
Original Research
Early Anuria in Incident Peritoneal Dialysis Patients:

Incidence, Risk Factors, and Associated Clinical

Outcomes

Shiyan Tu,* Hongjian Ye,* Yangyang Xin, Yuan Peng, Ruihua Liu, Jing Guo, Chunyan Yi,
Haiping Mao, and Xiao Yang
Complete author and article
information provided before
references.

Correspondence to X. Yang
(yxiao@mail.sysu.edu.cn)

*ST and HY contributed
equally to this work.

Kidney Med. 6(10):100882.
Published online July 25,
2024.

doi: 10.1016/
j.xkme.2024.100882

© 2024 The Authors.
Published by Elsevier Inc.
on behalf of the National
Kidney Foundation, Inc. This
is an open access article
under the CC BY-NC-ND
license (http://
creativecommons.org/
licenses/by-nc-nd/4.0/).
Rationale & Objective: The development of anuria
has been linked to worse clinical outcomes in pa-
tients undergoing peritoneal dialysis (PD). Our
objective was to investigate the incidence, risk
factors, and associated clinical outcomes of anuria
within the first year after starting PD.

Study Design: Retrospective cohort study.

Setting & Participants: Patients who started
continuous ambulatory peritoneal dialysis at our
center between 2006 and 2020 were included
and followed up until January 31, 2023.

Exposure: Age, sex, diabetes, temporary hemodi-
alysis, angiotensin-converting enzyme inhibitors
(ACEis) or angiotensin II receptor blockers
(ARBs), diuretics, baseline urine volume, serum
albumin, daily glucose exposure, peritonitis, and
incremental PD.

Outcomes: The primary outcome was early anuria,
defined as 24-hour urine volume ≤100 mLwithin the
first year of PD initiation. Secondary outcomes
included all-cause mortality, cardiovascular disease
mortality, technique failure, and peritonitis.

Analytical Approach: Cox proportional hazards
model.

Results: A total of 2,592 patients undergoing
continuous ambulatory peritoneal dialysis aged
46.7 ± 14.9 years were recruited. Among them,
58.9% were male, and 24.0% had diabetes. Within
the first year of PD therapy, 159 (6.13%) patients
Kidney Med Vol 6 | Iss 10 | October 2024 | 100882
developed anuria, with a median duration of 7.53
(interquartile range, 3.93-10.0) months. Higher
baseline urine volume (hazard ratio [HR], 0.93; 95%
confidence interval [CI], 0.90-0.97), higher serum
albumin (HR, 0.92; 95% CI, 0.88-0.95), having
diabetes before PD (HR, 0.57; 95% CI, 0.35-0.92),
and prescribed incremental PD (HR, 0.27; 95% CI,
0.14-0.51) were associated with a reduced risk for
early anuria, whereas a higher level of daily glucose
exposure (HR, 1.01; 95% CI, 1.00-1.01) was iden-
tified as a risk factor for early anuria. Subgroup an-
alyses showed that using ACEis or ARBswas linked
to a lower risk of early anuria (HR, 0.25; 95% CI,
0.09-0.69) in diabetic patients. Treating early anuria
as a time-dependent covariate, early anuria was
associated with a higher risk for all-cause mortality
(HR, 1.69; 95% CI, 1.23-2.32) and technique
failure (HR, 1.43; 95% CI, 1.00-2.04) after
adjusting for confounding factors.

Limitations: Single-center and observational
study.

Conclusions: Among PD patients at a single
center in China, early anuria was relatively
uncommon but associated with an increased risk
of mortality and PD technique failure. Incremental
PD, higher baseline urine output and serum
albumin, and lower daily glucose exposure were
associated with a lower risk of early anuria.
Clinical trials are needed to evaluate the optimal
PD techniques to preserve residual kidney
function and maximaze outcomes.
The incidence of peritoneal dialysis (PD) has been
increasing annually worldwide due to its ease of

operation, convenience, and cost-effectiveness for in-
dividuals with chronic kidney failure.1 In recent years,
studies have found that compared with hemodialysis
(HD), PD can better maintain patients’ residual kidney
function (RKF) and improve their clinical outcomes.2,3

The associations between the reduction of RKF and
increased mortality,4,5 deteriorated overhydration,6

decreased quality of life,7,8 and increased rate of perito-
nitis9 in patients who undergo PD have well been docu-
mented. The acceleration of RKF decline was associated
with a higher risk for the increase in all-cause mortality
among patients receiving PD.5,10-12 Therefore, preserving
RKF is of paramount importance for patients undergoing
dialysis therapy.
The glomerular filtration rate (GFR) and residual urine
volume were usually used to evaluate RKF in dialysis pa-
tients.13 It has been reported that 55% of the variance in
GFR can be attributed to daily urine volume.13 A study has
revealed that a 250-mL increase in urine volume per day
was associated with a decreased risk of death in patients
undergoing PD.14 Additional research revealed that the
assessment of prognosis in patients receiving dialysis can
be better achieved by daily urine production, rather than
relying on GFR determined by collecting urine for 24
hours and estimated GFR (eGFR) calculated using serum
urea and creatinine concentrations.15 Additionally, main-
taining urine volume levels has been linked to a decreased
likelihood of experiencing overhydration and the inci-
dence of acute ischemic stroke.16,17 According to the In-
ternational Society for Peritoneal Dialysis practice
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PLAIN-LANGUAGE SUMMARY
The development of anuria has been linked to worse
clinical outcomes in patients undergoing peritoneal
dialysis (PD). However, does the development of early
anuria, which is defined as 24-hour urine vol-
ume ≤100 mL, within the first year after PD initiation
influence the clinical outcomes of these patients? What
are the predictors of early anuria? We conducted a
single-center retrospective cohort study and found
lower baseline urine volume, lower serum albumin,
full-dose PD start, absence of diabetes mellitus, higher
daily glucose exposure, and in patients with diabetes
mellitus, non-use of angiotensin-converting enzyme
inhibitors/angiotensin II receptor blockers were asso-
ciated with early anuria. Early anuria was related to a
higher risk for all-cause mortality and technique failure.
The results provide information for optimizing patient
care and improving the prognosis of patients under-
going PD.

Tu et al
guidelines, it is important for all patients undergoing PD to
be conscious of their remaining urine volume and make
efforts to maintain it for as long as possible.18

Previous studies have primarily focused on the clinical
outcomes and predictive factors of patients undergoing PD
with a total absence of urine output.19-21 However, few
studies have evaluated patients who develop anuria in the
first year after PD therapy initiation. Optimizing patient
care and improving prognosis requires a comprehensive
understanding of the factors linked to early anuria in pa-
tients undergoing PD. The objective of our study was to
examine the occurrence, associated factors, and clinical
outcomes of early anuria among patients receiving PD.
METHODS

Study Population

This was a retrospective cohort study conducted at the First
Affiliated Hospital of Sun Yat-sen University. The study
protocol adhered to the ethical principles of the Helsinki
Declaration and received approval from the Ethics Com-
mittee of The First Affiliated Hospital of Sun Yat-sen
University (Grant no. [2016]215). The need for
informed consent was waived due to the retrospective
nature of the study and use of de-identified information.
Patients starting continuous ambulatory PD from January
1, 2006, to December 31, 2020, were recruited. The
exclusion criteria consisted of the following: (1) in-
dividuals aged <18 years when initiating PD treatment; (2)
individuals who had undergone long-term HD or kidney
transplantation before catheter insertion for PD; (3) in-
dividuals with a PD experience <3 months; (4) individuals
with a baseline 24-hour urine volume ≤100 mL; and (5)
individuals with incomplete urine volume data. Eligible
2

patients were divided into 2 categories based on whether
they developed anuria within 1 year of starting PD treat-
ment and were followed up until January 31, 2023.
Usually, the follow-up interval of our center is 1-3
months. Data from patients who transferred to HD,
received kidney transplantation, or were lost to follow-up
before January 31, 2023, were censored.

Data Collection

Baseline demographics including age, sex, primary kidney
disease, history of type 2 diabetes mellitus (T2DM), and
body mass index (18.5-23.9 kg/m2 was considered as
normal) during the first 1-3 months of PD therapy were
collected. Clinical information was recorded, including
baseline urine volume, ultrafiltration, daily glucose expo-
sure, incremental PD, episodes of peritonitis, and medi-
cations, including the usage of diuretics, angiotensin-
converting enzyme inhibitors (ACEis) or angiotensin II
receptor blockers (ARBs), and β-blockers. Laboratory data,
such as hemoglobin, serum albumin, serum sodium,
serum potassium, blood glucose, serum calcium (uncor-
rected for albumin), serum phosphorus, serum urea,
serum creatinine, serum uric acid, intact parathyroid
hormone, total cholesterol, triglycerides, high-density li-
poprotein cholesterol, and low-density lipoprotein
cholesterol were recorded. The eGFR (mL/min/1.73 m2)
was evaluated using the Chronic Kidney Disease Epide-
miology Collaboration equation.22 The Charlson comor-
bidity index was calculated to assess the comorbidity score
of patients receiving PD.23

Definitions

Considering the previous literature and incorporating the
features of follow-up methods used at our center, anuria
was defined as 24-hour urine volume ≤100 mL for >2
consecutive follow-up periods.5,10,11,17 The time of the
first recording of urine volume ≤100 mL was regarded as
the time to develop anuria. The follow-up data on urine
volume were obtained from accurate 24-hour urine vol-
ume collection during hospitalization, every outpatient
visit, or the patient’s self-reported urine volume during
telephone follow-up. Temporary HD was defined as
accepting HD <3 months before PD initiation. Incremental
PD was characterized as having ≤3 exchanges of 2 L/day,
with a weekly Kt/V of ≥1.7 achieved within 6 months of
starting PD.24 The 24-hour glucose exposure was calcu-
lated under the daily prescription of dialysis.25

Outcomes

The primary outcome was early anuria, which was defined
as experiencing anuria within the first year after the
commencement of PD therapy. Secondary outcomes were
clinical outcomes, including all-cause mortality, cardio-
vascular disease (CVD) mortality, technique failure, and
peritonitis. CVD mortality was noted in patients who died
of various CVDs.26 Patients who transferred to HD
permanently due to infection related to PD, inadequate
Kidney Med Vol 6 | Iss 10 | October 2024 | 100882



enrollment 
N=2592

Patients started PD therapy in our center
( 2006.1.1- 2020.12.31) 

N=3,153

Early anuria group
n=159 (6.13%)

Exclusion (n = 561)：
1. Aged < 18 years (n = 38)
2. PD vintage ≤ 3 months (n = 159)
3. Transferred from maintenance HD (n = 161)
4. History of kidney transplantation (n = 14)
5. Residual urine volume ≤100ml（n = 14)
6. Incomplete data of urine volume (n = 175)

Preserved urine volume group
n=2433 (93.9%)

Follow up to 2023.1.31

Still on dialysis（n = 19）
Death（n = 49）
Transferred to HD（n = 38）
Received Kidney transplantation（n = 41）
Lost follow-up (n = 5)
Others（n = 7）

Still on dialysis（n = 544）
Death（n = 610）
Transferred to HD（n = 449）
Received Kidney transplantation（n = 618）
Lost follow-up (n = 59)
Others（n = 153）

Figure 1. Flow chart of the study population. Abbreviations: HD, hemodialysis; PD, peritoneal dialysis.

Tu et al
dialysis, or other difficulties during PD periods, and who
died of PD-related peritonitis were identified as technique
failure.27

Statistical Analysis

Appropriate tests were used to measure the significant
variances in baseline demographics, clinical data, and
laboratory data between the early anuria group and the
preserved urine volume group, depending on whether the
variables were continuous or categorical. t tests were used
to analyze continuously distributed variables, which are
expressed as mean with standard deviation. Variables that
did not follow a normal distribution were examined using
Mann-Whitney U tests and are reported as the median with
interquartile range (IQR). The χ2 test was used to compare
categorical variables, which are presented as frequency
with the corresponding percentage.

To examine the factors associated with early anuria,
both univariable and multivariable Cox proportional haz-
ards regression analyses were performed. When exploring
the associations between early anuria and the secondary
outcomes, early anuria was parameterized as a time-
dependent variable corresponding to the method sug-
gested by a published report.28 For patients who developed
early anuria, the time from PD initiation to the time of
early anuria onset and the time from early anuria onset to
death, technique failure, and the first episode of peritonitis
after early anuria were calculated. For those who
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developed peritonitis before early anuria, the time from PD
start to the time of the first episode of peritonitis was also
calculated. The associations between early anuria and all-
cause mortality, CVD mortality, technique failure, and
peritonitis were then assessed using Cox proportional
hazards regression models.

Variables that were with a P-value < 0.2 or that were
regarded as clinically meaningful were included in the
regression model for multivariable analysis. The 2 steps
above were repeated until all variables were eventually
selected. The Cox regression model was used to test the
interaction effects. Missing data were evaluated with the
multiple imputation method. Statistical analyses were
performed using SPSS (version 25.0) and Stata/SE (version
17.0). A 2-tailed P < 0.05 was considered statistically
significant.
RESULTS

Patients’ Characteristics

A total of 3,153 patients underwent continuous ambula-
tory PD therapy at our center between January 1, 2006 and
December 31, 2020. After applying a specific criterion,
561 (17.8%) patients were excluded, leaving a final cohort
of 2,592 patients (Fig 1). The median PD vintage of all
patients enrolled was 3.45 (IQR, 1.76-5.94) years. The
enrolled participants had an average age of 46.7 ± 14.9
years, with 1,528 (58.9%) being male. Among them, 623
3
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(24.0%) had diabetes, and 851 (32.8%) had received
temporary HD before PD initiation. Incremental PD was
administered to 640 (24.7%) patients during the initial 6
months of PD therapy. Following glomerulonephritis
(60.8%), diabetic nephropathy (19.7%) ranked as the
second most prevalent kidney disease. The median urine
volume was 1,200 mL/day (IQR, 800-1,800), and the
median ultrafiltration was 450 mL/day (IQR, 200-700) at
the beginning of PD.

Patients in the early anuria group were generally
younger and more likely to receive temporary HD before
PD and less likely to have diabetes and receive incremental
PD than the preserved urine volume group. Moreover, the
early anuria patients exhibited significantly lower urine
volume (P < 0.001), eGFR (P = 0.02), hemoglobin
(P < 0.001), serum albumin (P < 0.001), and serum cal-
cium (P < 0.001) and higher levels of ultrafiltration
(P = 0.001), daily glucose exposure (P < 0.001), serum
creatinine (P < 0.001), serum urea (P < 0.001), serum
phosphorus (P < 0.001), and serum potassium (P = 0.002)
(Table 1).

Incidence and Risk Factors Associated With Early

Anuria

By the end of the first year of PD therapy, 159 (6.13%)
patients had experienced early anuria, with a median
observation time of 7.53 (IQR, 3.93-10.0) months. To
assess the factors associated with early anuria in patients
receiving PD, both univariable and multivariable Cox
regression analyses were conducted (Table 2). The results
showed that higher baseline urine volume (hazard ratio
[HR], 0.93; 95% confidence interval [CI], 0.90-0.97;
P < 0.001), higher serum albumin (HR, 0.92; 95% CI,
0.88-0.95; P < 0.001), and prescribed incremental PD
(HR, 0.27; 95% CI, 0.14-0.51; P < 0.001) were associated
with a reduced risk for early anuria. Conversely, a higher
level of daily glucose exposure (HR, 1.01; 95% CI, 1.00-
1.01; P = 0.04) was identified as a risk factor for early
anuria. During the first year after PD initiation, 74 (2.85%)
patients died, 175 (6.75%) patients received kidney
transplantation, and 52 (2.00%) patients transferred to
HD. After further consideration of the competing risks of
death, transplantation, and transference to HD, these re-
sults remained consistent. Interestingly, diabetes appeared
to be an associated protective factor for early anuria in
multivariable analysis (HR, 0.57; 95% CI, 0.35-0.92;
P = 0.02). For further investigation into whether diabetes
interacted with other factors, the interaction effects were
tested.

The association between the use of ACEis/ARBs and
early anuria differed according to the presence of T2DM
after testing for interaction terms (P = 0.003). Based on
that, multivariable Cox regression analyses were per-
formed separately in T2DM and non-T2DM groups to
explore the differences in predictive factors for early anuria
between the 2 subgroups (Fig 2). The results revealed that
the use of ACEis/ARBs was significantly associated with a
4

lower risk for early anuria in T2DM patients (HR, 0.25;
95% CI, 0.09-0.69; P = 0.007). However, the effect was
not observed in the non-T2DM subgroup. Irrespective of
T2DM status, higher baseline urine volume (HR, 0.90;
95% CI, 0.82-0.99; P = 0.02 in the T2DM subgroup versus
HR, 0.92; 95% CI, 0.89-0.96; P = 0.001 in the non-T2DM
subgroup) and higher serum albumin (HR, 0.91; 95% CI,
0.84-1.00; P = 0.04 in the T2DM subgroup versus HR,
0.96; 95% CI, 0.92-1.00; P = 0.03 in the non-T2DM
subgroup) were always associated protective factors for
early anuria.

Early Anuria and Clinical Outcomes

During a median follow-up of 3.45 years, 659 (25.4%)
patients died, 487 (18.8%) patients transferred to HD, 659
(25.4%) received kidney transplantation, and 64 (2.47%)
were lost to follow-up. Of the deaths, 317 (12.2%) were
ascribed to CVDs, 128 (4.94%) were ascribed to infection,
19 (0.73%) were ascribed to malignancy, 117 (4.51 %)
were ascribed to other reasons, and 78 (3.01%) remained
unidentified. In addition, 556 (21.5%) patients experi-
enced technique failure, and 870 (33.6%) patients even-
tually developed peritonitis.

Treating early anuria as a time-dependent covariate,
after adjusting for age, sex, diabetes, ACEis/ARBs, di-
uretics, β-blockers, daily glucose exposure, and serum al-
bumin, early anuria was associated with a higher risk for
all-cause mortality (HR, 1.69; 95% CI, 1.23-2.32;
P = 0.001) and technique failure (HR, 1.43; 95% CI, 1.00-
2.04; P = 0.04). However, the associations between early
anuria and CVD mortality and peritonitis were not sig-
nificant (Table 3).
DISCUSSION

In this retrospective cohort study comprising 2,592 pa-
tients who underwent PD, 159 (6.13%) patients developed
early anuria during the first year of PD therapy, with a
median duration of 7.53 months. Our findings revealed
that higher baseline urine volume, higher serum albumin
levels, a history of diabetes, and undergoing incremental
PD were associated with decreased risk for early anuria
among patients receiving PD, while a higher level of daily
glucose exposure was observed to be an associated risk
factor for early anuria. An episode of peritonitis was not
found to be significantly associated with early anuria.

Subgroup analysis results showed that, in patients un-
dergoing PD with a prior history of diabetes, the use of
ACEis/ARBs was associated with a reduced risk for early
anuria. Patients who experienced early anuria exhibited a
higher risk for all-cause mortality and technique failure
than patients with preserved urine volume.

Our study is the first to propose the concept of early anuria
and reports a 6.13% rate of early anuria. The risk factor for
early anuria in our research was mostly in line with the
findings of prior studies. Szeto et al4 discovered that higher
glucose exposure was strongly linked to anuria progression.
Kidney Med Vol 6 | Iss 10 | October 2024 | 100882



Table 1. Baseline Characteristics of the Early Anuria Patients and Preserved Urine Volume Patients

Variables

Total Missing
Values, n (%)

Early Anuria Group
Preserved Urine
Volume Group

PN = 2,592 N = 159 N = 2,433
Age, y (N = 2,592) 46.7 ± 14.9 0 43.6 ± 17.4 46.9 ± 14.7 0.007
Male, n (%) (N = 2,592) 1,528 (58.9%) 0 94 (59.1%) 1,434 (58.9%) 0.07
BMI, kg/m2 (N = 2,455) 21.6 ± 3.09 137 (5.29%) 21.8 ± 3.30 21.9 ± 3.19 0.96
Urine volume, mL (N = 2,468) 1,200 (800-1,800) 124 (4.78%) 900 (500-1,400) 1,250 (800-1,800) <0.001
eGFR, mL/min/1.73 m2 (N = 2,557) 5.21 (4.01-6.86) 35 (1.35%) 4.64 (3.43-5.88) 5.23 (4.04-6.91) 0.02
CCI (N = 2,393) 2.69 ± 1.05 199 (7.68%) 3.32 ± 1.85 3.30 ± 1.64 0.49
Primary kidney disease, n (%) (N = 2,590) 2 (0.08%) <0.001
Glomerulonephritis 1,576 (60.8%) 106 (66.6%) 1,470 (60.4%)
Diabetic nephropathy 511 (19.7%) 23 (14.4%) 488 (20.1%)
Hypertension disease 202 (7.79%) 11 (6.90%) 191 (7.85%)
Others 301 (11.6%) 19 (11.9%) 282 (11.6%)

Diabetes, n (%) (N = 2,516) 623 (24.0%) 76 (2.93%) 28 (17.6%) 595 (24.5%) 0.02
Temporary HD, n (%) (N = 2,535) 851 (32.8%) 57 (2.20%) 75 (47.2%) 776 (31.9%) <0.001
Medications, n (%)
ACEi/ARBs (N = 2,390) 1,398 (53.9%) 202 (7.79%) 91 (57.2%) 1,307 (53.7%) 0.07
Diuretics (N = 2,372) 257 (9.92%) 220 (8.49%) 15 (9.43%) 242 (9.95%) 0.08
β-Blockers (N = 2,364) 1,259 (48.6%) 228 (8.80%) 75 (47.2%) 1,184 (48.7%) 0.72

Dialysis prescription
UF, m, (N = 2,468) 450 (200-700) 124 (4.78%) 550 (300-800) 440 (200-700) 0.001
Daily glucose exposure, g (N = 2,443) 126 ± 24.9 149 (5.75%) 137 ± 31.1 128 ± 25.6 <0.001
Incremental PD, n (%) (N = 2,455) 640 (24.7%) 137 (5.29%) 12 (7.55%) 628 (25.8%) <0.001

Laboratory variables
Hemoglobin, g/L (N = 2,533) 87.6 ± 22.0 59 (2.28%) 79.5 ± 20.1 88.6 ± 21.8 <0.001
Albumin, g/L (N = 2,520) 35.3 ± 5.20 72 (2.78%) 32.6 ± 5.35 34.9 ± 5.26 <0.001
iPTH, pg/mL (N = 2,476) 273 (139-452) 116 (4.48%) 290 (125-488) 273 (140-448) 0.97
Creatinine, mg/dL (N = 2,522) 11.2 ± 4.16 70 (2.70%) 12.4 ± 4.65 10.4 ± 4.04 <0.001
Urea, mmol/L (N = 2,533) 22.1 (16.1-30.5) 59 (2.28%) 25.7 (19.2-35.1) 21.9 (16.0-30.1) <0.001
UA, mg/dL (N = 2,437) 8.17 ± 2.40 155 (5.98%) 8.11 ± 2.36 8.00 ± 2.37 0.18
Calcium, mmol/L (N = 2,526) 2.08 ± 0.28 66 (2.56%) 1.99 ± 0.31 2.09 ± 0.27 <0.001
Phosphorus, mmol/L (N=2,459) 1.78 ± 0.56 133 (5.13%) 2.05 ± 0.66 1.76 ± 0.55 <0.001
Sodium, mmol/L (N = 2,528) 139 ± 6.11 64 (2.47%) 137 ± 4.84 140 ± 27.4 0.35
Potassium, mmol/L (N = 2,526) 4.25 ± 0.79 66 (2.55%) 4.42 ± 0.93 4.23 ± 0.80 0.002
Glucose, mmol/L (N = 2,525) 5.18 ± 1.90 67 (2.58%) 5.69 ± 2.39 5.75 ± 2.75 0.80
TC, mmol/L (N = 2,442) 4.72 ± 1.33 150 (5.79%) 4.88 ± 1.36 4.78 ± 1.42 0.37
TG, mmol/L (N = 2,438) 1.54 ± 0.93 154 (5.94%) 1.58 ± 0.99 1.61 ± 1.00 0.73
HDL-C, mmol/L (N = 2,436) 1.14 ± 0.37 156 (6.02%) 1.08 ± 0.33 1.13 ± 0.39 0.09
LDL-C, mmol/L (N = 2,435) 2.86 ± 0.96 157 (6.06%) 3.03 ± 1.05 2.89 ± 1.00 0.09
Note: Continuous variables are presented as mean ± standard deviation or median (interquartile range) and categorical variables are presented as frequency (percentage).
Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; CCI, Charlson comorbidity index; eGFR, estimated glomerular filtration rate; HD, hemodialysis; HDL-C,
high-density lipoprotein cholesterol; iPTH, intact parathyroid hormone; LDL-C, low-density lipoprotein cholesterol; PD, peritoneal dialysis; TC, total cholesterol; TG, total triglyceride; UA, uric acid; UF, ultrafiltration.
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This might be related to the fact that an increase of glucose
load enhances the peritoneal transport rate, which could
potentially lead to an elevation in ultrafiltration and expedite
the decline of RKF. Unexpectedly, our study did not discover
a notable correlation between the occurrence of peritonitis
and early anuria. In previous research, the presence of peri-
tonitis in PD patients was reported to be linked to the
development of anuria.4,29 The associationmay be due to the
prolonged observation period in those studies. Our study
specifically focused on the initial year following the
commencement of PD, during which a lower incidence and
higher treatment effects of peritonitismay have less influence
on early anuria. In line with the findings reported by Singhal
et al,29 we observed that there was no significant correlation
between temporary HD before PD and the GFR slope. This
may be attributed to the preservation effect of PD therapy on
kidney function and the short duration of temporary HD.
Strangely, diabetes, which was not significant in univariable
analysis, emerged as a protective factor for early anuria in
multivariable analysis. This finding contradicts those of most
previous studies.4,5,10,11 This may be due to a higher eGFR in
diabetic patients (6.69 ± 3.04 mL/min/1.73 m2) at the start
of PD than those without diabetes (5.41 ± 3.50 mL/min/
1.73 m2), and the observation time of our study was shorter
than previous studies. The existence of other potential causes
for this discovery remains uncertain.

To further explore the potential influences, we con-
ducted interaction tests and revealed an interaction be-
tween diabetes and the use of ACEis/ARBs in relation to
early anuria. Subgroup analyses were conducted based on
the presence or absence of diabetes subsequently. Previ-
ous studies on the effect of using ACEis/ARBs on pre-
serving residual urine volume have been controversial.
Shen et al30 reported no association between the use of
ACEis/ARBs and a decrease in RKF in all PD patients.
However, other studies discovered that using ACEis/
ARBs, especially long-term, diminished the deterioration
of RKF in patients undergoing PD and prolonged the
progression to anuria.4,31-34 Our study revealed a pro-
tective effect of ACEis/ARBs on urine volume in diabetic
patients receiving PD in the early stage of PD. Two
possible explanations can be proposed. The first expla-
nation suggests that the preservation of RKF is threatened
by proteinuria,4 even though ACEis/ARBs are widely
recognized as beneficial for reducing proteinuria and
further delaying the progression to anuria.35,36 As a sec-
ond explanation, ACEis/ARBs reduce the risk of micro-
vascular complications in diabetic patients and improve
blood pressure control.37 This indicates that doctors
should consider prescribing ACEis/ARBs to diabetic pa-
tients undergoing PD for better preservation of urine
volume during the initial phase of PD. Further prospective
research and randomized controlled trials are necessary to
examine whether the use of ACEis/ARBs has a favorable
or unfavorable impact on urine volume in patients
receiving PD, particularly in individuals with pre-existing
diabetes.
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Figure 2. Forest graph showing the differences in risk factors for early anuria between T2DM and non-T2DM PD patients. Abbre-
viations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CI, confidence interval; DM, diabetes
mellitus; HD, hemodialysis; PD, peritoneal dialysis.
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The results of our study indicate that the presence of
early anuria increases the risk of all-cause mortality and
technique failure, which aligns with previous research
suggesting that maintaining RKF and urine volume im-
proves survival and reduces technical failure.4,5,14,15,21 A
more rapid decrease in RKF has been observed to be asso-
ciated with higher mortality.5,10-12 Furthermore, patients
who have progressed to anuria usually had a higher risk for
mortality, technical failure, and inflammatory, nutritional,
and metabolic characteristics compared with PD patients
with residual urine volume.19,21 Interestingly, our study
showed that the associations between early anuria and CVD
mortality and peritonitis were not significant. However,
previous studies have reported that reduced RKF was asso-
ciated with a higher risk for the development of peritonitis9

and adverse cardiovascular effects.21 The differences might
be because our study mainly focused on the initial year of
PD therapy, during which there was a lower incidence of
early anuria, which may have influenced the statistical
Table 3. Cox Regression Models to Investigate the Association B

Variables

All-Cause Mortality CVD Mortality

HR 95% CI P value HR 95% CI P
Early anuria
(yes/no)a

1.69 1.23-2.32 0.001 1.50 0.93-2.42 0

Age
(per year)

1.03 1.02-1.03 <0.001 1.02 1.02-1.03 <

Sex
(male/female)

1.20 1.02-1.42 0.03 1.05 0.83-1.33 0

Diabetes
(yes/no)

3.04 2.54-3.64 <0.001 3.40 2.64-4.39 <

ACEi/ARBs
(yes/no)

1.05 0.89-1.23 0.59 1.09 0.86-1.39 0

Diuretics
(yes/no)

0.80 0.59-1.07 0.13 0.77 0.51-1.17 0

β-Blockers
(yes/no)

0.82 0.69-0.96 0.02 0.82 0.65-1.03 0

Daily glucose
exposure
(per 1g)

1.01 1.00-1.01 <0.001 1.01 1.00-1.01 <

Albumin
(per 1g/L)

0.98 0.97-1.00 0.08 1.00 0.97-1.02 0

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB angiotensin II re
aEarly anuria was treated as a time-dependent covariate.
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outcomes. Both patients and health care professionals must
accord heightened importance to maintaining residual urine
volume to improve clinical outcomes for PD patients,
particularly in the initial phases of PD.

Several highlights of this study are worth mentioning.
We enrolled a large cohort of patients undergoing PD and
followed them up for >10 years. Follow-up data were
collected and reported in detail. However, there are several
limitations in our study. We carried out the study at a
single center, making it less applicable to other centers.
The results may not be generalizable to patients who have
previously received kidney transplants, were previously on
chronic HD, or who were aged <18 years because those
patients were excluded from this study. Furthermore,
causal relationships could not be determined because of
the observational study. In addition, there are some biases
present in this study, including ascertainment bias derived
from 561 (17.8%) patients who were excluded from
analysis, detection bias depending on the frequency of
etween Early Anuria and Clinical Outcomes in PD Patients

Technique Failure Peritonitis

value HR 95% CI P value HR 95% CI P value
.10 1.43 1.00-2.04 0.04 1.13 0.84-1.53 0.42

0.001 1.00 0.99-1.00 0.34 1.01 1.00-1.01 <0.001

.70 1.09 0.90-1.32 0.37 1.21 1.05-1.39 0.007

0.001 1.20 0.95-1.51 0.13 0.97 0.82-1.15 0.73

.46 1.08 0.90-1.31 0.42 1.02 0.89-1.18 0.76

.22 0.93 0.67-1.29 0.66 0.92 0.73-1.16 0.46

.09 1.23 1.02-1.48 0.03 1.02 0.89-1.17 0.76

0.001 1.00 1.00-1.01 0.27 1.00 1.00-1.01 0.10

.91 0.98 0.96-1.00 0.02 0.98 0.97-0.99 0.005

ceptor blocker; CI, confidence interval; CVD, cardiovascular disease.
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measurement of urine volume, attrition bias due to some
participants who were not followed for the full 12-month
period of the primary outcome, recall bias due to the
retrospective design of the study, era bias due to the long
period of the study, misclassification bias if anuria was
assessed by patient self-report, and bias by residual con-
founding due to other possible confounders. Furthermore,
the peritoneal dialysates used in our center were not
neutral pH, low glucose degradation product solutions,
making the findings of this study not generalizable to
patients receiving neutral pH, low glucose degradation
product solutions. To validate our conclusion, it is neces-
sary to conduct additional studies that are multicenter and
prospective, using neutral pH and low glucose degradation
product dialysate solutions.

In conclusion, early anuria was associated with lower
baseline urine volume, lower serum albumin, full-dose PD
start, absence of T2DM, higher daily glucose exposure, and
in patients with T2DM, non-use of ACEis/ARBs. For urine
preservation in diabetic patients undergoing PD, using
ACEis/ARBs could be beneficial. The occurrence of early
anuria is associated with an increased risk for all-cause
mortality and technical failure in patients undergoing PD.
Strictly monitoring urine volume preservation is crucial in
following the International Society for Peritoneal Dialysis
guidelines. The appropriate use of ACEis/ARBs, proper
selection of incremental PD, and careful and dynamic
adjustment of dialysis prescription may have a significant
impact.
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