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Abstract: Patients with chronic kidney disease (CKD) have a high incidence of left ventricular
diastolic dysfunction (LVDD), which increases the risk of heart failure and mortality. We assessed
fluid overload as an independent risk factor for LVDD in patients with decreased kidney function and
compared its impact on the E/e′ ratio as a parameter for assessing left ventricular diastolic functions
between patients undergoing continuous ambulatory peritoneal dialysis (CAPD) and those with
non-dialysis CKD stage 5 (CKD5) using propensity score matching (PSM). After PSM, 222 patients
(CAPD, n = 111; CKD5, n = 111) were included. Fluid balance was assessed using bio-impedance
spectroscopy and LVDD was determined by echocardiography based on an E/e′ ratio of >15. The
CKD5 group had a significantly higher E/e′ ratio (p = 0.002), while fluid overload (OH/ECW) did
not differ significantly between the groups. In the CAPD group, there were no significant differences
in OH/ECW between patients with and without LVDD (p = 0.517). However, in the CKD5 group,
patients with LVDD showed a significantly higher OH/ECW (p = 0.001). In a regression analysis
investigating factors associated with the E/e′ ratio, OH/ECW was not significantly associated with
the E/e′ ratio in the CAPD group (p = 0.087), but in the CKD5 group, it was independently correlated
(p = 0.047). The factors closely associated with LVDD varied depending on dialysis dependence.
While fluid overload independently influenced LVDD in non-dialysis patients, it was not statistically
significant in patients with CAPD. Early assessment and management of volume status are crucial in
addressing LVDD in patients with advanced-stage CKD.

Keywords: chronic kidney disease; continuous ambulatory peritoneal dialysis; fluid balance; impedance;
left ventricular diastolic dysfunction

1. Introduction

Left ventricular diastolic dysfunction (LVDD) is highly prevalent in the general popu-
lation and has been associated with an increased risk of cardiovascular events and mor-
tality [1–3]. Patients with chronic kidney disease (CKD) have a higher risk of developing
cardiovascular disease (CVD) than the general population. Moreover, cardiovascular com-
plications are the leading cause of morbidity and mortality in patients with end-stage renal
disease (ESRD) [4]. LVDD is also commonly observed in CKD, irrespective of the cause,
and is associated with an elevated risk of heart failure and mortality [5–7].

Previous studies have established that age, hypertension, obesity, coronary artery
disease, and diabetes are risk factors for LVDD [8–11]. However, the pathophysiology
of CKD-associated cardiomyopathy is highly complex and involves both traditional and
non-traditional CKD-related risk factors [12]. Even patients with mild to moderate renal
impairment exhibit structural and functional changes consistent with CKD-associated
cardiomyopathy. While blood pressure plays a significant role in left ventricular (LV)
remodeling in CKD, other CKD-related factors, such as chronic inflammation, elevated
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levels of calcium and phosphorus, uremic toxins, anemia, fluid overload, vascular calci-
fication, and high serum fibroblast growth factor 23 levels, have also been implicated in
the structural and functional changes of the heart in patients with CKD [13]. Although
LVDD is strongly associated with increased LV mass and LV hypertrophy (LVH) [14],
our previous studies suggested that fluid overload could be an independent risk factor
for LVDD in patients with non-dialysis stage 5 CKD (CKD5) [15,16]. Understanding the
complex pathophysiology of CKD-associated cardiomyopathy and the role of fluid over-
load may contribute to the development of targeted interventions for the prevention and
management of LVDD in patients with impaired kidney function.

The proper assessment and management of fluid balance play critical roles in promot-
ing hemodynamic stability, reducing cardiovascular complications including LVH, and
mitigating the risk of cardiovascular events in patients with CKD [17]. Fluid overload repre-
sents a significant step in the pathophysiological pathways leading to acute and/or chronic
heart failure in patients with ESRD [18]. Therefore, the accurate and timely assessment of
fluid balance is crucial not only for short-term volume control, but also for the long-term
prevention of CVD.

Therefore, the primary objective of this study was to investigate the role of fluid
overload as an independent risk factor for LVDD in patients with decreased kidney function
without intrinsic heart disease. Additionally, we aimed to compare the impact of fluid
overload on the E/e′ ratio, an index of diastolic function, between patients undergoing
peritoneal dialysis and those with CKD5, using propensity score matching (PSM).

2. Materials and Methods
2.1. Patients and Data Collection

Since 2014, we have registered consecutive patients with CKD5 in a bio-impedance
cohort after receiving approval (no. CR316024) from the Institutional Review Board of
Yonsei University Wonju Severance Christian Hospital. All the patients provided written
informed consent before participating in the study. The CKD5 group consisted only of
dialysis-naïve patients. While the CKD5 group was prospectively recruited, all patients in
the continuous ambulatory peritoneal dialysis (CAPD) group were included based on a
review of their medical records. All patients who underwent bio-impedance spectroscopy
(BIS), echocardiography, and laboratory evaluations simultaneously were included in the
analysis. Therefore, this was a retrospective observational study. Initially, 126 and 360 pa-
tients were assigned to the CAPD and CKD5 groups, respectively. We excluded patients
with structural and functional cardiac abnormalities to reduce the effects of underlying
heart diseases that could cause LVDD. Patients with a history of angina or myocardial
infarction and those with findings of infarction on electrocardiography or regional wall
motion abnormalities on echocardiography were excluded. Patients diagnosed with ma-
lignancy, liver cirrhosis, ejection fraction less than 45%, cardiac rhythm abnormalities, or
valvular heart disease were also excluded. After applying the exclusion criteria, 392 pa-
tients (CAPD, n = 118; CKD5, n = 274) were included. PSM was conducted to minimize the
effects of confounding variables. After PSM, 222 patients (111 in each group) were included
in the final analysis (Figure 1). The study was conducted in accordance with the principles
of the Declaration of Helsinki.
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Figure 1. Flow diagram of patient selection in this study. CAPD, continuous ambulatory peritoneal
dialysis; CKD, chronic kidney disease; LVEF, left ventricular ejection fraction.

2.2. Conventional Echocardiographic Study

Comprehensive echocardiographic measurements were performed using a 3-MHz
transducer and commercial ultrasound system (GE Vivid E9; GE Healthcare, Chicago, IL,
USA). The imaging procedures followed standard techniques, including M-mode, two-
dimensional, and Doppler measurements, in accordance with the guidelines provided by
the American Society of Echocardiography and European Association of Cardiovascular
Imaging [19,20]. Transmitral inflow velocities were measured using pulsed-wave Doppler
in the apical four-chamber view with the sample volume placed at the mitral valve leaflet
tips. The transmitral early diastolic (E-wave) velocities were measured. Tissue Doppler
imaging in the apical four-chamber view was used to measure the LV myocardial velocities,
with the sample volume placed at the septal mitral annulus. We measured the peak early
(e′) diastolic mitral annular velocity and calculated the E/e′ ratio. Because E/e′ ratio >15 is
typically indicative of elevated LV filling pressure, we used this cutoff value to determine
with or without LVDD. The left atrial (LA) dimensions were measured by 2D-guided M-
mode echocardiography using the parasternal short-axis view at the base of the heart. The
LA volume can be computed using the area-length approximation: LA volume = [8/(3π)]
[(A1 × A2)/L], where A1 and A2 are the corresponding LA areas measured in the apical
two- and four-chamber views, respectively. LA length L is defined as the shortest of the
two long axes measured in each view. The LA volume index (LAVI) was calculated by
dividing the LA volume by the body surface area (BSA) using the formula: BSA = 0.007184
× weight0.425 × height0.725 (m2). LV mass was calculated using the following equation:
LV mass = 0.8 × {1.04 × ([IVS + LVID + PWT]3 − [LVID]3)} + 0.6 g, where IVS is the
interventricular septum, LVID is the LV internal diameter, and PWT is the inferolateral wall
thickness. All measurements were performed at the end-diastole. To correct for BSA, the
left ventricular mass index (LVMI) was calculated by dividing the LV mass by BSA. The LV
end-diastolic volume (LVEDV) and LV ejection fraction (LVEF) were measured using the
biplane-modified Simpson’s rule, according to previously mentioned recommendations.
Trained cardiologists who were blinded to the patients’ clinical information performed the
echocardiography procedures.

2.3. Assessment of the Volume Status

Whole-body BIS was performed using Body Composition MonitoringTM (BCM, Frese-
nius Medical Care AG & Co., Bad Homburg Vor der Höhe, Germany) to evaluate the body
fluid balance. The BCM utilizes alternating electric currents across 50 different frequencies
over a range of 5–1000 kHz and measures the impedance of each current. Disposable elec-
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trode patches placed on the wrist and ankle were used for all measurements. The validity
of the BIS in the general and dialysis populations has been demonstrated in comparison to
the gold standard methods. Extracellular water (ECW), intracellular water, and total body
water (TBW) were automatically provided by the onboard software of the BCM device
using equations based on the Hanai mixture theory developed by Moissl et al. [21]. The
three-compartment BIS model separates body weight into normally hydrated lean tissue
mass, normally hydrated adipose tissue mass, and extracellular fluid overload, commonly
represented as the volume of overhydration (OH) [22]. The OH, presented as a positive
or negative value, can be calculated from the difference between the actual measured
and expected ECW [23]. In the case of peritoneal dialysis, the BCM device was applied
after the peritoneal cavity was emptied. As the clinical significance of OH values varies
based on patient body size, relative overhydration (OH/ECW) was primarily used to
determine the volume status for the analysis. Furthermore, the amount of fluid in the body
increases in obese individuals, and this increase is more prominent in the extracellular
compartment [24]. Therefore, the ratio of ECW to TBW (ECW/TBW) might have been
overestimated in determining volume status of patients. To address this issue, this study
used OH/ECW instead of ECW/TBW.

2.4. Statistical Analysis

Patient characteristics were summarized using means and standard deviations for
continuous variables, and frequencies and percentages for categorical variables. For PSM,
we selected variables that affected the LV diastolic function and fluid balance as covariates.
The potential confounders included age, sex, prevalence of diabetes, systolic blood pressure,
diastolic blood pressure, and serum albumin levels. Using nearest-neighbor matching,
we matched the patients in a 1:1 ratio without replacement. The standardized mean
differences between the groups were calculated to confirm whether matching was effective
by setting the caliper at a width of 0.2. The R (version 3.6.0, The R Foundation for Statistical
Computing, Vienna, Austria) package ‘table one 0.13.2’ ‘Matching 4.10-8’ was used.

After PSM, the CAPD group and the CKD5 group were categorized into two distinct
groups, determined by their E/e′ ratio: E/e′ ratio > 15 and E/e′ ratio ≤ 15, denoting
the presence or absence of LVDD. Differences in the clinical variables between the two
groups of patients were tested using two-sample t-tests for continuous variables. Nominal
variables were compared using chi-square and Fisher’s exact tests, as appropriate. Pearson
correlation coefficients were calculated to evaluate the associations of E/e′ ratio with other
variables, such as laboratory findings, echocardiographic parameters, and a marker of
volume status. We performed a multiple linear regression analysis using variables based
on previous reports, such as age, sex, diabetes, LVMI, and OH/ECW, to assess independent
variables associated with the E/e′ ratio. Statistical analyses were performed using IBM
SPSS Statistics (version 25.0; IBM, Armonk, NY, USA). Statistical significance was set at
p-values < 0.05.

3. Results

After excluding patients who did not meet the inclusion criteria, the total number of
patients was 392 (118 with CAPD and 274 with CKD5) (Supplementary Table S1). Patients
with fluid overload (OH/ECW ≥ 15%) were observed in 26 CAPD patients and 123 CKD5
patients, showing a statistically significant difference (p < 0.001). Additionally, 15 CAPD
patients and 103 CKD5 patients had LVDD with an E/e′ ratio > 15; the differences were
statistically significant (p < 0.001). After PSM (n = 222), the levels of high-sensitivity C-
reactive protein, intact parathyroid hormone, hemoglobin, total protein, total cholesterol,
serum calcium, serum phosphorus, and body mass index (BMI) were significantly different
between the two groups. OH/ECW did not show any significant differences between the
two groups. However, the E/e′ ratio was significantly higher in the CKD5 group (p = 0.002)
(Supplementary Table S2).
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Table 1 presents the results before and after PSM. After PSM, the caliper refers to the
decrease in the maximum allowable difference to <20% (0.2) of the standardized mean
difference between the two groups for all baseline covariates (Figure 2) [25].

Table 1. Baseline characteristics before and after propensity score matching.

Before Propensity Score Matching After Propensity Score Matching

CAPD CKD5 SMD CAPD CKD5 SMD

No. of patients 118 274 111 111

Age, years 52.40 ± 13.06 59.28 ± 13.69 0.50 53.75 ± 12.12 54.19 ± 13.60 0.03

Sex 1.49 1.43 −0.12 1.50 1.48 −0.04

Diabetes 0.31 0.64 0.67 0.33 0.37 0.07

SBP, mmHg 134.36 142.92 0.44 133.56 137.12 0.18

DBP, mmHg 81.02 80.65 −0.03 80.42 81.96 0.13

Albumin, g/dL 3.80 3.50 −0.55 3.79 3.74 −0.09

CAPD, continuous ambulatory peritoneal dialysis; CKD5, chronic kidney disease stage 5; DBP, diastolic blood
pressure; SBP, systolic blood pressure; SMD, standardized mean difference.
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Figure 2. Covariate balance measured by standardized mean differences. DBP, diastolic blood
pressure; DM, diabetes mellitus; SBP, systolic blood pressure.

After PSM, a significant association was found between the E/e′ ratio and various
factors, including systolic blood pressure, left atrial diameter (LAD), LAVI, LVEDV, LVMI,
BMI, hemoglobin, total protein, albumin, serum calcium, and OH/ECW (Table 2).
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Table 2. Correlation analysis of E/e′ ratio with clinical and bio-impedance spectroscopy parameters
after matching.

Variables

Total (n = 222) CAPD (n = 111) CKD5 (n = 111)

Correlation
Coefficient p-Value Correlation

Coefficient p-Value Correlation
Coefficient p-Value

Age, years 0.093 0.168 0.127 0.183 0.062 0.520

SBP, mmHg 0.235 <0.001 0.141 0.139 0.302 0.001

DBP, mmHg 0.053 0.433 −0.018 0.850 0.093 0.329

BMI, kg/m2 0.152 0.023 0.118 0.219 0.097 0.309

LAD, cm 0.182 0.007 0.093 0.330 0.306 0.001

LAVI, mL/m2 0.345 <0.001 0.362 <0.001 0.394 <0.001

LVEDV, mL 0.252 <0.001 0.159 0.105 0.231 0.015

LVMI, g/m2 0.325 <0.001 0.219 0.021 0.409 <0.001

LVEF, % −0.097 0.151 −0.235 0.014 0.036 0.709

hs-CRP, mg/dL 0.085 0.213 0.219 0.021 0.020 0.836

iPTH, pg/mL −0.032 0.639 −0.151 0.118 −0.003 0.973

Hemoglobin, g/dL −0.148 0.028 −0.037 0.697 −0.069 0.470

Total protein, g/dL −0.169 0.012 −0.046 0.628 −0.184 0.053

Albumin, g/dL −0.176 0.009 −0.129 0.177 −0.197 0.039

Calcium, mg/dL −0.162 0.016 0.051 0.597 −0.178 0.061

Phosphorus, mg/dL 0.139 0.093 0.060 0.534 0.114 0.233

OH/ECW, % 0.291 <0.001 0.147 0.124 0.399 <0.001

BMI, body mass index; CAPD, continuous ambulatory peritoneal dialysis; CKD5, chronic kidney disease stage 5;
DBP, diastolic blood pressure; ECW, extracellular water; hs-CRP, high-sensitivity C-reactive protein; iPTH, intact
parathyroid hormone; LAD, left atrial dimension; LAVI, left atrial volume index; LVEF, left ventricular ejection
fraction; LVEDV, left ventricular end-diastolic volume; LVMI, left ventricular mass index; OH, overhydration; SBP,
systolic blood pressure.

The clinical characteristics of each group categorized according to the presence or
absence of LVDD are presented in Table 3. After PSM, 15 patients (13.5%) in the CAPD
group and 27 (24.3%) in the CKD5 group exhibited LVDD. In the CAPD group, there were no
significant differences in the OH/ECW between patients with and without LVDD (p = 0.591).
In addition, echocardiographic parameters, including LAD, LAVI, LVEDV, LVMI, and LVEF,
were not significantly different. In contrast, in the CKD5 group, patients with LVDD showed
a markedly higher OH/ECW (p = 0.002). Among the echocardiographic parameters, the
LAVI and LVMI were significantly higher in patients with LVDD. Interestingly, patients
with LVDD in both groups were more likely to have a history of diabetes.

Table 3. Comparison of demographics, serum chemistry, echocardiographic findings, and volume
status between patients with and without left ventricular diastolic dysfunction in each group.

Variables

CAPD (n = 111) CKD5 (n = 111)

E/e′ Ratio ≤ 15
(n = 96)

E/e′ Ratio > 15
(n = 15) p-Value E/e′ Ratio ≤ 15

(n = 84)
E/e′ Ratio > 15

(n = 27) p-Value

E/e′ ratio 9.8672 ± 2.65 19.38 ± 4.52 <0.001 10.82 ± 2.76 19.37 ± 3.84 <0.001

Age, years 53.01 ± 12.48 58.47 ± 8.43 0.105 54.35 ± 13.87 53.70 ± 12.99 0.832

Sex
Male 50 (89.3%) 6 (10.7%) 0.384 45 (77.6%) 13 (22.4%) 0.624

Female 46 (83.6%) 9 (16.4%) 39 (73.6%) 14 (26.4%)
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Table 3. Cont.

Variables

CAPD (n = 111) CKD5 (n = 111)

E/e′ Ratio ≤ 15
(n = 96)

E/e′ Ratio > 15
(n = 15) p-Value E/e′ Ratio ≤ 15

(n = 84)
E/e′ Ratio > 15

(n = 27) p-Value

Diabetes
Yes 27 (73.0%) 10 (27.0%) 0.003 24 (58.5%) 17 (41.5%) 0.001

No 69 (93.2%) 5 (6.8%) 60 (85.7%) 10 (14.3%)

OH/ECW
<15% 74 (85.1%) 13 (14.9%) 0.517 70 (83.3%) 14 (16.7%) 0.001

≥15% 22 (91.7%) 2 (8.3%) 14 (51.9%) 13 (48.1%)

SBP, mmHg 132.61 ± 22.66 139.60 ± 17.50 0.257 135.24 ± 20.78 143.00 ± 22.40 0.100

DBP, mmHg 80.76 ± 12.64 78.27 ± 10.41 0.469 82.04 ± 13.29 81.74 ± 11.85 0.918

BMI, kg/m2 22.97 ± 3.16 24.52 ± 4.06 0.094 25.03 ± 4.19 25.33 ± 3.45 0.735

LAD, cm 4.48 ± 0.51 4.54 ± 0.49 0.613 4.38 ± 0.46 4.58 ± 0.44 0.053

LAVI, mL/m2 35.51 ± 14.52 43.39 ± 17.80 0.078 33.91 ± 7.94 40.85 ± 13.65 0.017

LVEDV, mL 98.86 ± 44.02 107.26 ± 52.10 0.518 139.94 ± 25.59 150.07 ± 28.36 0.084

LVMI, g/m2 101.90 ± 28.23 112.60 ± 28.49 0.176 104.07 ± 24.72 120.41 ± 32.33 0.021

LVEF, % 62.43 ± 5.14 60.58 ± 10.67 0.520 62.66 ± 5.12 61.63 ± 5.48 0.375

hs-CRP, mg/dL 0.19 ± 0.40 0.55 ± 1.00 0.192 0.90 ± 2.35 0.54 ± 1.14 0.475

iPTH, pg/mL 289.28 ± 214.61 181.56 ± 119.29 0.010 347.09 ± 254.10 342.21 ± 164.83 0.926

Hemoglobin, g/dL 10.60 ± 1.46 10.49 ± 1.34 0.777 9.08 ± 1.27 8.97 ± 0.80 0.602

Total protein, g/dL 6.64 ± 0.55 6.56 ± 0.68 0.631 6.36 ± 0.72 6.15 ± 0.80 0.211

Albumin, g/dL 3.80 ± 0.35 3.70 ± 0.36 0.305 3.76 ± 0.49 3.66 ± 0.52 0.363

Calcium, mg/dL 8.84 ± 0.89 8.71 ± 0.87 0.615 7.89 ± 1.21 7.75 ± 1.14 0.612

Phosphorus, mg/dL 5.16 ± 1.14 5.00 ± 1.09 0.603 5.79 ± 1.55 5.92 ± 1.13 0.692

OH/ECW, % 9.22 ± 10.07 10.14 ± 5.24 0.591 6.38 ± 13.03 17.46 ± 15.66 0.002

BMI, body mass index; CAPD, continuous ambulatory peritoneal dialysis; CKD5, chronic kidney disease stage 5;
DBP, diastolic blood pressure; ECW, extracellular water; hs-CRP, high-sensitivity C-reactive protein; iPTH, intact
parathyroid hormone; LAD, left atrial dimension; LAVI, left atrial volume index; LVEF, left ventricular ejection
fraction; LVEDV, left ventricular end-diastolic volume; LVMI, left ventricular mass index; OH, overhydration; SBP,
systolic blood pressure.

We initially conducted linear regression analyses using variables based on previous
reports, such as age, sex, prevalent diabetes, LVMI, and OH/ECW, in the entire patient
population after performing PSM to identify potential factors associated with the E/e′ ratio.
Sex, diabetes, and LVMI were significantly associated with the E/e′ ratio. OH/ECW did
not show a significant association in the overall patient population; however, there were
differences in the association of OH/ECW depending on the presence or absence of renal
replacement therapy. To identify the factors that differed between the two groups, linear
regression analyses were performed by dividing each group into additional analyses. In
the CAPD group, there were no significant changes in meaningful parameters; in the CKD5
group, sex was not significant, and OH/ECW emerged as a new independent factor with
statistical significance (p = 0.047) (Table 4).
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Table 4. Factors independently associated with E/e′ ratio as a dependent variable.

Total (n = 222) CAPD (n = 111) CKD5 (n = 111)

B (95% CI) p-Value B (95% CI) p-Value B (95% CI) p-Value

Group 1.616 (0.551, 2.682) 0.003

OH/ECW, % 0.044 (−0.006, 0.095) 0.087 −0.015 (−0.109, 0.078) 0.744 0.064 (0.001, 0.126) 0.047

Age, years 0.031 (−0.011, 0.073) 0.151 0.035 (−0.109, 0.078) 0.289 0.025 (−0.032, 0.083) 0.387

Sex 2.145 (1.042, 3.247) <0.001 2.729 (1.087, 4.370) 0.001 1.481 (−0.055, 3.017) 0.059

Diabetes 2.583 (1.312, 3.853) <0.001 3.180 (1.303, 5.058) 0.001 2.372 (0.594, 4.151) 0.009

LVMI, g/m2 0.053 (0.032, 0.073) <0.001 0.049 (0.020, 0.078) 0.001 0.060 (0.031, 0.090) <0.001

B, β coefficient; CAPD, continuous ambulatory peritoneal dialysis; CI, confidence interval; CKD5, chronic kidney
disease stage 5; ECW, extracellular water; LVMI, left ventricular mass index; OH, overhydration.

4. Discussion

CVD is the most common cause of death in patients with advanced CKD [26]. LVDD in
patients with pre-dialysis CKD is significantly linked to worse cardiovascular outcomes and
higher all-cause mortality rates [27,28]. Known risk factors for LVDD include age, hyper-
tension, diabetes, ischemic coronary disease, obesity, and LVH. Meanwhile, uremic toxins,
chronic inflammation, vascular calcification, anemia, and fluid overload are also known to
be associated with LVDD in patients with ESRD [13,29]. Although the factors associated
with LVDD differed depending on whether the participants had dialysis-dependent CKD,
LVDD can occur even in the early stages of CKD and potentially lead to heart failure with
preserved ejection fraction [30,31]. The development of LVDD is associated with a declining
estimated glomerular filtration rate (eGFR). As eGFR decreases, the prevalence of LVDD
in patients with the lowest eGFR (<45 mL/min/1.73 m2) is close to 51% by year 5 [31]. In
our previous study, the prevalence of LVDD in CKD5 was 45.2% [16]. Before PSM, the
CAPD group had a prevalence of 12.7%, whereas that in the CKD5 group was 37.6%; the
difference between the two groups was statistically significant (Supplementary Table S1).

Previous studies on the impact of different dialysis methods (hemodialysis and peri-
toneal dialysis) on echocardiographic parameters have yielded heterogeneous and contra-
dictory results. Moreover, few studies have compared the structural and functional changes
in the myocardium between patients undergoing dialysis and those with advanced-stage
CKD who were not on dialysis. Therefore, to investigate the differences between patients
with CAPD and CKD5, we performed a PSM analysis. In the actual analysis, it was neces-
sary to minimize the influence of confounders. One of these was LVMI. In CKD, both an
increase in afterload, represented by hypertension and arteriosclerosis, and an increase in
preload, induced by anemia and fluid overload, are associated with LVH. Traditionally, LVH
has been implicated in the development of diastolic dysfunction in patients with CKD [32].
Furthermore, LVMI was an independent determinant of LVDD in patients undergoing
hemodialysis. The prevalence of LVH was higher in patients undergoing conventional
hemodialysis than in those undergoing peritoneal dialysis patients [33]. Therefore, we
included peritoneal dialysis patients, and in our regression analysis for each group, LVMI
was found to be a significant independent factor.

Another confounding factor is the presence or absence of diabetes. Diabetes is a
metabolic condition that contributes to LVDD development [34–36]. In our study, diabetes
was identified as a significant independent factor associated with LVDD in both groups,
which is consistent with a previous report highlighting its contribution to LVDD.

It has been suggested that sex-specific risk factors, such as hormonal changes, increase
the risk of LVDD and subsequent heart failure [37]. However, previous studies based on
community-based cohort data have shown no significant sex differences in the prevalence
of LVDD [38]. In our study, there were no significant differences in the prevalence of LVDD
between males and females in either group (Table 3). However, in the CAPD group, there
was an independent association between LVDD and sex; in the CKD5 group, there was a
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marginal p-value indicating a potential association (Table 4). We were unable to perform
additional analyses because we did not measure hormones, such as estrogen.

When peritoneal dialysis is initiated, a substantial number of patients are already
experiencing a state of fluid overload. [39]. However, in a study investigating the utility of
BIS-guided fluid management in patients undergoing peritoneal dialysis, there were no
significant differences in echocardiographic parameters, such as LVMI and E/e′ ratio, when
fluid control was effectively managed regardless of the use of BIS [40]. Fluid overload has
indirect effects on the cardiovascular system and is associated with malnutrition and/or
inflammation, leading to an increased risk of cardiovascular events [41]. In our analysis,
we observed a higher degree of fluid overload in patients with LVDD in the CKD5 group,
whereas no significant difference in volume status was noted in the CAPD group (Table 3).
Furthermore, in the CAPD group, OH/ECW ratio was not a significant independent factor
associated with LVDD (Table 4). These findings indirectly suggest that effective volume
control positively affects LVDD. If fluid control is effectively managed in dialysis patients,
other risk factors such as hyperphosphatemia may play a more prominent role in the
development of LVDD [42]. In contrast to our study, it has been reported that arterial
function and diabetes were associated with the E/e′ ratio in non-dialysis patients, and
volume overload and anemia were associated with the E/e′ ratio in dialysis patients,
respectively [30]. Notably, the patient characteristics and methods utilized to assess fluid
balance in our study differed from those described in the aforementioned report. Therefore,
the main determinants of the E/e′ ratio may vary between dialysis and non-dialysis patients
owing to differences in patient characteristics.

This study has several limitations. First, the formal definition of LVDD includes
echocardiographic measurements beyond the E/e′ ratio [20]. However, in line with other
studies, a simplified and modified definition of LVDD (i.e., E/e′ ratio > 15) was employed
in this study. Second, causality cannot be assessed because our study did not investigate the
sequential changes in E/e′ ratio associated with the removal of fluid overload through renal
replacement therapy in this observational study. Considering that our patients presented
with a complex combination of diabetes, hypertension, and kidney disease, along with the
use of multiple medications, an important clinical aspect would be to assess longitudinal
changes in cardiac dysfunction in relation to disease progression and treatment modalities.
Notably, fluid overload could be an aggravating factor of LVDD in patients with stages
4–5. Therefore, implementing tailored treatment strategies targeting this risk factor prior
to dialysis initiation may prevent LV remodeling and improve patient outcomes. Third,
when utilizing a single measurement, there is a possibility of bias, and the results may
not fully capture the fluctuations in fluid status that could occur over time. Consequently,
this approach may lead to an underestimation or overestimation of the true relationship
between fluid overload and LVDD. Lastly, although the duration of dialysis treatment
may influence myocardial remodeling in patients with CAPD, it was not considered in the
analysis as one of the confounders. Under the assumption of relatively similar conditions,
the concept of dialysis treatment duration could not be applied to the CKD5 group for
comparison with the CAPD group.

However, this study has several strengths. Previously, Moré et al. reported that
patients with a history of heart failure exhibited a significantly higher prevalence of cardio-
vascular risk factors and comorbidities, along with a worse prognosis, even in individuals
with non-dialysis CKD stages 4–5 [43]. In contrast, all patients in our study were free of in-
trinsic heart disease and represented a relatively homogeneous population in terms of eGFR.
Therefore, it is worth noting that there were differences in the independent factors related
to LVDD between the groups receiving and those not receiving renal replacement therapy.

In conclusion, our findings indicate that the factors closely associated with LVDD may
vary depending on whether the participants have dialysis-dependent CKD. Specifically,
fluid overload has emerged as a significant independent factor in patients with CKD
who are not on dialysis. These observations highlight the importance of addressing fluid
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overload as a potential therapeutic target in pre-dialysis patients with CKD to mitigate the
risk of LVDD development.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm12155092/s1, Table S1: Comparison of variables between
groups before propensity score matching; Table S2: Comparison of demographics, serum chemistry,
echocardiographic findings, and volume status between groups after propensity score matching.
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