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Lund, Sweden
Background: The risk of infection-related death is high in patients undergoing

dialysis. This study aimed to identify the modifiable risk factors for PD-related

infections in patients undergoing peritoneal dialysis.

Methods: This was a population-based retrospective cohort study conducted in

Skåne, South Sweden, which included all patients receiving peritoneal dialysis

(PD) between 2011 and 2020. The primary outcome was PD-related peritonitis,

and the secondary outcome was a composite of PD-related infections, that is,

peritonitis, exit site, or tunnel infections. Time-to-event frailty models,

unadjusted and adjusted for age at PD start, sex and Charleson comorbidity

index, were used to investigate potentially modifiable risk factors for PD-related

infections. Cox regression models were subsequently used to analyze the

relationship between PD-related infection episodes and all-cause mortality

during the study period.

Results: In total, 545 patients were included in the study, of whom 212 (39%)

patients had at least one episode of peritonitis during a median follow-up time of

1.6 years. We found that BMI ≥ 30 may be associated with a clinically relevant

increased risk for PD-related infection (aHR 1.45, 95% CI 1.08-1.93, p-value

0.012, nevents = 486), but not for peritonitis alone (adjusted Hazard Ratio, aHR,

1.34, 95% CI 0.95- 1.91; p = 0.099; nevents = 365). Patients with >3 peritonitis

episodes had an almost three-fold increased risk of all-cause mortality (aHR,

2.66; 95% CI 1.56-4.52, p < 0.001).

Conclusion: We found that a BMI ≥ 30 may be a modifiable risk factor for

peritoneal dialysis-related infections and that multiple episodes of infectious

complications of peritoneal dialysis are associated with increased all-

cause mortality.
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Introduction

For individuals on peritoneal dialysis, the risk of infection-related

death is more than 20 times greater than that in the general

population (1). Peritonitis is a serious complication in patients

undergoing peritoneal dialysis (PD). A catheter inside the

peritoneum, which is linked to outside containers, predisposes

patients to intra-abdominal and systemic infections. Several studies

have investigated the risk factors for peritonitis in PD, with somewhat

divergent results. This might be explained by discrepancies in the

included populations, settings, statistical methodologies, and

definitions used (2–4). Previously reported risk factors for

developing peritonitis include poor infection prevention care, exit-

site infection, low serum albumin, higher Charlson comorbidity

index (CCI) score, and lower clearance rate of urea nitrogen (2–4).

Earlier studies have shown that peritonitis is associated with all-cause

mortality in patients undergoing PD, and that this association

gradually increases after two years of dialysis (5, 6). In our previous

research, we explored the etiology and incidence of peritonitis in

patients undergoing PD (7). This study aimed to investigate

modifiable risk factors for peritonitis and other PD-related

infections in patients receiving peritoneal dialysis in Skåne,

South Sweden.
Methods

Study design and setting

This was a population-based retrospective cohort study in

Skåne, South Sweden, including all patients who received PD

between January 1st, 2011, and December 31st, 2020. Skåne had a

population of close to 1.4 million people. All patients, both adults

and pediatric patients, in Skåne with non-assisted PD received

regular training focused on infection prevention by healthcare

professionals specializing in the care of dialysis patients. Assisted

PD was performed by trained staff from home care services. The

region of Skåne has ten hospitals, but peritoneal dialysis is

concentrated to five centers: Malmö, Lund, Helsingborg,

Hässleholm, and Ystad. Only incident cases during the study were

included in the study.
Outcomes and definitions

The primary outcome measure was PD-related peritonitis. The

secondary outcomes included a composite outcome of PD-related

infections, including peritonitis, exit-site infection, or tunnel

infection. We also aimed to report recurrent and relapsing

peritonitis during the study period. Peritoneal dialysis-related

peritonitis, exit-site infection, tunnel infection, pre-PD peritonitis,

and recurrent and relapsing peritonitis were defined according to

the International Society for Peritoneal Dialysis (8, 9). As all

included patients had chronic kidney disease, a modified version

of the Charlson comorbidity scale (modified CCI) was used without
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points assigned for chronic kidney disease. Recurrent peritonitis

was defined as a peritonitis episode that occurs within four weeks of

completion of therapy for a prior episode but with a different

organism (9). Relapse peritonitis was defined as a peritonitis

episode that occurs within four weeks of completion of therapy of

a prior episode with the same organism or one sterile (culture-

negative) episode (i.e., specific organism followed by the same

organism, culture-negative followed by a specific organism, or

specific organism followed by culture-negative) (9). Pre-PD

peritonitis was defined as a peritonitis episode occurring after PD

catheter insertion and prior to the commencement of PD treatment.

Clostridioides difficile infection was defined as symptomatic

diarrhea with culture-positive C. difficile and presence of toxins.
Data sources and variables

Data on all patients with PD in Skåne were accessed through

the Swedish Renal Registry (SNR). Microbiological data were

retrieved from the Department of Clinical Microbiology, Skåne

University Hospital, Lund as described previously (7). Medical

records were reviewed using Melior (Siemens Healthcare Services,

Upplands Väsby, Sweden). All the medical records were reviewed

according to a predefined study protocol (7). Age, etiology of

kidney disease, modified CCI, smoking status (previous or current

smoking), and body mass index (BMI) at PD initiation were

noted. Assisted PD was defined as someone other than a patient

managing the PD. The PD systems were Baxter, Fresenius, or

Gambro. The PD type was either continuous ambulatory

peritoneal dialysis (CAPD) or automated peritoneal dialysis

(APD). Data on all-cause mortality during the study period

were obtained from a regional registry.
Statistical analysis

To investigate the risk factors for peritonitis (primary outcome)

and PD-related infections (secondary outcome) in peritoneal dialysis,

and to account for more than one event per individual, a time-to-

event frailty model was used (10) unadjusted and adjusted for age at

PD start, sex and Charleson comorbidity index. In this study, only

patients initiating peritoneal dialysis after January 1st, 2011, and

before December 31st 2020, were eligible. In patients with multiple

PD accounts during the study period (i.e., switching from peritoneal

dialysis to hemodialysis and then back to peritoneal dialysis), only the

first peritoneal dialysis episode was used in the model. We focused on

modifiable risk factors (smoking, BMI, and assisted PD) in the

adjusted multivariate frailty model, expressed as hazard ratios with

95% confidence intervals. To investigate the timing of infection

development, Kaplan-Meier estimates of the first episode of

peritonitis and PD-related infections were used and stratified into

different BMI groups. To investigate whether peritonitis or PD-

related infections were associated with all-cause mortality during

the study period, a Cox regression model was constructed, including

time-varying covariates for the number of episodes of peritonitis or
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PD-related infections, including time-varying adjustment for BMI,

smoking, diabetes mellitus, assisted PD, age, sex, and modified CCI.

Statistical p-value of ¾ 0.05. Statistical analyses were performed using

R statistical software version 4 (R Foundation for Statistical

Computing (www.r-project.org).
Ethics and patient consent statement

This study involving human participants was reviewed and

approved by the Swedish Ethical Review Authority (https://

etikprovningsmyndigheten.se/en/), 14th of January 2021 (DNR-

2020-06524) and conducted in compliance with the ethical

principles adopted in the 2013 Declaration of Helsinki and the

2016 Declaration of Taipei. The study was conducted in accordance

with the local legislation and institutional requirements. The ethics

committee/institutional review board waived the requirement of

written informed consent for participation from the participants or

the participants’ legal guardians/next of kin because to make results

generalizable, and since no individual data was presented in

the manuscript.
Results

Patient disease characteristics

In total, 545 patients were included in this study. Out Of these, 212

(39%) patients suffered from at least one episode of peritonitis during

the study period (range 1-9). There were 365 peritonitis episodes

among all the included patients. The duration of follow-up was 1071

person-years, with a mean follow-up of 1.97 years and a median

follow-up of 1.6 years. Two hundred seventy-two (50%) patients

suffered from a total of 486 episodes of either peritonitis (n = 365),

exit-site infection (n = 111), or tunnel infection (n = 10), during the

study period. The proportion of pediatric patients (n =12) that suffered

a peritonitis during the study period was 33%. The median BMI of all

PD patients at PD initiation was 26.4 (range 15.1-44.5), that is, the

majority of patients were overweight or obese (Table 1). Forty-one

percent of the included patients were diagnosed with diabetes mellitus.

Of the patients with peritonitis, 56 patients (26%) were on assisted

peritoneal dialysis.
Analysis of risk factors for the primary
outcome (peritonitis)

In the unadjusted analysis, none of the pre-defined modifiable

risk factors (smoking, assisted PD, or BMI) were statistically

significantly associated with peritonitis. Similarly, no statistically

significant associations were observed in the multivariable model

adjusted for age at PD initiation, sex, modified CCI, diabetes

mellitus, and the three modifiable risk factors (Table 2). A

Kaplan-Meier estimate of the first episode of peritonitis, stratified

by BMI, revealed that there was no clear difference in the timing of
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peritonitis development during the first two years after starting

peritoneal dialysis for the different BMI groups (Figure 1). A

modified Charlson comorbidity score of ≥ 3 (HR 1.44, 95% CI

1.02-2.04, p = 0.038; Table 2) was associated with peritonitis in the

unadjusted model.
TABLE 1 Baseline characteristics of included patients.

Variable n = 545 Missing (%)

Age*, years, median (range) 66 (0, 90) 0.0

Male sex 377 (69.2) 0.0

CCI modified** (ref: 0) 213 (39.1) 0.0

1 67 (12.3) 0.0

2 141 (25.9) 0.0

3+ 124 (22.8) 0.0

BMI*, median (range) 26.4 (15.1, 44.5) 2.8

<25 198 (37.4)

(25-30) 195 (36.8)

≥30 137 (25.8)

Smoking 296 (60.0) 9.5

Etiology of kidney disease, n (%) 0.0

Acute Kidney Injury 11 (2.0)

Congenital anomalies 2 (0.4)

Glomerular disease 30 (5.5)

Mixed etiology 18 (3.3)

Nephritic glomerular disease 46 (8.4)

Nephrotic glomerular disease 160 (29.4)

Obstructive nephropathy 9 (1.7)

Other 9 (1.7)

Prerenal disease 6 (1.1)

Renovascular disease 85 (15.6)

Tubulointerstitial disease 69 (12.7)

Unknown etiology 88 (16.1)

Vasculitis 12 (2.2)

Self-managed PD 375 (70.9) 2.9

PD type (CAPD) 343 (66.7) 5.7

PD system (Fresenius/Gambro) 284 (61.2) 14.9

Clinic

Lund 169 (31.0) 0.0

Malmö 161 (29.5) 0.0

Other 215 (39.4) 0.0

Years with PD, median (range) 1.6 (0.1, 9.7) 0.0
*at PD commencement. **CCI at PD commencement with no points given to chronic kidney
disease. CCI, Charleson comorbidity index; BMI, body mass index; CAPD, continuous
ambulatory peritoneal dialysis; APD, automated peritoneal dialysis.
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Analysis of risk factors for the secondary
outcome (i.e., peritonitis, exit-site or tunnel
infections)

BMI ≥ 30 (HR 1.47 95% 1.10- 1.95, p = 0.009, nevents = 486) and

the Malmö site (HR 1.39 (95% CI, 1.03- 1.87, p = 0.03) were

clinically relevant variables associated with PD-related infection in

the unadjusted frailty model (Table 3). In the adjusted model, BMI

remained associated with the composite outcome of PD-related

infections (HR, 1.46; 95% CI 1.07-1.99, p = 0.017) to a clinically

relevant degree with a moderate certainty of evidence. The other

modifiable risk factors investigated in the model were not
Frontiers in Nephrology 04
significantly associated with peritonitis, exit-site infection, or

tunnel infection. A Kaplan-Meier estimate of the first episode of

PD-related infection stratified by BMI revealed that patients with

BMI ≥ 30 developed PD-related infections earlier after the first year

of starting peritoneal dialysis compared to the lower BMI

groups (Figure 1).
Mortality

A total, 194 patients (36%) died during the study period. A Cox

regression model revealed that ≥ 3 episodes of peritonitis correlated

with an almost three-fold increased risk of all-cause mortality during

the study period for both the unadjusted (HR 3.15, 95% CI 1.94-5.12,

p < 0.001, nevents = 194) and the model adjusted for smoking, diabetes

mellitus, assisted PD, BMI groups, age at PD onset, sex, and

modified CCI (HR 2.66, 95% CI 1.56-4.52, p < 0.001), with a high

certainty of evidence. For the secondary outcome of PD-related

infections, two episodes were associated with an almost two-fold

increase in mortality for both the unadjusted (HR 2.14, 95% CI 1.39-

3.32, p < 0.001) and the adjusted models (HR 2.11, 95% CI 1.10-2.01,

p < 0.019) as was ≥ 3 episodes of PD-related infections in the

unadjusted (HR 2.16, 95% CI 1.38-3.01, p < 0.001) and the adjusted

models (HR 1.82 95% CI 1.10-3.01, p = 0.019) with moderate to high

certainty of evidence. Assisted PD was also associated with a

clinically relevant increased risk of mortality in the adjusted model

with moderate certainty of evidence for both peritonitis alone (HR

1.64, 95% CI 1.17-2.23, p = 0.004, Table 4) and PD-related infections

(HR 1.75, 95% CI 1.24-2.46, p = 0.001, Table 5).
Relapse- and recurrence peritonitis

There were 17 (5%) and 16 (4%) episodes of relapse and

recurrent peritonitis, respectively. Three patients with pre-PD

peritonitis were identified in this study. The rate of infection due

to Clostridioides difficile enteritis within three months of treatment

for peritonitis was 8% (30/365). In 289 episodes (79%), the PD

catheter extension/transfer set was replaced due to the peritonitis

episode, and in seven episodes (2%), the catheter was replaced, and

in 53 episodes (15%), peritoneal dialysis was terminated due

to peritonitis.
Discussion

Main findings

In this 10-year, population-based cohort study including 545

individuals on peritoneal dialysis, we found that BMI ≥ 30 may be a

potentially modifiable risk factor associated with a clinically

relevant increase in risk for a composite endpoint of PD-related

infection (i.e., peritonitis, exit-site infection, or tunnel infection) in

both unadjusted and adjusted analyses with a low to moderate

certainty of evidence. We also found that multiple episodes of
TABLE 2 Variables associated with peritonitis.

Unadjusted model***
Adjusted
model****

Variable
HR (95%
CI HR)

P-value
HR
(95% CI)

P-value

Age* years
1.00

(0.99; 1.01)
0.597

Male sex
0.94

(0.70; 1.27)
0.697

CCI modified**
(ref: 0)

1

1
0.78

(0.49; 1.24)
0.292

2
1.18

(0.84; 1.66)
0.348

3+
1.44

(1.02; 2.04)
0.038

BMI (ref: <25) 1 1

(25-30)
1.16

(0.83; 1.61)
0.379

1.17
(0.85; 1.62)

0.341

≥30
1.37

(0.97; 1.95)
0.078

1.34
(0.95; 1.91)

0.099

Smoking
1.19

(0.88; 1.61)
0.249

1.12
(0.83; 1.53)

0.452

Assisted PD
1.07

(0.79; 1.44)
0.678

0.97
(0.70; 1.33)

0.841

PD type CAPD
(ref: APD)

1.01
(0.75; 1.36)

0.949

PD system Baxter
(ref: Fresenius/
Gambro)

1.29
(0.94; 1.77)

0.112

Clinic (ref: Lund) 1

Malmö
1.03

(0.72; 1.46)
0.878

Other
1.02

(0.73; 1.42)
0.921
*age at PD commencement. ***The unadjusted model is a frailty model. nevents = 365 × at PD
initiation **CCI modified is Charlson comorbidity index at PD commencement with no
points given to chronic kidney disease. ****The adjusted model is a frailty model adjusted for
age at PD start, sex and CCI modified. CCI, Charlson comorbidity index; BMI, body mass
index; APD, automated peritoneal dialysis; CAPD, continuous ambulatory peritoneal dialysis.
Bold values = p value < 0.05.
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peritonitis and PD-related infections were associated with a two to

three-fold increase in all-cause mortality during the study period in

unadjusted and adjusted analyses, with moderate to high certainty

of evidence.
Compared to the findings in other studies

A prospective, international study found that higher body

weight, in addition to age, greater number of PD bags connected/

24 h and hypoalbuminemia, was independently associated with a

shorter time to first peritonitis episode (11).

Most previous studies on the risk factors for infectious

complications of PD have been conducted in Asia, and they vary

in methodology and statistical analyses. A large Chinese study of

1690 PD patients found that a higher BMI was associated with the

first peritonitis episode and hypoalbuminemia with exit-site

infection using multivariate logistic regression, not taking into

account multiple events of peritonitis in the same individual (12).

A smaller Chinese study (n=258) found that BMI, albumin,

albumin/globulin ratio, CRP, and fast peritoneal solute transfer

rate were independent risk factors for peritonitis in patients

undergoing continuous ambulatory peritoneal dialysis using

multivariate logistic regression (13). Another study conducted in

China found that poor competence in exit-site care, catheter

mobilization, history of catheter-pulling injury, and mechanical

stress by waist belt or the protective bag of PD on the exit site were

risk factors associated with exit-site infection, using a Cox

proportional hazard regression analysis (4). A small Japanese

study (22 outcomes in total) found an association between

smoking and the risk of peritonitis during PD (14). The

International Society for Peritoneal Dialysis has published

guidelines for preventing peritonitis and determined that avoiding

pets and hypokalemia, as well as not taking histamine-2 receptor

antagonists, could be modifiable factors in reducing peritonitis

episodes (9). Previous studies identified peritonitis as a risk factor
Frontiers in Nephrology 05
for mortality in patients undergoing PD (5, 15). A Chinese study

found that patients with PD peritonitis had a hazard ratio of 1.68 for

mortality compared to patients without peritonitis, and the risk

increased for each episode of peritonitis (16). According to a

systematic review, previous studies have diverged results

regarding obesity as a risk factor for mortality in PD (17).
Our findings interpreted

We used a time-to-event frailty model in our study to analyze

risk factors, which considers the time from PD initiation to

peritonitis (or exit-site infection or tunnel infection) and

dependency between multiple events of peritonitis in the same

individual, as well as adjusting for covariates. We did not find

evidence for an association between peritonitis and smoking, nor

did we find that male sex and older age were associated with

peritonitis, as earlier studies have suggested (18, 19). We consider

our finding that a BMI ≥ 30 was associated with a 45% risk increase

for the composite endpoint of PD-related infections compared with

a BMI < 25 as plausible. Increased abdominal fat, with skin folds

and eczema, could increase the risk of colonization and infection

with skin bacteria, which could in turn spread into the PD system

(20, 21). This could also be related to the challenges of surgery in

obese patients, with the exit site sub-optimally placed in fat folds

and reduced healing of surgical wounds (22). The difference in the

timing of developing infections between BMI groups became

apparent after two and one year for the primary and secondary

outcomes, respectively, suggesting that an association with surgery

of the PD catheter is less likely. Other factors, such as the

immunological effects of obesity, could have contributed to our

findings. As most of our patients were overweight or obese, weight-

reduction measures might have an impact on infectious

complications in our setting. Obese and non-obese PD patients

use 1.5–4.25% of dextrose in their peritoneal dialysate, which is

absorbed at 45% and could contribute to weight gain (17). Glucose
FIGURE 1

Adjusted survival curve of the primary (A) and secondary endpoint (B).
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remains the most commonly used osmotic agent in peritoneal

solutions despite its well-known local and systemic adverse

effects, including the risk of weight gain due to systemic glucose

absorption. New generation weight reducing medications, such as

glucagon-like peptide-1 agonists, with potentially beneficial effects

on both diabetes and chronic kidney disease, might be important

and cost beneficial for obese patients on PD to reduce antimicrobial

use and infections (23).

In our clinical practice, we routinely use icodextrin, an

established glucose-sparing peritoneal dialysis solution, as part of
Frontiers in Nephrology 06
our strategy to reduce glucose exposure. This approach is

particularly relevant given the potential long-term impact of

glucose load on weight gain and metabolic health in PD patients.

The mortality rate in our cohort was 36% during the study

period, which is slightly higher than a Chinese study (22%), which

may be explained by the shorter (5-year) follow up time (24). For

patients with PD, the survival rate seems to decrease each year,

particularly in elderly patients (15). In our study, multiple episodes

of peritonitis (≥3) and PD-related infections (≥2) were strongly

associated with all-cause mortality during the study period in the

unadjusted and adjusted analyses with moderate to high certainty of

evidence, highlighting the clinical burden of infectious

complications on peritoneal dialysis. We also found that assisted

PD was associated with mortality, which is not surprising given that

these patients can be expected to be more fragile and often have

greater functional impairments or more severe underlying disease,

rather than the increased risk being attributable to the dialysis

modality itself (25). We found the rate of Clostridioides difficile

enteritis was 8%. To the best of our knowledge, other studies have

not reported this outcome previously, so it is difficult to put it into

context. This should result in vigilance of abdominal pain and

diarrhea in patients who have previously been treated for PD-

related infections.
TABLE 3 Variables associated with PD-related infection.

Unadjusted model***
Adjusted
model****

Variable
HR (95%
CI HR)

P-value
HR
(95% CI)

P-value

Age* years
1.00

(1.00; 1.01)
0.292

Male sex
0.97

(0.75; 1.24)
0.798

CCI modified**
(ref: 0)

1

1
1.04

(0.72; 1.50)
0.845

2
1.03

(0.77; 1.38)
0.850

3+
1.29

(0.96; 1.73)
0.090

BMI (ref: <25) 1 1

(25-30)
1.05

(0.80; 1.38)
0.737

1.05
(0.80; 1.38)

0.723

≥30
1.47

(1.10; 1.95)
0.009

1.45
(1.08; 1.93)

0.012

Smoking
1.09

(0.85; 1.40)
0.482

1.05
(0.82; 1.35)

0.698

Assisted PD
1.05

(0.81; 1.35)
0.725

0.97
(0.74; 1.27)

0.827

PD type CAPD
(ref: APD)

0.98
(0.76; 1.26)

0.882

PD system Baxter
(ref:
Fresenius/Gambro)

1.18
(0.92; 1.52)

0.184

Clinic (ref: Lund) 1

Malmö
1.39

(1.03; 1.87)
0.030

Other
1.25

(0.94; 1.66)
0.120
*age at PD commencement. ***The unadjusted model is a frailty model nevents = 486 *at PD
initiation **CCI at PD commencement with no points given to chronic kidney disease.
***Adjusted for age at PD start, sex and CCI **No points assigned for age and chronic
kidney disease.
CCI, Charlson comorbidity index; BMI, body mass index; APD, automated peritoneal dialysis;
CAPD, continuous ambulatory peritoneal dialysis.
Bold values = p value < 0.05.
TABLE 4 All-cause mortality during the study period and number of
peritonitis episodes.

Unadjusted model* Adjusted model**

Variable
HR (95%
CI HR)

P-value
HR
(95% CI)

P-value

No of peritonitis episodes

0 1 1

1 1.24 (0.87; 1.77) 0.226
1.21

(0.83; 1.77)
0.314

2 1.77 (0.98; 3.18) 0.056
1.85

(0.99; 3.45)
0.054

≥3 3.15 (1.94; 5.12) <0.001
2.66

(1.56; 4.52)
<0.001

BMI

(0-25) 1

(>25-30)
0.87

(0.61; 1.25)
0.445

≥30
0.78

(0.52; 1.17)
0.227

Smoking
0.79

(0.57; 1.09)
0.157

Diabetes
mellitus

0.96
(0.64; 1.44)

0.843

Assisted PD
1.64

(1.17; 2.31)
0.004
fro
nevents = 194 *A cox regression model unadjusted. **A cox regression model adjusted for age at
PD start, sex and Charleson Comorbidity Index. BMI, body mass index.
Bold values = p value < 0.05.
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The observed higher infection risk at the Malmö clinic may

reflect differences in patient case mix, local clinical practices, or

documentation routines, but we did not have sufficient data to

explore this further.
Limitations

The strengths of our study include the population-based study

design and reliance on case findings from the Swedish renal registry,

which has excellent coverage of patients undergoing peritoneal

dialysis. We used established definitions according to the

International Society for Peritoneal Dialysis, and the frailty model

allowed us to consider the time to the primary or secondary

outcome as well as multiple outcome events. Limitations included

only considering the first peritoneal dialysis episode in the model

(only a minority of patients had multiple episodes of PD). We

included only baseline measures of risk factors and comorbidities,

which are often dynamic over time. We chose to focus on variables

reflecting modifiable risk factors for infectious complications, but

we cannot rule out other important predictors that we have

overlooked, such as socio-economic and technical factors,

nutritional status, residual kidney function or relevant laboratory

results (such as serum albumin or serum potassium).
Frontiers in Nephrology 07
We did not perform a power calculation, as the sample size is

individuals at risk during the study period. Although we included all

PD patients in a large regional population over a decade-long

period, statistical power remained limited. Several observed

associations demonstrated clinically meaningful effect sizes but

did not reach conventional levels of statistical significance. We

acknowledge that PD patients are a heterogeneous population, and

the cause of peritonitis in patients with PD is multifactorial, possibly

depending on a vast number of factors. Among these, the

immunological status of the host, colonization of pathological

bacteria, and infection prevention measures are important, but

can be difficult to measure.
Conclusion

In patients undergoing PD, we found that a higher BMI was a

potentially modifiable risk factor for peritonitis, exit-site infection,

or tunnel infection. Multiple episodes of infectious complications to

peritoneal dialysis were associated with all-cause mortality

throughout the study period.
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Unadjusted models* Adjusted models**

Variable
HR (95%
CI HR)

P-value
HR
(95% CI)

P-value

No of PD-related infections

0 1 1

1 1.14 (0.79; 1.64) 0.485
1.12

(0.75; 1.65)
0.585

2 2.14 (1.39; 3.32) <0.001
2.11

(1.32; 3.37)
0.002

≥3 2.16 (1.38; 3.38) <0.001
1.82

(1.10; 3.01)
0.019

BMI

(0-25) 1

(>25-30)
0.94

(0.65; 1.35)
0.742

≥30
0.80

(0.53; 1.20)
0.273
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0.79

(0.57; 1.09)
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0.96
(0.64; 1.44)

0.851
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nevents = 194 *A cox regression model unadjusted. **A cox regression model adjusted for age at
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