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Background: Peritonitis is one of the most common complications in patients undergoing peritoneal di-

alysis, (PD) but it is difficult to predict or prevent. In this study, we analyzed the risk of endogenous

peritonitis in patients receiving PD.

Methods: We included all patients who underwent PD at our hospital from April 2015 to March 2020.

There were 22 cases of peritonitis, including 18 cases of endogenous peritonitis without evidence of

exit-site infection or technical failure. We evaluated older age, female sex, obesity, diabetes, diverticulo-

sis, and constipation as potential important risk factors for endogenous peritonitis and included these

as confounding factors, along with a current or previous history of smoking, in univariate logistic re-

gression models.

Results: A previous or current history of smoking (p = 0.0065) was the most significant risk factor for

endogenous peritonitis in the univariate logistic regression model. In addition, smoking was the most

significant independent risk factor for endogenous peritonitis (p = 0.0034) in multivariate logistic regres-

sion models. Diabetes was also significant in univariate and multivariate logistic regression analysis.

Conclusions: Smoking is a significant independent risk factor for endogenous peritonitis in patients un-

dergoing PD. Cessation of smoking may lower the risk of endogenous peritonitis in this patient group.

(J Nippon Med Sch 2021; 88: 461―466)
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Introduction

Peritonitis is one of the most common complications in

patients receiving peritoneal dialysis (PD). PD-related

peritonitis is associated with mortality and transfer from

PD to hemodialysis1―4. Moreover, peritonitis is associated

with higher risks of cardiovascular mortality and

infection-related mortality in patients undergoing PD2.

Therefore, prediction and prevention of peritonitis are

important in these patients.

The International Society for Peritoneal Dialysis pub-

lished the ISPD Peritonitis Recommendations: 2016 Up-

date on Prevention and Treatment for patients undergo-

ing PD. Many risk factors for PD-related peritonitis were

highlighted in the guidelines and in other reports1,3―8. Spe-

cifically, exit-site infection (ESI) is a risk factor for perito-

nitis, and reducing the incidence of ESI is important for

preventing PD-related peritonitis3,9. However, endogenous

peritonitis may develop in patients receiving PD without

evidence of ESI or technical failure10. Consequently, pre-

vention and prediction of endogenous peritonitis is im-

portant. Although research has identified smoking as a

risk factor for PD-related peritonitis1,3―8, it is unclear if it is

a risk factor for endogenous peritonitis. In our hospital,

we identified all cases of endogenous peritonitis in cur-

rent and former smokers undergoing PD and analyzed

their risk of developing endogenous peritonitis.

Methods

We investigated all patients who underwent PD at our

hospital from April 2015 through March 2020. We treated
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Table　1　Risk factors for PD-related peritonitis

Characteristics of patients

Older age

Female sex

Lower socioeconomic status

Smoking

Obesity

Pets

Living further from PD unit

Comorbidities

Diabetes

Depression

Clinical status

Hypoalbuminemia

Hypokalemia

Absence of vitamin D supplementation

Others

Nasal Staphylococcus aureus carrier status

Previous exit-site infection

Invasive medical interventions (e.g. colonoscopy)

Patient training

PD, peritoneal dialysis.

22 patients with peritonitis, including 18 with endoge-

nous peritonitis without evidence of ESI or technical fail-

ure. Some factors, such as those shown in Table 1, have

been reported as risk factors for peritonitis1,3―8,11―16. We

evaluated older age, female sex, obesity, diabetes, diver-

ticulosis, and constipation as potential important risk fac-

tors for endogenous peritonitis in patients undergoing

PD and added these six factors as confounding factors,

along with a current or previous history of smoking, to

univariate logistic regression models.

Statistical Analyses

Statistical analyses were performed with Prism software

version 8 (GraphPad Software, La Jolla, CA, USA). Multi-

ple linear and logistic regression analyses were per-

formed using JMP software version 12 (SAS Institute,

Cary, NC, USA). Laboratory values are presented as

mean ± SD, and a p value of <0.05 was considered to in-

dicate statistical significance.

Results

This study included 17 men and 5 women; mean age

was 64.6 ± 12.3 years. The most frequent primary condi-

tion (n = 17) was type 2 diabetes (77.3%). Table 2 shows

the baseline characteristics of all patients.

Risk Factors for Endogenous Peritonitis

We used univariate logistic regression models for smok-

ing, older age, female sex, obesity, diabetes, diverticulo-

sis, and constipation. Older age was defined as an age >

65 years and obesity as a body mass index >25. We de-

fined laxative use at onset of PD as having constipation.

A previous or current history of smoking (p = 0.0065)

was the most significant risk factor for endogenous peri-

tonitis in univariate logistic regression models. Although

not a primary focus of this study, diabetes was a signifi-

cant risk factor (p = 0.0106) for endogenous peritonitis in

univariate logistic regression models.

For multivariate logistic regression models for risk of

endogenous peritonitis, we selected smoking and diabe-

tes as significant factors. In our multivariate logistic re-

gression model, smoking was the most significant inde-

pendent risk factor for endogenous peritonitis (p =

0.0034); diabetes was also a significant independent risk

factor (p = 0.0055). The results are shown in Table 3.

Discussion

PD-related Peritonitis and Risk Factors

Peritonitis is one of the most common complications in

patients undergoing PD and leads to discontinuation of

PD and potential fatality1―4. Peritonitis is associated with

morbidity and mortality caused independently by cardio-

vascular events and infection2. Therefore, correct manage-

ment of peritonitis in patients receiving PD is crucial.

Our hospital manages patients undergoing PD in accor-

dance with the International Society for Peritoneal Dialy-

sis Practice Recommendations of 2016, which describes

the risk factors for developing PD-related peritonitis3. Al-

though many putative risk factors for PD-related perito-

nitis have been reported, evidence for a benefit in reduc-

ing rates of peritonitis is sufficient only for topical exit-

site antimicrobial prophylaxis and nasal eradication of

Staphylococcus aureus4. Moreover, because risk factors for

endogenous peritonitis in this patient group are unclear,

it is important to predict and prevent endogenous perito-

nitis, as it may present without evidence of ESI or techni-

cal failure.

PD-related Peritonitis and Smoking

Smoking is a modifiable cardiovascular risk factor and

is significantly associated with mortality in patients re-

ceiving PD 17―19,20. However, smoking is not associated

with cardiovascular events in patients receiving PD or

hemodialysis, despite a reduction in all-cause mortality18.

The guidelines published by the International Society for

Peritoneal Dialysis describe smoking as a risk factor for

peritonitis, and additional studies have confirmed this1,3―8.

However, to our knowledge, no report has clearly de-
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Table　2　Patients’ baseline characteristics and variables

total, n 22

Female, n (%)  5 (22.7)

Age (years) 66.6 ± 12.3

BMI (kg/m2) 23.7 ± 4.0

Smoking , n (%) 13 (59.1)

Diabetes, n (%) 17 (77.3)

RASi, n (%) 12 (54.5)

Diuretic-use (%) 11 (50.0)

Vit D supplementation at onset of PD, n (%)  7 (31.8)

Malignant tumor, n (%)  9 (40.9)

CVA, n (%)  4 (18.2)

Hepatitis, n (%)  4 (18.2)

History of abdominal operation, n (%)  9 (40.9)

Diverticulosis, n (%) 11 (50.0)

Pancreatic cyst, n (%)  6 (27.3)

Gallstone, n (%)  8 (36.4)

Laxative at onset of PD, n (%)  4 (18.2)

Laxative at onset of peritonitis, n (%) 12 (54.5)

Phosphate binder at onset of PD, n (%)  5 (22.7)

Phosphate binder at onset of peritonitis, n (%) 13 (59.1)

eGFR at start of PD (mL/ min/1.73m2) 7.57 ± 5.48

Serum K (mEq/L) 4.64 ± 0.61

Serum Alb (g/dL) 3.18 ± 0.70

CRP (mg/dL) 0.47 ± 1.22

D/P ratio 0.71 ± 0.15

D/D0 ratio 0.37 ± 0.10

BMI, body mass index; RASi, renin angiotensin system in-

hibiter; Vit D, vitamin D; PD, peritoneal dialysis; CVA, cere-

brovascular accident; eGFR, estimated glomerular filtration 

rate; Alb, serum albumin; CRP, C-reactive protein.

Table　3　Logistic regression analysis for endogenous peritonitis

Variables
Univariate analysis Multivariate analysis

Odds ratio (95%CI) p value Odds ratio (95%CI) p value

Older age 0.5238095(0.0232836-5.0904939) 0.5931

Female 0.2(0.0168925-2.1865373) 0.1777

Obesity 1.4999998(0.1514566-33.961144) 0.7419

Diabetes 23.999996(2.0503527-658.36579) 0.0106 75,847,820(1.83e+126-4.88e+140) 0.0055

Smoking 92,131,825(2.7235235-ND) 0.0065 1.135e+14(5.9276547-ND) 0.0034

Diverticulosis 3.75(0.3924605-84.23298) 0.2599

Constipation 0.6(0.0508106-14.409328) 0.7051

scribed the mechanisms underlying the association of

smoking and PD-related peritonitis. In one study, the ma-

jor cause of peritonitis in current and former smokers

was gram-positive cocci8. The authors state that this

might be attributable to management of hygiene and/or

care with sterile, no-touch disconnection techniques for

patients.

One study reported that CT-detected silent diverticulo-

sis is not a risk factor for enteric diverticulosis-related

peritonitis21. However, another study found that diver-

ticulosis might be a risk factor for peritonitis12. The asso-

ciation of diverticulosis with peritonitis risk in patients

receiving PD remains controversial; however, smoking is

a significant risk factor for colonic diverticulosis22. In ad-

dition, smoking is associated with complicated diverticu-

litis and worse prognosis, and smoking cessation de-

creases the rate of diverticulitis recurrence23,24. Moreover,

smoking is an independent prognostic factor for colon
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cancer25, is associated with a failure of gas exchange in

the lungs, and is linked to systemic and intestinal ische-

mia26. In addition, smoking causes angiogenesis and fail-

ure of the gastrointestinal tract epithelial barrier26. Smok-

ing affects innate and adaptive immunity, thus worsening

the pathogenic immune response or defensive immu-

nity27. Some studies have shown that smoking affects the

intestinal microbiome and may lead to development of

intestinal and systemic diseases, such as inflammatory

bowel disease28. Moreover, smoking affects the skin and

delays cutaneous wound healing, because of dysfunction

of the innate immune response in the skin29.

In our hospital, there were 18 cases of endogenous

peritonitis without evidence of ESI or technical failure.

Smoking was a significant risk factor for endogenous

peritonitis in both univariate and multivariate logistic re-

gression models in this study. As previously stated, the

harmful effects of smoking are associated with compro-

mised peritoneal health, which might increase the risk of

endogenous peritonitis. Moreover, the harmful effect of

smoking on skin near the exit site is a consideration.

Smoking may also cause ESI and ESI-related peritonitis

in patients undergoing PD, although this association was

unclear in our study. Further research in this patient

group is warranted, to confirm this finding.

PD-related Peritonitis And Diabetes

Previous guidelines and studies indicate that diabetes

is a risk factor for peritonitis in patients undergoing

PD1,3―6,11,30. Although not a primary focus of our study, dia-

betes was the second most significant risk factor for en-

dogenous peritonitis, after smoking and constipation, in

univariate and multivariate logistic regression models.

Patients with diabetes who receive PD are at risk of de-

veloping peritonitis, perhaps owing to dysfunction of the

immune system and technical problems caused by visual

impairment31. Diabetes is associated with carcinogenesis32,

and persons with diabetes may have cutaneous micro-

biome dysbiosis, a possible risk factor for cutaneous in-

fection33. Although the mechanism underlying the asso-

ciation of diabetes and endogenous peritonitis is unclear,

diabetes was a significant risk factor for endogenous

peritonitis in this study. It is possible that diabetes is as-

sociated not only with peritonitis caused by ESI and

technical failure, but also with endogenous peritonitis.

Further research is necessary to confirm these findings.

In this study, smoking was the most significant inde-

pendent risk factor for endogenous peritonitis in univari-

ate and multivariate logistic regression models. In addi-

tion, diabetes was a significant independent risk factor

for endogenous peritonitis. Current smoking in patients

undergoing PD is treatable and modifiable, and manage-

ment of smoking may prevent endogenous peritonitis.

Prediction and prevention of endogenous peritonitis

needs to be considered in addition to ESI in smokers un-

dergoing PD.

Limitations

This study has limitations. First, it was conducted at a

single center and the number of participants was insuffi-

cient for robust statistical analysis. Second, endogenous

peritonitis was diagnosed clinically in some patients,

without investigatory confirmation. These limitations

may have biased our results.

Conclusions

In conclusion, smoking is a significant independent risk

factor for endogenous peritonitis in patients receiving

PD. Smoking cessation may lower the risk of endogenous

peritonitis in such patients.
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