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Purpose: Peripheral blood lymphocyte counts is a pivotal parameter in assessing the host’s immune response during maladies and the
equilibrium of the immune system which has been found to correlate with various diseases progression and prognosis. However, there
was no study on patients with peritoneal dialysis-associated peritonitis (PDAP). We sought to investigate the prognostic value of
baseline peripheral blood lymphocyte count in PDAP patients.

Patients and methods: This retrospective study analyzed data from 286 PDAP patients over nine years. Episodes were categorized
according to the tertiles of peripheral blood lymphocyte counts (Very Low Lymphocyte Count (VLLC) Group, <0.72x10%/L; Low
Lymphocyte Count (LLC) Group, 0.72—1.11x10%/L; Normal Lymphocyte Count (NLC) Group, > 1.11x10°/L). Demographic, laboratory,
and infection-related variables were analyzed. Cox regression and generalized estimating equation (GEE) models were used to estimate
the association between lymphocyte counts and PDAP treatment failure, which included PD catheter removal and death.

Results: After adjusting for other potential predictors, decreased lymphocyte counts exhibited an incremental relationship with the
risk of treatment failure. The VLLC group indicated a 270% (95% CI, 1.168-6.247, P=0.020) and 273% (95% CI, 1.028-7.269,
P=0.044) increased venture of treatment failure in Cox regression and GEE analyses, respectively, compared with the NLC group. As
a continuous variable, the restricted cubic spline showed a linear negative correlation between lymphocyte counts and the treatment
failure risk (P for overall = 0.026). The multivariate model C (combined lymphocyte count with baseline age, sex, dialysis age,
Charlson Comorbidity index (CCI), etiology of kidney failure, hemoglobin, albumin, total bilirubin and infection type) showed an area
under the curve of 0.824 (95% CI, 0.767-0.881, P=0.001) for the prediction of treatment failure.

Conclusion: Lower lymphocyte counts are linked to increased PDAP treatment failure risk. This highlights lymphocyte count’s
potential as a prognostic indicator for PDAP.
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Introduction

Peritoneal dialysis-associated peritonitis (PDAP) represents a frequent yet grave complication in peritoneal dialysis (PD)
patients, standing as a major cause of technical failure and death."> Hence, the early identification of markers and risk
determinants pertaining to peritonitis outcomes, particularly those readily accessible at the onset of peritonitis episodes,
assumes paramount significance for precise evaluation, prognostic anticipation, and timely decision-making in clinical
practice. Zhou et al conducted a single center retrospective study, revealing associations between numerous inflammatory
markers computed from complete blood counts and the outcomes of PDAP,? including neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), hemoglobin-to-lymphocyte ratio (HLR), and systemic immune-inflammation
index (SII). While these inflammatory markers provide valuable insights, it is essential to recognize that lymphocyte
counts, a clinically obtainable hematological marker, hold a well-established role in immune response assessment. Their

Journal of Inflammation Research 2023:16 5327-5338 5327
Received: 5 September 2023 © 2023 He et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 10 November 2023
Published: 16 November 2023

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-2962-1199
http://orcid.org/0000-0003-3761-4121
http://orcid.org/0000-0002-0574-3802
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

He et al Dove

simplicity, cost-effectiveness, and ease of interpretation make lymphocyte counts a practical and reliable choice for
predicting poor prognosis in peritonitis, surpassing other immune-inflammation indexes.

Lymphocyte count operates as a pivotal gauge for assessing the host’s immune response during maladies and the
equilibrium of the immune system, an elemental facet for the body’s defense against foreign pathogens.* Beyond their
principal function as pivotal constituents of the human immune system, safeguarding against foreign invaders, lympho-
cytes also play a role in modulating immune responses by releasing diverse immunomodulatory agents, encompassing
interleukins, tumor necrosis factors, and interferons. Furthermore, lymphocyte-mediated immune reactions are indis-
pensable in fortifying the functional integrity of the intestinal tract and curbing bacterial translocation.” Over the past few
decades, multiple studies have underscored the intimate association between lymphocyte counts and disease progression,
prognosis, spanning afflictions like sepsis, acute pancreatitis, bronchitis, pneumonia, malignancies, and chronic kidney
disease.®'° Cueto and Quintana’s investigation has illuminated that lymphocytopenia has emerged as a predictor of poor
prognosis among continuous ambulatory peritoneal dialysis (CAPD) patients.'® Likewise, Zahorec’s prospective long-
itudinal observational study substantiated the correlation between the clinical course’s severity and lymphocytopenia in
patients treated for severe sepsis and septic shock within the intensive care unit (ICU)."!

Despite multiple studies identifying the influence of lymphocyte counts on disease progression and outcomes, scant
evidence exists to conclusively affirm the correlation between lymphocyte counts and adverse prognoses in PDAP.
Therefore, we have meticulously reviewed our clinical dataset encompassing peritonitis episodes over the past nine years
at the Peritoneal Dialysis Center of Peking University Shenzhen Hospital, which sought to elucidate the connection
between baseline peripheral blood lymphocyte counts and treatment failure. We speculate that diminished baseline
peripheral blood lymphocyte count is associated with worse outcomes among PDAP patients.

Methods
Study Design and Ethics

A retrospective single-center study was conducted involving PDAP patients from the Peritoneal Dialysis Center at
Peking University Shenzhen Hospital. Ethical approval was obtained from the Ethics Committee of Peking University
Shenzhen Hospital (No. 2022050). Informed consent was waived because it was a retrospective study and patient
confidentiality was maintained. The study adhered to the principles of the Declaration of Helsinki.

Patients

We retrospectively documented PDAP patients treated at our institution between May 2014 and February 2023. All
enrolled PDAP patients met the 2022 diagnostic criteria as recommended by the International Society for Peritoneal
Dialysis (ISPD). These criteria necessitated the presence of at least two of the following conditions: (i) clinical
manifestations indicative of peritonitis, such as abdominal pain and/or cloudy dialysis effluent; (ii) dialysis effluent
leukocyte count exceeding 100/uL or 0.1x10° /L after a minimum dwell time of 2 hours, with polymorphonuclear
leukocytes constituting over 50%; and (iii) positive dialysis effluent culture. Patients who with 2019 coronavirus
infection were excluded.

Basic Demographic and Laboratory Data

The data were sourced from Peking University Shenzhen Hospital’s record system. Fundamental demographic data
encompassed gender, age, dialysis age, Charlson Comorbidity Index (CCI) and etiology of kidney failure. The laboratory
data included an assortment of blood cell counts, including leukocytes, neutrophils, monocytes, erythrocytes, and
hemoglobin. Additionally, the data also included variables such as total protein, albumin, globulin, total bilirubin,
blood urea nitrogen, creatinine, uric acid, potassium, sodium, chlorine, calcium and microbiology.

The CCI, established by Charlson et al, is employed to assess the severity of comorbid conditions.'? CCI assigns
scores based on the following criteria: One point for a history of myocardial infarction, congestive heart failure,
peripheral vascular disease, cerebrovascular disease, dementia, chronic pulmonary disease, connective tissue disorder,
peptic ulcer disease, mild liver disease, or diabetes without end-organ damage. Two points for cerebrovascular disease
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with hemiplegia, moderate to severe renal disease, diabetes with end-organ damage, or the presence of tumors without
metastases, leukemia, lymphoma, or myeloma. Three points for moderate or severe liver disease. Six points for
metastatic solid tumors or acquired immunodeficiency syndrome (AIDS). Additionally, an extra point is added for
every decade beyond the age of 40.

Laboratory Measurements and Therapeutic Schedule

For suspected peritonitis patients, peritoneal dialysis effluent (PDE) was collected using aseptic techniques into blood
culture bottles and sterile tubes. The collected PDE samples were subjected to cell counts, Gram staining, microbial
culture, and drug sensitivity tests. Following PDE collection, all patients received initial treatment with intraperitoneal
first-generation cephalosporin to cover Gram-positive organisms. Additionally, third-generation cephalosporin or ami-
noglycoside therapy was administered based on the patient’s residual renal function to target Gram-negative organisms.
The choice of antibiotics was promptly adjusted once the results of dialysis effluent cultures and antibiotic susceptibility
testing became available.

Clinical Outcome

Peritonitis medical cure was defined as the complete resolution of peritonitis, together with the absence of complications
such as relapse/recurrent peritonitis, catheter removal, transfer to hemodialysis for > 30 days, or death. Treatment failure
included PD catheter removal and death.

Statistics

Statistical analyses were conducted using SPSS version 26.0 and R v. 3.3.1. Study participants divided into three equal
subgroups based on the tertiles of the lymphocyte count levels: Very Low Lymphocyte Count (VLLC) Group
(Lymphocyte count < 0.72x10%/L), Low Lymphocyte Count (LLC) Group (Lymphocyte count: 0.72—1.11x10%L), and
Normal Lymphocyte Count (NLC) Group (Lymphocyte count > 1.11x10°/L). Continuous variables were presented as
mean + standard deviation (SD) for normally distributed data, and comparisons between groups were performed using
one-way ANOVA. Non-normally distributed variables were presented as median and interquartile range (IQR), with
differences between groups assessed using the Kruskal-Wallis H-test. Categorical variables were expressed as frequen-
cies and percentages, and inter-group differences were analyzed using the Chi-square or Fisher’s exact test. In order to
evaluate the covariate adjusted relationship between peripheral blood lymphocyte counts and treatment failure, Cox
regression and generalized estimation equation (GEE) analyses were conducted on the data respectively. GEE,
a technique used to control for correlations among clustered records, accounted for multiple peritonitis episodes in the
same patient. As a continuous variable, the fitting curve based on restricted cubic spline were performed for mapping the
associations between baseline peripheral blood lymphocyte counts and the risk of treatment failure events.

Univariate COX regression assessed the individual covariate association with PDAP treatment failure. Covariates
meeting the hypothesis that P < 0.01 and clinically relevant to the outcome were chosen for constructing multivariate
models. The fully adjusted model incorporated age, sex, CCI, etiology of kidney failure, dialysis age, peritonitis infection
types, hemoglobin, albumin and total bilirubin as adjustment factors. The predictive performance of univariate and
multivariate models were assessed by receiver operating characteristic curve (ROC) analyses and corresponding
accuracy, including area under the curve (AUC), and 95% confidence intervals (CI).

Ultimately, in the sensitivity analysis, we ensured the robustness of the association between lymphocyte count groups and
outcome across 6 subgroups: sex (male or female), age (< 55 or > 55 years), dialysis age (categorized by median into short or
long), renal anemia (yes or no), albumin (categorized by median: < 28.50 or > 28.50 g/L), and total bilirubin (categorized by
median: < 8.25 or > 8.25 umol/L). In addition, we reevaluated the enrolled patients, categorizing them into quartiles based on
their lymphocyte count levels (Q1, < 0.63 x 10°/L; Q2, 0.63-0.88 x 10°/L; Q3, 0.88—1.25 x 10%/L; and Q4,>1.25 x 10%L) to
affirm the robustness of the study’s results.

The results were presented as hazard ratios (HR) and odds ratios (OR) with corresponding 95% CI. All figures were
generated using Microsoft Visio or GraphPad Prism software. Statistical significance was defined as a P-value of < 0.05.
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Results

Baseline Characteristics

Based on the tertile grouping of lymphocyte counts, a total of 286 PDAP patients with an average age of 54.74 years,
comprising 48.30% males, were categorized into three distinct groups: the VLLC group, the LLC group, and the NLC
group, as shown in Figure 1. Analyzing demographic characteristics, it was observed that the NLC group contained
a higher proportion of female patients and those with shorter dialysis age compared to other groups. In terms of the type
of PDAP infection, Gram-negative strain infections, with Escherichia coli (E. coli) accounted for 41.9%, were common
in the VLLC and LLC groups patients, 31.6% and 24.0% of the total, respectively. Regarding laboratory variables, higher
lymphocyte counts corresponded to elevated monocyte counts and sodium levels, while total bilirubin and urea nitrogen
levels were comparatively lower. Concerning PDAP prognosis, the treatment failure rates for patients within the VLLC,
LLC, and NLC groups stood at 28.4%, 18.8%, and 8.4% respectively. All of these results can be seen in Table 1.

Independent Predictors for Treatment Failure
The results, as shown in Table 2 and Supplemental Table 1, showed that in both Cox regression and GEE models, multivariate

analyses indicated that lymphocytes were an independent protective factor for treatment failure, whereas Gram-negative and
other strain infection (eg, fungi, tubercle bacillus, etc.) were independent risk factors for treatment failure.

PDAP patients treated in Peking University
Shenzhen Hospital from 2014.5.1 to 2023.2.28

(n=289)
Excluded  Patients with 2019
coronavirus Infection (n = 3)
Final cohort
(n=286)
Y
Very low lymphocyte count Low lymphocyte count Nomal lymphocyte count
(VLLC) group (LLC) group (NLC) group
(n=95) (n =96) (n=95)

l

[

[

Lymphocyte Count

Lymphocyte Count

Lymphocyte Count

<0.72x10%/L 0.72-1.11x10%L = 1.11x10°/L
Medical cure Trfeaz?ltlrjr::nt Medical cure Trfeaa”tlrjr::nt Medical cure Trfeaa"tmeent
(n = 68) (n=27) (n=178) (n=18) (n=87) (n=8)

Figure | Flowchart of participants.
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Table 1 Demographic and Baseline Clinical Data for Different Lymphocyte Count Group Patients
Clinical Information Lymphocyte Count (x10%/L) P
Total VLLC Group LLC Group NLC Group
(n = 286) (n=95) (n=96) (n=95)
Demographics
Male, n (%) 138 (48.3) 53 (55.8) 49 (51.0) 36 (37.9) 0.038*
Age, years 54.74 + 13.89 3.97 + 1.60 3.70 + 1.56 3.97 + 1.69 0.463
The elderly, n (%) 86 (30.1) 30 (31.6) 29 (30.2) 27 (28.4) 0.893
Dialysis age, months 44.68 (22.32, 76.56) | 53.87 (32.67, 88.27) | 40.98 (18.38, 67.00) | 37.23 (18.63, 77.53) | 0.023*
Ccl 5.95 + 253 6.13 +243 5.68 + 2.43 6.04 £ 2.72 0.428
Etiology of kidney failure, n (%) 0.126
Chronic nephritis 99 (34.6) 35 (36.8) 28 (29.2) 36 (37.9)
Diabetic nephropathy 78 (27.3) 21 (22.1) 33 (34.4) 24 (25.3)
Hypertensive nephropathy 55 (19.2) 24 (25.3) 17 (17.7) 14 (14.7)
Obstructive nephropathy 13 (4.5) 6 (6.3) 5(5.2) 2. (2.1)
Other 41 (14.3) 9 (9.5) 13 (13.5) 19 (20.0)
Laboratory variables
Leukocyte count, x 10¢/L 9.75 + 4.68 9.12 £ 453 10.26 + 4.85 9.86 + 4.63 0.232
Neutrophil count, x10°/L 8.07 + 4.52 7.80 £ 4.19 8.71 £ 4.80 7.51 £4.50 0.182
Monocyte count, X 10%/L 0.53 £ 0.26 0.44 + 0.24 0.52 £ 0.23 0.63 + 0.27 0.001**
Erythrocyte count, x10°/L 342 +0.71 3.39+0.79 349 +0.67 3.37 £ 0.67 0.460
Hemoglobin, g/L 99.45 £ 19.27 97.40 £ 21.51 100.89 + 16.79 100.05 + 19.28 0.428
Total protein, g/L 59.76 + 9.33 59.65 + 10.06 60.79 £ 9.11 58.83 + 8.76 0.349
Albumin, g/L 2892 + 6.16 28.78 + 6.20 29.74 + 6.59 28.23 + 5.63 0.230
Globulin, g/L 3094 +5.10 31.23 + 5.00 31.00 + 4.78 30.59 + 5.53 0.683
Total bilirubin, Umol/L 9.52 £ 5.09 10.34 + 5.36 10.17 + 6.20 8.03 +2.77 0.002%*
Urea nitrogen, mmol/L 17.05 = 6.51 18.33 + 7.34 17.25 + 574 15.55 + 6.12 0.012%
Creatinine, umol/L 888.31 * 279.61 893.29 + 287.66 919.31 +253.34 851.99 £+ 295.11 0.246
Uric acid, umol/L 350.59 + 86.48 355.28 + 90.12 345.46 + 74.61 351.08 + 94.22 0.735
Potassium, mmol/L 3.65 +0.72 3.75 £ 0.81 3.61 +0.60 3.60 £ 0.72 0.304
Sodium, mmol/L 136.09 + 3.91 134.97 + 3.96 136.35 + 3.84 136.95 + 3.71 0.002%*
Chlorine, mmol/L 94.83 + 4.44 94.45 + 4.66 94.53 + 4.49 95.52 + 4.13 0.177
Calcium, mmol/L 2.13£0.22 2.14 £ 0.25 2.13 £0.20 2.12 £0.20 0.738
Infection type, n (%) 0.003*
Gram-positive strain 122 (42.7) 31 (32.6) 43 (44.8) 48 (50.5) 0.039%
Staphylococcus aureus 12 (4.2) 5(.2) I (1.0) 6 (6.3)
Coagulase-negative staphylococci 59 (20.6) 14 (14.6) 23 (24.0) 22 (23.2)
Streptococcus 38 (13.3) 9 (94) 13 (13.5) 16 (16.8)
Other 13 (4.5) 3(3.1) 6 (6.3) 4 (4.2)
Gram-negative strain 62 (21.7) 30 (31.6) 23 (24.0) 9 (9.5 0.001**
Escherichia coli 26 (9.1) 13 (13.5) 10 (10.4) 332
Pseudomonas 15 (5.2) 9 (94) 5(52) I (1.1)
Klebsiella 4 (1.4) 1 (1.0) 2.(2.1) I (1.1)
Other 17 (5.9) 7(7.3) 6 (6.3) 4 (4.2)
Other 102 (35.7) 34 (35.8) 30 31.3) 38 (40.0) 0.451
Fungi peritonitis 7 (24) 2.(2.1) 4 (4.2) 1 (1.1)
Polymicrobial peritonitis 8 (2.8) 5(5.2) 33.0) 0
Mycobacterium tuberculosis peritonitis 7(24) 2. (2.1) 1 (1.0) 4 (4.2)
Culture-negative peritonitis 80 (28.0) 25 (26.0) 22 (22.9) 33 (34.7)
Outcome, n (%) 0.002*
Medical cure 233 (81.5) 68 (71.6) 78 (81.3) 87 (91.6)
Treatment failure 53 (18.5) 27 (28.4) 18 (18.8) 8 (84)
Notes: *P<0.05; **P<0.001.
Abbreviations: VLLC, very low lymphocyte count; LLC, Low lymphocyte count; NLC, normal lymphocyte count; CCl, Charlson Comorbidity index.
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Table 2 Cox and Generalized Estimated Equation Analyses Independent Risk Factors Related to Treatment Failure

Variables

COX Regression

Generalized Estimated Equation

Univariate Multivariate Univariate Multivariate
Hazard Ratios P value Hazard Ratios P value Odds Ratios P value Odds Ratios P value
(95% CI) (95% CI) (95% CI) (95% ClI)

Lymphocyte count per | x 10°/L increase 0.250 (0.120, 0.520) 0.001%** 0.379 (0.178, 0.809) 0.012% 0.217 (0.085, 0.554) 0.001** 0.363 (0.139, 0.947) 0.038*
Gender (Male) 1.025 (0.598, 1.757) 0.927 1.076 (0.581, 1.994) 0.815 1.040 (0.574, 1.883) 0.897 1.159 (0.561, 2.394) 0.691
Age per | years increase 1.003 (0.983, 1.023) 0.771 0.980 (0.948, 1.014) 0.253 1.004 (0.982, 1.026) 0.749 0.977 (0.937, 1.019) 0.280
Dialysis age per | month increase 1.007 (1.000, 1.014) 0.056 1.004 (0.996, 1.012) 0.364 1.008 (1.000, 1.017) 0.053 1.004 (0.994, 1.013) 0.424
CCl per | increase 1.011 (0.908, 1.126) 0.841 1.140 (0.945, 1.375) 0.171 1.014 (0.895, 1.148) 0.829 1.651 (0.891, 1.524) 0.265
Etiology of ESRD

Chronic nephritis Reference Reference Reference Reference Reference Reference Reference Reference

Diabetic nephropathy 0.508 (0.242, 1.067) 0.074 0.361 (0.149, 0.872) 0.024%* 0.486 (0.221, 1.066) 0.072 0.317 (0.100, 1.001) 0.050

Hypertensive nephropathy 0.744 (0.354, 1.564) 0.436 0.534 (0.240, 1.186) 0.123 0.735 (0.311, 1.737) 0.483 0.432 (0.147, 1.272) 0.128

Obstructive nephropathy 1.372 (0.474, 3.967) 0.560 0.949 (0.282, 3.200) 0.933 1.472 (0.328, 6.610) 0.614 0.758 (0.117, 4.928) 0.772

Other 0.574 (0.234, 1.410) 0.226 0.604 (0.243, 1.501) 0.278 0.566 (0.225, 1.424) 0.226 0.619 (0.202, 1.898) 0.401
Hemoglobin per | g/L increase 0.995 (0.982, 1.009) 0.521 0.997 (0.981, 1.013) 0.693 0.995 (0.979, 1.010) 0.501 0.993 (0.973, 1.014) 0.529
Albumin per | g/L increase 0.981 (0.938, 1.025) 0.392 0.959 (0.912, 1.007) 0.095 0.979 (0.932, 1.027) 0.384 0.951 (0.894, 1.012) 0.115
Total bilirubin per | Umol/L increase 1.050 (1.016, 1.085) 0.004%* 1.034 (0.993, 1.076) 0.104 1.072 (1.003, 1.146) 0.039% 1.050 (0.959, 1.150) 0.293
Infection type

Gram-positive strain Reference Reference Reference Reference Reference Reference Reference Reference

Gram-negative strain 13.002 (4.988, 33.891) 0.001** 11.194 (4.182, 29.960) 0.00 |** 16.964 (6.231, 46.183) 0.001** 15.122 (5.188, 44.074) 0.00 [**

Other 5.738 (2.172, 15.153) 0.00 ¥ 5.780 (2.158, 15.481) 0.00 ¥ 6.525 (2.449, 17.381) 0.001** 7.391 (2.678, 20.400) 0.00 |#*

Notes: *P<0.05; **P<0.001.

Abbreviations: CCI, Charlson Comorbidity index; Cl, confidence interval.
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Association Between Lymphocyte Count and PDAP Treatment Failure
After adjustment for demographic characteristics (gender, age, dialysis age, CCI and kidney failure etiology), laboratory
parameters (hemoglobin, albumin and total bilirubin), and infection type (Gram-positive, Gram-negative, or other strain
infection), relative to NLC group, the risk of treatment failure in VLLC group was higher, the hazard ratio was 2.701 in
cox proportional hazard model (95% CI, 1.168-6.247; P = 0.020) and the odds ratios was 2.733 in GEE (95% CI, 1.028-
7.269; P = 0.044), as shown in Figure 2.

Figure 3 depicted the association between lymphocyte counts (as a continuous variable) and the hazard ratios of
PDAP treatment failure. After adjustment for other potential predictors, we found that a linear negative correlation
between lymphocyte counts and the risk of PDAP treatment failure (P for overall = 0.026, P for nonlinear = 0.663).

Predictive Performance of Univariate and Multivariate Models
As shown in Supplemental Table 2 and Figure 4, the predictive performance of lymphocyte counts (AUC, 0.683; 95%

CI, 0.603-0.763; P = 0.001) was significantly higher than other variables in univariate analysis. In multivariate analyses,
model A combined lymphocyte counts and demographic characteristics such as age, sex, dialysis age and etiology of
kidney failure, with an AUC of 0.705 (95% CI, 0.628-0.783; P = 0.001). The predictive performance was significantly
enhanced compared with the lymphocyte counts alone. After the development of model B by included laboratory
variables such as hemoglobin, albumin and total bilirubin in model A, we noticed the predictive value further improved
(AUC, 0.728; 95% CI, 0.651-0.805; P = 0.001). Furthermore, the predictive value would still be further elevated after the
final inclusion of the type of infection into model B to build model C (AUC, 0.824; 95% CI, 0.767-0.881; P = 0.001).

Sensitivity Analyses
In stratified analyses, after adjusting for all covariates except the subgroup variables, no significant interactions were
observed between lymphocyte counts and the individual subgroup variables, as indicated in Supplemental Table 3.

In addition, we employed quartile-based grouping to divide PDAP patients into four equally sized cohorts, aiming to
validate the reliability of our findings. As presented in Supplemental Table 4, our results indicate that when compared to

the Q4 group, PDAP patients in the Q1 group exhibited a significantly heightened risk of treatment failure in both COX
regression and GEE analyses (COX Regression: HR, 4.099, 95% CI, 1.484-11.325, P =0.007; GEE: OR, 4.571, 95% CI,
1.450-14.411, P = 0.009).

Cox Proportional Hazard Model Generalized Estimation Equation

Hazard ratio (95% CI) P Odds ratios (95% CI) B

Crude

VLLC Group 3.836 (1.742, 8.446) . 0.001** 4.318 (1.827-10.208) 0.001**

LLC Group 2.343(1.019, 5.388) —— 0.045* 2.509 (1.025-6.143) —_— 0.044*

NLC Group Reference 6 Reference Reference Reference
Model A i

VLLC Group 3.574 (1.594-8.017) L — 0.002* 4.055 (1.698-9.679) 0.002*

LLC Group  2.640 (1.131-6.164) —_— 0.025* 2.878 (1.159-7.142) —_— 0.023*

NLC Group Reference b Reference Reference Reference
Model B i

VLLC Group 3.367 (1.474-7.694) —_— 0.004* 3.575 (1.483-8.615) —_— 0.005*

LLC Group 2.338(0.973-5.615) —_— 0.058 2.593 (1.026-6.554) p———— 0.044*

NLC Group Reference ‘ Reference Reference Reference
Model C

VLLC Group 2.701 (1.168-6.247) = 0.020* 2.733 (1.028-7.269) p— 0.044*

LLC Group  2.265 (0.908-5.646) —°—' 0.079 2.470 (0.930-6.560) —_— 0.070

NLC Group Reference ‘ Reference Reference Reference

Figure 2 Associations between 3-level categorical variable of baseline peripheral blood lymphocyte counts and treatment failure. Crude meant no variable was adjusted;
Model A was adjusted for demographic characteristics (age, sex, dialysis age, CCl and etiology of kidney failure); Model B was adjusted for demographic characteristics (age,
sex, dialysis age, CCl and etiology of kidney failure) and laboratory variables (hemoglobin, albumin and total bilirubin); Model C was adjusted for demographic characteristics
(age, sex, dialysis age, CCl and etiology of kidney failure), laboratory variables (hemoglobin, albumin and total bilirubin) and infection type (Gram-positive strain, Gram-
negative strain and other strain infection). *P<0.05; **P<0.001.

Abbreviations: PDAP, peritoneal dialysis-associated peritonitis; CCl, Charlson Comorbidity index; VLLC, very low lymphocyte count; LLC, Low lymphocyte count; NLC,
normal lymphocyte count; Cl, confidence interval.
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Figure 3 Restricted cubic spline curve showing adjusted hazard ratios and 95% confidence intervals for PDAP treatment failure in relation to baseline peripheral blood
lymphocyte counts. The solid lines indicated the trend of estimated hazard ratios, the area between 2 dashed lines indicated the 95% confidence intervals.
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Figure 4 Predictive value of peripheral blood lymphocyte counts and multivariate models for treatment failure. Model A was adjusted for demographic characteristics (age,
sex, dialysis age, CCl and etiology of kidney failure); Model B was adjusted for demographic characteristics (age, sex, dialysis age, CCl and etiology of kidney failure) and
laboratory variables (hemoglobin, albumin and total bilirubin); Model C was adjusted for demographic characteristics (age, sex, dialysis age, CCl and etiology of kidney
failure), laboratory variables (hemoglobin, albumin and total bilirubin) and infection type (Gram-positive strain, Gram-negative strain and other strain infection). **P<0.001.
Abbreviations: CCI, Charlson Comorbidity index; AUC, area under the receiver operating characteristic curve; Cl, confidence interval.
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Discussion

To the best of our knowledge, this study marks the inaugural discovery of a correlation between initial peripheral blood
lymphocyte counts and treatment failure in episodes of PDAP. Within this study, we formulated two predictive models,
comprising lymphocyte count in conjunction with other clinical parameters. Our findings underscore a notable linkage
between reduced lymphocyte count and the heightened risk of PDAP treatment failure. Furthermore, subsequent ROC
analysis, following adjustments for pertinent confounders, suggests that lymphocyte count exhibits superior predictive
efficacy concerning the prognosis of PDAP.

Lymphocytes play an indispensable role in the body’s immune system, participating in both innate and adaptive immunity.*
Their ability to identify specific antigens, activate immune responses, and establish immune memory is crucial for defending
against infections and maintaining overall health. Extensive research has highlighted the relationship between lymphopenia and
poor prognosis in various diseases.’ ' Several studies have indicated a close association between lymphocyte counts and the
recurrence and prognosis of various tumors.'> !> Moreover, Ceccato et al demonstrated lymphopenia as an independent predictor
of mortality in patients with ICU-acquired pneumonia.” Wagner’s retrospective study observed a correlation between lymphocyte
counts and clinical progression, as well as disease severity, in patients with Covid-19.'® Similarly, Ding et al established
lymphocyte count as a reliable biomarker for predicting disease severity and clinical outcomes in patients with cryptococcal
infection.'” Collectively, upon reviewing the aforementioned studies, we gained insights into the significance of lymphocyte
counts in disease progression and prognosis. However, the association between peripheral blood lymphocyte counts and the
prognosis of PDAP has remained enigmatic, serving as the impetus for our study hypothesis: low baseline peripheral blood
lymphocyte levels potentially heighten the risk of treatment failure in PDAP patients.

Regarding lymphocyte count concerning demographic and laboratory indicators, our study results revealed that
patients in the NLC group tended to have a greater proportion of females, as well as exhibiting higher levels of sodium
and monocyte counts. A previous animal study has found that lymphocyte counts are significantly increased in females,
while the opposite is true in males.'® Other research has also found that the capacity of sodium and monocyte counts to
orchestrate modifications in lymphocyte function and distribution, often by instigating an inflammatory microenviron-
ment or triggering pathways within the immune system.'*° Furthermore, higher levels of dialysis age, urea nitrogen, and
total bilirubin were observed in the VLLC and LLC groups. Chronic inflammation is a characteristic of patients on long-
term PD and those with chronic kidney disease (CKD).?! This inflammatory state may lead to lymphocyte apoptosis.**
Simultaneously, PDAP patients with low lymphocyte counts demonstrated a more robust inflammatory response, which
can elevate the body’s protein consumption, subsequently increasing urea nitrogen levels.”® Similar to prior investiga-
tions, our results indicate a plausible connection between liver function and immune competence in patients.**

Regarding infection types, our study demonstrated that Gram-negative bacterial infections were predominant in the VLLC
and LLC groups, with a predominance of E. coli. Previous studies have found that lymphopenia has the potential to disrupt the

intestinal barrier and gut-associated lymphoid tissue (GALT),>*

thereby facilitating bacterial translocation from the gut to the
peritoneal cavity. This phenomenon may contribute to the predominance of E. coli infections in the VLLC group.

In our work, after adjusting for other potential risk factors, low peripheral blood lymphocyte counts exhibited an
incremental relationship with the risk of treatment failure. The baseline peripheral blood lymphocyte counts <
0.72x10%/L (VLLC) group indicated a 2.70 and 2.73 fold increased venture of treatment failure in cox regression
and GEE models, respectively, compared with > 1.11x10%L (NLC) group. As a continuous variable, the restricted
cubic spline showed a linear negative correlation between lymphocyte counts and the treatment failure risk. The
precise mechanisms underlying the association between lymphocyte counts and PDAP treatment failure remain
unclear. However, several potential mechanisms warrant consideration. Firstly, lymphocytes constitute vital compo-
nents and primary effector cells that uphold the body’s immune function, playing a critical role in effective host
defense against invading pathogens.**® T cells engage in cellular immunity, recognizing and combating pathogens that
infect host cells.”” CD8+ T cells possess the ability to identify and eliminate infected host cells, thereby impeding
pathogen propagation.*® Additionally, B cells serve as key agents of humoral immunity.*® Upon binding to recognized
antigens, B cells differentiate into plasma cells, which generate substantial quantities of antibodies. These antibodies
bind to pathogens, marking them for attack and removal by other immune cells. Furthermore, antibodies can also
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neutralize pathogen toxins, safeguarding host cells. NK cells exhibit “natural killer” activity against infected or
transformed cells, directly recognizing and eliminating these aberrant cells without prior activation.”” NK cells release
cytotoxins and chemokines that target and destroy pathogen-infected cells, thereby thwarting pathogen spread.
Reduced lymphocyte counts compromise the body’s immune response, potentially impeding timely control and
elimination of the infecting pathogen. This prolonged infection duration may trigger persistent peritonitis progression
and lead to treatment failure.

Secondly, beyond pathogen clearance, diverse lymphocyte subtypes significantly contribute to immune response
regulation, averting excessive inflammation and tissue damage. CD4+ T cells, for instance, enhance humoral immune
responses by interacting with antigen-presenting cells and promoting antibody production by B cells.***' CD4+ T cells
differentiate into subpopulations such as Th1, Th2, Th17, and Treg cells, which respectively govern cellular and humoral
immunity. B cells and NK cells secrete cytokines, including IL-10, interferon, and tumor necrosis factor, influencing the
activity and function of other immune cells while fostering a coordinated immune response.’*”> Lymphopenia may
disrupt the equilibrium between pro-inflammatory and anti-inflammatory signaling, culminating in aberrant inflammatory
responses.

Thirdly, as previously mentioned, lymphocyte-mediated immune responses play a crucial role in protecting the
intestinal barrier and inhibiting bacterial translocation.>** Upon bacterial penetration of the epithelial layer, the body
triggers an adaptive immune response to counter bacterial invasion by activating CD4+ T cells and releasing cytokines.>*
Lymphopenia can potentially compromise the intestinal barrier and GALT, fostering bacterial transit from the intestines
to the abdominal cavity, thus influencing peritonitis prognosis.

There are some limitations in the study. Firstly, the data were gathered exclusively from a solitary medical center, thus
rendering the potential influence of center-specific variables indeterminable. The generalizability of the study’s findings
to diverse populations across various geographic regions and ethnic backgrounds necessitates additional substantiation.
Consequently, the imperative for expansive prospective external validation investigations, encompassing diverse settings,
becomes evident, aimed at corroborating the prognostic utility of lymphocyte count. Secondly, this study solely gathered
total lymphocyte counts, lacking information on lymphocyte subpopulations, highlighting the need for further research in
this area. Lastly, the study solely incorporated baseline lymphocyte data, overlooking the impact of dynamic lymphocyte
changes on PDAP prognosis.

Conclusion

In conclusion, our research highlights that lower peripheral blood lymphocyte counts are linked to a higher risk of
treatment failure in PDAP patients. Lymphocyte counts could be a practical and reliable marker for evaluating the
prognosis of PDAP, with potential implications for clinical practice. Our study suggests that it is essential for clinicians to
emphasize the importance of evaluating the lymphocyte counts of patients with PDAP in the management and diagnosis
of PDAP patients in order to identify patients at higher risk of treatment failure. This will allow for more targeted and
effective treatment strategies to be developed for these patients.
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