()

Check for
updates

Original Article

Kidney Res Clin Pract 2025;44(3):481-490
PISSN: 2211-9132 e eISSN: 2211-9140
https://doi.org/10.23876/j.krcp.23.251

KIDNEY RESEARCH
" CLINICAL PRACTICE

Impact of glycemic control on residual kidney function
and technique failure associated with volume overload in
diabetic patients on peritoneal dialysis

Dong Eon Kim*, Da Woon Kim*, Hyo Jin Kim“?, Harin Rhee™?, Eun Young Seong"?, Yewon Choi’,
Sang Heon Song™?

lDepan‘rnent of Internal Medicine and Biomedical Research Institute, Pusan National University Hospital, Busan, Republic of Korea
’Department of Internal Medicine, Pusan National University School of Medicine, Yangsan, Republic of Korea

Background: It is unclear whether poor glycemic control contributes to residual kidney function (RKF) decline and consequent vol-
ume overload in diabetic patients on peritoneal dialysis (PD).

Methods: This retrospective analysis included 80 diabetic patients who started PD at a single center. The first 2 years of patient data
were collected to investigate the impact of glycemic control on RKF and volume overload in the early stages of PD. We used the
time-averaged glycated hemoglobin (HbA1c) levels to estimate glycemic control. RKF loss was measured as the slope of RKF decline
and time to anuria. To assess the association between glycemic control and volume overload, we examined technique failure (TF) as-
sociated with volume overload (TFVO), defined as TF due to excessive fluid accumulation. Multivariable linear regression and Cox re-
gression analysis were performed to assess how glycemic control affects RKF and TFVO.

Results: Over the first 2 years, the mean rate of RKF decline was -3.25  3.94 mL/min/ 1.73 m” per year. Multivariable linear re-
gression showed that higher time-averaged HbA1c was associated with a rapid RKF decline (8 = -0.95; 95% confidence interval [Cl],
-1.66 to -0.24; p = 0.01). In the adjusted Cox regression analysis, higher time-averaged HbA1c increased the risk of progression to
anuria (adjusted hazard ratio [HR], 1.97; 95% Cl, 1.29-3.00; p = 0.002) and TFVO (adjusted HR, 2.88; 95% Cl, 1.41-5.89; p =
0.004).

Conclusion: Poor glycemic control is associated with rapid RKF decline and leads to volume overload in diabetic patients on PD.

Keywords: Anuria, Blood glucose, Diabetes mellitus, Peritoneal dialysis, Treatment failure

Introduction

Glycemic control is important in diabetes mellitus (DM);
however, research on the goals and implications of glyce-
mic control in end-stage kidney disease is lacking. DM is
the leading cause of end-stage kidney disease, and South
Korea has the highest increase in the morbidity of diabetic

kidney disease [1,2]. Peritoneal dialysis (PD) typically uses
a glucose-based dialysate that is absorbed by the peritone-
um, which can lead to hyperglycemia. On the other hand,
the intensive treatment required to maintain euglycemia
during the dwell time increases the risk of hypoglycemia.
Therefore, glycemic control in diabetic patients on PD re-
mains challenging.
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PD is cost-effective, has fewer activity restrictions, and its
clinical outcomes are not inferior to those of hemodialysis
(HD) [3]. Despite these benefits, PD remains underutilized
globally [1]. This trend suggests that many challenges re-
main in PD maintenance. Many factors have been reported
to affect technique survival of PD or mortality: age, socio-
economic status, race, comorbidities such as DM, coronary
artery disease (CAD) and congestive heart failure (CHF),
and residual kidney function (RKF) [4,5]. Of these, RKF
plays an important role in improving dialysis adequacy,
volume status, quality of life, technique survival, and mor-
tality [5-7].

Factors known to influence the RKF decline include age,
DM, higher proteinuria, high glucose exposure, peritoni-
tis, automated PD (APD), higher serum phosphate levels,
and the use of aminoglycosides [8-10]. In particular, DM
significantly contributes to the decline in kidney function,
and poor glycemic control has been reported to accelerate
this decline in the predialytic diabetic population [11,12].
However, in diabetic patients on PD, although a previous
observational study showed no association between glyce-
mic control and RKF decline [13], this remains unclear.

In addition, the RKF decline is related to volume over-
load, which can compromise technique survival in patients
on PD. Volume overload in PD has been reported to in-
crease the risk of technique failure (TF), peritonitis, cardio-
vascular events, left ventricular hypertrophy, and all-cause
mortality [14,15]. Compared with HD, PD allows patients
to freely take food by slow and continuous ultrafiltration
(UF) over 24 hours. Despite this advantage, volume over-
load may occur more frequently in PD than in HD [16]. The
risk of volume overload can be elevated in patients with in-
adequate peritoneal UF, increased dietary salt and fluid in-
take, reduced cardiac function, and decreased RKF [17,18].
Notably, DM may exacerbate these risk factors, increasing
susceptibility to volume overload.

In this observational study, we investigated whether
RKF declines more rapidly with poor glycemic control and
whether poor glycemic control adversely influences several
risk factors associated with volume overload, subsequently
leading to TE.
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Methods
Study population

We reviewed the clinical records of 90 patients with DM
who started PD at our center between 2008 and 2022. The
patients underwent PD for at least 90 days with PD modal-
ities, including continuous ambulatory PD (CAPD) and
APD. Of these, eight patients who exhibited anuria (a urine
output of less than 100 mL/day) before PD and two without
at least two consecutive RKF data were excluded. As a re-
sult, 80 patients were enrolled in this study, and the first 2
years of each patient’s data were collected to investigate the
impact of glycemic control, particularly in the early stages
of PD.

This study was approved by the Institutional Review
Board of Pusan National University Hospital (No. 2308-
032-131). Written informed consent was waived because
the retrospective design of the study.

Data collection

Demographic and clinical data were collected, including
age, sex, body surface area, and comorbidities such as
hypertension, dyslipidemia, CAD, CHF, and episodes of
peritonitis during the follow-up period. Laboratory test
results included glycosylated hemoglobin (HbAlc), he-
moglobin, serum albumin, serum calcium, and phosphate
levels. Medication history was also recorded, including
beta-blockers, renin-angiotensin system (RAS) blockers,
calcium channel blockers (CCB), and diuretics with their
doses. In this study, we defined the use of high-dose loop
diuretics as an oral dose greater than 250 mg daily furose-
mide equivalent [19].

We investigated the prescriptions for PD, including the
use of icodextrin and high glucose exposure, defined as
the use of 2.5% glucose dialysate exceeding 75% of the
total use or the use of 3.85% or 4.25% glucose dialysate ex-
ceeding 25% of the total use [20]. The modified peritoneal
equilibrium test (PET) using a 4.25% glucose solution was
performed 2 months after the start of PD as a baseline test
and was repeated every 4 to 6 months or more frequently
as clinically indicated. The characteristics of peritoneal
transport, as determined by the dialysate to plasma cre-
atinine ratio at 4 hours on PET, were classified into four
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groups: low (<0.50), low average (0.5-0.64), high average
(0.65-0.80), and high (>0.81). Diagnosis of UF failure (net
UF <400 mL/4 hr on modified PET) during the follow-up
period was also investigated [21]. Additionally, we included
24-hour urine volume, 24-hour urine creatinine and urea
clearance, renal Kt/V urea, peritoneal Kt/V urea, and week-
ly Kt/V urea to assess dialysis adequacy along with PET.

Assessment of glycemic control and residual kidney func-
tion

We defined the degree of glycemic control as the average
of all HbAlc levels measured every 3 months during the
follow-up [22]. RKF (mL/min/1.73 m?) was determined by
the average clearance of 24-hour urine urea and creatinine,
normalized to the standard body surface area of 1.73 m>.
Twenty-four-hour urine analysis was performed every 4 to
6 months before and after the start of PD and was stopped
when anuria developed. In the case of anuria, the RKF
value was calculated as zero. We assessed RKF loss in two
ways: the slope of RKF decline estimated by simple linear
regression and the time to anuria [8].

Technique failure associated with volume overload

TF was defined as any transition from PD to HD lasting 30
days or more [23]. We investigated various causes leading
to TF by chart review. To assess the volume overload in
patients on PD, we examined TF associated with volume
overload (TFVO). TFVO was defined as cases in which pa-
tients were permanently switched to HD due to excessive
fluid accumulation, as determined by evidence of pleural
effusion or pulmonary edema on imaging studies along
with dyspnea or edema.

Statistical analysis

Statistical analyses were performed using IBM SPSS ver-
sion 23 (IBM Corp.) and R ver. 4.3.1 (R Foundation for Sta-
tistical Computing). We used the Kolmogorov-Smirnov test
to assess the normality of the data distribution. Continuous
variables are expressed as mean + standard deviation if
normally distributed and as median (interquartile range,
IQR) if skewed. Categorical variables are presented as fre-
quencies and percentages.

We used a multivariable linear regression model to eval-
uate the linear relationship between time-averaged HbAlc
and the slope of RKF decline. In addition, a multivariable
Cox proportional hazards model was used to examine the
association between time-averaged HbAlc and the time
to anuria. To construct multivariable linear and Cox re-
gression models, we included independent variables that
showed a substantial association (p < 0.1) with each out-
come in the univariate analysis. Furthermore, a time-de-
pendent receiver operating characteristic (ROC) curve
was used to estimate the cut-off level of HbAlc for the risk
of time to anuria, and the Kaplan-Meier analysis was per-
formed using the HbAlc cut-off level.

A multivariable Cox model was established to investigate
the association between glycemic control and TFVO. We
used potential risk factors for volume overload as indepen-
dent variables in the multivariable models, because there
were no significant independent variables in the univariate
model. We also performed multivariable logistic regression
analysis to identify risk factors for TFVO. The time-depen-
dent ROC curve was used to estimate the cut-off level of
HbA1c for the risk of TFVO, and the Kaplan-Meier analysis
was performed using the HbAlc cut-off level.

We further analyzed the patients to investigate whether
the impact of glycemic control on RKF decline differs ac-
cording to the baseline RKE Patients were divided into two
groups based on the mean RKF value. We performed mul-
tivariable linear regression with the slope of RKF decline
as the dependent variable for each group. All probabilities
were two-tailed, and a p-value of less than 0.05 was consid-
ered statistically significant.

Results

We enrolled 80 diabetic patients with incident PD, includ-
ing 50 (62.5%) with CAPD and 30 (37.5%) with APD. Base-
line demographic, biochemical, and clinical information
is presented in Table 1. The median follow-up duration
was 24.0 months (IQR, 16.3-24.0 months), and the mean
age was 51.3 + 10.9 years. A total of 61 patients (76.3%)
were male, and hypertension (n = 56, 70.0%) was the com-
monest comorbidity. During the study period, the mean
time-averaged HbAlc was 7.15% + 1.05%.
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Table 1. Baseline characteristics of the study population

Characteristic Total
No. of subjects 80

Age (yr) 51.3+10.9
Male sex 61 (76.3)
Body surface area (m?) 1.75+0.17

Follow-up duration (mo)

Comorbidities
Hypertension 56 (70.0)
Dyslipidemia 13 (16.3)
Coronary artery disease 22 (27.5)
Congestive heart failure 13 (16.3)
Episodes of peritonitis 7(8.1)
Laboratory tests
Time-averaged HbAlc (%) 715+ 1.05
Hemoglobin (g/dL) 10.82 + 1.44
Albumin (g/dL) 3.65+0.44
Serum calcium (mg/dL) 8.85+0.71
Serum phosphorus (mg/dL) 450 + 1.30
Medications
RAS blockades 58 (72.5)
Beta-blockers 41 (51.2)
Calcium channel blockers 52 (65.0)
Diuretics 64 (80)
High-dose loop diuretics® 25(31.3)
PD prescriptions
PD exchange type, CAPD 50 (62.5)
Use of icodextrin 50 (62.5)
High glucose exposure” 32 (40)
PET data
D/P creatinine at 4 hours 0.67 £0.13
Higher solute transport, high and high 40 (50.0)
average
Diagnosed with ultrafiltration failure 29 (36.3)
Dialysis adequacy
Baseline urine volume (mL) 1,030 (700-1,650)
RKF (mL/min/1.73 m?) 6.09 +4.05
Total Kt/V urea 2.38+0.71
Peritoneal Kt/V urea 1.43+0.43
Renal Kt/V urea 0.94 +0.63

24.0 (16.3-24.0)

Data are expressed as number only, mean * standard deviation, number
(%), or median (interquartile range).

CAPD, continuous ambulatory peritoneal dialysis; D/P, dialysate to plasma;
HbA1c, glycosylated hemoglobin; PD, peritoneal dialysis; PET, peritoneal
equilibrium test; RAS, renin-angiotensin system; RKF, residual kidney func-
tion.

®Defined as an oral dose greater than 250 mg daily furosemide equivalent.
°Defined as the use of 2.5% glucose dialysate exceeding 75% of the total
use or the use of 3.85% or 4.25% glucose dialysate exceeding 25% of the
total use.
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The slope of residual kidney function decline

Over the first 2 years, the mean rate of RKF decline was
-3.25 £ 3.94 mL/min/1.73 m” per year, and the mean base-
line RKF was 6.09 + 4.05 mL/min/1.73 m’. To identify the
independent predictors of RKF decline, we performed a
univariate linear regression analysis using the following
independent variables: age, body surface area, baseline
RKEF, hypertension, CHE, CAD, dyslipidemia, PD exchange
types, high glucose exposure, use of icodextrin, episodes
of peritonitis, and medications, including RAS blockers,
beta-blockers, CCB, and diuretics. We included variables
with p < 0.1 from the univariate analysis for multivariable
linear regression (Table 2). Higher time-average HbAlc (f =
-0.95; 95% confidence interval [CI], -1.66 to -0.24; p = 0.01)
and higher baseline RKF (f = -0.33; 95% CI, -0.48 to -0.18;
p < 0.001) were independent predictors of rapid RKF de-
cline. The history of CHF showed significant associations
(B =-2.85; 95% CI, -5.24 to -0.45; p = 0.02) in the univariate
analysis; however, it did not remain significant in the mul-
tivariable analysis (§ = -1.83; 95% CI, -3.99 to 0.33; p = 0.10).

Progression to anuria

A total of 24 patients (30.0%) developed anuria during
the 2-year study period. The mean time of progression to
anuria was 11.8 + 6.1 months. The median baseline urine
volume was 1,030 mL (IQR, 700-1,650 mL), and 25 pa-
tients (31.3%) were on high-dose loop diuretics at baseline.
During the same period, two patients died before the de-
velopment of anuria, seven transitioned to permanent HD,
two underwent kidney transplantation and one recovered
kidney function. Table 3 shows the univariate and multi-
variable Cox proportional hazards models for the possible
factors associated with the time to anuria. In adjusted
models, each 1% increase in time-averaged HbAlc was
significantly associated with about a two-fold increased
risk of progression to anuria (adjusted hazard ratio [HR],
1.97; 95% CI, 1.29-3.00; p = 0.002), and the use of high-dose
loop diuretics was associated with 3.36-fold increased risk
of progression to anuria (adjusted HR, 3.36; 95% CI, 1.27-
8.88; p = 0.02). Additionally, a higher baseline urine vol-
ume was related to a lower risk of progression to anuria (per
0.1 L urine volume: adjusted HR, 0.88; 95% CI, 0.81-0.95;
p = 0.001). The time-dependent ROC curve for the risk of
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Table 2. Linear regression models for possible factors associated with the slope of RKF decline

] Univariate Multivariable®
Variable
3 (95% ClI) p-value B (95% ClI) p-value
Time-averaged HbA1c (%) (-1.62to -0.10) 0.03 -0.95 (-1.66 to -0.24) 0.01
Baseline RKF (mL/min/1.73 m?) (-0.54 to -0.23) <0.001 -0.33(-0.48 t0 -0.18) <0.001
Use of icodextrin (-3.45t0 0.20) 0.08 -0.86 (-2.43t00.72) 0.28
Congestive heart failure (-5.24 t0 -0.45) 0.02 -1.83(-3.9910 0.33) 0.10

R® = 0.345; adjusted R* = 0.30.

Cl, confidence interval; HbA1c, glycosylated hemoglobin; RKF, residual kidney function.
®Including variables that showed a substantial association (p < 0.1) with the slope of RKF decline in the univariate model.

Table 3. Cox proportional hazards model for possible factors associated with time to anuria

Variable Univariate Multivariable
Unadjusted HR (95% Cl) p-value Adjusted HR (95% CI) p-value

Age 0.97 (0.93-1.00) 0.16

Male sex 0.51 (0.22-1.16) 0.11

PD exchange type, CAPD 0.84 (0.36-1.95) 0.68

Hypertension 1.26 (0.46-3.44) 0.65

Congestive heart failure 0.93 (0.32-2.74) 0.90

Coronary artery disease 0.63 (0.24-1.69) 0.36

Time-averaged HbA1c (%) 1.94 (1.35-2.79) <0.001 1.97 (1.29-3.00) 0.002

Baseline RKF (mL/min/1.73 m?) 0.90 (0.75-1.10) 0.31

Baseline urine volume (/0.1 L) 0.87 (0.80-0.94) 0.001 0.88 (0.81-0.95) 0.001

High glucose exposure 2.02 (0.89-4.62) 0.09 1.17 (0.44-3.11) 0.75

Use of icodextrin 1.21 (0.52-2.82) 0.67

Episodes of peritonitis 0.37 (0.05-2.71) 0.32

Use of RAS blockades 1.35(0.53-3.40) 0.53

Use of high-dose loop diuretics® 3.13(1.40-7.01) 0.005 3.36 (1.27-8.88) 0.02

Use of beta-blockers 1.87 (0.82-4.27) 0.14

Use of CCB 1.80 (0.71-4.55) 0.21

CCB, calcium channel blocker; CAPD, continuous ambulatory peritoneal dialysis; Cl, confidence interval; HbAlc, glycosylated hemoglobin; HR, hazard ratio;

PD, peritoneal dialysis; RAS, renin-angiotensin system; RKF, residual kidney function.

®Defined as an oral dose greater than 250 mg daily furosemide equivalent.

progression to anuria in the first 2 years revealed that the
cut-off HbAlc level was 7.2% (area under the curve [AUC]
= 0.782, C-index = 0.709) (Fig. 1), and the Kaplan-Meier
curve showed the validity of the HbAlc cut-off level of 7.2%
(log-rank p < 0.001) (Supplementary Fig. 1A, available on-
line).

Technique failure associated with volume overload
Over the first 2 years, 14 patients (17.5%) experienced TF.

Among them, eight were attributed to volume overload.
The mean time to TFVO was 12.4 + 6.1 months. During the

same period, six patients were censored due to TF from
other causes, two died, one recovered kidney function,
and four underwent kidney transplantation. Multivariable
Cox proportional hazards models showed that an increase
in the time-averaged HbAlc level was associated with a
higher risk of TFVO (Table 4). In the fully adjusted model 3,
which included age, sex, hypertension, CHE, CAD, CAPD,
episodes of peritonitis, high glucose exposure, and higher
transport type at baseline, the adjusted HR for TFVO was
2.88 (95% CI, 1.41-5.90; p = 0.004) for each 1% increase in
time-averaged HbAlc. Multivariable logistic regression
analysis was conducted to further evaluate the potential
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Figure 1. Time-dependent ROC curve for glycosylated hemoglobin in predicting time to the renal complications at first 2 years. (A)

To anuria. (B) To technique failure associated with volume overload.

AUC, area under the curve; ROC, receiver operating characteristic.

Table 4. Cox proportional hazards models for the association of
time-averaged HbA1c with TFVO

Adjusted HR (95% CI)* p-value
Crude® 2.27 (1.20-4.29) 0.01
Model 1 2.62 (1.35-5.11) 0.005
Model 2 2.79 (1.35-5.78) 0.006
Model 3 2.88 (1.41-5.89) 0.004

Cl, confidence interval; HbA1c, glycosylated hemoglobin; HR, hazard ratio;
TFVO, technique failure associated with volume overload.
Model 1: adjusted for age, sex; Model 2: Model 1 + hypertension, conges-
tive heart failure, coronary artery disease; Model 3: Model 2 + continuous
ambulatory peritoneal dialysis, episodes of peritonitis, high glucose expo-
sure, higher solute transport type (high and high average).
®Each 1% increase in time-averaged HbA1c. "Unadjusted.

risk factors associated with TFVO. After adjustment for age,
sex, CAPD, CHF, and diagnosis with UF failure during the
study period, patients who progressed to anuria showed a
significant association with the risk of TFVO (OR, 5.51; 95%
CI, 1.09-27.96; p = 0.04) (Supplementary Table 1, available
online). Furthermore, the time-dependent ROC curve for
the risk of TFVO in the first 2 years revealed that the cut-off
HbAlc level was 7.89% (AUC = 0.736, C-index = 0.758) (Fig.
1), and the Kaplan-Meier survival curve showed the valid-
ity of the HbAlc cut-off level of 7.89% (log-rank p < 0.001)
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(Supplementary Fig. 1B, available online).
Subgroup analysis

In a subgroup analysis, patients were classified into two
groups according to the mean baseline RKF value of 6.09
mL/min/ 1.73 m* higher RKF group and lower RKF group.
Multivariable linear regression analysis showed that
time-averaged HbAlc (B = -1.620; 95% CI, -2.506 to 0.200;
p = 0.020) and CHF (B = -4.427; 95% CI, -7.706 to -0.962;
p = 0.016) were significantly associated with a rapid RKF
decline in the higher RKF group (Table 5). Whereas, in the
lower RKF group, time-averaged HbAlc was not related to
the slope of RKF decline (f = -0.465; 95% CI, -3.957 to 7.543;
p=0.173).

Discussion

This study investigated whether poor glycemic control
accelerates RKF decline and affects the risk of TFVO in pa-
tients with diabetic PD. In the predialytic population with
DM, intensive glycemic control has been demonstrated to
reduce albuminuria, preserve kidney function, and reduce
major macrovascular and microvascular events [24,25].
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Table 5. Multivariable linear regression for possible factors associated with the slope of RKF decline according to the baseline RKF

Higher RKF (n = 37)

Lower RKF (n =43)

Variable”

3 (95% ClI) p-value B (95% ClI) p-value
Time-averaged HbA1c (%) -1.62 (-2.97 to -0.28) 0.02 -0.47 (-1.15t0 0.21) 0.17
Use of icodextrin -1.24 (-4.38 to 1.90) 0.25 -0.41 (-2.05to0 1.23) 0.62
Congestive heart failure -4.43 (-7.96 to -0.89) 0.02 0.48 (-2.22t0 3.19) 0.72

= 0.289 in the higher RKF group and 0.055 in the lower RKF group.

Cl, confidence interval; HbA1c, glycosylated hemoglobin; RKF, residual kidney function.
“Divided by the mean baseline RKF value of 6.09 mL/min/1.73 m?. "Including variables that showed a substantial association (p < 0.1) with the slope of

RKF decline in the univariate model.

Chronic hyperglycemia damages the kidney and vascular
cells through several pathways, including glucose au-
to-oxidation, polyol and hexamine pathways, production
of advanced glycan end-products (AGEs), nicotinamide
adenine dinucleotide phosphate oxidase synthesis, protein
kinase C stimulation, and RAS hyperactivity [26]. These
mechanisms of damage also apply to patients on PD, and
indeed DM has been reported to be associated with an RKF
decline in patients on PD [9]. However, there is a lack of
research on the degree of glycemic control and its effect on
the decline in RKF in patients on PD.

The current study showed that an increase in time-aver-
aged HbA1c levels was significantly associated with a rapid
RKF decline. By contrast, the previous study by Sung et al.
[13] showed no association between mean HbAlc and the
changes in RKF during the first 1-year observation period
in diabetic patients on PD (r* < 0.001, p = 0.880). There are
probable reasons for the difference in results between the
two studies. First, Sung et al. [13] assessed the changes in
RKF using the ratio of ARKF (ARKF/baseline RKF) between
baseline and 1 year. This accurately indicates the change
in RKF between two points in time and ensures the consis-
tency and completeness of the data. However, it may not
reflect the trend and dynamic process of RKF decline over
time compared to the slope of RKF decline estimated by
linear regression used in our study. Second, the observa-
tion period is different. In this study, 14 patients (17.5%)
developed anuria within 1 year, which is comparable to
that reported by Sung et al. [13] (17%), and 10 (12.5%) ad-
ditionally developed anuria between 1 and 2 years. Given
that the incidence of anuria within 1 year and between 1
and 2 years is similar, a 2-year observation period with a
higher incidence of events may be appropriate for a more
accurate analysis. These differences may have contributed

to the conflicting results.

We further identified that more intensive glucose control
could be beneficial in patients with higher RKF compared
with those with lower RKE Although we divided patients
into two groups based on the mean RKF value for compar-
ison, this finding suggests that more attention should be
paid to blood sugar control in the early stages of PD, when
RKF is relatively high.

In this study, we demonstrated that an increase in time-
averaged HbAlc was associated with the risk of anuria.
Furthermore, we found that lower baseline urine volume
and the use of high-dose loop diuretics were independent
risk factors for anuria. In general, patients on PD who have
a low urine volume at baseline are at potential risk of pro-
gression to anuria. However, because the need for high-
dose diuretics to maintain adequate urine volume also
reflects the reduced RKE, this should be considered in ad-
dition to urine volume to predict the risk of anuria.

DM is also associated with volume overload in patients
on PD [27]. Hyperglycemia leads to the accumulation of
AGEs and glucose degradation products in the peritone-
um, which causes peritoneal fibrosis and vasculopathy and
subsequently increases peritoneal permeability [28]. As a
result, diabetic patients are at high risk of UF failure and re-
quire higher glucose dialysate to maintain their peritoneal
UE which can also lead to hyperglycemia and additional
peritoneal damage [20,29]. This vicious cycle can, in turn,
reduce the peritoneal UF capacity over time. Furthermore,
DM increases the risk of CHF [30] and increases fluid in-
take by exacerbating thirst distress [31]. These factors may
account for the increased risk of volume overload in dia-
betic patients on PD.

Our findings showed that the increase in time-averaged
HbAlc was significantly associated with an increased risk
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of TFVO in diabetic patients on PD. Furthermore, patients
who developed anuria during the study period were at high
risk for TFVO. However, there was no association between
the higher transport type at baseline and volume over-
load. This may be due to adjustments in PD prescriptions,
such as the use of icodextrin or higher glucose dialysate to
enhance UE In addition, comorbidities such as CHF and
CAD, which are potential risk factors of volume overload,
did not show a statistically significant association. Never-
theless, inadequate glycemic control may exacerbate these
risk factors, particularly RKF loss, and contribute to an in-
creased risk of volume overload.

We used HbAlc levels as indicators of glycemic control.
In patients on PD, it is unclear whether HbAlc is a reliable
indicator of average glucose levels over the past 90 days [32].
Metabolic acidosis and uremia tend to increase HbAlc
levels [33,34], whereas many factors, such as a reduced
red blood cell lifespan, blood transfusions, and malnutri-
tion, can lead to decreased HbAlc levels [35]. Therefore,
this may overestimate or underestimate the average blood
glucose levels of individuals based on their hemoglobin
values. However, alternative glucose monitoring tests, such
as glycated albumin and fructosamine, have been reported
to correlate weakly with blood glucose levels in advanced
chronic kidney disease; thus, current guidelines still rec-
ommend using HbAlc for glucose monitoring [36], which
was acceptable in our study.

The optimal target HbAlc level in diabetic patients on
PD has not been established. A retrospective cohort study
[37] demonstrated a U-shaped association between HbAlc
and all-cause mortality, suggesting that both poor and
excessive glycemic control are associated with a high risk
of mortality. For these reasons, current guidelines recom-
mend an individualized HbA1c target ranging from 6.5% to
8.0% according to comorbidities and the risk of hypoglyce-
mia [32,36]. In our results, the optimal HbAlc cut-off levels
for the risk of progression to anuria and TFVO were 7.2%
and 7.89%, respectively. Based on these results, strict gly-
cemic control (HbAlc less than 7.2%) may be considered
reasonable for patients with PD and a low risk of hypogly-
cemia to preserve RKE This may also provide an additional
rationale for the current guidelines.

RKF in patients on PD plays an important role in long-
term survival. A previous large cohort study, CANUSA
(Canada-USA) [7], reported that a 0.5 mL/min increase in
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glomerular filtration rate (GFR) was associated with a 9%
lower risk of death. The NECOSAD (Netherlands Cooper-
ative Study on the Adequacy of Dialysis) study group [5]
identified a 12% reduction in the risk of death and a 10%
reduction in the risk of combined death and TF per 10 L/
wk/1.73 m® increase in GFR. Additionally, RKF is associat-
ed with multiple benefits, including improvements in long-
term blood pressure control [38], dialysis adequacy [39],
left ventricular hypertrophy [40], volume status, and quality
of life [6]. Therefore, efforts to preserve RKF are necessary
to ensure the long-term sustainability of PD, and appropri-
ate glycemic control is one of the ways to preserve RKF in
diabetic patients on PD.

This study has some limitations. First, this study involved
a relatively small number of subjects from a single center.
However, to the best of our knowledge, this is the first study
to demonstrate the impact of glycemic control on RKF
decline and volume overload in diabetic patients on PD.
Therefore, further large-scale studies are required to con-
firm the reproducibility of these results. Second, we includ-
ed patients who underwent both CAPD and APD. Whether
the decline in RKF differs according to PD exchange type
remains controversial [6]. In our study, although there
was no difference in RKF decline between CAPD and APD
(Table 3), the effect of the exchange type could not be com-
pletely excluded. Finally, in some cases, the RKF value was
calculated to be zero when the 24-hour urine output was
less than 100 mL. This may have resulted in an overestima-
tion of the individual slope of RKF decline.

In conclusion, our study found that poor glycemic con-
trol was associated with a rapid RKF decline and a trend
toward increased TFVO during the first 2 years in diabetic
patients who started PD. Therefore, appropriate glycemic
control in diabetic patients on PD is necessary to preserve
RKE, particularly in those with higher RKE which in turn
reduces the risk of volume overload and may contribute to
a favorable long-term outcome.

Conflicts of interest
All authors have no financial conflicts of interest to declare.

Funding

This work was supported by a 2-Year Research Grant of



Kim, et al. Glycemic control and RKF in PD

Pusan National University.

Acknowledgments

We would like to thank all the study participants.

Data sharing statement

The data presented in this study are available from the cor-
responding author upon reasonable request.

Authors’ contributions

Conceptualization, Supervision: EYS, SHS

Data curation: DEK, DWK, YC

Formal analysis: DEK, DWK, HJK, HR

Funding acquisition: SHS

Writing-original draft: DEK

Writing-review & editing: HJK, SHS

All authors read and proved the final manuscript.

ORCID

Dong Eon Kim, https://orcid.org/0000-0001-9962-6625
Da Woon Kim, https://orcid.org/0000-0002-9471-5976
Hyo Jin Kim, https://orcid.org/0000-0001-9289-9073
Harin Rhee, https://orcid.org/0000-0001-6257-8551

Eun Young Seong, https://orcid.org/0000-0002-6006-0051
Yewon Choi, https://orcid.org/0009-0006-6936-6395
Sang Heon Song, https://orcid.org/0000-0002-8218-6974

References

1. United States Renal Data System. 2022 USRDS Annual Data
Report: epidemiology of kidney disease in the United States.
National Institutes of Health, National Institute of Diabetes and
Digestive and Kidney Diseases; 2022.

2. Hong YA, Ban TH, Kang CY, et al. Trends in epidemiologic char-
acteristics of end-stage renal disease from 2019 Korean Renal
Data System (KORDS). Kidney Res Clin Pract 2021;40:52-61.

3. Lukowsky LR, Mehrotra R, Kheifets L, Arah OA, Nissenson
AR, Kalantar-Zadeh K. Comparing mortality of peritoneal and
hemodialysis patients in the first 2 years of dialysis therapy:
a marginal structural model analysis. Clin ] Am Soc Nephrol
2013;8:619-628.

4. Chidambaram M, Bargman JM, Quinn RR, Austin PC, Hux JE,
Laupacis A. Patient and physician predictors of peritoneal dial-
ysis technique failure: a population based, retrospective cohort
study. Perit Dial Int 2011;31:565-573.

5. Termorshuizen F, Korevaar JC, Dekker FW, et al. The relative
importance of residual renal function compared with peritoneal
clearance for patient survival and quality of life: an analysis of
the Netherlands Cooperative Study on the Adequacy of Dialysis
(NECOSAD)-2. Am J Kidney Dis 2003;41:1293-1302.

6. Marrén B, Remon C, Pérez-Fontan M, Quirés P, Ortiz A. Benefits
of preserving residual renal function in peritoneal dialysis. Kid-
ney Int Suppl 2008;108:S42-S51.

7.Canada-USA (CANUSA) Peritoneal Dialysis Study Group.
Adequacy of dialysis and nutrition in continuous peritoneal
dialysis: association with clinical outcomes. ] Am Soc Nephrol
1996;7:198-207.

8. Szeto CC, Kwan BC, Chow KM, et al. Predictors of residual renal
function decline in patients undergoing continuous ambulatory
peritoneal dialysis. Perit Dial Int 2015;35:180-188.

9. Bernardo A, Fonseca I, Rodrigues A, Carvalho M]J, Cabrita A.
Predictors of residual renal function loss in peritoneal dialysis:
is previous renal transplantation a risk factor? Adv Perit Dial
2009;25:110-114.

10. Shemin D, Maaz D, St Pierre D, Kahn SI, Chazan JA. Effect of
aminoglycoside use on residual renal function in peritoneal di-
alysis patients. Am J Kidney Dis 1999;34:14-20.

11. An L, Yu Q, Chen L, et al. The association between the decline
of eGFR and a reduction of hemoglobin Alc in type 2 diabetic
patients. Front Endocrinol (Lausanne) 2022;12:723720.

12. DCCT/EDIC Research Group; de Boer IH, Sun W, et al. Inten-
sive diabetes therapy and glomerular filtration rate in type 1
diabetes. N EnglJ Med 2011;365:2366-2376.

13. Sung SA, Hwang YH, Kim §, et al. Loss of residual renal function
was not associated with glycemic control in patients on perito-
neal dialysis. Perit Dial Int 2011;31:154-159.

14. Guo Q, Lin J, Li J, et al. The effect of fluid overload on clinical
outcome in Southern Chinese patients undergoing continuous
ambulatory peritoneal dialysis. Perit Dial Int 2015;35:691-702.

15. Tangwonglert T, Davenport A. Changes in extracellular water
and left ventricular mass in peritoneal dialysis patients. Kidney
Res Clin Pract 2021;40:135-142.

16. van Biesen W, Claes K, Covic A, et al. A multicentric, interna-
tional matched pair analysis of body composition in peritoneal
dialysis versus haemodialysis patients. Nephrol Dial Transplant
2013;28:2620-2628.

www.krcp-ksn.org

489


https://doi.org/10.23876/j.krcp.20.202
https://doi.org/10.23876/j.krcp.20.202
https://doi.org/10.23876/j.krcp.20.202
https://doi.org/10.2215/CJN.04810512
https://doi.org/10.2215/CJN.04810512
https://doi.org/10.2215/CJN.04810512
https://doi.org/10.2215/CJN.04810512
https://doi.org/10.3747/pdi.2010.00096
https://doi.org/10.3747/pdi.2010.00096
https://doi.org/10.3747/pdi.2010.00096
https://doi.org/10.3747/pdi.2010.00096
https://doi.org/10.1016/s0272-6386(03)00362-7
https://doi.org/10.1016/s0272-6386(03)00362-7
https://doi.org/10.1016/s0272-6386(03)00362-7
https://doi.org/10.1016/s0272-6386(03)00362-7
https://doi.org/10.1681/ASN.V72198
https://doi.org/10.1681/ASN.V72198
https://doi.org/10.1681/ASN.V72198
https://doi.org/10.1681/ASN.V72198
https://doi.org/10.3747/pdi.2013.00075
https://doi.org/10.3747/pdi.2013.00075
https://doi.org/10.3747/pdi.2013.00075
https://www.ncbi.nlm.nih.gov/pubmed/19886330
https://www.ncbi.nlm.nih.gov/pubmed/19886330
https://doi.org/10.1016/s0272-6386(99)70102-2
https://doi.org/10.1016/s0272-6386(99)70102-2
https://doi.org/10.1016/s0272-6386(99)70102-2
https://doi.org/10.3389/fendo.2021.723720
https://doi.org/10.3389/fendo.2021.723720
https://doi.org/10.3389/fendo.2021.723720
https://doi.org/10.1056/nejmoa1111732
https://doi.org/10.1056/nejmoa1111732
https://doi.org/10.1056/nejmoa1111732
https://doi.org/10.3747/pdi.2009.00208
https://doi.org/10.3747/pdi.2009.00208
https://doi.org/10.3747/pdi.2009.00208
https://doi.org/10.3747/pdi.2014.00008
https://doi.org/10.3747/pdi.2014.00008
https://doi.org/10.3747/pdi.2014.00008
https://doi.org/10.23876/j.krcp.20.153
https://doi.org/10.23876/j.krcp.20.153
https://doi.org/10.23876/j.krcp.20.153
https://doi.org/10.1093/ndt/gft296
https://doi.org/10.1093/ndt/gft296
https://doi.org/10.1093/ndt/gft296

Kidney Res Clin Pract 2025;44(3):481-490

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Wang T, Heimbiirger O, Waniewski ], Bergstrom J, Lindholm B.
Increased peritoneal permeability is associated with decreased
fluid and small-solute removal and higher mortality in CAPD
patients. Nephrol Dial Transplant 1998;13:1242-1249.

Zheng S, Auguste BL. Five things to know about volume
overload in peritoneal dialysis. Can J Kidney Health Dis
2023;10:20543581221150590.

Dormans TP, van Meyel J], Gerlag PG, Tan Y, Russel FG, Smits P.
Diuretic efficacy of high dose furosemide in severe heart failure:
bolus injection versus continuous infusion. ] Am Coll Cardiol
1996;28:376-382.

Fernandez-Reyes MJ, Bajo MA, Del Peso G, et al. The influence
of initial peritoneal transport characteristics, inflammation, and
high glucose exposure on prognosis for peritoneal membrane
function. Perit Dial Int 2012;32:636-644.

Mujais S, Nolph K, Gokal R, et al. Evaluation and management
of ultrafiltration problems in peritoneal dialysis. International
Society for Peritoneal Dialysis Ad Hoc Committee on Ultrafiltra-
tion Management in Peritoneal Dialysis. Perit Dial Int 2000;20
Suppl 4:S5-S21.

Elder DH, Singh JS, Levin D, et al. Mean HbA1lc and mortality
in diabetic individuals with heart failure: a population cohort
study. Eur ] Heart Fail 2016;18:94-102.

Shen JI, Mitani AA, Saxena AB, Goldstein BA, Winkelmayer WC.
Determinants of peritoneal dialysis technique failure in incident
US patients. Perit Dial Int 2013;33:155-166.

ADVANCE Collaborative Group; Patel A, MacMahon §, et al. In-
tensive blood glucose control and vascular outcomes in patients
with type 2 diabetes. N Engl ] Med 2008;358:2560-2572.

Agrawal L, Azad N, Bahn GD, et al. Long-term follow-up of
intensive glycaemic control on renal outcomes in the Veterans
Affairs Diabetes Trial (VADT). Diabetologia 2018;61:295-299.
Amorim RG, Guedes GD, Vasconcelos SM, Santos JC. Kidney
disease in diabetes mellitus: cross-linking between hypergly-
cemia, redox imbalance and inflammation. Arg Bras Cardiol
2019;112:577-587.

Udo A, Goodlad C, Davenport A. Impact of diabetes on extracel-
lular volume status in patients initiating peritoneal dialysis. Am J
Nephrol 2017;46:18-25.

490 www.krcp-ksn.org

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Al-Hwiesh AK, Shawarby MA, Abdul-Rahman IS, et al. Changes
in peritoneal membrane with different peritoneal dialysis solu-
tions: is there a difference? Hong Kong ] Nephrol 2016;19:7-18.
Davies SJ, Phillips L, Naish PE Russell GI. Peritoneal glucose ex-
posure and changes in membrane solute transport with time on
peritoneal dialysis. J Am Soc Nephrol 2001;12:1046-1051.
Iribarren C, Karter AJ, Go AS, et al. Glycemic control and
heart failure among adult patients with diabetes. Circulation
2001;103:2668-2673.

Wright M, Woodrow G, O’Brien §, et al. Polydipsia: a feature of
peritoneal dialysis. Nephrol Dial Transplant 2004;19:1581-1586.
Wijewickrama P, Williams J, Bain S, et al. Narrative review of
glycemic management in people with diabetes on peritoneal
dialysis. Kidney Int Rep 2023;8:700-714.

Fliickiger R, Harmon W, Meier W, Loo S, Gabbay KH. Hemoglo-
bin carbamylation in uremia. N EnglJ Med 1981;304:823-827.
Kalantar-Zadeh K, Mehrotra R, Fouque D, Kopple JD. Metabolic
acidosis and malnutrition-inflammation complex syndrome in
chronic renal failure. Semin Dial 2004;17:455-465.

LyJ, Marticorena R, Donnelly S. Red blood cell survival in chron-
icrenal failure. Am J Kidney Dis 2004;44:715-719.

Kidney Disease: Improving Global Outcomes (KDIGO) Diabetes
Work Group. KDIGO 2022 clinical practice guideline for diabetes
management in chronic kidney disease. Kidney Int 2022;102:S1-
S127.

Currie CJ, Peters JR, Tynan A, et al. Survival as a function of
HbA(Ic) in people with type 2 diabetes: a retrospective cohort
study. Lancet 2010;375:481-489.

Menon MK, Naimark DM, Bargman JM, Vas SI, Oreopoulos
DG. Long-term blood pressure control in a cohort of peritoneal
dialysis patients and its association with residual renal function.
Nephrol Dial Transplant 2001;16:2207-2213.

Wang AY, Woo J, Wang M, et al. Important differentiation of
factors that predict outcome in peritoneal dialysis patients with
different degrees of residual renal function. Nephrol Dial Trans-
plant 2005;20:396-403.

Wang AY, Wang M, Woo J, et al. A novel association between
residual renal function and left ventricular hypertrophy in peri-
toneal dialysis patients. Kidney Int 2002;62:639-647.


https://doi.org/10.1093/ndt/13.5.1242
https://doi.org/10.1093/ndt/13.5.1242
https://doi.org/10.1093/ndt/13.5.1242
https://doi.org/10.1093/ndt/13.5.1242
https://doi.org/10.1177/20543581221150590
https://doi.org/10.1177/20543581221150590
https://doi.org/10.1016/0735-1097(96)00161-1
https://doi.org/10.1016/0735-1097(96)00161-1
https://doi.org/10.1016/0735-1097(96)00161-1
https://doi.org/10.3747/pdi.2011.00137
https://doi.org/10.3747/pdi.2011.00137
https://doi.org/10.3747/pdi.2011.00137
https://www.ncbi.nlm.nih.gov/pubmed/11098926
https://www.ncbi.nlm.nih.gov/pubmed/11098926
https://www.ncbi.nlm.nih.gov/pubmed/11098926
https://doi.org/10.1002/ejhf.455
https://doi.org/10.1002/ejhf.455
https://doi.org/10.1002/ejhf.455
https://doi.org/10.3747/pdi.2011.00233
https://doi.org/10.3747/pdi.2011.00233
https://doi.org/10.3747/pdi.2011.00233
https://doi.org/10.1056/nejmoa0802987
https://doi.org/10.1056/nejmoa0802987
https://doi.org/10.1056/nejmoa0802987
https://doi.org/10.1007/s00125-017-4473-2
https://doi.org/10.1007/s00125-017-4473-2
https://doi.org/10.1007/s00125-017-4473-2
https://doi.org/10.5935/abc.20190077
https://doi.org/10.5935/abc.20190077
https://doi.org/10.5935/abc.20190077
https://doi.org/10.1159/000477326
https://doi.org/10.1159/000477326
https://doi.org/10.1159/000477326
https://doi.org/10.1016/j.hkjn.2016.03.001
https://doi.org/10.1016/j.hkjn.2016.03.001
https://doi.org/10.1681/asn.v1251046
https://doi.org/10.1681/asn.v1251046
https://doi.org/10.1681/asn.v1251046
https://doi.org/10.1161/01.cir.103.22.2668
https://doi.org/10.1161/01.cir.103.22.2668
https://doi.org/10.1093/ndt/gfh227
https://doi.org/10.1093/ndt/gfh227
https://doi.org/10.1016/j.ekir.2023.01.040
https://doi.org/10.1016/j.ekir.2023.01.040
https://doi.org/10.1016/j.ekir.2023.01.040
https://doi.org/10.1056/nejm198104023041406
https://doi.org/10.1056/nejm198104023041406
https://www.ncbi.nlm.nih.gov/pubmed/15660576
https://www.ncbi.nlm.nih.gov/pubmed/15660576
https://www.ncbi.nlm.nih.gov/pubmed/15660576
https://doi.org/10.1016/s0272-6386(04)00951-5
https://doi.org/10.1016/s0272-6386(04)00951-5
https://doi.org/10.1016/j.kint.2022.06.008
https://doi.org/10.1016/j.kint.2022.06.008
https://doi.org/10.1016/j.kint.2022.06.008
https://doi.org/10.1016/s0140-6736(09)61969-3
https://doi.org/10.1016/s0140-6736(09)61969-3
https://doi.org/10.1016/s0140-6736(09)61969-3
https://doi.org/10.1093/ndt/16.11.2207
https://doi.org/10.1093/ndt/16.11.2207
https://doi.org/10.1093/ndt/16.11.2207
https://doi.org/10.1093/ndt/16.11.2207
https://doi.org/10.1093/ndt/gfh331
https://doi.org/10.1093/ndt/gfh331
https://doi.org/10.1093/ndt/gfh331
https://doi.org/10.1093/ndt/gfh331
https://doi.org/10.1046/j.1523-1755.2002.00471.x
https://doi.org/10.1046/j.1523-1755.2002.00471.x
https://doi.org/10.1046/j.1523-1755.2002.00471.x

	Introduction  
	Methods
	Study population  
	Data collection  
	Assessment of glycemic control and residual kidney function  
	Technique failure associated with volume overload  
	Statistical analysis  

	Results
	The slope of residual kidney function decline  
	Progression to anuria  
	Technique failure associated with volume overload  

	Discussion
	Conflicts of interest  
	Funding
	Acknowledgments
	Data sharing statement  
	Authors’ contributions  
	ORCID
	References

