dependent 
variable and the clinical parameters, LV diastolic function 
parameters, and EAT being the independent variables. Uni-
variate linear regression was used to analyze the association 
between LV global longitudinal strain (LVGLS) and LASr, 
and LAScd, as well as RVFWSL in different groups. Refer-
ring to the control group, receiver operating characteristic 
(ROC) curves were plotted to evaluate the predictability of 
the strain parameters for cardiac function. P < 0.05 was con-
sidered as statistically significant. Data from 30 participants 
were randomly selected and analyzed for LVGLS, LASr, 
and RVFWSL, using Bland-Altman plots, by two physi-
cians skilled in the use of Qlab software.

Results

Clinical characteristics

Figure 1 shows the total number of participants included in 
this study (n = 232), among whom 50 were in the control 
group, 55 were in the ALB-CKD G1-2 group, 95 were in the 
ALB-CKD G3 group, and 32 were in the NACKD group.

As shown in Table 1; Fig. 2, the UACRs of the NACKD 
and control groups were within the normal range, while 
microalbuminuria and macroalbuminuria were present in 
participants in the ALB-CKD G1-2 and G3 groups, with 
macroalbuminuria being predominant. The ALB-CKD G3 
and NACKD groups had similar eGFRs. Differences in 
eGFRs among the remaining groups were all significant. 
Participants in the ALB-CKD G3 group had a higher preva-
lence of hypertension and diabetes mellitus than those in 
the NACKD group and a higher prevalence of hypertension 
than those in the ALB-CKD G1-2 group. The prevalence of 
diabetes mellitus was higher in the G1-2 group than in the 
NACKD group.
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LAScd. In Table 4, the stepwise multiple linear regression 
analysis of the strain parameters of the ALB-CKD G3 group 
shows that body mass index (BMI), the level of low-density 
lipoprotein (LDL), and LVEDV correlated with LVGLS 
(Model 2a, R2 0.226; P = 0.000), and RVFWSL indepen-
dently correlated with the level of high-density lipoprotein 
(HDL). In Table 5, the stepwise multiple linear regression 
analysis of the strain parameters of the NACKD group 
shows that LVGLS independently correlated with the serum 
creatinine level, while the mitral annulus e’ velocity, mitral 
inflow A velocity, and EAT correlated with LASr (Model 
3b, R2 0.508; P = 0.000). RV4CSL of the ALB-CKD G1-2 
and NACKD groups and LVGLS of the ALB-CKD G1-2 
group did not show independent correlation with clinical 
parameters.

ROC curve analysis of strain parameters

As shown in Fig. 4, LVGLS had high predictability for LV 
function in the NACKD group (AUC = 0.987), and LASr 
and RVFWSL had high predictability for LA and RV func-
tion (AUC = 0.860 and AUC = 0.763), respectively, in the 
ALB-CKD G1-2 group.

Univariate linear regression analysis

As shown in Fig. 5, the LV function in the ALB-CKD G1-2 
and NACKD groups was independent of the corresponding 
LA or RV functions. In the ALB-CKD G3 group, LVGLS 

Echocardiographic parameters

As shown in Tables  2and Fig.  3, among the parameters 
used to assess LV systolic and diastolic function, there was 
a gradual decrease in LV diastolic function in the ALB-
CKD G1-2 group, followed by the NACKD and ALB-CKD 
G3 groups. LV strain was a superior indicator not only to 
changes in LVEF but also to changes in peak systolic mitral 
velocity.

Among the parameters used to assess LA function, the 
major manifestation of reduced LA function in the ALB-
CKD G1-2 group was decreased LA strain, whereas the 
manifestations of reduced LA function in the NACKD and 
ALB-CKD G3 groups were decreased LAVI and decreased 
LA strain.

Among the parameters assessing RV function, only the 
RVFWSL and RV4CSL of the ALB-CKD G1-2, ALB-CKD 
G3, and NACKD groups were lower than those of the con-
trol group. The remaining RV function parameters remained 
statistically comparable among the groups.

Stepwise multiple linear regression analysis

In Table 3, the stepwise multiple linear regression analysis 
of the strain parameters of the ALB-CKD G1-2 group shows 
that triglyceride level and smoking were correlated with 
LASr (model 1b, R2 0.190; P = 0.004), while mitral annu-
lus E/e’ and the total cholesterol level were associated with 

Fig. 1  Study protocol and patient characteristics
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Discussion

Using multimodal echocardiography images, we compre-
hensively assessed differences in cardiac function among 
populations with different UACRs and eGFRs and identi-
fied factors that independently correlated with different 
cardiac functions. First, we found that LVGLS in the ALB-
CKD G1-2, NACKD, and ALB-CKD G3 groups was sig-
nificantly lower than that in the control group. Moreover, 

had a significant positive effect on LASr, LAScd, and RVF-
WSL. LV function determined changes in LASr and LAScd 
to a degree of 12.3%, and changes in RVFWSL to a degree 
of 7.8%.

Intra- and inter-observer agreement analysis

As shown in Fig. 6, RVFWSL, LASr, and LVGLS had high 
inter- and intra-observer agreement, with only a few data 
points scattering outside the 95% confidence interval.

Table 1  Baseline clinical characteristics
Control
(n = 50)

ALB-CKD
G1-2 (n = 55)

ALB-CKD
G3 (n = 95)

NACKD
(n = 32)

P-value

Age, years 52.00 ± 9.60b 49.62 ± 12.57 51.20 ± 11.74b 56.38 ± 9.89bc 0.058
Male 24 (48) 25(45.45) 57 (60.00) 21(65.63) 0.143
Body mass index, kg/m2 22.15 ± 4.18 25.48 ± 4.64a 25.41 ± 4.13a 25.13 ± 3.34a 0.000
Body surface area, m2 1.71 ± 0.17 1.84 ± 0.20a 1.86 ± 0.20a 1.86 ± 0.20a 0.000
Systolic blood pressure, mmHg 117.82 ± 5.18 135.49 ± 17.03a 145.86 ± 20.77abd 136.00 ± 23.39a 0.000
Diastolic blood pressure, mmHg 69.74 ± 3.70 83.40 ± 13.25a 89.92 ± 13.23abd 82.41 ± 13.56a 0.000
Heart rate, beats/min 75.18 ± 6.63 77.33 ± 11.49 77.82 ± 12.43 76.75 ± 13.89 0.600
Smoking 22 (44.00) 15(27.27) 35 (36.84) 10 (31.25) 0.316
Laboratory tests
  Triglyceride, mmol/L 0.980 (0.7,1.4) 1.630(1.2,2.6)ad 1.820 (1.3,2.5)ad 1.170 (1.0,2.0) 0.000
  Total cholesterol, mmol/L 4.65 ± 0.72 4.96 ± 1.53 4.81 ± 1.55 4.53 ± 1.34 0.472
  HDL, mmol/L 1.225 (1.2,1.5)cd 1.160(1.0,1.4) 1.000 (0.8,1.2) 1.100 (1.0,1.3) 0.000
  LDL, mmol/L 2.75 ± 0.66 2.91 ± 1.10 2.90 ± 1.11 2.75 ± 0.99 0.742
fasting plasma glucose, mmol/L 5.400 (4.8,5.6)d 5.800(5.0,7.6) acd 5.450 (4.8,6.9)d 5.220 (4.6,5.8) 0.005
  Uric acid, umol/L 274.70 ± 55.14 353.10 ± 76.52a 404.86 ± 134.37ab 456.32 ± 119.86abc 0.000
  Urea, mmol/L 4.300(3.8,4.8) 5.400(4.3,6.4)a 6.500(5.4,7.5) ab 6.550(6.0,7.5)ab 0.000
  Cystatin C, mg/L 0.79 ± 0.15 1.05 ± 0.28 2.44 ± 1.13ab 1.85 ± 0.87ab 0.000
  Scr, umol/L 57.91 ± 11.10 66.74 ± 17.25 159.19 ± 35.48ab 149.47 ± 27.71ab 0.000
  Potassium, mmol/L 4.04 ± 0.29 3.96 ± 0.42 4.35 ± 0.60ab 4.18 ± 0.49 0.000
  Sodium, mmol/L 140.00 

(138.0,140.0)
140.000(137.0,142.0) 139.00 (137.0,141.0) 140.00 

(139.0,142.8)
0.074

  Calcium, mmol/l 2.230 (2.2,2.4)bc 2.200(2.1,2.3) 2.180 (2.1,2.4) 2.250 (2.2,2.4)bc 0.000
  Phosphorus, mmol/l 1.20 ± 0.16 1.16 ± 0.15 1.33 ± 0.38 ab 1.25 ± 0.21 0.002
  Magnesium, mmol/l 0.90 ± 0.08 0.88 ± 0.11 0.94 ± 0.17 0.93 ± 0.15 0.073
  eGFR, ml/min/1.73 m2 109.31 ± 15.63bcd 99.13 ± 17.93cd 40.52 ± 9.34 42.14 ± 10.38 0.000
  UACR, mg/g 14.345 

(10.3,17.8)
1258.77(260.4,2629.4)ad 639.360(210.6,1624.3)ad 16.325 (12.5,20.7) 0.000

Medications
  Angiotensin-converting enzyme 
inhibitor or angiotensin receptor block-
ers (ARB)

- 13 (28.89) 39 (41.05)bd 11 (34.38) 0.000

  β-blocker - 4 (8.89) 16 (16.84)bd 2 (6.25) 0.011
  Calcium inhibitor - 15 (33.33) 61 (64.21)bd 13 (40.63) 0.000
  Statin - 15 (33.33)d 31 (32.63)d 6 (18.75) 0.000
  Hypertension - 22 (48.89) 76 (80.00)bd 18 (56.25) 0.000
  Heart failure - - - - -
  Diabetes - 20 (44.44)d 43 (45.26)d 8 (25.00) 0.000
  Diuretics - 12 (26.67)d 14 (47.74)bd 4 (12.50) 0.002
  Sodium‑glucose cotransporter2 
inhibitor

- 17(30.91)d 24(25.26)d 2(6.25) 0.000

Note: aP < 0.05 compared with the control group; bP < 0.05 compared with the ALB-CKD G1-2 group; cP < 0.05 compared with the ALB-CKD 
G3 group; dP < 0.05 compared with the NACKD group
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the ventricular systolic function of patients by measuring 
LVEF and RVFAC, which is operator-dependent, and this 
study showed that LVEF and RVFAC had no significant dif-
ference between the four groups of subjects. The ventricu-
lar strain obtained by speckle tracking decreased before the 
change of LVEF and RVFAC, indicating that compared with 
traditional ultrasound, two-dimensional speckle tracking 
technology has higher sensitivity in the diagnosis of early 
myocardial damage in patients with CKD, and can more 
accurately reflect the strain value of each myocardial stage.

The LVEF of all four groups did not significantly differ 
and was within the normal range. IVSd, LVPWd, LVEDV, 
and LVESV increased only in the NACKD and ALB-CKD 
G3 groups compared with the control and ALB-CKD 
G1-2 groups. This finding could be a result of LV myocar-
dial hypertrophy due to LV remodeling in CKD patients. 
Pluta et al. found that patients with stage 2–3 CKD had 
LV myocardial remodeling, which is similar to the find-
ings of the current study [22]. LVGLS in the NACKD and 
ALB-CKD G3 groups was lower than that in the ALB-
CKD G1-2 group, suggesting that cardiac function in the 
patients reduced gradually. One possible cause for these 
findings is that elevated levels of plasma high-sensitivity 
c-reactive protein and interleukin-6 lead to systolic dys-
function in CKD patients [23]. Another possible cause is 
the incidence of endotoxemia in CKD patients. Endotoxins 
and lipopolysaccharide-binding proteins, the important fac-
tors contributing to chronic inflammation and inflammatory 
responses, are both associated with LV dysfunction [24]. 
Demetgul et al. studied children with CKD who had pre-
served LVEF and found a reduction in peak systolic longitu-
dinal strain, which is similar to the results of this study [25]. 
Serum creatinine independently correlated with LVGLS in 
the NACKD group, while BMI, the LDL level, and LVEDV 
independently correlated with LVGLS in the ALB-CKD 
G3 group. One cardiovascular risk factor in CKD patients 
is obesity. Obesity increases volume, thus, increasing the 

LVGLS first gradually decreased in the ALB-CKD G1-2 
group, followed by the NACKD group, and then the ALB-
CKD G3 group. No statistically significant difference was 
observed among some of the groups; however, we identi-
fied trends concerning how the disease progressed. Second, 
the LASr and LAScd in the ALB-CKD G1-2, NACKD, and 
ALB-CKD G3 groups were significantly lower than those 
in the control group. LAScd was comparable among the 
participants in all four groups. Most studies have focused 
on populations with reduced eGFRs; however, our study 
findings suggest that a decrease in LV function could be 
observed when the eGFR remained at a normal level while 
abnormal protein appeared in the urine. Third, we analyzed 
the associations among LV, LA, and RV strains in differ-
ent groups and found that changes in LV function affected 
LA and RV functions only in the ALB-CKD G3 group. LV, 
LA, and RV functions were independent of each other in 
the other groups. Fourth, reduced RV strain was observed in 
patients with stage 3 CKD even when they were in a com-
pensated renal failure stage. This was also found in patients 
with abnormal urine protein levels and normal eGFRs. RV 
strains were similar among these two groups of patients, 
suggesting that RV strain is not related to UACR or eGFR 
in stage 1–3 CKD. Moreover, all three groups of study par-
ticipants had no statistically significant differences in the 
RV fractional area change. Fifth, EAT did not correlate with 
LV, LA, or RV strain in the ALB-CKD G1-2, NACKD, and 
ALB-CKD G3 groups. It only correlated independently 
with LASr in the NACKD group. Finally, we also identified 
the relevant factors affecting cardiac function in patients 
with different UACRs and eGFRs to provide an appropri-
ate theoretical basis for clinical practice. Two-dimensional 
speckle tracking technology overcomes the angle depen-
dence, and is not affected by the surrounding segment of 
the myocardium and the overall motion of the heart, which 
can be used for real-time continuous observation of cardiac 
characteristics [21]. Traditional echocardiography can judge 

Fig. 2  Comparisons of eGFRs and UACRs among the four groups
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respectively. Therefore, dyslipidemia may affect not only 
the LV but also the RV function in patients.

The ALB-CKD G1-2, NACKD, and ALB-CKD G3 
groups had increased mitral inflow A velocities compared 
to the control group, while the differences in mitral annulus 
e’ velocity and E/e’ between the NACKD and ALB-CKD 
G3 groups, and between the ALB-CKD G1-2 and control 
groups were statistically significant. These parameters sug-
gest impaired LV diastolic compliance in CKD patients. 
In CKD patients, myocardial fibrosis and LV hypertrophy 
progress simultaneously, with a significant increase in 
extracellular matrix leading to the replacement of functional 

cardiac burden, and also increases myocardial fat deposi-
tion, leading to myocardial fibrosis [1]. Abnormal levels of 
plasma lipoproteins are equally important causes of CVD 
in CKD patients. Lee et al. reported that patients with stage 
3–5 CKD and an LDL level of ≥ 159 mg/dL had a hazard 
ratio of 1.261 for adverse cardiovascular events (P < 0.001), 
suggesting that paying attention to LDL concentrations and 
implementing early intervention in CKD patients would be 
beneficial to improving their clinical prognosis [26]. Factors 
independently correlating with RVFWSL in the NACKD 
and ALB-CKD G3 groups included LDL and HDL levels, 

Table 2  Echocardiographic parameters
Control
(n = 50)

ALB-CKD
G1-2 (n = 55)

ALB-CKD
G3 (n = 95)

NACKD
(n = 32)

P-value

LV
  IVSd, cm 0.89 ± 0.06 0.88 ± 0.12 1.02 ± 0.08ab 0.99 ± 0.13ab 0.000
  LVPWd, cm 0.845 (0.8,0.9) 0.857(0.8,0.9) 1.030 (0.9,1.1)ab 0.956 (0.9,1.1)ab 0.000
  LVEDV, ml 93.52 ± 11.98 98.03 ± 19.68 101.89 ± 18.36a 102.58 ± 18.45a 0.023
  LVMI, g/m2 76.30 ± 9.17 75.57 ± 19.19 93.29 ± 21.78ab 88.17 ± 24.00ab 0.000
  LVESV, ml 36.16 ± 10.23 36.97 ± 10.11 39.32 ± 7.46 39.47 ± 8.46 0.125
  LVEF, % 62.52 ± 2.94 62.27 ± 3.98 61.55 ± 2.03 61.75 ± 2.48 0.202
  Mitral inflow E velocity, cm/s 77.37 ± 11.52 74.37 ± 12.37 70.04 ± 11.69 73.74 ± 22.72 0.305
  Mitral inflow A velocity, cm/s 57.30 ± 10.02 71.90 ± 15.72a 77.59 ± 22.84a 74.25 ± 16.52a 0.000
  Mitral inflow E/A 1.39 ± 0.31bcd 1.09 ± 0.32 1.01 ± 0.39 0.98 ± 0.26 0.000
  Mitral annulus s’ velocity, cm/s 10.07 ± 1.70 10.04 ± 2.42 9.27 ± 2.39 9.32 ± 1.89 0.071
  Mitral annulus e’ velocity, cm/s 11.81 ± 1.22cd 11.60 ± 2.91cd 9.21 ± 2.96 9.41 ± 2.94 0.000
  Mitral annulus E/e’ ratio 6.62 ± 1.20 6.75 ± 1.65 8.78 ± 3.53ab 8.28 ± 3.38ab 0.000
  MAPSE, cm 1.56 ± 0.12 1.50 ± 0.20 1.56 ± 0.26 1.62 ± 0.28 0.117
  LVGLS, % -20.84 ± 1.73bcd 17.10 ± 1.76c -16.26 ± 2.61 -16.32 ± 1.34 0.000
LA
  LA dimension, mm 33.92 ± 1.82 35.18 ± 3.34 37.79 ± 4.89ab 37.95 ± 4.16ab 0.000
  LA area, cm2 15.83 ± 1.52 17.50 ± 4.44a 19.22 ± 4.60abd 17.57 ± 3.17 0.000
  LA volume, ml 36.98 ± 4.92 42.85 ± 10.21a 49.76 ± 13.21ab 47.40 ± 13.64a 0.000
  LAVI, ml/m2 21.77 ± 2.95 23.40 ± 5.32 26.90 ± 7.35ab 25.45 ± 6.83a 0.000
  LASr, % 49.73 ± 11.92bcd 35.08 ± 6.66 33.49 ± 10.87 36.62 ± 10.92 0.000
  LAScd, % -33.69 ± 11.74bcd 20.39 ± 4.37 -20.57 ± 7.58 -21.80 ± 5.80 0.000
  LASct, % -17.61 ± 4.54 -19.47 ± 4.85 -18.17 ± 5.17 -20.07 ± 3.59 0.053
RV
  RVBD, cm 3.63 ± 0.28 3.52 ± 0.24 3.68 ± 0.48 3.60 ± 0.27 0.078
  RVMD, cm 2.90 ± 0.49 3.02 ± 0.41 3.17 ± 0.52 2.98 ± 0.37 0.217
  RVL, cm 5.44 ± 0.38 5.38 ± 0.66 5.55 ± 0.63 5.25 ± 0.56 0.069
  RVFAC, % 58.19 ± 5.75 55.20 ± 7.02 55.25 ± 7.70 57.24 ± 6.93 0.074
  Tricuspid inflow E velocity, cm/s 60.88 ± 6.80 60.75 ± 18.63 57.78 ± 10.49 56.14 ± 9.99 0.179
  Tricuspid inflow A velocity, cm/s 49.72 ± 7.59 52.73 ± 13.86 50.78 ± 12.42 46.09 ± 11.48 0.086
  Tricuspid inflow E/A 1.24 ± 0.14 1.20 ± 0.26 1.19 ± 0.29 1.28 ± 0.30 0.321
  Tricuspid annulus s’ velocity, cm/s 12.73 ± 1.92 13.06 ± 1.23 13.38 ± 2.18 12.57 ± 2.73 0.139
  TAPSE, cm 2.24 ± 0.17 2.34 ± 0.21 2.22 ± 0.39 2.34 ± 0.38 0.106
  RVFWSL, % -27.13 ± 4.23bcd -21.96 ± 4.83 -22.47 ± 5.64 -22.29 ± 5.43 0.000
  RV4CSL,% -22.65 ± 3.59bcd -20.45 ± 4.17 -18.86 ± 5.00 -19.57 ± 4.43 0.000
EAT, cm 0.54 ± 0.07 0.55 ± 0.07 0.61 ± 0.08ab 0.58 ± 0.08a 0.000
Note: aP < 0.05 compared with the control group; bP < 0.05 compared with the ALB-CKD G1-2 group; cP < 0.05 compared with the ALB-CKD 
G3 group; dP < 0.05 compared with the NACKD group
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parameter trends varied in patients with CKD at different 
stages. The activity of angiotensin II is enhanced through 
upregulation of the renin-angiotensin-aldosterone system 
in CKD patients. This acts together with other downstream 
mediators and leads to progressive myocardial fibrosis, 
affecting the atria in the early stage; thus, driving atrial 
dysfunction [28]. The factors that independently correlated 
with LASr and LAScd in the NACKD and ALB-CKD G3 
groups were mostly parameters that indicated LV diastolic 
function, which showed the greater influence of LV diastolic 
function on LA function from a different perspective.

Most traditional parameters used to assess RV func-
tion in the ALB-CKD G1-2, NACKD, and ALB-CKD G3 

myocytes with fibrotic scar tissue, which increases LV stiff-
ness and limits LV diastolic filling. We found that changes 
in LA strain appeared earlier than changes in LAVI and 
LA dimension in the ALB-CKD G1-2 group, but tradi-
tional parameters for assessing LA function and strain all 
altered in the NACKD and ALB-CKD G3 groups. This sug-
gests that reduction in LA strain had already appeared in 
the ALB-CKD G1-2 group and that LA was more severely 
impaired in the NACKD and ALB-CKD G3 groups than in 
the ALB-CKD G1-2 group. Gan et al. similarly found that 
changes in LA strain happened before changes in LA vol-
ume, and that LA volume might increase as renal function 
progressively decreases [27]. Our results showed how LA 

Table 3  Factors that independently influence the strain parameters of the ALB-CKD G1-2 group
Non-standardized coefficients Standardized

coefficients
95% CI for B P value

B SE β
Model 1b (LASr)
  TG -1.687 0.662 -0.320 -2.985 ~ -0.389 0.014
  Smoking 3.834 1.865 0.259 0.179 ~ 7.490 0.045
Model 1c (LAScd)
  Mitral annulus E/e’ 0.682 0.338 0.257 0.020 ~ 1.343 0.049
  TC -0.831 0.365 -0.290 -1.546 ~ -0.116 0.027
Model 1d (RVFWSL)
  Heart rate -0.157 0.058 -0.350 -0.269 ~ -0.044 0.009

Fig. 3  Bull’s eye plot of left ventricular longitudinal strain and time to peak in patients with ALB-CKD G3
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from activation of reactive oxygen species and the renin-
angiotensin system in cardiovascular centers via renal effer-
ent sympathetic nerves [31].

BMI is an inverse predictor of mortality in CKD patients. 
However, the incidence of ectopic fat deposition associated 
with coronary atherosclerosis in non-obese CKD patients 
may suggest accumulated risks [32]. Chen et al. found 
thickening of EAT in patients with non-dialysis-dependent 
CKD but found no predictability in relation to changes in 
EAT for adverse cardiovascular events in such patients 
[33]. In this study, we found that EAT was increased in the 
NACKD and ALB-CKD G3 groups compared with the con-
trol group, while EAT was similar between the ALB-CKD 
G1-2 group and the control group. However, neither EAT 
in the NACKD group nor in the ALB-CKD G3 group cor-
related with LVGLS, LASr, LAScd, RVFWSL, or RV4CSL. 
Only EAT in the NACKD group correlated independently 
with LASr. A possible explanation for these differences is 
our study population had stage 1–3 CKD, whereas previ-
ous studies have mainly focused on patients with stage 3–5 
CKD. There have been limited studies on the relationship 

groups did not differ statistically significantly from those in 
the control group. However, RVFWSL and RV4CSL were 
lower in the ALB-CKD G1-2, NACKD, and ALB-CKD G3 
groups than in the control group. Some studies have dem-
onstrated that RVFWSL with a threshold of -20% to -21% 
appears to detect abnormal RV function [29]. Most patients 
in our study had stage 1–3 CKD. We found that RV function 
was similar among CKD patients who had different UACRs 
and eGFRs and was reduced only when compared with RV 
function of the controls. This suggests that the degree of RV 
impairment is similar in populations with different UACRs 
or eGFRs and is independent of disease severity. Further 
studies are needed to elucidate the specific mechanisms of 
altered RV strain at different stages in CKD patients. Heart 
rate independently correlated with RVFWSL in patients 
in the ALB-CKD G1-2 group. Ohashi et al. reported that 
heart rate was positively correlated with intrarenal activa-
tion of the renin-angiotensin system and that activation of 
this system could exacerbate renal damage [30]. In addition, 
they found that increased activation of reactive oxygen spe-
cies and the renin-angiotensin system in the kidney resulted 

Table 4  Independent factors influencing strain parameters of the ALB-CKD G3 group
Non-standardized coefficients Standardized

coefficients
95% CI for B P value

B SE β
Model 2a (LVGLS)
  BMI -0.187 0.060 -0.297 -0.305–-0.069 0.003
  LDL 0.441 0.222 0.187 0.006–0.876 0.050
  LVEDV 0.047 0.013 0.335 0.021–0.074 0.001
Model 2b (LASr)
  Mitral annulus E/e’ -0.701 0.311 -0.227 -1.311–-0.091 0.027
Model 2c (LAScd)
  Mitral annulus e’ velocity 0.883 0.249 0.345 0.394–1.371 0.001
Model 2d (RVFWSL)
  HDL 3.487 1.505 0.234 0.537–6.436 0.023
Model 2e (RV4CSL)
  Mitral inflow E/A -2.686 1.130 -0.239 -4.901–-0.470 0.020

Table 5  Factors that independently influence the strain parameters of the NACKD group
Non-standardized coefficients Standardized

coefficients
95% CI for B P- value

B SE β
Model 3a (LVGLS)
  Scr -0.019 0.008 -0.388 -0.035–-0.003 0.028
Model 3b (LASr)
  Mitral annulus e’ velocity 1.456 0.531 0.367 0.415–2.498 0.013
  Mitral inflow A velocity -0.281 0.096 -0.467 -0.469–-0.093 0.004
  EAT -75.532 19.941 -0.554 -114.615–-36.449 0.001
Model 3c (LAScd)
  Mitral inflow E/A 14.752 2.896 0.591 9.076–20.428 0.000
  LA volume -0.177 0.054 -0.379 -0.282–-0.072 0.009
Model 3d (RVFWSL)
  LDL -2.213 0.919 -0.356 -4.014–-0.413 0.045
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Fig. 5  Univariate linear correlation scatterplots of LVGLS with LASr, LAScd, and RVFWSL in the ALB-CKD G3 group

 

Fig. 4  ROC curves used to determine the predictability of LVGLS, LASr, and RVFWSL for LV, LA, and RV function, respectively, in the ALB-
CKD G1-2, ALB-CKD G3, and NACKD groups
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measurements in this study. Third, we found decreased 
RV strain in patients with stage 1–3 CKD, but the exact 
mechanism involved requires further investigation. Finally, 
Angiotensin-converting enzyme inhibitors were not evenly 
distributed among groups in this study, which may affect the 
results of this study.

Conclusion

The ALB-CKD G1-2, ALB-CKD G3, and NACKD groups 
all had reduced cardiac function, among which the NACKD 
group had more severely impaired cardiac function than the 

between EAT and myocardial strain in patients with stage 
1–3 CKD. Future large-scale studies are needed to confirm 
our findings.

Study limitations

This study had some limitations. First, the number of 
patients in the NACKD and ALB-CKD G1-2 groups was 
small. During the two-year study period involving patients 
with stage 3 CKD at our hospital, only 32 patients with a 
reduced eGFR without an elevated urinary protein level 
were identified. Thus, our findings are preliminary and 
exploratory and encourage future evaluation in larger popu-
lations. Second, our group did not report natriuretic peptide 

Fig. 6  Bland-Altman plots of RVFWSL, LASr, and LVGLS
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