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3Nephrology Department of West China Hospital, School of Nursing, Sichuan University, Chengdu,
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Introduction: Peritoneal dialysis-associated peritonitis (PDAP) is a serious
complication of peritoneal dialysis (PD) patients. The aim of this study was to
construct a risk prediction model for frequent episodes in PDAP patients.

Methods: This retrospective cohort study included PDAP patients in our center
from January 1, 2010 to December 31, 2021. The risk prediction model for frequent
episodes in PDAP patients was constructed by the binary logistic regression.

Results: We included 371 PDAP patients, of which 235 patients had single episode
and 136 had frequent episodes. We randomly allocated the patients into training
set (296 patients) and test set (75 patients) in the ratio of 8:2. In the training set,
we found several independent risk factors significantly associated with frequent
episodes in PDAP patients, including diabetes mellitus (DM), hemoglobin (HB),
serum albumin (ALB), lactatic dehydrogenase (LDH), serum potassium (K),
N-terminal pro-brain natriuretic peptide (NT-proBNP) and peritoneal dialysate
white cell counts on day 1. And we constructed a prediction model with an
area under curve (AUC) values of 0.75 in the training set and 0.76 in the test set,
which showed excellent predictive performance.

Conclusion: We constructed a predictive model that demonstrated excellent
predictive performance for identifying high-risk frequent episodes in PDAP
patients and developed a more intuitive nomogram for evaluating the risk.
However, multicenter studies with a larger sample size are warranted to validate
the model in the future.
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Introduction

Peritoneal Dialysis (PD) is an effective renal replacement therapy for patients with
end-stage renal failure (1, 2). However, its serious and common complication, peritoneal
dialysis associated peritonitis (PDAP), can significantly impact the prognosis of PD patients
(3-5). Studies have shown that PDAP is an independent predictor of failure of peritoneal
dialysis technique, resulting in 20.7-21.4% patients having catheter removal, switch to
hemodialysis or death (6, 7).

Several studies reported that a considerable number of patients (20.5-31.0%) would have
recurrent or relapse peritonitis after the first peritonitis, and the patients had poorer prognosis
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and longer treatment period when comparing to the control group
(first peritonitis episode without relapse or recurrence) (8-11).
Relapsed peritonitis or recurrent peritonitis was associated
independently with catheter removal and permanent transfer to
hemodialysis therapy (9). Further researchers found that higher risk
of subsequent peritonitis was related to individual characteristics
[obesity (12), black race (13), diabetes mellitus (DM) (13)] and biofilm
produced by bacteria (14). Therefore, identifying the high-risk
population of frequent episodes has important clinical value for
improving the management and prognosis of PDAP patients.

In recent years, prediction models based on a large number of
clinical datasets and multiple indicators can help clinicians to predict
the prognosis of diseases. Our recent retrospective study constructed
risk prediction models by multiple machine learning algorithms to
predict technique failure in PDAP patients (15). A multicenter and
retrospective cohort study conducted in Thailand has developed a risk
prediction tool for peritonitis-associated technique failure based on
multivariate logistic regression (16). Meng et al. established a
nomogram for predicting peritonitis cure in PDAP patients using
multivariate logistic regression (17). However, there’s no any prediction
model to assess the risk of frequent peritonitis in PDAP patients.

The objective of the present study was to investigate the risk factors
for frequent peritonitis and construct a prediction model, which may
help identify high-risk patients and adjust treatment regimens timely.

Methods
Study population

We conducted a retrospective study of patients who were
diagnosed with PDAP and admitted to West China Hospital of
Sichuan University from January 1, 2010 to December 31, 2021. The
diagnosis of PDAP was defined according to the 2022 International
Society for Peritoneal Dialysis (ISPD) guidelines (18). Exclusion
criteria included (1) age < 18 years old, (2) withdraw from PD within
2 years after the first PDAP due to catheter removal, transfer to

Abbreviations: PDAP, Peritoneal dialysis associated peritonitis; PD, Peritoneal
dialysis; AUC, Area under curve; ISPD, International society for peritoneal dialysis;
SBP, Systolic blood pressure; DBP, Diastolic blood pressure; BMI, Body mass index;
DM, Diabetes mellitus; CVDs, Cardiovascular diseases; CCl, Charlson comorbidity
index score; HB, Hemoglobin; PLT, Platelet count; WBC, White blood cell; DB,
Direct bilirubin; 1B, Indirect bilirubin; ALB, Serum albumin; GLB, Serum globulin;
GLU, Glucose; SCr, Serum creatinine; BUN, Blood urea nitrogen; UA, Uric acid;
eGFR, Estimated glomerular filtration rate; Cys-C, Cystatin C; Na, Serum sodium;
K, Serum potassium; Cl, Serum chlorine; Mg, Serum magnesium; Ca, Serum
calcium; P, Serum phosphorous; ALT, Alanine aminotransferase; AST, Aspartate
aminotransferase; GGT, Glutamyl transpeptidase; f2-MG, 2-microglobulin; TG,
Triglycerides; CHOL, Cholesterol; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; NT-proBNP, N-terminal pro-brain
natriuretic peptide; iPTH, Intact parathyroid hormone; LDH, Lactatic dehydrogenase;
ALP, Alkaline phosphatase; CK, Creatine kinase; HBDH, Hydroxybutyrate
Dehydrogenase; hs-CRP, High-sensitive C-reactive protein; IL-6, Interleukin 6;
PCT, Procalcitonin; IP, Intraperitoneal; SD, Standard deviation; IQR, Interquartile
range; ROC, Receiver operating characteristic curves; OR, Odds ratio; Cl,

Confidence interval.

Frontiers in Medicine

10.3389/fmed.2025.1456857

hemodialysis, kidney transplantation, or death, (3) patients who failed
to follow-up, (4) patients without clinical data about peritoneal
dialysates (absence of the peritoneal dialysate white cell count or the
results of pathogenic bacteria culture).

The single group was defined as only one episode of PDAP during
the 2-year follow-up period. The frequent group was defined as the
episode of PDAP with 2 or more times during the period.
Subsequently, PDAP patients were categorized into the single group
or frequent group based on their episode frequency.

This study was approved by the Medical Ethics Committee of West
China Hospital of Sichuan University (No. 2019-33), and was
registered at the Thai Clinical Trials Registry (TCTR20180313004).
This study followed the Declaration of Helsinki, and written informed
consents were obtained from all participants.

Data collection

From the medical records and laboratory information system,
we collected the following clinical and laboratory data. The demographic
features included age, gender, height, weight, systolic blood pressure
(SBP), diastolic blood pressure (DBP), dialysis vintage, hospital stay; fever,
and comorbidities, which included DM, cirrhosis, cardiovascular diseases
(CVDs), connective tissue diseases, etc. And the body mass index (BMI)
was calculated based on height and weight. The Charlson Comorbidity
Index Score (CCI) was calculated based on the patients’ age and
comorbidities (19). The laboratory data included hemoglobin (HB), white
blood cell (WBC), serum albumin (ALB), serum creatinine (SCr), blood
urea nitrogen (BUN), uric acid (UA), estimated glomerular filtration rate
(eGFR), lactate dehydrogenase (LDH), aspartate aminotransferase (AST),
glutamyl transpeptidase (GGT), hydroxybutyrate dehydrogenase
(LBDH), f2-microglobulin (2-MG), serum potassium (K), N-terminal
pro-brain natriuretic peptide (NT-proBNP), high-sensitive C-reactive
protein (hs-CRP), interleukin 6 (IL-6), procalcitonin (PCT), etc. The
peritoneal dialysate white cell counts on day 1, day 3 and day 5 were
collected. Furthermore, the results of causative organisms, the regimens
of intraperitoneal (IP) and intravenous antibiotic were recorded. The
classifications of causative organisms and IP antibiotic regimens were
based on the 2022 ISPD guidelines (18).

Statistical analysis

The statistical analysis was performed by the IBM SPSS Statistics
version 25.0 (IBM Corp., Armonk, NY, United States). After the
analysis of data normality by the Kolmogorov-Smirnov test, the
normal distribution data were expressed by mean + standard
deviation (SD) and the non-normal distribution data were
represented by median and interquartile range (IQR). And the count
data was expressed as the number of cases (%). Categorical variables
were analyzed by Chi-square test or Fisher’s exact test, while
continuous variables were analyzed by Student’s ¢ test or Mann-
Whitney U test. A two-sided p value less than 0.05 was considered
statistically significant. Of all patients, 80% of them were randomly
allocated to the training set and constructed a prediction model,
while the remaining 20% were assigned to the test set for internal
validation. In the training cohort, univariate analysis was conducted
to select the risk factors of frequent PDAP. Variables with p < 0.05 in
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FIGURE 1
Flow chart.

the univariate analysis were included in the multivariate analysis.
And the binary logistic regression analysis was used in the
construction of prediction model, and a nomogram was established
which was possible to assess the risk of frequent episodes in PDAP
patients intuitively. And the receiver operating characteristic curves
(ROC) and area under curve (AUC) were presented for the
assessment of prediction model’s accuracy and clinical utility.

Results

The flow chart of this retrospective study is presented in Figure 1.
A total of 458 PDAP patients were enrolled in our study. However, 87
patients were excluded: 3 patients were younger than 18 years old, 2
patients missing the results of causative organisms, 6 patients missing
the peritoneal dialysate white cell count, and 23 patients lost to
follow-up. And there were 53 patients quit from PD after their first
PDAP due to catheter removal, transfer to hemodialysis, kidney
transplantation, or death.

Baseline characteristics

After rigorous screening, a total of 371 eligible patients were
included in the study, with 235 patients in the single group and 136
patients in the frequent group. Figure 2 shows the frequency of PDAP
patients in the frequent group, varying from 2 episodes to 5 episodes
within 2 years. For the majority of these patients, 93 patients had 2
episodes within 2 years (68.4%), 33 patients having 3 episodes within
2 years (24.3%), 9 patients having 4 episodes within 2 years (6.6%),
and one patients having 5 episodes within 2 years (0.7%).
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The participants were divided into the training set of 296 (194
single group, 102 frequent group) and the test set of 75 (41 single
group, 34 frequent group). In the training set, the median age was
48.94 years old and there were 151 male patients which accounted
for 51.0%. The median PD duration was 485.5 days. Among the
eligible patients, 74 patients (25.0%) had DM, and the median score
of CCI'was 3 points (Table 1). In the training cohort, the comparison
between the two groups showed significant differences in CCI score,
BMI, and DM (p < 0.01) (Table 1). Hematological analysis (Table 2)
showed a significant difference in HB (p = 0.005). Biochemical
variables (Table 2) such as AST, ALB, GGT, LDH, HBDH, K,
transferrin, p2-MG, and NT-proBNP showed significant differences
(p < 0.05).

In addition, we observed a statistically significant difference
(p < 0.001) in the results of causative organisms between the single
and frequent groups, indicating notable variations in microorganism
spectrum (Table 3). In the single group, 109 patients yielded negative
culture results, whereas 55 patients showed negative outcomes in the
frequent group. We found significant statistical differences in
polymicrobial peritonitis between the single and frequent groups
(p < 0.001) by further analysis.

The peritoneal dialysate white cell counts in the frequent group
on day 1 (3,600 x 10%/L vs. 1,410 x 10%/L, p < 0.001) and on day 5 (55
x 10%/L vs. 40 x 10%/L, p = 0.021) were significantly higher than the
single group (Table 4). Table 5 shows the antibiotic regimens during
hospitalization. We found that there was no significant difference in
the initial IP antibiotic regimens between the single and frequent
groups (p =0.059). What's more, our results demonstrated that
patients in the frequent group used more types of antibiotics
(p < 0.001), and upgraded antibiotics (p = 0.009), using intravenous
antibiotics (p < 0.001) and glycopeptides (p = 0.029) more frequently.
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24.3%
A 2 episodes within two years
B 3 episodes within two years
C 4 episodes within two years
D 5 episodes within two years

FIGURE 2

The frequency of PDAP patients in the frequent group.

TABLE 1 Baseline demographic characteristics in the training set.

Variables

Total (n = 296)

Single group (n = 194)

Frequent group (n = 102)

Age, year, + SD 48.94 + 14.60 48.14 + 14.52 50.45 + 14.64 0.195
CCI score, points, + SD 3+1 3+1 4+1 0.000
Male, n% 151 (51.0) 102 (52.6) 49 (48.0) 0.458
BMI, kg/m?, + SD 22,63 £3.30 22.02+£2.98 23.77 +3.58 0.000
Dialysis vintage, days, IQR 485.5(191.8, 1168.0) 455.0 (206.8, 1149.0) 521.5(154.5, 1237.8) 0.885
Fever, n% 21(7.1) 12 (6.2) 9(0.9) 0.401
SBP, mmHg, + SD 173.77 + 24.58 136.40 + 23.77 140.37 + 25.97 0.187
DBP, mmHg, + SD 85.96 + 16.40 85.86 + 15.90 86.16 + 17.38 0.881
Hospital stay, days, + SD 15.02 +7.23 15.01+7.28 15.04 £7.17 0.974
DM, n% 74 (25.0) 26 (13.4) 48 (47.1) 0.000

*Comparison between single group and frequent group.
Bold values, p < 0.05.

Construction of prediction model

Variables that showed significant differences in univariate
analysis were included in the binary logistic regression model to
identify risk factors which was associated with frequent episodes of
PDAP. We found several important risk factors which were DM, HB,
ALB, LDH, K, NT-proBNP and peritoneal dialysate white cell counts
on day 1 after the multivariate analysis, and the regression coefficients
(B) corresponding to each risk factor were showed in Table 6. Then,
based on the regression coefficients, we constructed a comprehensive
predictive index model (L): L = 1.57 x DM — 0.02 x HB — 0.19 x ALB
+0.01 x LDH — 1.36 x K + 0.01 x NT-proBNP + 0.01 x peritoneal
dialysate white cell counts on day 1. And this prediction model
constructed by the 7 risk factors had the AUC of 0.75 (95%
Confidence interval (CI) 0.67-0.84; p < 0.001) in the training set
(Figure 3A). Furthermore, we constructed a nomogram which could
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assess the individual risk of frequent episodes in PDAP patients more
intuitively (See Figure 4).

Validation of prediction model
A subset of 75 patients was incorporated into the validation analysis.
The AUC value of the prediction model in the test set was 0.76 (95% CI

0.56-0.97, p = 0.041) (see Figure 3B). This predictive model demonstrated
excellent performance in both the training and test sets.

Discussion

We constructed a prediction model and a nomogram that assessed
the risk of frequent episodes of PDAP by utilizing binary logistic
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TABLE 2 Baseline characteristics of laboratory variables in the training set.

10.3389/fmed.2025.1456857

Variables Total (n = 296) Single group Frequent group
(n = 194) (n =102)

HB, g/L, + SD 97.56 £ 20.69 99.97 £21.27 92,93 £18.77 0.005
PLT, 10°/L, + SD 202.67 £92.18 203.80 £ 90.66 200.52 £ 95.41 0.771
WBC, 10°/L, + SD 7.81+3.77 7.77 £391 7.90 + 3.50 0.765
DB, pmol/L, IQR 1.80 (1.20, 2.50) 1.80 (1.28, 2.50) 1.80 (1.20, 2.40) 0.940
1B, pmol/L, + SD 3.66 £2.33 3.65+2.38 3.69+2.25 0.904
ALT, IU/L, IQR 11.00 (8.00, 18.00) 12.00 (8.00, 17.00) 11.00 (8.00, 21.00) 0.789
AST, IU/L, + SD 19.52 £ 10.20 18.39 £7.99 21.69 £13.26 0.023
ALB, g/L, £ SD 31.39 +£4.63 32.21+£4.33 29.82 £4.80 0.000
GLB, g/L, = SD 27.32+5.53 2749 £5.72 26.99 £5.15 0.462
GLU, mmol/L, + SD 6.22+£292 6.38 £3.17 591 +2.35 0.186
BUN, mmol/L, IQR 17.70 (14.30, 22.00) 17.30 (13.92, 21.35) 18.49 (15.27, 23.30) 0.113
SCr, pmol/L, + SD 854.37 £294.52 854.50 + 280.14 854.11 £ 321.56 0.991
Cys-C, mg/L, IQR 5.76 (4.64, 6.80) 5.68 (4.65, 6.82) 5.81 (4.64, 6.80) 0.909
eGFR, ml/ (min*1.73m?), + SD 5.86 +2.44 5.86 £ 2.36 5.85+2.68 0.973
UA, pmol/L, + SD 349.98 £97.34 345.31 £96.51 359.04 £ 98.77 0.253
TG, mmol/L, IQR 1.28 (0.93, 1.85) 1.29 (0.96, 1.72) 1.22 (0.90, 1.97) 0.902
CHOL, mmol/L, IQR 4.04 (3.37,4.78) 4.00 (3.35,4.78) 4.09 (3.47,4.76) 0.730
HDL-C, mmol/L, + SD 1.26 £ 0.67 1.23+0.71 1.34£0.59 0.156
LDL-C, mmol/L, IQR 2.16 (1.75, 2.80) 2.20 (1.78,2.79) 2.09 (1.69, 2.86) 0.583
ALP, IU/L, = SD 79.73 +47.20 80.59 £ 43.14 78.10 £ 54.05 0.669
GGT, IU/L, IQR 22.00 (15.00, 36.00) 20.00 (13.75, 34.00) 25.00 (17.00, 39.00) 0.023
CK, IU/L, IQR 79.00 (48.00, 148.50) 78.00 (46.25, 157.50) 80.00 (50.50, 135.00) 0.870
LDH, IU/L, £ SD 205.21 £ 48.79 189.54 + 53.53 235.00 £ 73.80 0.000
HBDH, IU/L, + SD 160.42 + 55.94 153.19 +51.48 175.68 + 61.92 0.003
Na, mmol/L, + SD 139.07 £ 4.23 138.94 + 4.26 139.30 + 4.20 0.499
K, mmol/L, + SD 3.86 £0.69 3.98+0.73 3.64 £0.55 0.000
Cl, mmol/L, + SD 96.76 + 5.60 96.91 + 5.68 96.49 + 5.44 0.536
Carbon dioxide binding force, mmol/L, + SD 26.04 +3.38 25.98 +3.44 26.13 +3.28 0.727
Ca, mmol/L, + SD 2.16£0.23 2.16 £0.19 2.17+£0.28 0.618
Mg, mmol/L, + SD 0.86 +0.20 0.86 +0.20 0.86 +0.21 0.755
P, mmol/L, + SD 1.45+0.57 1.42 +£0.48 1.51 £0.70 0.225
Transferrin, g/L, £ SD 1.63 +0.75 1.53 + 0.40 1.81 +1.11 0.030
Prealbumin, mg/L, + SD 311.59 £107.48 29497 + 83.46 330.34 £127.93 0.146
p2-MG, mg/dL, + SD 28.03 £9.14 26.03£7.72 30.72 £10.32 0.046
hs-CRP, mg/L, IQR 23.15 (4.12, 86.58) 28.50 (4.40, 94.75) 15.60 (2.76, 67.25) 0.262
1L-6, pg./mL, IQR 15.24 (7.76, 53.63) 19.94 (8.36, 60.08) 11.90 (6.49, 29.84) 0.102
NT-proBNP, pg./mL, IQR 7,406 (2,779, 22,457) 4,486 (2,153, 12,770) 13,156 (6,156, 32,118) 0.019
PCT, ng/mL, IQR 1.98 (0.54, 7.80) 2.08 (0.57, 8.62) 1.30 (0.43, 7.80) 0.347
iPTH, pmol/L, IQR 19.68 (8.12, 36.94) 18.62 (7.86, 37.34) 19.82 (9.51, 36.72) 0.969

*Comparison between single group and frequent group.
Bold values, p < 0.05.

regression. This is the first study to predict the risk of frequent episodes ~ the nomogram and these risk factors, clinicians can calculate the
and identify high-risk PDAP patients by developing a prediction model. ~ probability of patients developing frequent episodes easily, which is
What's more, our research has revealed a plethora of valuable independent  beneficial for evaluating the prognosis and guiding treatment regimens of
risk factors associated with frequent episodes in PDAP patients. Basedon ~ PDAP patients.
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TABLE 3 Causative organisms of peritoneal dialysates in the training set.

Causative organisms Total (n = 296) Single group Frequent group p value*
(n =194) (n =102)
Culture negative peritonitis, n% 164 (55.4) 109 (56.2) 55 (53.9) 0.714
Staphylococcus aureus, n% 9(3.0) 6(3.1) 3(2.9) 1.000
Coagulase-negative Staphylococci, n% 48 (16.2) 34(17.5) 14 (13.7) 0.507
Streptococcus, n% 19 (6.4) 16 (8.2) 3(2.9) 0.086
Enterococcus, n% 7 (2.4) 5(2.6) 2(2.0) 1.000
Corynebacterium, n% 5(1.7) 4(2.1) 1(1.0) 0.663
Pseudomonas, n% 3(1.0) 2(1.0) 1(1.0) 1.000
Acinetobacter, n% 7(2.4) 4(2.1) 3(2.9) 0.696
Enterogenous Gram-negative bacteria, n% 18 (6.1) 12 (6.2) 6(5.9) 1.000
Polymicrobial infection, n% 14 (4.7) 0(0) 14 (13.8) 0.000
Fungus, n% 2(0.7) 2(1.0) 0(0) 0.547

*Comparison between single group and frequent group.
Bold values, p < 0.05.

TABLE 4 Baseline characteristics of peritoneal dialysate white cell counts in the training set.

Variables Total (n = 296) Single group Frequent group

(n = 194) (n=102)
Day 1, 109/, IQR 2,420 (702, 5,870) 1,410 (232, 4,124) 3,600 (1,114, 7,950) 0.000
Day 3, 10°/L, IQR 130 (28, 260) 130 (30, 483) 130 (24, 49) 0.948
Day 5, 10%L, IQR 4720, 163) 40 (10, 150) 55 (30, 188) 0.021

*Comparison between single group and frequent group.
Bold values, p < 0.05.

TABLE 5 The antibiotic regimens during hospitalization in the training set.

Variables Single group = Frequent group  p value*
(n =194) (n =102)

Initial IP antibiotic regimens 0.059

1st-generation cephalosporin and 3rd-generation cephalosporin, n% 234 (79.0) 162 (83.5) 72 (70.6)

1st-generation cephalosporin and aminoglycoside, n% 18 (6.1) 8(4.1) 10 (9.8)

1st-generation cephalosporin and other Gram-negative antibiotic, n% 8(2.7) 2(1.0) 6(5.9)

Vancomycin and 3rd-generation cephalosporin, n% 15(5.1) 8(4.1) 7 (6.9)

Vancomycin and aminoglycoside, n% 7 (2.4) 5(2.6) 2(2.0)

Vancomycin and other Gram-negative antibiotic, n% 6(2.0) 3(1.6) 3(2.8)

Other Gram-positive antibiotic and 3rd-generation cephalosporin, 7% 2(0.7) 1(0.5) 1(1.0)

Other Gram-positive antibiotic and other Gram-negative antibiotic, n% 6(2.0) 5(2.6) 1(1.0)

Upgraded antibiotics, n% 85 (28.7) 46 (23.7) 39 (38.2) 0.009

Use of glycopeptides, n% 84 (28.4) 47 (24.2) 37 (36.3) 0.029

Categories of antibiotics, types, IQR 2(2,3) 2(2,3) 3(2,4) 0.000

Intravenous antibiotics, n% 99 (33.4) 49 (25.3) 52 (60.0) 0.000

Other Gram-negative antibiotics include metronidazole, ciprofloxacin, erythromycin, aztreonam, and co-trimoxazole. Other Gram-positive antibiotics include amoxicillin, ampicillin,
teicoplanin, and erythromycin.

*Comparison between single group and frequent group.

Bold values, p < 0.05.

Previous studies have developed prediction models for PDAP ~ when comparing to anuric patients (odds ratio (OR) 6.76; 95% CI,
patients using logistic regression (16, 17). There were several studies ~ 1.90-23.8) (20). The observational cohort study based on Australian
exploring the risk factors in relapse or recurrent PDAP patients. A and New Zealand Dialysis and Transplant Registry data found that the
retrospective study included 181 participants who experienced 339  category of causative organisms was associated with frequent episodes
episodes revealed that the risk of relapse and recurrent peritonitisin ~ (9). Nevertheless, there were no prediction models about frequent
patients with creatinine clearance >5 mL/min was significantly higher  episodes in PDAP patients.
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TABLE 6 Multivariate analysis of frequent episodes in PDAP patients.

10.3389/fmed.2025.1456857

We constructed the prediction model by binary logistic regression, and

Variables B pvalue OR 95% ClI the models results could be directly represented as probability, which was
DM Ls7 0.005 450 611431 crucial for understanding and interpreting the predictive results (21, 22).
In our study, we constructed a nomogram displaying the probability more
HB —002 0031 098 095-0.99 intuitively. In addition, the binary logistic regression prediction model does
ALB =0.19 0.004 0.82 0.72-0.94 not require the assumption of linear relationships between variables, which
LDH 0.01 0.032 1.01 1.01-1.02 exhibits an advantage in handling non-linear datasets in clinic.
K 136 0.007 0.26 0.10-0.68 Furthermore, logistic regression shows robustness because of being less
sensitive to outliers (23). Therefore, the binary logistic regression model
NT-proBNP 0.01 0.021 1.01 1.01-1.02 o . . . iy
holds significant advantages in specific environments and conditions.
Peritoneal dialysate white cell || 0.01 0.013 101 1.01-1.02 In our prediction model, we found several important predictors
counts on day 1 of frequent episodes. DM was a significant risk factor for PDAP
A B
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8 8
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FIGURE 3
ROC curves of the prediction model. (A) Training set. (B) Test set.
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FIGURE 4
Nomogram for predicting the risk of frequent episodes in PDAP patients.
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patients with frequent episodes. Some studies have revealed DM was
linked to an elevated risk of PDAP (13, 24), which is attributed to the
immunocompromised state in diabetic patients, rendering them more
susceptible to infections (24).

Previous study found that serum albumin was an independent
factor associated with peritonitis (p = 0.025) (25). PD patients with an
initial serum albumin level less than 29 g/L had a peritonitis rate of 1.5
episodes/dialysis-year compared with 0.6 episodes/dialysis-year for
patients with >29 g/dL (p < 0.001) (26). Nevertheless, few studies
found the HB was associated with PDAP. One Croatian study
suggested that hemoglobin level was correlated with Malnutrition
Inflammation Score and serum albumin level in PD patients (27).
Comparing to the patients without peritonitis, the peritonitis group
had lower hemoglobin (106.7 £ 9.3 g/Lvs. 115.1 + 11.0 g/L, p = 0.012)
(25). Decreased serum potassium level was a critical indicator of
frequent episodes, which was consistent with the previous results (28,
29). And hypokalaemia has been highlighted in the ISPD peritonitis
guideline recommendations (18). Therefore, we suggest to reduce the
episodes of peritonitis by paying more attention to adjust the anemia,
malnutritional and disturbance of electrolyte in PDAP patients.

Our investigations have identified NT-proBNP as a significant
determinant of frequent episodes, which was not reported in previous
studies about PDAP. During the process of PDAP, the decreased
ultrafiltration and subsequent volume overload, could trigger an
elevation of NT-proBNP. We advocate continuous monitoring of
NT-proBNP throughout the treatment of PDAP and further
exploration to unravel the relationship between NT-proBNP and
frequent episodes.

Lastly, elevated peritoneal dialysate white cell counts on day 1
increased the likelihood of frequent infections. The previous study
has demonstrated that peritoneal dialysate white cell counts on day
3, rather than day 1, could predict treatment failure (30). One study
revealed that patients with frequent episodes had significantly higher
peritoneal dialysate white cell counts on day 3 and day 5 (31), but the
researchers did not collect the data of peritoneal dialysate white cell
counts on day 1. In terms of the peritoneal dialysate white cell counts
on day 5, we found similar results in the frequent group. Clinicians
can assess the risk of frequent episodes of PDAP patients and
proactively improve the prognosis of PDAP patients by identifying
these important predictors early.

Our study had several limitations. Firstly, as a single-center
retrospective study, there is a possibility of selection bias. We did not
conduct external validation and the results may not be generalizable to
other populations. Secondly, only data during hospitalization was
collected and analyzed. Long term follow-up data about frequent
episodes of PDAP patients will provide more valuable insights into the
reliability and robustness of the model. Thirdly, several novel biomarkers
that demonstrated excellent predictive performance for adverse
outcomes in PDAP patients could be integrated into future prediction
models (32, 33). What’s more, we did not collect the data about exit site
infection, which might be a risk factor for frequent episodes.

We constructed a predictive model to assess the risk of frequent
PDAP episodes by incorporating seven significant risk factors. And
our prediction model showed excellent performance in the training
and validation sets. We could identify the high-risk patients with
frequent episodes by the available variables in clinic. For the high-risk
population, we strongly recommend a comprehensive assessment of
relevant predictors, reassessment of antibiotic regimens, and
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consideration about catheter removal or switch to hemodialysis.
However, it must be emphasized that meticulous monitoring is still
crucial for low-risk patients.

Conclusion

Our study developed a prediction model and intuitive
nomogram for assessing the risk of frequent PDAP episodes and
identifying high-risk patients, which was a valuable tool in
optimizing patient management and prognosis. Further refinement
and validation of this model in larger prospective cohorts
is warranted.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the ethical
committee of West China Hospital of Sichuan University. The studies
were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

Q-jX: Software, Writing - original draft, Writing — review &
editing. Z-yZ: Methodology, Writing - original draft, Writing - review
& editing. X-1Z: Data curation, Writing — review & editing. N-yM:
Data curation, Writing - review & editing. LP: Data curation,
Writing - original draft. ZL: Conceptualization, Supervision,
Writing - original draft, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments
The authors express appreciation to all involved colleagues for

their participation. The authors would also like to acknowledge all the
patients who are participating in this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fmed.2025.1456857
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Xu et al.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Teitelbaum L. Peritoneal dialysis. N Engl ] Med. (2021) 385:1786-95. doi: 10.1056/
NEJMra2100152

2. Li PK, Chow KM, Van de Luijtgaarden MW, Johnson DW, Jager KJ, Mehrotra R,
et al. Changes in the worldwide epidemiology of peritoneal dialysis. Nat Rev Nephrol.
(2017) 13:90-103. doi: 10.1038/nrneph.2016.181

3. Kofteridis DP, Valachis A, Perakis K, Maraki S, Daphnis E, Samonis G. Peritoneal
dialysis-associated peritonitis: clinical features and predictors of outcome. Int J Infect
Dis. (2010) 14:e489-93. doi: 10.1016/.ijid.2009.07.016

4. Perl ], Harel Z, Nessim SJ. Peritoneal fluid analysis in pitoneal dialysis-associated
peritonitis. JAMA. (2022) 21:2157-8. doi: 10.1001/jama.2022.21289

5. Szeto CC, Li PK. Peritoneal dialysis-associated peritonitis. Clin ] Am Soc Nephrol.
(2019) 14:1100-5. doi: 10.2215/CJN.14631218

6. Liu X, Qin A, Zhou H, He X, Cader S, Wang S, et al. Novel predictors and risk score
of treatment failure in peritoneal Dialysis-related peritonitis. Front Med (Lausanne).
(2021) 8:639744. doi: 10.3389/fmed.2021.639744

7. He P, Hu JP, Li H, Tian XJ, He L], Sun SR, et al. Red blood cell distribution width
and peritoneal dialysis-associated peritonitis prognosis. Ren Fail. (2020) 42:613-21. doi:
10.1080/0886022X.2020.1786401

8. Nessim SJ, Nisenbaum R, Bargman JM, Jassal SV. Microbiology of peritonitis in
peritoneal dialysis patients with multiple episodes. Perit Dial Int. (2012) 32:316-21. doi:
10.3747/pdi.2011.00058

9. Burke M, Hawley CM, Badve SV, McDonald SP, Brown FG, Boudville N, et al.
Relapsing and recurrent peritoneal dialysis-associated peritonitis: a multicenter registry
study. Am ] Kidney Dis. (2011) 58:429-36. doi: 10.1053/j.ajkd.2011.03.022

10. Szeto CC, Kwan BC, Chow KM, Law MC, Pang WE, Chung KY, et al. Recurrent
and relapsing peritonitis: causative organisms and response to treatment. Am J Kidney
Dis. (2009) 54:702-10. doi: 10.1053/j.ajkd.2009.04.032

11. Fahim M, Hawley CM, McDonald SP, Brown FG, Rosman JB, Wiggins K], et al.
Coagulase-negative staphylococcal peritonitis in Australian peritoneal dialysis patients:
predictors, treatment and outcomes in 936 cases. Nephrol Dial Transplant. (2010)
25:3386-92. doi: 10.1093/ndt/gfq222

12. McDonald SP, Collins JE, Rumpsfeld M, Johnson DW. Obesity is a risk factor for
peritonitis in the Australian and New Zealand peritoneal dialysis patient populations.
Perit Dial Int. (2004) 24:340-6. doi: 10.1177/089686080402400408

13. Ueda R, Nakao M, Maruyama Y, Nakashima A, Yamamoto I, Matsuo N, et al.
Effect of diabetes on incidence of peritoneal dialysis-associated peritonitis. PLoS One.
(2019) 14:€0225316. doi: 10.1371/journal.pone.0225316

14. Finkelstein ES, Jekel J, Troidle L, Gorban-Brennan N, Finkelstein FO, Bia FJ. Patterns of
infection in patients maintained on long-term peritoneal dialysis therapy with multiple
episodes of peritonitis. Am J Kidney Dis. (2002) 39:1278-86. doi: 10.1053/ajkd.2002.33403

15. Zang Z, Xu Q, Zhou X, Ma N, Pu L, Tang Y, et al. Random forest can accurately
predict the technique failure of peritoneal dialysis associated peritonitis patients. Front
Med (Lausanne). (2024) 10:1335232. doi: 10.3389/fmed.2023.1335232

16. Nochaiwong S, Ruengorn C, Koyratkoson K, Thavorn K, Awiphan R, Chaisai C,
et al. A clinical risk prediction tool for peritonitis-associated treatment failure in
peritoneal dialysis patients. Sci Rep. (2018) 8:14797. doi: 10.1038/s41598-018-33196-2

17.Meng L, Zhu X, Yang L, Li X, Cheng S, Guo S, et al. Development and validation
of a prediction model for treatment failure in peritoneal dialysis-associated peritonitis
patients: a multicenter study. Nan Fang Yi Ke Da Xue Xue Bao. (2022) 42:546-53. doi:
10.12122/j.issn.1673-4254.2022.04.10

Frontiers in Medicine

09

10.3389/fmed.2025.1456857

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

18. Li PK, Chow KM, Cho Y, Fan S, Figueiredo AE, Harris T, et al. ISPD peritonitis
guideline recommendations: 2022 update on prevention and treatment. Perit Dial Int.
(2022) 42:110-53. doi: 10.1177/08968608221080586

19. Charlson ME, Pompei P, Ales KL, Mac Kenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. J Chronic
Dis. (1987) 40:373-83. doi: 10.1016/0021-9681(87)90171-8

20. Whitty R, Bargman JM, Kiss A, Dresser L, Lui P. Residual kidney function and
peritoneal dialysis-associated peritonitis treatment outcomes. Clin J Am Soc Nephrol.
(2017) 12:2016-22. doi: 10.2215/CJN.00630117

21. Christodoulou E, Ma J, Collins GS, Steyerberg EW, Verbakel JY, Van Calster B. A
systematic review shows no performance benefit of machine learning over logistic
regression for clinical prediction models. J Clin Epidemiol. (2019) 110:12-22. doi:
10.1016/j.jclinepi.2019.02.004

22. Maalouf M. Logistic regression in data analysis: an overview. Int ] Data Anal Tech
Strat. (2011) 3:281-99. doi: 10.1504/IJDATS.2011.041335

23.De la Cruz R, Marshall G, Quintana FA. Logistic regression when covariates are
random effects from a non-linear mixed model. Biom J. (2011) 53:735-49. doi: 10.1002/
bimj.201000142

24. Shah BR, Hux JE. Quantifying the risk of infectious diseases for people with
diabetes. Diabetes Care. (2003) 26:510-3. doi: 10.2337/diacare.26.2.510

25. Bai Q, Guo HX, Su CY, Han QF, Wang T, Tang W. Serum Sphingosine-1-phosphate
level and peritonitis in peritoneal dialysis patients. Ren Fail. (2020) 42:829-35. doi:
10.1080/0886022X.2020.1805763

26. Wang Q, Bernardini J, Piraino B, Fried L. Albumin at the start of peritoneal dialysis
predicts the development of peritonitis. Am J Kidney Dis. (2003) 41:664-9. doi: 10.1053/
ajkd.2003.50128

27. Radi¢ ], Basi¢-Juki¢ N, Vujici¢ B, Klari¢ D, Radulovi¢ G, Jaki¢ M, et al. Anemia is
correlated with malnutrition and inflammation in Croatian peritoneal Dialysis patients:
a multicenter Nationwide study. Perit Dial Int. (2017) 37:472-5. doi: 10.3747/
pdi.2016.00013

28.Hu S, Ming P, Qureshi AR, Lindholm B, Bo Y, Yang H. Peritonitis: episode
sequence, microbiological variation, risk factors and clinical outcomes in a North China
peritoneal dialysis center. Kidney Blood Press Res. (2018) 43:1573-84. doi:
10.1159/000494443

29. Davies SJ, Zhao J, Morgenstern H, Zee ], Bieber B, Fuller DS, et al. Low serum
potassium levels and clinical outcomes in peritoneal dialysis-international results from
PDOPPS. Kidney Int Rep. (2021) 6:313-24. doi: 10.1016/j.ekir.2020.11.021

30. Chow KM, Szeto CC, Cheung KK, Leung CB, Wong SS, Law MC, et al. Predictive
value of dialysate cell counts in peritonitis complicating peritoneal dialysis. Clin |
Am Soc Nephrol. (2006) 1:768-73. doi: 10.2215/CJN.01010306

31.Szeto CC, Lai KB, Chow KM, Kwan BC, Law MC, Pang WE et al. Dialysate
bacterial endotoxin as a prognostic indicator of peritoneal dialysis related peritonitis.
Nephrology (Carlton). (2016) 21:1069-72. doi: 10.1111/nep.12828

32.Liao CT, Andrews R, Wallace LE, Khan MW, Kift-Morgan A, Topley N, et al.
Peritoneal macrophage heterogeneity is associated with different peritoneal dialysis
outcomes. Kidney Int. (2017) 91:1088-103. doi: 10.1016/j.kint.2016.10.030

33. Mizuno M, Suzuki Y, Higashide K, Sei Y, Iguchi D, Sakata F, et al. High levels of
soluble C5b-9 complex in dialysis fluid may predict poor prognosis in peritonitis in
peritoneal dialysis patients. PLoS One. (2017) 12:e0169111. doi: 10.1371/journal.
pone.0169111

frontiersin.org


https://doi.org/10.3389/fmed.2025.1456857
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1056/NEJMra2100152
https://doi.org/10.1056/NEJMra2100152
https://doi.org/10.1038/nrneph.2016.181
https://doi.org/10.1016/j.ijid.2009.07.016
https://doi.org/10.1001/jama.2022.21289
https://doi.org/10.2215/CJN.14631218
https://doi.org/10.3389/fmed.2021.639744
https://doi.org/10.1080/0886022X.2020.1786401
https://doi.org/10.3747/pdi.2011.00058
https://doi.org/10.1053/j.ajkd.2011.03.022
https://doi.org/10.1053/j.ajkd.2009.04.032
https://doi.org/10.1093/ndt/gfq222
https://doi.org/10.1177/089686080402400408
https://doi.org/10.1371/journal.pone.0225316
https://doi.org/10.1053/ajkd.2002.33403
https://doi.org/10.3389/fmed.2023.1335232
https://doi.org/10.1038/s41598-018-33196-2
https://doi.org/10.12122/j.issn.1673-4254.2022.04.10
https://doi.org/10.1177/08968608221080586
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.2215/CJN.00630117
https://doi.org/10.1016/j.jclinepi.2019.02.004
https://doi.org/10.1504/IJDATS.2011.041335
https://doi.org/10.1002/bimj.201000142
https://doi.org/10.1002/bimj.201000142
https://doi.org/10.2337/diacare.26.2.510
https://doi.org/10.1080/0886022X.2020.1805763
https://doi.org/10.1053/ajkd.2003.50128
https://doi.org/10.1053/ajkd.2003.50128
https://doi.org/10.3747/pdi.2016.00013
https://doi.org/10.3747/pdi.2016.00013
https://doi.org/10.1159/000494443
https://doi.org/10.1016/j.ekir.2020.11.021
https://doi.org/10.2215/CJN.01010306
https://doi.org/10.1111/nep.12828
https://doi.org/10.1016/j.kint.2016.10.030
https://doi.org/10.1371/journal.pone.0169111
https://doi.org/10.1371/journal.pone.0169111

	Unveiling risk factors: a prognostic model of frequent peritonitis in peritoneal dialysis patients
	Introduction
	Methods
	Study population
	Data collection
	Statistical analysis

	Results
	Baseline characteristics
	Construction of prediction model
	Validation of prediction model

	Discussion
	Conclusion

	References

