
O R I G I N A L  R E S E A R C H

Intraperitoneal MASP-1 Levels are Associated 
with Peritoneal Solute Transport Rate in 
Peritoneal Dialysis Patients: A Retrospective 
Cohort Study
Jianzhong Li 1,*, Yan Xiong 2,*, Mingyu Chen1,*, Deyu Xu1, Ling Zhou1, Lei Shen1, Guoyuan Lu1

1Department of Nephrology, The First Affiliated Hospital of Soochow University, Suzhou, Jiangsu, 215006, People’s Republic of China; 2Department of 
Nephrology, Kunshan First People’s Hospital Affiliated to Jiangsu University, Kunshan, Jiangsu, 215300, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Jianzhong Li; Guoyuan Lu, Department of Nephrology, The First Affiliated Hospital of Soochow University, Suzhou, Jiangsu, 215006, 
People’s Republic of China, Email lijianzhong1511@suda.edu.cn; sdfyylgy@163.com 

Purpose: A major limitation of long-term peritoneal dialysis (PD) is peritoneal membrane dysfunction characterized by faster 
peritoneal solute-transport rate (PSTR). This study aimed to identify efficient complement factors in peritoneal effluents of continuous 
ambulatory peritoneal dialysis (CAPD) patients that can predict the PSTR.
Methods: A multiplex suspension protein array was used to screened related complement pathways in overnight peritoneal effluents 
among 58 CAPD patients. Then the related complement factors in lectin and classical pathways in effluents were analyzed using 
ELISA kits among another cohort of 129 CAPD patients. Logistic regression modeling was fitted to predict the PSTR of PD patients.
Results: The multiplex suspension protein array showed complement factors including C2, C4b, C5, C5a, Factor D, Factor I, and 
MBL were detected in effluents of CAPD patients, and the effluent C2 Appearance rate (Ar) and C4b Ar levels were significantly 
correlated with D/P Cr and D/D0 glucose. The levels of effluents MASP-1 Ar, M-Ficolin Ar, C2 Ar and C4b Ar, which belong to the 
lectin pathway were also positively correlated with D/P Cr according the ELISA results and these parameters were expressed higher in 
the high and high-average (H/HA) groups according to the PET results. Moreover, effluent Masp-1 was independently associated with 
increased PSTR and adverse events related peritoneal transport function failure.
Conclusion: This study suggested that the lectin pathway may be involved in local complement activation and peritoneal injury of PD 
patients, intraperitoneal level of Masp-1 was an independent predictor of increased PSTR in PD patients.
Keywords: peritoneal dialysis, complement, lectin pathway, Masp-1, peritoneal solute-transport rate

Introduction
Peritoneal dialysis (PD) is an effective renal replacement therapy for patients with end-stage renal disease1,2. The 
structural and functional completeness of peritoneal membrane is essential for PD efficiency, which deteriorates with 
long-term PD. The damaged peritoneum is characterized by phenotypic changes in mesothelial cells and deposition of 
extracellular matrix and collagen, eventually leading to peritoneal fibrosis and functional failure of PD. Exposure to bio- 
incompatible dialysis solutions, angiogenesis in peritoneum, and chronic inflammation have been identified to cause the 
progression of peritoneal fibrosis in patients undergoing PD.3,4

Clinically, the peritoneal equilibration test (PET) is applied to assess the function of peritoneal membrane by 
observing solute clearance and daily ultrafiltration. The PET includes three parameters, namely, 4h dialysate/plasma 
creatinine, 4h to 0h dialysate glucose, and 4h ultrafiltration volume.5
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As shown by data from a large contemporary cohort study, a faster solute-transfer rate is closely associated with 
higher all-cause mortality and hospitalization rates.5 The peritoneal solute transport rate (PSTR) is an indicator 
commonly derived from the PET (D/P Cr) and reflects the efficiency of solute transport across the peritoneal membrane 
in patients undergoing peritoneal dialysis,6 and it is recognized as a predictor for local chronic inflammation in peritoneal 
cavity and the progression of peritoneum injury. Evidence has shown that the local production of several inflammatory 
cytokines including interleukin (IL) 6 (IL-6), tumor necrosis factor α, IL-1, and interferon-g (IFN-g) are strongly 
correlated with PSTR.7–9 The PET is also time consuming, and the patients always need to be hospitalized. Therefore, 
the search for a biomarker in effluent that is both readily accessible and effective in reflecting the PSTR is of great value 
and can significantly improve operational efficiency.

The complement cascade is involved in the innate immune system, and it has three activating routes, the classical, the 
alternative, and the lectin pathway.10,11 In vitro studies have shown that peritoneal mesothelial cells can synthesize and 
secrete various complement factors, including C3, C4, and C5.12 Proteomic and ELISA analyses have revealed that C3, 
C4, Factor B, Factor D, Factor H, and Factor I are present in the peritoneal dialysate of PD patients.13–15 Proteomic 
analysis of PD fluid has also revealed high transporter status presenting as high expression of C3 in effluents of PD 
patients, whereas C4 expression is lower in low transporters.16 These results indicate that the complement cascade is 
activated in the peritoneal cavity of PD patients, and complement factors in effluents may be related to PSTR. Moreover, 
it is not known which complement pathway initiates and modulates the involvement of peritoneal membrane injury in PD 
patients.

Therefore, this study aimed to determine the predictive value of complement components in effluents for increased 
PSTR.

Patients and Methods
Patients
Stable CAPD patients at the PD unit of the First Hospital Affiliated of Soochow University were followed-up regularly 
from June 2018 to June 2022. All these patients were indwelling Tenckhoff double-polyester-sheathed PD catheters and 
initiated PD with a 1.5% or 2.5% dextrose PD fluid (Dianeal®, Baxter). Exclusion criteria included patients who suffered 
peritonitis, abdominal trauma, or other acute inflammatory diseases over the past six months, as well as active 
autoimmune diseases, and cancer. All patients were asked to undergo PD using 1.5% or 2.5% dextrose PD solution 
with a 10 h dwell time. Then, we collected a 10 mL effluent sample, simultaneously, venous blood samples were also 
collected. After the dialysis fluid had drained completely, a standard PET was performed. A total of 58 samples obtained 
from the peritoneal dialysis effluent (June 2018 to Feb 2019) were selected for the multiplex suspension protein array 
experiment. In the ELISA experiment, we selected the effluent samples from the CAPD patients between Feb 2019 and 
June 2022 who was regularly followed up for 24 months. A total of 129 patients were included in the experiment. This 
study was performed with the written informed consent of all patients, and the procedures were approved by the Ethics 
Committee of The First Affiliated Hospital Affiliated of Soochow University (NO. 2952023). All participants signed an 
informed consent form. Our study was complied with the Declaration of Helsinki.

Peritoneal Equilibration Test
A 4h PET was used to evaluate the peritoneal membrane-transport parameters as previously described.17 D/P Cr, D/D0 
glucose, and 4 h ultrafiltration capacity were calculated. The CAPD patients were grouped according to the following 
PET results: high transport (D/P Cr = 0.82–1.03), high-average transport (D/P Cr = 0.65–0.81), low-average transport (D/ 
P Cr = 0.50–0.64), and low transport (D/P Cr = 0.34–0.49).

Clinical Definitions
Hypertension was defined as a systolic blood pressure >140 mmHg, a diastolic blood pressure >90 mmHg, a documented 
history of hypertension, and/or the use of antihypertensive medications. Diabetes mellitus was defined by an HbA1c level 
> 6.5%, a history of diabetes, and/or the use of oral hypoglycemic agents or insulin. Adverse events in the study were 
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defined: Retrospective analysis during the 24 months after specimen collection, we assessed the incidence of cardiovas-
cular causes of death, PD withdrawal, and newly developed heart failure.

ELISA and Multiplex Suspension Protein Array for Complement Factors
All patients in the study were required to undergo PD using 1.5% or 2.5% dextrose PD solution with a 10 h dwell time. 
We collected peritoneal fluid samples from the overnight effluent in the PD center, venous blood samples were also 
collected. The samples were immediately stored at −80°C. Effluent C1q (Invitrogen), MASP-1 (CUSABIO), MASP-2 
(CUSABIO), M-Ficolin (Abcam), H-Ficolin (Reddot Biotech), L-Ficolin (CUSABIO), C2 (Reddot Biotech), C4b 
(CUSABIO) levels were quantified with ELISA kits according to the manufacturer’s instructions. For the Multiplex 
suspension protein array test, the abundance of complement factors in effluents were measured using a Luminex Platform 
(Bio-Plex, Bio-Rad) and the Milliplex human complement panel (Millipore) according to the manufacturer’s procedure. 
Appearance rate (Ar) = concentration of complement factors in the peritoneal effluent × volume of the effluent (mL) / 
dwell time (min).

Statistical Analysis
Quantitative variables were expressed as the mean±standard deviation. We compared the baseline characteristics of the 
study population between the high and high-average (H/HA) and low and low-average (L/LA) transport groups by using 
Student’s-test for normally distributed data or nonparametric Mann–Whitney U-test for non-normally distributed vari-
ables, and χ2 testing for categorical variables. The relationships between clinical variables and D/P Cr level were 
analyzed by Pearson/Spearman correlation coefficient test for normally or non-normally distributed data. Multivariate 
logistic regression modelling was applied to identify independent significant factors influencing PSTR obtained by PET 
results and adverse events related peritoneal transport function failure. These statistical analyses were performed using 
SPSS version 25.0 software (IBM Corp, USA).

Results
Effluent Complement Factors Assessed by a Multiplex Suspension Protein Array
First, a multiplex suspension protein array (C2, C4b, C5, C5a, C9, Factor D, Factor I, and MBL) was used to detect 
related complement factors in overnight peritoneal effluents among 58 CAPD patients with routine follow-up, the mean 
age of the cohort was 49.59 years, 40% were male, and the median PD duration was 37.49±34.64 months. The patients’ 
clinical characteristics were summarized in Table 1. Except for complement C9, other complement factors in this array 
can be detected, including C2, C4b, C5, C5a, Factor D, Factor I, and MBL (Table 2). We then compared the correlation 
of these complement factors in effluents with the PET results. Through Pearson/Spearman correlation coefficient test, the 
effluent C2 appearance rate (Ar) levels were found to be significantly correlated with D/P Cr (p<0.0001, r=0.53) and D/ 
D0 glucose (P<0.0001 r=−0.54), and the effluent C4b Ar levels were significantly correlated with D/P Cr (p=0.01, 
r =0.33) and D/D0 glucose (P=0.001 r=−0.41) (Table 2). No apparent correlation was observed for serum samples 
between the PET results and C2 or C4b levels (Supplementary Table 1). During to complement C2 and C4b belong to 
lectin or classical pathway, the above results suggest these two complement pathways may be involved in local 
complement activation and peritoneal injury of PD patients.

Lectin and Classical Pathways in Effluents of CAPD Patients
We further quantified complement cascades of lectin and classical pathways in effluents by ELISA kits. In the assessment 
cohort of 129 patients with CAPD, we measured c1q, MASP-1, MASP-2, M-Ficolin, H-Ficolin, L-Ficolin, C2, C4b. 
Consistent with the results of multiplex suspension protein array, levels of C2 Ar and C4b Ar were associated with higher 
D/P Cr (p=0.003, r=0.258 and p=0.011 r=0.224, respectively). Additionally, higher effluents MASP-1 Ar, M-Ficolin Ar 
levels were also positively correlated with D/P Cr (p<0.001, r=0.303 and p=0.004, r=0.251, respectively) (Figure 1). 
Considering the potential impact of glucose exposure on complement activation, we observed the correlation between 
complement concentration and glucose exposure in the overnight peritoneal dialysis fluid, the results suggest that only 
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effluent L-flicolin Ar is positively correlated with glucose exposure, the other complement components were not 
significantly correlated with glucose exposure (Supplementary Table 2). The above findings showed that lectin pathway 
may play a role in local complement activation and peritoneal injury of PD patients. The patients were then divided into 
two subgroups, ie, L/LA (low/low-average transport) or H/HA (high/high-average transport) group based on D/P Cr 
obtained by PET. The H/HA group displayed considerably higher levels of effluent Masp-1 Ar (6.65 ± 2.87 vs 5.00 ± 
2.56 μg/min; p=0.002); M-Ficolin Ar (4.42 ± 1.66 vs 3.45 ± 1.67 μg/min; p=0.002); C2 Ar (0.99 ± 0.44 vs 0.80 ± 
0.42 μg/mL; p=0.025), C4b Ar (0.44 ± 0.17 vs 0.36 ± 0.19 μg/mL; p=0.017) than the L/LA group. The H/HA group 
presented longer PD durations (35.66 ± 29.77 vs 24.52 ± 17.04 months; p=0.008), with lower serum albumin (31.47 ± 

Table 1 Clinical Characteristics of Enrolled 
CAPD Patients (N= 58)

Variable Value

Gender (Male/Female) 27/31

Age(years) 49.59±13.11

PD vintage(months) 37.49±34.62
D/P Cr 0.71±0.12

D/D0 glucose 0.35±0.08

4h ultrafiltration volume(mL) 247.6±150.3
Total Kt/V urea 1.89±0.38

Peritoneal Kt/V urea 1.48±0.31
Renal Kt/V urea 0.41±0.46

Glucose exposure [g / m 2 / day] 60.56±16.51

Cholesterol (mmol/L) 4.31±1.12
Triglyceride (mmol/L) 1.63±1.22

Uric acid (umol/L) 386.3±77.9

Creatinine (umol/L) 895.3±301.4
Blood albumin (g/L) 33.05±5.50

Hemoglobin (g/L) 98.45±17.16

Blood calcium (mmol/L) 2.13±0.29
Serum phosphate (mmol/L) 1.54±0.43

PTH (pg/mL) 448±328.2

hs-CRP (mg/l) 7.45±4.75

Note: Data are presented as means ± SD. 
Abbreviations: PD, peritoneal dialysis; D/P Cr, dialysate/ 
plasma ratio of creatinine; D/D0, dialysate/initial dialysate 
ratio of glucose; PTH, parathormone.

Table 2 Detection of Effluent Complement Factors by a Multiplex Suspension Protein Array and Compared 
the Association of Effluent Complement Factors and PET Results

Parameters Concentration D/P Cr D/D0 4h Ultrafiltration Volume

p r p r p r

C2 Ar (ng/min) 1399±721.2 < 0.0001 0.53 < 0.0001 −0.54 0.79 0.04

C4b Ar (ng/min) 572.9±140.8 0.01 0.33 0.001 −0.41 0.70 0.05

C5 Ar (ng/min) 735.6±719.1 0.70 0.05 0.28 −0.14 0.93 −0.01
C5a Ar (pg/min) 461.9±383.2 1.0 −0.01 0.70 −0.05 0.76 −0.01

FactorD Ar (ng/min) 615.8±432.5 0.29 −0.15 0.07 0.13 0.84 0.17

FactorI Ar (ng/min) 917.2±474.2 0.63 0.07 0.52 −0.09 0.58 −0.08
MBL Ar (ng/min) 87.3±78.1 0.37 0.12 0.14 −0.20 0.13 0.20

Notes: Data are presented as means ± SD. Bold p-value indicated a statistical difference.
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Figure 1 Associations of effluent complement biomarkers and D/P Cr according to the PET results. The unit of all the Ar of complement factors is μg/min.
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4.98 vs 34.32 ± 3.33 g/L; p<0.001), lower serum hemoglobin (96.21 ± 12.46 vs 102.91 ± 13.52 g/L; p=0.008), lower 
serum phosphate levels (1.48 ± 0.29 vs 1.65 ± 0.36 mmol/L; p=0.005) (Table 3).

Predictive Value of Masp-1 for Peritoneal Transport Status
To evaluate whether these complement factors were independent predictive factors of peritoneal membrane transport func-
tion, we performed multivariate logistic regression analysis. Effluent Masp-1 was an independent predictor of PSTR even 
after adjustment for Age, Sex, Uric acid, Creatinine, Calcium, Phosphate, Albumin, Hemoglobin, PTH, Hypertension, 

Table 3 Clinical Characteristics and Effluent Complement Biomarkers with CAPD Patients Stratified by L/LA 
and H/HA According to the PET Results

Variables Total (n = 129) H/HA (n = 86) L/LA (n = 43) Statistic P

C1q Ar (μg/min) 17.08 ± 9.67 16.79 ± 9.61 17.68 ± 9.87 t=−0.49 0.623

Masp-1 Ar (μg/min) 6.10 ± 2.87 6.65 ± 2.87 5.00 ± 2.56 t=3.18 0.002
Masp-2 Ar (μg/min) 2.53 ± 1.35 2.48 ± 1.35 2.64 ± 1.36 t=−0.61 0.540
M-Ficolin Ar (μg/min) 4.10 ± 1.72 4.42 ± 1.66 3.45 ± 1.67 t=3.12 0.002
H-Ficolin Ar (μg/min) 23.24 ± 10.57 22.28 ± 10.35 25.16 ± 10.87 t=−1.46 0.146

L-Ficolin Ar (μg/min) 6.38 ± 2.42 6.29 ± 2.43 6.55 ± 2.42 t=−0.57 0.567
C2 Ar (μg/min) 0.93 ± 0.44 0.99 ± 0.44 0.80 ± 0.42 t=2.27 0.025
C4b Ar (μg/min) 0.41 ± 0.18 0.44 ± 0.17 0.36 ± 0.19 t=2.42 0.017
D/D0 0.36 ± 0.08 0.34 ± 0.07 0.40 ± 0.08 t=−4.09 <0.001
D/P Cr 0.70 ± 0.12 0.77 ± 0.07 0.56 ± 0.05 t=20.03 <0.001
Cholesterol (mmol/L) 4.41 ± 0.95 4.45 ± 0.92 4.35 ± 1.02 t=0.57 0.571
Triglyceride (mmol/L) 1.71 ± 1.00 1.68 ± 1.06 1.78 ± 0.86 t=−0.56 0.574

Uric acid (umol/L) 413.65 ± 69.91 415.40 ± 73.24 410.16 ± 63.41 t=0.40 0.690

Creatinine (umol/L) 864.47 ± 233.18 859.47 ± 221.19 874.45 ± 257.95 t=−0.34 0.732
Age (years) 54.53 ± 13.23 55.02 ± 13.13 53.53 ± 13.54 t=0.60 0.549

Renal Kt/V urea 0.51 ± 0.43 0.46 ± 0.41 0.60 ± 0.46 t=−1.74 0.084

Peritoneal Kt/V urea 1.58 ± 0.27 1.60 ± 0.27 1.55 ± 0.25 t=1.02 0.311
Total Kt/V urea 2.09 ± 0.43 2.06 ± 0.44 2.15 ± 0.42 t=−1.11 0.271

Calcium (mmol/L) 2.06 ± 0.25 2.05 ± 0.26 2.08 ± 0.21 t=−0.72 0.472

Phosphate (mmol/L) 1.54 ± 0.32 1.48 ± 0.29 1.65 ± 0.36 t=−2.83 0.005
Albumin (g/L) 32.42 ± 4.68 31.47 ± 4.98 34.32 ± 3.33 t=−3.87 <0.001
Hemoglobin (g/L) 98.44 ± 13.16 96.21 ± 12.46 102.91 ± 13.52 t=−2.80 0.006
PTH (pg/mL) 329.40 ± 254.09 331.87 ± 276.59 324.46 ± 204.67 t=0.16 0.877
Glucose exposure [g / m 2 / day] 112.02 ± 26.62 113.02 ± 26.44 110.00 ± 27.17 t=0.61 0.545

Time Since Last Peritonitis (months) 15.39 ± 6.74 16.38 ± 7.05 11.92 ± 4.36 t=1.46 0.156

hs-CRP (mg/l) 7.55 ± 4.16 7.59 ± 4.05 7.48 ± 4.41 t=0.14 0.891
Gender, n(%) χ²=0.02 0.900

Male 71 (55.04) 47 (54.65) 24 (55.81)

Female 58 (44.96) 39 (45.35) 19 (44.19)
Hypertension, n(%) χ²=0.36 0.546

Negative 28 (21.71) 20 (23.26) 8 (18.60)

Positive 101 (78.29) 66 (76.74) 35 (81.40)
Diabetic mellitus, n(%) χ²=0.02 0.891

Negative 92 (71.32) 61 (70.93) 31 (72.09)

Positive 37 (28.68) 25 (29.07) 12 (27.91)
History of peritonitis, n(%) χ²=1.42 0.233

Negative 100 (77.52) 64 (74.42) 36 (83.72)

Positive 29 (22.48) 22 (25.58) 7 (16.28)

Notes: t: t-test, χ²: Chi-square test. Data are presented as means ± SD. Bold p-value indicated a statistical difference. 
Abbreviations: PD, peritoneal dialysis; D/P Cr, dialysate/plasma ratio of creatinine; D/D0, dialysate/initial dialysate ratio of glucose; PTH, 
parathormone.
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Diabetic mellitus, hs-CRP, 4h ultrafiltration volume, PD vintage, Renal Kt/V urea, Peritoneal Kt/V urea, Total Kt/V urea, 
History of peritonitis, Glucose exposure (odds ratio [OR]:0.76; 95% CI:0.61 ~ 0.95; P=0.016) (Table 4). These patients 
underwent follow-up for 24 months, we traced the adverse events related peritoneal transport function failure, including 
cardiovascular causes of death, ultrafiltration failure-induced PD withdrawal, heart failure. Among these 129 patients, 4 
patients died; 9 patients had been withdrawn from PD;7 patients developed heart failure. Multivariate logistic regression 
analysis showed effluent Masp-1 Ar was an independent predictor of adverse events after adjusting for Age, Sex, Uric 
acid, Creatinine, Calcium, Phosphate, Albumin, Hemoglobin, PTH, Hypertension, Diabetic mellitus, hs-CRP, 4h ultra-
filtration volume, PD vintage, Renal Kt/V urea, Peritoneal Kt/V urea, Total Kt/V urea, History of peritonitis, Glucose 
exposure (odds ratio [OR]:1.50; 95% CI: 1.11 ~ 2.02; P= 0.009) (Table 5). As depicted in Figure 2, Masp-1 
can accurately predict the prognosis of the adverse events related peritoneal transport function failure (AUROC:0.75, 
95% CI:0.64–0.86; P<0.05) and which was even slightly better than the predictive ability of D/P Cr (AUROC:0.70, 95% 
CI:0.55–0.85;P<0.05).

Discussion
In the present study, we aimed to investigate the association between complement components in peritoneal cavity and 
peritoneal transport solute rate among CAPD patients. To our knowledge, we report for the first time that the lectin 
pathway, including Masp-1, M-Ficolin, C2, and C4b, were activated in peritoneal cavity in patients with CAPD, and 
these complement components were significantly correlated with peritoneal membrane transport properties; effluent 
Masp-1 was an independent predictor factor for increased PSTR.

The peritoneal membrane undergoes structural and functional changes during extended periods of peritoneal dialysis. 
Structural alterations include the denudation of peritoneal mesothelial cells, thickening of the submesothelial layer, 
neoangiogenesis, and thickening of the vascular wall with type IV collagen deposition.3,4 The most prevalent functional 
deterioration observed is an increase in PSTR, leading to compromised ultrafiltration capacity. Elevated PSTR has been 
identified as an independent predictor of heightened risk for technique failure and mortality in PD patients.5,18 A meta- 

Table 4 Association between effluent complements and increased PSTR assessed by PET

Variables Model 1 Model 2 Model3 Model4

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Masp-1 Ar 0.81 (0.70 ~ 0.93) 0.003 0.85 (0.73 ~ 0.99) 0.034 0.79 (0.65 ~ 0.97) 0.021 0.76 (0.61 ~ 0.95) 0.016
M-Ficolin Ar 0.70 (0.55 ~ 0.89) 0.003 0.76 (0.59 ~ 0.98) 0.031 0.78 (0.57 ~ 1.06) 0.107 0.80 (0.58 ~ 1.10) 0.174

C2 Ar 0.37 (0.16 ~ 0.89) 0.027 0.36 (0.14 ~ 0.97) 0.042 0.31 (0.09 ~ 1.02) 0.055 0.20 (0.05 ~ 0.81) 0.064
C4b Ar 0.07 (0.01 ~ 0.65) 0.019 0.10 (0.01 ~ 1.11) 0.060 0.17 (0.01 ~ 2.79) 0.214 0.06 (0.00 ~ 1.34) 0.075

Notes: Model 1: Crude. Model 2: Adjust: Age, Sex. Model 3: Adjust: Age, Sex, Uric acid, Creatinine, Calcium, Phosphate, Albumin, Hemoglobin, PTH, 
Hypertension, Diabetic mellitus, hs-CRP. Model 4: Adjust: Age, Sex, Uric acid, Creatinine, Calcium, Phosphate, Albumin, Hemoglobin, PTH, Hypertension, 
Diabetic mellitus, hs-CRP, 4h ultrafiltration volume, PD vintage, Renal Kt/V urea, Peritoneal Kt/V urea, Total Kt/V urea, Hypertension, Diabetic mellitus, History 
of peritonitis, Glucose exposure [g / m 2 / day]. Bold p-value indicated a statistical difference. 
Abbreviations: OR, Odds Ratio; CI, Confidence Interval.

Table 5 Association between effluent complement Masp-1 Ar and the adverse events related peritoneal transport function 
failure

Variables Model 1 Model 2 Model3 Model4

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Masp1 Ar 1.44 (1.88 ~ 1.76) <.001 1.46 (1.18 ~ 1.80) <.001 1.47 (1.18 ~ 1.84) <.001 1.50 (1.11 ~ 2.02) 0.009

Notes: Model 1: Crude. Model 2: Adjust: Age, Sex. Model 3: Adjust: Age, Sex, Uric acid, Creatinine, Calcium, Phosphate, Albumin, Hemoglobin, PTH, 
Hypertension, Diabetic mellitus, hs-CRP. Model 4: Adjust: Age, Sex, Uric acid, Creatinine, Calcium, Phosphate, Albumin, Hemoglobin, PTH, Hypertension, 
Diabetic mellitus, hs-CRP, 4h ultrafiltration volume, PD vintage, Renal Kt/V urea, Peritoneal Kt/V urea, Total Kt/V urea, Hypertension, Diabetic mellitus, History 
of peritonitis, Glucose exposure [g / m 2 / day]. Bold p-value indicated a statistical difference. 
Abbreviations: OR, Odds Ratio; CI, Confidence Interval.
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analysis encompassing 6648 PD patients revealed a statistically significant correlation between an elevated PSTR and 
increased mortality, along with a trend towards higher rates of technique failure. The analysis involved the pooling of 
data from 19 studies to calculate a summary relative risk of mortality of 1.15 for each 0.1 unit increase in the D/P Cr 
ratio.19 A large retrospective study has recently reported a strong inverse relationship between D/P Cr and D/D0 glucose, 
as well as an intimate link between these parameters and hospitalization rate or all-cause mortality.5 Consequently, our 
research has been centered on identifying effective indicators capable of predicting the PSTR. Besides, 4h-UF and the 
complement excretion rate in peritoneal effluent show no significant correlation. The possible explanations are as 
follows: First, due to differences in residual kidney function, the ultrafiltration volume in peritoneal dialysis is not 
only affected by the peritoneal transport rate. Second, The ultrafiltration volume measured using the PET method is likely 
to have some degree of error. This is partly due to the fact that commercially available peritoneal dialysis (PD) bags often 
contain more dialysate than the stated volume (overfill) for flush-before-fill procedures, and this overfill amount can vary, 
leading to imprecision in the measurement.20

The complement system is essential for both innate and adaptive immune responses. Previous studies have reported 
that the complement system can be triggered within the peritoneal cavity. Cell and tissue experiments showed that CD55 
on the peritoneal mesothelium regulates local complement system cascade activation. Different complement factors are 
produced and secreted by mesothelial cells, including C4, C3, and C5b-9.12,21 Daniel Kitterer et al reported that effluent 
CD55 is expressed less in the H/HA group than in the L/LA group; As well, the level of dialysis glucose exposure is 
related to C5b-9 deposition in PD patients’ arterioles.22 Thus, complement cascade pathways are notably involved in 
the peritoneal cavity in PD patients according to previous studies. However, the specific complement pathway activation 
and the correlation between complement factors and peritoneal membrane transport properties remain unclear. Firstly, we 
screened complement pathways through a multiplex suspension protein array, C2, C4b, C5, C5a, Factor D, Factor I, and 
MBL could be detected in the effluents. A correlation could be established between the effluent C2 or C4b levels and D/P 
Cr according to the PET results. Additionally, the levels of C2 or C4b in the PD effluents did not depend on the serum 
concentration, revealing that C2 or C4b mainly originated from peritoneal mesothelium. C2 and C4b are the core 
constituents of the classical or lectin complement system. In the classical pathway, C1q binds to antibodies or immune 
complexes, leading to the activation of C2 and C4. In the lectin pathway, carbohydrates expressed on the surface of 
injured cells or pathogens bind to 1 of 6 pattern-recognition molecules: mannan-binding lectin (MBL), collectin-10, 

Figure 2 Area under the receiver operating characteristic curve (AUROC) analyses of the diagnostic performance of Masp-1 and D/P Cr in identifying adverse events 
related peritoneal transport function failure.
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collectin-11, L-Ficolin, H-Ficolin, or M-Ficolin. By forming complexes with MBL-associated serine proteases 1 (MASP- 
1) and 2 (MASP-2), these pattern-recognition molecules activate C2 and C4. 
Therefore, the complement components belonging to these pathways were further examined by ELISA kits among 
another 129 patients, including C1q, Masp-1, Masp-2, M-Ficolin, H-Ficolin, L-Ficolin, C2 and C4b. 
The detection results showed that the Ar levels of Masp-1, M-Ficolin, C2 and C4b in effluents were significantly 
positively correlated with D/P Cr, and these parameters were expressed higher in H/HA group than the L/LA group. 
Logistic-regression models were generated after adjusting for Age, Sex, Uric acid, Creatinine, Calcium, Phosphate, 
Albumin, Hemoglobin, PTH, Hypertension, Diabetic mellitus, hs-CRP, 4h ultrafiltration volume, PD vintage, Renal Kt/V 
urea, Peritoneal Kt/V urea, Total Kt/V urea, History of peritonitis, Glucose exposure, and effluent Masp-1 in effluents 
remained to be an independent predictor factor for increased PSTR and the adverse events related peritoneal transport func-
tion failure. The above results suggested that lectin pathway may dominate the complement activation in peritoneal 
cavity in PD patients. The possible causal mechanism of complement activation in PD patients is presented below: PD 
therapy decreases the expression of complement regulators such as CD55 and CD59 on the peritoneal mesothelium, 
leading to local complement activation.22 Currently, the mainstream view is that epithelial-mesenchymal transition(EMT) 
indeed participates in peritoneal fibrosis and the decline of peritoneal function.23 There are also studies indicating 
a relationship between complement and cellular EMT.24,25 Thus, except for predicting increased PSTR, the activation of 
the complement cascade may also contribute to mesothelial EMT and peritoneal fibrosis, accelerating the loss of 
peritoneal membrane function. So far, no animal or cell experiments have clearly established a relationship between 
complement activation and peritoneal mesothelial cells injury, which warrants further research, and the role of comple-
ment inhibitors in alleviating peritoneal functional impairment also merits further investigation. Moreover, Maria 
Bartosova et al suggests that The amount of glucose exposure in peritoneal dialysis fluid is closely related to the 
expression of peritoneal complement regulatory proteins. Therefore, we further analyzed the correlation between glucose 
exposure and complement levels. In our cohort, except for L- Ficolin Ar in effluents, there was no significant correlation 
between complement levels and the overnight glucose exposure.

Among the patients who were followed up, 67% belonged to the H/HA group based on the PET results, which is 
consistent with findings from other multicenter studies (ranging from 47.4–83%).8,26,27 While comparing the parameters 
between the H/HA and L/LA groups, it was found that patients with faster solute-transfer rate had longer PD duration. 
The H/HA group manifested as lower serum albumin and hemoglobin levels than the L/LA group (Table 3). These 
findings can be interpreted through several different mechanisms: patients with a faster PSTR often have a higher 
baseline albumin clearance and a higher prevalence of systemic inflammation, a greater comorbidity burden, or an 
increased fluid load.7,28–33 Moreover, phosphate clearance is increased in the H/HA group compared with the L/LA 
group, consistent with a previous report.5

Although the findings from the current study are intriguing and potentially carry significant importance, they should 
be regarded as preliminary and necessitate further validation through corroborative and mechanistic investigations. First, 
with the cross-sectional nature of this work, causality cannot be established, and this was a retrospective analysis, which 
has inherent limitations, the dynamic analysis of effluent complement concentration and PSTR is of greater significance. 
Second, we did not explore the association between the effluent MASP-1 levels and survival curve or hospitalization rate 
during PD because of insufficient follow-up duration. Furthermore, the small sample size in this single-center study may 
lead to selection bias. It is evident that a large-scale study with extended follow-up is necessary to validate our findings.

In summary, complement factors, especially the lectin pathway is activated in peritoneal cavity in PD patients; 
effluent Masp-1 may potentially be a potentially useful biomarker for identifying increased PSTR.
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