
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit  h t t p  : / /  c r e a  t i  
v e c  o m m  o n s .  o r  g / l  i c e  n s e s  / b  y - n c - n d / 4 . 0 /.

Wang et al. BMC Nephrology          (2025) 26:248 
https://doi.org/10.1186/s12882-025-04165-5

BMC Nephrology

*Correspondence:
Tianhui You
youth888cn@aliyun.com
Jing Zheng
zhengj38@gdpu.edu.cn

Full list of author information is available at the end of the article

Abstract
Objective This study aimed to develop and validate a nomogram to predict the risk of peritoneal dialysis-associated 
peritonitis (PDAP) in patients undergoing peritopreneal dialysis.

Methods A retrospective analysis was conducted on clinical data from 376 patients at Nanhai District People’s 
Hospital in Foshan City, Guangdong Province, between December 2017 and December 2024. The dataset was 
randomly divided into a training set (n = 244) and a validation set (n = 132). Risk factors for PDAP were identified 
using Least Absolute Shrinkage and Selection Operator (LASSO) regression and logistic regression, and a predictive 
nomogram was developed and validated using R4.1.3. The model’s performance was evaluated through receiver 
operating characteristic (ROC) curves, the Hosmer-Lemeshow goodness-of-fit test, decision curve analysis (DCA), and 
clinical impact curves (CICs).

Results Eight potential predictors were selected by LASSO regression analysis. Multivariate logistic regression analysis 
confirmed that age, dialysis duration, albumin, hemoglobin, β2-microglobulin, Potassium and lymphocyte count 
were independent risk factors for PDAP occurrence (P = 0.001). The nomogram’s area under the curve (AUC) was 0.929 
(95% CI: 0.896–0.962) in the training set and 0.905 (95% CI: 0.855–0.955) in the validation set. The Hosmer-Lemeshow 
goodness-of-fit test indicated a good model fit (training set χ2 = 13.181, P = 0.106; validation set χ2 = 8.264, P = 0.408). 
Both DCA and CIC revealed that the nomogram model had good clinical utility in predicting PDAP.

Conclusion The proposed nomogram exhibited excellent predictive performance and clinical utility, providing a 
valuable tool for early identification and intervention in PDAP. Further external validation and prospective studies are 
recommended.
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Introduction
Peritoneal dialysis is a widely used form of kidney 
replacement therapy for patients with end-stage renal 
disease (ESRD) [1], which is valued for its simplicity, sta-
ble hemodynamics, and better preservation of residual 
renal function compared to other dialysis modalities [2]. 
As a result, By the end of 2022, there were 140,544 peri-
toneal dialysis patients registered in China, accounting 
for 14.3% of all dialysis patients [3].

However, peritoneal dialysis-associated peritonitis 
(PDAP) remains a common and serious complication, 
leading to prolonged hospitalization, increased health-
care costs, and in severe cases, peritoneal dialysis fail-
ure or even death [4, 5]. Early and accurate diagnosis 
of PDAP is crucial for improving patient outcomes [6]. 
Despite its importance, few studies have developed reli-
able clinical prediction models for the early diagnosis 
of PDAP. Qiqi Yan et al. developed a prediction model 
based on C-reactive protein (CRP), serum albumin, dia-
betes mellitus, peritoneal dialysis duration, and pathogen 
type in patients undergoing peritoneal dialysis, primar-
ily focusing on predicting refractory peritonitis [7]. Rong 
Dai et al. developed a prediction model for PDAP after 
peritoneal dialysis catheterization based on markers such 
as the neutrophil-to-lymphocyte ratio, serum albumin, 
uric acid, high-sensitivity CRP, and diabetes mellitus,This 
model was focused on inflammatory indicators at the 
time of catheterization [8].

Malnutrition is another common complication among 
patients undergoing peritoneal dialysis, which is signifi-
cantly linked to poor prognosis. It has also been identi-
fied as an independent risk factor for the occurrence 
of PDAP [9, 10]. However, there is a lack of predictive 
models for early diagnosis of PDAP that incorporate 
nutrition-related indicators. Therefore, this study aims 
to analyze the relationship between nutrition-related 
laboratory indicators and PDAP in patients undergoing 
peritoneal dialysis, and to construct a nomogram for pre-
dicting the risk of PDAP based on these indicators.

Materials and methods
Study population
This retrospective case-control study included a total 
of 376 patients undergoing PD at the Nanhai District 
People’s Hospital in Foshan City, Guangdong Province, 
China, from December 2017 to December 2024. 188 of 
them had PDAP, and 188 patients did not. The diagnos-
tic criteria for PDAP were based on the 2022 Interna-
tional Society for Peritoneal Dialysis (ISPD) guidelines 
[11], which require the presence of at least two of the 

following three conditions, confirmed by two physicians 
independently: abdominal pain or cloudy peritoneal 
fluid with or without fever; peritoneal fluid leukocyte 
count > 100/μL or > 0.1 × 109/L with > 50% polymorpho-
nuclear cells (duration of abdominal stay ≥ 2 hours); and 
positive microbiological culture of the peritoneal fluid.

The inclusion criteria were as follows: continuous 
ambulatory peritoneal dialysis (CAPD) as the dialysis 
modality; complete clinical data; aged 18 years or older; 
and regular follow-up while receiving standard treatment. 
The exclusion criteria were: patients with multi-organ 
failure; a history of acute cardiovascular or cerebrovas-
cular events (e.g., acute heart failure, acute coronary syn-
drome, or stroke) within the past three months; patients 
who had undergone blood dialysis or kidney transplan-
tation; patients with malignant tumors, hematological 
malignancies, or acute or chronic infections in the past 
3  months; immunosuppressed patients who are taking 
immunosuppressants or have an autoimmune disease 
(e.g.,Acquired Immunodeficiency Syndrome). This study 
was approved by the Institutional Review Board of Nan-
hai District People’s Hospital (Ethics Number: 2023361).

Data collection
The clinical data collected for analysis included clini-
cal data (gender, age), dialysis duration, primary disease 
and various laboratory parameters, such as hemoglobin 
(HGB): spectrophotometric method, albumin (ALB): 
immunoturbidimetric assay, serum prealbumin: immu-
noturbidimetric assay, serum creatinine (CR): sarcosine 
oxidase method, blood urea nitrogen (BUN): urease-
glutamate dehydrogenase method, urinary albumin (UA): 
uric acid enzymatic method, β2-microglobulin: latex 
enhanced immunoturbidimetric assay, serum sodium 
(Na): method of ISE, serum potassium (K): method of 
ISE, calcium (Ca): arsenazo III method, serum phos-
phorus (P): biuret method, urea clearance index(Kt/V), 
serum triglycerides (TG): GPO-PAP method, total cho-
lesterol (TCH): CHOD-PAP method, lymphocyte count 
(LYM): semiconductor laser flow cytometry. Patients 
were divided into two groups based on the occurence of 
PDAP: the PDAP group and the non-PDAP group. For 
the patients in the PDAP group, data from the last fol-
low-up prior to the occurrence of PDAP were collected. 
For patients in the non-PDAP group, laboratory results 
from the most recent test prior to data collection were 
used. For patients with recurrent PDAP, only data from 
the first episode were included in the analysis.

Keywords Dialysis-associated peritonitisc, Peritoneal dialysis, Nomogram, Clinical prediction model, End-stage renal 
disease
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Statistical analysis
R 4.1.3 software were used for data analysis. Normally 
distributed measurement data (e.g., albumin, prealbumin, 
serum potassium, total cholesterol) were expressed as the 
mean ± standard deviation, and comparisons between 
groups were conducted using independent samples 
t-tests. For non-normally distributed data (e.g., age, dial-
ysis duration, hemoglobin, creatinine, blood urea nitro-
gen, urinary albumin, β2-microglobulin, serum sodium, 
serum calcium, serum phosphorus, Kt/V, triglycerides, 
and lymphocyte count), data were described by the 
median (interquartile range), and the Mann-Whitney U 
test was used for comparisons between groups. Categori-
cal data (e.g., gender, primary disease) were expressed as 
frequencies and percentages, and comparisons between 
groups were made using the χ2 test. The occurrence of 
PDAP was set as the dependent variable. Variables with 
P < 0.05 in the univariate analysis were included in a 
multivariate logistic regression model. To prevent over-
fitting and multicollinearity, The “glmnet” and “palasso” 
software packages in R were used for LASSO regression 
analysis. The main role of the algorithm is to realize the 
automatic selection of variables through L1 regulariza-
tion, effectively reduce the complexity of the model, and 
prevent overfitting, so as to improve the interpretation 
and prediction accuracy of the model.

Based on the selected variables, the clinical prediction 
model was constructed using multivariate logistic regres-
sion with a 0.65∶0.35 training-validation split. The “rms” 
package in R was used to generate the nomogram model. 
Model discrimination was assessed using the receiver 
operating characteristic (ROC) curve analysis and calcu-
lation of area under the curve (AUC). The Hosmer-Lem-
eshow goodness-of-fit test and calibration curve were 
used to evaluate the goodness of fit of the model, and 
the bootstrap self-sampling test was performed for 1000 
times. Decision curve analysis (DCA) and clinical impact 
curves (CICs) were drawn using the “rmda” package in R 
to evaluate the clinical validity of the model.

Results
General data of patients undergoing peritoneal dialysis
A total of 376 patients undergoing peritoneal dialysis 
were enrolled in this study, including 227 males and 149 
females, with a median age of 56 years. The primary dis-
eases of the patients included chronic nephritis (n = 112), 
diabetes (n = 102), hypertension (n = 112) and other con-
ditions (n = 50). There were 188 patients in the PDAP 
group and 188 patients in the non-PDAP group. Uni-
variate analysis revealed significant differences between 
the two groups in term of age, dialysis duration, hemo-
globin, albumin,prealbumin, serum creatinine, blood 
urea nitrogen, urinary albumin, β2-microglobulin, Serum 
potassium, Serum sodium, calcium, Kt/V, lymphocyte 

count (P < 0.05), and there were no significant differences 
between the groups in terms of gender, primary disease, 
Serum phosphorus, serum triglycerides, total cholesterol 
(Table 1).

Risk factors of PDAP in patients undergoing peritoneal 
dialysis
The least absolute shrinkage and selection operator 
(LASSO) regression analysis was conducted for dimen-
sionality reduction and cross validation. The opti-
mal model was identified at regularization parameter 
(λ) = 0.038. Eight non-zero coefficient prognostic factors 
were selected as significant predictors for the risk of 
PDAP, including age, dialysis duration, hemoglobin, 
albumin, β2-microglobulin, Serum phosphorus, Serum 
sodium, and lymphocyte count (Fig. 1).

Significant indicators identified from the univari-
ate analyses were further screened according to the 
relevant literature [7–13]. The variables selected by 
LASSO regression (age, dialysis duration, hemoglobin, 
serum albumin, β2-microglobulin, potassium, sodium 
and lymphocyte count were subsequently included in 
the multivariate logistic regression analysis. Multivari-
ate regression analysis showed that the following fac-
tors were independent risk factors for PDAP: shortened 
dialysis duration, decreased hemoglobin, decreased albu-
min, lower serum potassium, lower lymphocyte count, 
increased age, and elevated β2-microglobulin (P < 0.05) 
(Table 2).

Development of a nomogram prediction model for PDAP 
risk in patients undergoing peritoneal dialysis
According to the results of LASSO regression and multi-
variate logistic regression analysis, the following facotors 
were selected to construct a nomogram for predicting the 
risk of PDAP: age, dialysis duration, hemoglobin, albu-
min, β2-microglobulin, serum potassium and lympho-
cyte count. The nomogram developed using R software, 
assigns scores to each factor, with the total score repre-
senting the risks of PDAP (Fig.  2). A higher total score 
indicated the increased risk of PDAP.

Validation of the PDAP risk prediction model
The area under the receiver operating characteristic 
(ROC) curve (AUC) of the training set was 0.929 (95%CI: 
0.896–0.962), and the best cut-off value was 0.166 (cor-
responding specificity and sensitivity were 0.825 and 
0.918, respectively). The AUC of the validation set was 
0.905 (95%CI: 0.855–0.955), and the best cut-off value 
was 0.417 (corresponding specificity and sensitivity were 
0.819 and 0.849, respectively), Fig.  3a, b. To verify the 
model’s calibration, calibration curves for both the train-
ing and verification sets were plotted. The fitted curves 
for both sets closely matched the ideal model curve, 
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indicating good agreement between predicted and actual 
risk (Fig. 4a, b). Bootstrap resampling further confirmed 
the calibration, showing good aligment with the actual 
curve (training set Brier score = 0.389; validation set Brier 
score = 0.277). The Hosmer-Lemeshow test provided fur-
ther validation, with χ2 = 13.181 (P = 0.106) for the train-
ing set and χ2 = 8.264 (P = 0.408) for the validation set, 

indicating that the prediction model had a good fitting, 
high predictive value and strong calibration.

Evaluation of risk prediction models for PDAP
The decision curve analysis (DCA) showed that, for 
threshold probabilities between 6–95% in the training 
set and 6–99% in the validation set, the prediction model 
showed a positive net benefit, highlighting its clinical 

Table 1 Comparison of patient characteristics between PDAP group and non-PDAP group
Variables Total(n = 376) PDAP(n = 188) Non-PDAP(n = 188) P
sex,c 0.833
 Male 227(60%) 115(61%) 112(60%)
Age(year)b 56(43,67) 49(38,61) 61(52,72) <0.001
Primary disease,c 0.097
 Chronic nephritis 112(30%) 50(27%) 62(33%)
 Diabetes 102(27%) 47(25%) 55(29%)
 Hypertension 112(30%) 67(36%) 45(24%)
 Others 50(13%) 24(13%) 26(14%)
Dialysis_duration(month)b 26(11,46.25) 35(19,53) 18(6,39.25) <0.001
HGB(g/L)b 102(90,111) 106(101,117) 93(86,103) <0.001
ALB(g/L)a 32.29 ± 5.66 35.37 ± 4.77 29.2 ± 4.74 <0.001
Prealbumin(mg/L)a 304.15 ± 100.96 315.62 ± 96.72 292.68 ± 104.03 0.027
CR(mg/dl)b 922(695,1132.25) 1008.5(761.75,1217.5) 834.5(639.75,1073.75) <0.001
BUN(mmol/L)b 21.56(17.06,27.1) 23.31(18.54,28.6) 19.65(15.61,25.98) <0.001
UA(mmol/L)b 399(342.5,474) 420(363,476.72) 383(331.75,470.75) 0.005
β2-microglobulin(mg/dl)b 23.59(20.04,28.08) 21.7(18.27,25.86) 25.8(21.53,29.46) <0.001
K(mmol/L)a 3.96 ± 0.76 4.19 ± 0.76 3.73 ± 0.68 <0.001
Na(mmol/L)b 137.55(135,139.5) 138.65(136.6,140.33) 136.25(133.85,138.7) <0.001
Ca(mmol/L)b 2.13(1.96,2.27) 2.14(2,2.28) 2.09(1.91,2.24) 0.023
P(mmol/L)b 1.73(1.41,2.09) 1.76(1.47,2.17) 1.68(1.35,2.02) 0.113
Kt/Vb 1.42(1.18,1.76) 1.48(1.21,1.83) 1.38(1.16,1.69) 0.036
TG,(mmol/L)b 1.36(0.88,1.95) 1.35(0.87,1.79) 1.4(0.89,2.11) 0.378
TCH,(mmol/L)a 4.33 ± 1.44 4.3 ± 1.16 4.36 ± 1.67 0.685
LYM,(10^9/L)b 1.05(0.65,1.43) 1.21(0.7,1.74) 0.92(0.58,1.26) <0.001
Abbreviations:PDAP, peritoneal dialysis-associated peritonitis. HGB, hemoglobin. ALB, albumin. CR,Creatinine. BUN, blood urea nitrogen. UA,urinary albumin. K, 
serum phosphorus. Na, serum Sodium. Ca, serum calcium. P, serum phosphorus. Kt/V, urea clearance index. TG, triglycerides. TCH, total cholesterol. LYM, lymphocyte 
count.a,Data shown as mean ± standard deviation; b,data shown as median(Q1,Q3); c,data shown as number of cases

Fig. 1 Least absolute shrinkage and selection operator (LASSO) model feature selection. a: LASSO regression was used to analyze 19 general data and 
nutrition-related indicators of patients undergoing peritoneal dialysis. b: Bias of the LASSO cross validation
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value (Fig. 5a,b). Additionally, the clinical impact curves 
(CICs) demonstrated that when the prediction prob-
ability exceeded 0.6, the red and blue curves gradually 
overlapped, suggesting high clinical prediction efficiency 
(Fig. 6a,b).

Discussion
Analysis of the risk factors for the development of PDAP in 
patients undergoing peritoneal dialysis
In this study, a prediction model of PDAP was con-
structed based on clinical data and nutritional indicators 
of patients undergoing peritoneal dialysis. Key indicators 
included age, dialysis duration, hemoglobin, albumin, 

Table 2 Logistic regression analysis of PDAP
variables OR 95%CI P
Age 1.056 1.033 1.081 <0.001
dialysis duration 0.983 0.972 0.994 <0.001
HGB 0.959 0.938 0.980 <0.001
ALB 0.792 0.733 0.849 <0.001
β2-microglobulin 1.073 1.027 1.124 <0.001
K 0.410 0.251 0.647 0.015
LYM 0.331 0.186 0.569 <0.001
Na 0.936 0.860 1.016 0.116
Abbreviations: PDAP, peritoneal dialysis-associated peritonitis.HGB, 
hemoglobin. ALB,albumin. K, serum potassium. Na, serum sodium. LYM, 
lymphocyte count.

Fig. 3 ROC curve was used to analyze the predictive value of the prediction model for the occurrence of PDAP. a: Training set. b: Validation set

 

Fig. 2 Nomogram risk prediction model for PDAP in peritoneal dialysis patients. Abbreviations: PDAP:Peritoneal dialysis-associated peritonitis,HGB: He-
moglobin, ALB: Albumin. K: Serum potassium Na: Serum sodium, LYM: Lymphocyte count
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Fig. 6 Clinical impact curve (CIC) of PDAP prediction model. a: Training set. b: Validation set.The red curve in the CIC represents the number of people 
classified as positive (high risk) by the model under each threshold probability; the blue curve represents the number of true positives at each threshold 
probability

 

Fig. 5 Clinical decision curve analysis(DCA) of PDAP prediction model. a: Training set. b: Validation set. The X-axis represents the threshold probability and 
the Y-axis represents the net benefit expressed as a ratio. The red line indicates the net benefit of the therapeutic intervention in patients with PDAP; The 
gray line is the net benefit of treatment interventions for all, based on the statistical model; The black line is the net benefit of no treatment intervention 
for all

 

Fig. 4 Calibration curve of PDAP prediction model. a: Training set. b: Validation set., X-axis represents the predicted risk of PDAP occurrence, while the 
Y-axis represents the actual occurrence. The diagonal dotted line represents perfect prediction
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β2-microglobulin, serum potassium and lymphocyte 
count. Rigorous testing in the validation set confirmed 
the model’s reliability, demonstrating robust differentia-
tion, accuracy and clinical utility. Compared to previous 
studies [7, 8], this study expanded the scope of clinical 
indicators by incorporating nutritional parameters, high-
lighting the predictive role of nutrition-related indicators 
in the occurrence of PDAP.

Age was identified as an independent risk factor for 
PDAP, with older patients showing an increased risk of 
developing PDAP. This is consistent with the findings of 
HTAY [12], who noted that elderly patients undergoing 
peritoneal dialysis are at a higher risk of PDAP, which 
could lead to early PD withdrawal. The increased vul-
nerability of elderly patients is likely due to a combina-
tion of factors, including diminished cognitive function, 
reduced awareness of aseptic procedures, the presence of 
comorbidities, and compromised immune defence. These 
factors can exacerbate the risk of abdominal infections, 
particularly when localized infections are not managed 
promptly and adequately. To ensure the safety of elderly 
individuals during home PD procedures, it is advisable 
for young family members to assist and monitor the 
patient to mitigate potential complications.

Additionally, shorter dialysis duration was found to be 
a significant risk factor for PDAP, with patients who had 
a shorter dialysis duration being more likely to develop 
peritonitis compared to those with longer dialysis experi-
ences. This finding indicates that patients who start PD 
early in their disease course may be at higher risk for 
PDAP. Previous studies and meta-analysis had shown 
that early onset of peritonitis significantly increase the 
risk of all-cause mortality in patients undergoing peri-
toneal dialysis [13, 14]. However, other studies have sug-
gested that long dialysis duration could also be a risk 
factor for PDAP [7, 15], which underscores the complex-
ity of this relationship. Haijiao Li’s [16] study showed 
that short dialysis duration might be associated with 
increased risk of PDAP, potentially due to factors such as 
older age, low education level, insufficient understanding 
of the disease in the early stage, and poor aseptic proce-
dures. In addition, in the early stage of dialysis, patients 
may not have fully developed good PD operation habits, 
and their training on proper PD techniques may be inad-
equate.To reduce the risk of PDAP, it is crucial to provide 
comprehensive training to both patients and their care-
givers soon after the initiation of PD. This training should 
emphasize the importance of aseptic techniques, poten-
tial complications such as PDAP, and proper handling 
of the PD catheter. By enhancing education and support 
from the outset, patients and their families will be better 
equipped to manage PD effectively and reduce the likeli-
hood of complications.

Hemoglobin levels play a critical role in the over-
all health of patients undergoing peritoneal dialysis. 
Impaired erythropoiesis due to both renal dysfunction 
and inflammation contributes to lower hemoglobin lev-
els, which are often exacerbated in 17]. Malnutrition is 
an independent risk factor for the development of infec-
tious peritonitis. Additionally, anemia has been linked to 
a vicious cycle with peritonitis: inflammation from peri-
tonitis can suppress erythropoiesis, leading to further 
anemia, which in turn weakens the immune system and 
worsens infection outcomes [18]. This study corroborates 
these findings by demonstrating that lower hemoglobin 
levels were independently associated with an increased 
risk of PDAP (OR = 0.969, 95%CI: 0.954–0.9831, 
P < 0.001). This finding was consistent with other studies 
that had shown improving anaemia in patients under-
going peritoneal dialysis could reduce the incidence of 
PDAP [19]. Furthermore, another study indicated that 
hemoglobin levels < 100  g/L predict significantly higher 
mortality risk (OR = 1.83, 95%CI: 1.19–2.81, P = 0.006) in 
patients undergoing peritoneal dialysis [20].

Serum albumin is another crucial marker of nutritional 
status and immune function. Low albumin levels are 
associated with impaired antioxidant defenses, increased 
inflammation, and a compromised ability to repair tis-
sues, all of which exacerbate, the risk of peritonitis [21]. 
According to the KDOQI guidelines, maintaining serum 
albumin at 40 g/L or higher is recommended for dialysis 
patients to reduce complications [22]. In another study, a 
decrease in albumin level of 20% or more (HR = 2.3, 95% 
CI 1.40–3.90) was independently associated with reduced 
survival in patients [23]. Furthermore, decreased serum 
albumin has been established as an independent risk 
factor for early-onset peritonitis. Protein loss leads to a 
negative nitrogen balance and malnutrition, resulting in 
decreased immune function and increased susceptibility 
to peritonitis. Additionally, the occurrence of early-onset 
peritonitis signifies a poorer clinical prognosis [17]. In 
this study, the serum albumin levels in the non-PDAP 
group were significantly higher than that in the PDAP 
group (OR = 0.919, 95%CI: 0.859–0.983, P < 0.05), consis-
tent with previous research findings [8, 24]. Malnutrition, 
as reflected by low albumin, leads to immune dysfunction 
and increases susceptibility to infections, including peri-
tonitis. This underscores the importance of monitoring 
albumin levels and addressing malnutrition in patients 
undergoing peritoneal dialysis to reduce PDAP risk.

Lymphocyte count serves as another important indi-
cator of immune function. A decreased lymphocyte 
count is frequently observed in malnourished patients 
and is associated with increased susceptibility to infec-
tions, including PDAP. He et al. [25] confirmed that 
decreased lymphocyte counts were linked to a higher risk 
of treatment failure in PDAP, emphasizing the critical 
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role of lymphocytes in immune defense.In the context 
of PDAP, reduced lymphocyte levels not only directly 
impair immune function, but also indirectly affect peri-
toneal defense mechanisms through malnutrition, 
thereby increasing the risk of peritoneal dialysis-related 
peritonitis.

Serum potassium levels are often low in malnourished, 
a condition that frequently coexists with hypoprotein-
emia and anemia. Hypokalemia is associated with weak-
ened intestinal peristalsis and the imbalance of intestinal 
flora, which can facilitate the translocation of bacteria 
into the abdominal cavity,thereby increasing the risk of 
PDAP. Liu D et al. [26] reported a significant association 
between low serum potassium levels and PDAP occur-
rence. A meta-analysis [27] also showed that hypoka-
lemia increased the risk of PDAP, with a hazard ratio of 
1.53 (95% CI: 1.23–1.88). These findings highlight the 
importance of maintaining appropriate serum potassium 
levels in patients undergoing peritoneal dialysis to pre-
vention infections.

β2-microglobulin is a small globular protein produced 
by lymphocytes and other polymorphonuclear leuko-
cytes. It serves as a significant indicator of systemic 
inflammation [28]. Previous studies have consistently 
shown a strong association between elevated levels of β2-
microglobulin and mortality in patients with non-dialysis 
chronic kidney disease, supporting its use as a predic-
tive marker for mortality risk [29, 30]. Notably, previous 
research has highlighted the role of β2-microglobulin 
in patients undergoing peritoneal dialysis, linking ele-
vated levels of β2-microglobulin with declining resid-
ual kidney function and increased overall mortality in 
patients undergoing peritoneal dialysis [31, 32]. Further, 
β2-microglobulin may even serve as a potential predic-
tor of the occurrence of culture-negative peritonitis in 
patients undergoing peritoneal dialysis [14]. However, 
its direct relationship with peritonitis risk had not been 
fully established in earlier studies. In this study, a sig-
nificant association was observed between an elevated 
β2-microglobulin level and the risk of developing PDAP, 
highlighting its potential as a predictive biomarker for 
peritonitis. More importantly, when combined with 
other malnutrition-related markers such as decreased 
hemoglobin, albumin and blood urea nitrogen, β2-
microglobulin exhibited strong predictive performance 
in identifying PDAP risk. The findings underscore the 
importance of β2-microglobulin not only as an indicator 
of systemic inflammation but also as a valuable tool in 
assessing infection risk in patients undergoing peritoneal 
dialysis. By integrating β2-microglobulin with nutritional 
indicators, clinicians can more accurately identify at-risk 
patients, enabling early intervention and more targeted 
treatment strategies to prevent PDAP.

In summary, hemoglobin, albumin, β2-microglobulin, 
serum potassium and lymphocyte count are closely 
associated with nutritional status in patients undergo-
ing peritoneal dialysis. Clinicians should be particularly 
vigilant for abnormalities such as low hemoglobin, albu-
min, serum potassium, lymphocyte count and elevated 
β2-microglobulin. Upon detecting these abnormalities, it 
is imperative to promptly assess the patient’s nutritional 
status and use the nomogram to calculate the specific 
risk of developing PDAP. To minimaze the risk of PDAP, 
attention should be focused on these patients, and dietary 
guidance should be tailored according to their risk, expe-
cially for those with a predicted risk greater than 0.6, 
as indicated by the CIC. A high-quality protein diet is 
strongly recommended to enhance the patient’s nutri-
tional levels, which can help reduce the risk of PDAP. 
These preventive measures aim to protect the health of 
patients undergoing peritoneal dialysis and prevent seri-
ous complications like PDAP.

Prediction model and evaluation of its effectiveness
While a limited number of studies have developed clini-
cal prediction models for PDAP using cross-sectional 
designs, most of these models have predominantly 
focused on inflammatory markers such as neutrophil-to 
lymphocyte ratio (NLR), high-sensitivity C-reactive pro-
tein (hs-CRP), and white cell count in peritoneal dialy-
sate [7, 8]. However, the elevation of these inflammatory 
markers indicates an existing infection, limiting the util-
ity of prediction models based mainly on these indica-
tors for early intervention in patients at risk for PDAP. 
In contrast, Al-Othman and colleagues’ study demon-
strated that malnutrition is an independent risk factor for 
PDAP [9]. In this study, combining clinical data (such as 
age and dialysis age) and nutritional indicators (such as 
hemoglobin and albumin) as the main indicators to con-
struct a model for predicting the risk of PDAP. Notably, 
the inclusion of urinary creatinine and β2-microglobulin 
further enhances the model’s diagnostic accuracy. This 
model allows for generation of graphical representations 
that are simple to interpret, offering clinicians a tool to 
intuitively estimate the risk of PDAP without reliance 
on electronic devices, based on straightforward numeri-
cal addition [33]. By utilizing logistic regression results, a 
nomogram was constructed to visually display the prob-
ability of PDAP occurrence. The nomogram incorporates 
six predictive variables: age, dialysis duration, hemoglo-
bin, albumin, urine creatinine and β2-microglobulin. 
The model exhibited good calibration and discrimina-
tion, indicating its robust performance. Clinicians can 
apply this nomogram alongside a patient’s laboratory test 
results to make individualized predictions, identify high-
risk patients early, and implement targeted interventions 
for individuals with a predicted risk greater than 0.6. This 
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approach would significantly reduce the incidence of 
adverse outcomes associated with PDAP.

Nevertheless, this study has several limitations that 
warrant acknowledgment. Firstly, it was a single-center 
case-control study without external validation,which may 
limit its generalizability. Although internal validation 
methods such as cross-validation were employed, these 
measures may not fully mitigate potential biases or model 
overfitting. Future studies should aim to conduct multi-
center validations to enhance the generalizability and 
robustness of the model. Additionally, this study did not 
perform subgroup analyses based on different population 
characteristics due to the small sample size, which could 
limit the model’s applicability to specific clinical contexts. 
Future studies should group populations by characteris-
tics (e.g., age groups, dialysis duration) and perform sub-
group analyses to determine whether the effects differ in 
specific populations. Finally, in view of the above prob-
lems and the application of the model, further prospec-
tive studies on the model are needed. The development of 
prospective studies also needs to take full account of the 
collection of general demographic characteristics, such 
as dietary habits, smoking history, drinking history, and 
medication related to chronic diseases.

Conclusion
Advanced age, shorter dialysis duration, decreased 
hemoglobin and albumin levels, low potassium, reduced 
lymphocyte count, and elevated β2-microglobulin were 
identified as independent risk factors for PDAP. A nomo-
gram prediction model was established based on these 
factors, and this model exhibited good discrimination, 
calibration and clinical utility. The model proved accu-
rate and reliable in predicting the occurrence of PDAP, 
offering a valuable tool for risk assessment in patients 
undergoing peritoneal dialysis. This study highlights the 
importance of nutrition-related indicators in patients 
undergoing peritoneal dialysis, providing a new perspec-
tive for early prediction of PDAP. The nomogram can 
guide clinical decision-making and help inform targeted 
disease management strategies. Future research build-
ing on these findings may further advance personalized 
medical care approaches, ultimately improving the man-
agement and outcomes of patients undergoing peritoneal 
dialysis.
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