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Purpose: Peritoneal dialysis (PD)-related peritonitis and lower limb ulcer are the important 
complications in patients undergoing PD. Although the association between lower limb ulcer 
and peritonitis in patients undergoing PD is unclear, based on our clinical experience and the 
clinical importance of the complications in patients undergoing PD, we hypothesized that 
lower limb ulcer is associated with peritonitis in patients on PD.
Patients and Methods: In this single center, retrospective cohort study, we studied 87 patients 
who started undergoing PD at our hospital from April 2015 to March 2020. We compared these 8 
patients with lower limb ulcer with the other 79 patients without lower limb ulcer. We compared 
between the patients in the objection period of this study about peritonitis using Log rank test, 
and used the unpaired t-test and Fisher’s exact test to compare the clinical factors between the 
two groups. Moreover, we used univariate and multivariate logistic regression analyses to study 
the association of PD-related peritonitis with the clinical factors.
Results: The period developed first peritonitis of the patients on PD with lower limb ulcer 
was significant shorter than those without lower limb ulcer in Log rank test (P = 0.011). The 
Fisher’s exact test and unpaired t-test showed that the difference in the prevalence of PD- 
related peritonitis (P = 0.009), peritonitis/patient years (P = 0.036), the BMI (P = 0.007) and 
icodextrin (P = 0.001) were significant. Lower limb ulcer had significant associations with 
peritonitis in patients on PD in both univariate [odds ratio (OR) 8.461, 95% confidence 
interval (CI) 1.854–45.60, P = 0.006] and multivariate [OR 7.169, 95% CI 1.519–39.480, P = 
0.013] logistic regression analysis.
Conclusion: In conclusion, lower limb ulcer may be associated with peritonitis in patients 
undergoing PD. Further large-scale, prospective studies are required to confirm these results.
Keywords: peritoneal dialysis, peritonitis, lower limb ulcer

Introduction
Peritoneal dialysis (PD)-related peritonitis is one of the most common and impor-
tant complications in patients undergoing PD that requires hospitalization and/or 
transfer to permanent hemodialysis and may cause death.1–3 Therefore, the predic-
tion and prevention of peritonitis in patients undergoing PD are essential for 
improving the quality of life in these patients. In 2016, the International Society 
for Peritoneal Dialysis (ISPD) published the guidelines entitled, “ISPD Peritonitis 
Recommendations: 2016 Update on Prevention and Treatment,” for peritonitis in 
patients undergoing PD.1 Awareness and information regarding the risk factors for 
peritonitis in PD patients are important to prevent PD-related peritonitis; several 
risk factors for PD-related peritonitis, such as diabetes mellitus (DM) and smoking, 
have been listed in the guidelines and in other reports.1–11 We have used the 
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protocols and information in these guidelines to manage 
peritonitis in PD patients at our hospital. Nevertheless, in 
PD patients, peritonitis remains a severe problem, which 
requires to be addressed.

The most common primary cause of end-stage renal 
disease is diabetic nephropathy that results from poorly 
controlled DM in the United States of America and Asia, 
including Japan.12–14 Furthermore, DM is a risk factor for 
peritonitis1,2,5–7,9,10 and lower limb ulcer in patients under-
going dialysis.15 In addition, PD patients with DM are at 
a greater risk of lower extremity amputation than those 
without DM.16 Based on our experience, we can state that 
peritonitis may be associated with lower limb ulcer in 
patients undergoing PD, irrespective of the present of DM. 
However, to the best of our knowledge; no study has 
reported an association of lower limb ulcer with peritonitis 
in patients on PD, and the association between lower limb 
ulcer and peritonitis in patients undergoing PD is unclear.

We hypothesized that lower limb ulcer is associated 
with peritonitis in patients on PD, because both the lower 
limb ulcer and peritonitis are very important factors in 
patients on PD and the two factors may have the mutual 
problems such as the infection. Therefore, we designed 
this study to investigate whether lower limb ulcer is asso-
ciated with peritonitis in patients undergoing PD.

Patients and Methods
Study Population and Study Design
In this single center, retrospective cohort study, we enrolled 
patients who provided informed consent for study 

participation, with the option of opting out. Those who 
refused to participate in the trial were not enrolled. The 
study protocol was approved by the Ethics Committee of 
the Nippon Medical School Hospital (B-2020-130) and 
registered at the University Hospital Medical Information 
Network as UMIN No. 000046719. The study was per-
formed in keeping with the principles in the Helsinki 
Declaration.

We studied 87 patients who started undergoing PD at our 
hospital, the Nippon Medical School Hospital, and attended 
our hospital regularly from April 2015 to March 2020; those 
on temporary PD were not enrolled in our trial. We defined 
that we followed up the patients until PD cessation by all 
causes including death and the end of the study period in this 
study. We defined the patients undergoing combination ther-
apy with hemodialysis as the patients undergoing PD. We 
collected data regarding two clinical factors, lower limb 
ulcer and peritonitis, from the study subjects. Of the 87 
study subjects, eight patients had experienced episodes of 
lower limb ulcer. Therefore, in this study, we compared 
these eight patients with lower limb ulcer with the other 79 
patients without lower limb ulcer. Peritonitis was present in 
18 patients: 5 from the patients with lower limb ulcer and 13 
from the patients without lower limb ulcer. Figure 1 shows 
the flowchart of the study design and subject enrollment.

Definitions of the Terms in This Study
In this study, we defined lower limb ulcer as the presence 
of a single ulcer or multiple ulcers. The lower limb ulcers 
that needed treatment were evaluated and characterized at 

Figure 1 Flowchart of the study design. 
Abbreviation; PD, peritoneal dialysis.
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the department of plastic surgery or dermatology depart-
ment at our hospital. We did not perform detailed classifi-
cation of the types of lower limb ulcers owing to the 
relatively small number of subjects who had lower limb 
ulcer.

We defined the patients with malignant disease as those 
with malignant disease during or after the initiation of PD. 
We did not classify the subjects as per the type of malig-
nant disease owing to the limited number of subjects.

An ankle-brachial index (ABI) < 0.9 at the time of PD 
initiation was considered to be abnormal ABI.

The Survival Analysis Between the 
Patients with and without Lower Limb 
Ulcer by Log Rank Test
We compared between the patients with and without lower 
limb ulcer in the objection period of this study about 
peritonitis using Log rank test to investigate the associa-
tion between PD-related peritonitis and lower limb ulcer in 
patients undergoing PD; we defined the patients had lower 
limb ulcer occurred by the end of the period of this study 
in this study as the patients with lower limb ulcer, and we 
defined the endpoint as the first PD related peritonitis in 
this Log rank test.

A Comparison of Patients with and 
without Lower Limb Ulcer Using 
Unpaired t-Test and Fisher’s Exact Test 
Analysis
We used the unpaired t-test and Fisher’s exact test to compare 
the following clinical factors between the 8 patients with lower 
limb ulcer and the 79 patients without lower limb ulcer: sex, 
age, body mass index (BMI), presence of DM, nephrosclerosis 
as the primary disease, estimated glomerular filtration rate at 
PD initiation, dialysate creatinine to plasma creatinine ratio (D/ 
P ratio), dialysate glucose to initial dialysate glucose ratio (D/D 
ratio), hypertension, current and former smoking, presence of 
malignant disease, cardiovascular disease at PD initiation, 
diverticulosis, arrhythmia, abnormal ABI, exit-site infection, 
PD-related peritonitis, hemoglobin (Hb) level at PD initiation, 
serum potassium (K) level at PD initiation, serum albumin 
(Alb) at PD initiation, and C-reactive protein (CRP) level at 
PD initiation, automated PD, combination therapy with hemo-
dialysis, icodextrin, follow-up period, and peritonitis/patients 
years. All patients used the automated connecting and discon-
necting device with ultraviolet light on PD.

The Association Between Lower Limb 
Ulcer and PD-Related Peritonitis
We investigated the association between PD-related peritonitis 
and lower limb ulcer in the study subjects. We used univariate 
and multivariate logistic regression analyses to study the asso-
ciation of PD-related peritonitis with ten clinical factors (lower 
limb ulcer, exit-site infection in PD, presence of DM, abnormal 
status of ABI, cardiovascular disease at PD initiation, arrhyth-
mia, diverticulosis, current and former smoking, icodextrin, 
and BMI) because the sample size was not sufficient to allow 
robust statistical analyses, and we considered the clinical 
importance of the factors in this study about PD-related peri-
tonitis and lower limb ulcer. Moreover, we attempted to iden-
tify the bacteria responsible for peritonitis and lower limb ulcer 
in the eight patients with lower limb ulcer.

Statistical Analyses
All the laboratory values have been presented as mean ± 
standard deviation values. Continuous variables were com-
pared with the unpaired t-test, and survival analysis was per-
formed on longitudinal data to address its multiplicity. Fisher’s 
exact test was used for various inter-group comparisons. The 
Mantel-Cox Log rank test was used to compare survival 
curves. P values < 0.05 were considered to indicate statistical 
significance. All the statistical analyses were performed using 
Prism® software version 8 (GraphPad Software, La Jolla, CA, 
USA). Furthermore, logistic regression analyses were per-
formed using JMP® software version 14 (SAS Institute, 
Cary, NC, USA).

Results
The Survival Analysis Between the 
Patients with and without Lower Limb 
Ulcer by Log Rank Test
The period developed first peritonitis of the patients on PD 
with lower limb ulcer was significant shorter than the 
period of the patients on PD without lower limb ulcer in 
Log rank test (P = 0.011). Figure 2 shows the results.

Basic Characteristics of Participants and 
the Comparison of Patients with and 
without Lower Limb Ulcer Using 
Unpaired t-Test and Fisher’s Exact Test
The study enrolled 87 PD patients (65 men and 22 
women). As a result, there were no excluded patients and 
withdrawal patients in this study. The most common 
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complication was hypertension (83 patients, 95.4%), fol-
lowed by DM (51 patients, 58.6%). The Fisher’s exact test 
showed that the difference in the prevalence of PD-related 
peritonitis was significant between patients with and with-
out lower limb ulcer (P = 0.009). Moreover, the Fisher’s 
test showed that the difference in peritonitis/patient years 
was significant between patients with and without lower 
limb ulcer (P = 0.036).

Although this was not the primary aim of our study, the 
BMI (P = 0.007) and icodextrin (P = 0.001) were also 
significantly different between the groups.

Table 1 shows the basic characteristics of the participants 
and the results of the unpaired t-test and Fisher’s test analysis 
for patients on PD with and without lower limb ulcer in this 
study.

Lower Limb Ulcer, Peritonitis, and DM in 
the Study Subjects
In this study, 18 patients developed peritonitis. Further, eight 
patients had the episode of lower limb ulcer in this study, and 
five of them developed peritonitis. Six of the eight patients with 
lower limb ulcer had DM; however, one of the five patients 
who developed peritonitis after lower limb ulcer did not have 
DM. Of the five patients who developed peritonitis after lower 
limb ulcer, we detected the same organ from cultures of lower 
limb ulcer and effluent at peritonitis in only one patient. Table 2 
shows the details of patients who had lower limb ulcer during 
the study period with and without peritonitis.

The Association Between Lower Limb 
Ulcer and PD-Related Peritonitis
As per univariate logistic regression analysis, lower limb 
ulcer [odds ratio (OR) 8.461, 95% confidence interval (CI) 

1.854–45.60, P = 0.006] had a significant association with 
peritonitis in patients on PD. Other factors, such as abnormal 
ABI and presence of DM, did not show significant associa-
tions with peritonitis in patients on PD. Moreover, lower limb 
ulcer [OR 7.169, 95% CI 1.519–39.480, P = 0.013] had 
a significant association with peritonitis in patients under-
going PD on multivariate logistic regression analysis; we 
adopted lower limb ulcer and presence of DM as independent 
variables in multivariate logistic regression analysis, because 
the sample size was not sufficient to allow robust statistical 
analyses and we thought that the two factors had clinical 
importance in this study about lower limb ulcer and perito-
nitis; we thought presence of DM was considered as the most 
important confounding factor. In addition, BMI and icodex-
trin that had significant differences between the patients with 
and without lower limb ulcer in Fisher’s exact test and 
unpaired t-test analysis were not significant in the univariate 
logistic regression analysis.

In this study, lower limb ulcer had a significant asso-
ciation with peritonitis in PD patients as per the univariate 
and multivariate logistic regression models. Table 3 shows 
the results of the univariate and multivariate logistic 
regression analyses.

Discussion
In patients undergoing PD, PD-related peritonitis is one of 
the most common and important complications; peritonitis 
is associated with hospitalization, transfer to permanent 
hemodialysis, and death in these patients.1,2,3 Therefore, 
it is crucial to prevent the occurrence of peritonitis in 
patients on PD; this indicates the importance of accurate 
prediction of peritonitis that would enable its prevention. 
Several studies have reported on PD-related peritonitis, 

Figure 2 The survival analysis between the patients with and without lower limb ulcer.
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and various risk factors, such as DM and smoking, have 
been implicated in peritonitis among patients on PD.1–11 

The ISPD has published guidelines for PD-related 
peritonitis.1 In our hospital, we manage patients on PD 
with peritonitis as per these guidelines. However, perito-
nitis remains one of the most severe complications and an 
important problem in patients undergoing PD, which needs 
to be resolved.

Lower limb ulcer is reportedly associated with lower 
extremity amputation and mortality.17 Peripheral artery dis-
ease is associated with mortality in patients with chronic 
kidney disease.18 Patients undergoing dialysis are at 
a higher risk of lower limb complications and ulcer asso-
ciated with lower extremity amputation and mortality.17,19,20

As previously shown, several reports have demon-
strated that DM, a common complication in patients 
undergoing PD, is a risk factor for PD-related 
peritonitis.1,2,5–7,9,10 Furthermore, patients with DM 

undergoing dialysis are at a higher risk of lower limb 
ulcer than those who do not have DM.15 Diabetic foot 
ulcers are associated with a high rate of lower extremity 
amputation, and the 5-year mortality in patients with dia-
betic foot disease is high, approaching 50%.21,22 The 
1-year mortality in DM patients on dialysis who had to 
undergo lower extremity amputation is reported to be 
50.8%.23 Patients on PD with DM are at a higher risk of 
lower extremity amputation than those without DM, and 
regular monitoring of the feet is very important for 
patients on PD with DM.16,24 Considering these reports, 
lower limb diseases are important complications in 
patients undergoing PD.

Both PD-related peritonitis and lower limb ulcer are 
common and important complications in patients on PD. 
However, to the best of our knowledge, no report has 
discussed the association of lower limb ulcer and PD- 
related peritonitis in patients undergoing PD.

Table 1 Baseline Characteristics and Parameters of the Patients

Baseline Characteristics and Parameters of Patients

Total, n All Patients Patients with Lower Limb Ulcer Patients without Lower Limb Ulcer P value*

n = 87 n = 8 n = 79

Female, n (%) 22 (25.3) 1 (12.5) 21 (26.6) 0.674

Age (years) 62.31 ± 14.55 60.75 ± 12.20 62.47 ± 14.82 0.752

BMI (kg/m2) 23.99 ± 3.86 27.42 ± 5.35 23.62 ± 3.53 0.007

Diabetes mellitus, n (%) 51 (58.6) 6 (75.0) 45 (57.0) 0.461

Nephrosclerosis as primarily disease, n (%) 22 (25.3) 2 (25.0) 20 (25.3) > 0.999

eGFR at PD initiation (mL/min/1.73m^2) 7.167 ± 3.449 6.188 ± 1.462 7.266 ± 3.580 0.403

D/P ratio 0.680 ± 0.148 0.646 ± 0.110 0.685 ± 0.152 0.485

D/D0 ratio 0.383 ± 0.099 0.416 ± 0.095 0.379 ± 0.099 0.318

Hypertension, n (%) 83 (95.4) 8 (100) 75 (94.9) > 0.999

Smoking, n (%) 52 (59.8) 4 (50.0) 48 (60.8) 0.608

Malignant disease, n (%) 16 (18.4) 0 (0) 16 (20.3) 0.342

CVD at PD initiation, n (%) 24 (27.6) 3 (37.5) 21 (26.6) 0.679

Diverticulosis, n (%) 34 (39.0) 5 (62.5) 29 (36.7) 0.255

Arrhythmia, n (%) 9 (10.3) 1 (12.5) 8 (10.1) > 0.999

Abnormal status of ABI, n (%) 5 (5.7) 0 (0) 5 (6.33) > 0.999

Exit-site infection, n (%) 14 (16.1) 1 (12.5) 13 (16.5) > 0.999

Hb at PD initiation (g/dL) 9.973 ± 1.156 9.450 ± 1.294 10.027 ± 1.136 0.180

Serum K at PD initiation (mEq/L) 4.519 ± 0.642 4.450 ± 0.469 4.526 ± 0.657 0.753

Serum Alb at PD initiation (g/dL) 3.355 ± 0.617 2.950 ± 0.709 3.396 ± 0.596 0.051

CRP at PD initiation (mg/dL) 0.470 ± 0.869 0.318 ± 0.329 0.486 ± 0.907 0.605

Automated PD, n (%) 53 (60.9) 4 (50.0) 49 (62.0) 0.706

Combination therapy with hemodialysis, n (%) 11 (12.6) 2 (25.0) 9 (11.4) 0.266

Icodextrin, n (%) 39 (44.8) 8 (100) 31 (39.2) 0.001

PD-related peritonitis, n (%) 18 (20.7) 5 (62.5) 13 (4.35) 0.009

Follow-up period (months) 19.287 ± 12.501 22.125 ± 8.774 19.000 ± 12.825 0.139

Peritonitis/patient years 0.129 0.339 0.104 0.036

Notes; Plus-minus values are means ± standard division. *P values are for the comparisons between patients with and without lower limb ulcer. 
Abbreviations; BMI, body mass index; eGFR, estimated glomerular filtration rate; PD, peritoneal dialysis; D/P ratio, dialysate creatinine to plasma creatinine ratio; D/D 
ratio, dialysate glucose to initial dialysate glucose ratio; CVD, cardiovascular disease; ABI, ankle-brachial pressure index; Hb, hemoglobin; K, serum potassium; Alb, albumin; 
CRP, C-reactive protein.
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Based on our clinical experience and the clinical 
importance of both PD-related peritonitis and lower limb 
ulcer when we manage the patients on PD, we hypothe-
sized that the occurrence of lower limb ulcer is associated 
with peritonitis in patients undergoing PD.

As the result, the period developed first peritonitis of 
patients with lower limb ulcer was significant shorter than 
the period of patients without lower limb ulcer in Log rank 
test. In addition, we compared the basic characteristics of 
participants with and without lower limb ulcer using 
unpaired t-test and Fisher’s exact test analysis. In this 
study, the prevalence of PD-related peritonitis in patients 
on PD showed a significant difference in Fisher’s exact 
test analysis between patients with and without lower limb 
ulcer. Moreover, the Fisher’s test showed that the differ-
ence in peritonitis/patient years was significant between 
patients with and without lower limb ulcer. Moreover, we 
investigate the association peritonitis with the ten factors 
such as lower limb ulcer in univariate and multivariate 
logistic regression models; we included icodextrin and 
BMI that had significant differences between the patients 
with and without lower limb ulcer in Fisher’s exact test 
and unpaired t-test analysis in univariate logistic regres-
sion analysis. As a result, lower limb ulcer showed 
a significant association with peritonitis in univariate and 
multivariate logistic regression models. The other factors 
such as DM were not significant in univariate logistic 
regression models. These results may indicate that the 
lower limb ulcer has an association with peritonitis in 
patients on PD; the patients with lower limb ulcer may 
develop to peritonitis earlier and more frequently than the 
patients without lower limb ulcer.

In contrast, Fisher’s exact test analysis showed no 
significant difference in the presence of DM in PD patients 
with and without lower limb ulcer; univariate logistic 
regression analysis also showed no association with peri-
tonitis. Moreover, the presence of DM was not significant 
in multivariate logistic regression analysis either; we 
thought presence of DM was considered as the most 
important confounding factor, because DM was one of 
the common problems of peritonitis and lower limb 
ulcer. Therefore, lower limb ulcer may have an association 
for peritonitis in patients on PD independent of DM. 
However, those results may be attributable to various 
factors because this study has certain limitations.

We investigate the patients on PD with lower limb 
ulcer in this study to analyze the association between 
lower limb ulcer and PD-related peritonitis in this study. Ta
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We attempted to identify the bacteria responsible for 
peritonitis and lower limb ulcer in our study subjects. 
We detected the same organ from cultures of lower limb 
ulcer and effluent at peritonitis in only one of the five 
patients who developed lower limb ulcer and peritonitis; 
in this one patient, we could not detect the organ from 
blood cultures. Therefore, the peritonitis may not have 
been caused by an infection of the bloodstream from the 
lower limb ulcer, but via touch contamination. In the 
other four patients, the responsible organs for peritonitis 
were different, based on the culture of their lower limb 
ulcer, or the organ from the culture of their lower limb 
ulcer was not detected.

Although we could not prove a direct association 
between peritonitis and lower limb ulcer in our patients, 
there might be some associations between peritonitis and 
lower limb ulcer in patients on PD, such as a problem in 
the immune system that may cause peritonitis and lower 
limb ulcer; both peritonitis and lower limb ulcer have 
mutual problems of infection. Moreover, peritonitis devel-
oped after lower limb ulcer in all five patients in this study. 
Thus, we might have to manage patients undergoing PD 
with lower limb ulcer more carefully because they might 
be at a higher risk of PD-related peritonitis.

Although this was not the primary aim of our study, the 
icodextrin and BMI were also significantly different 
between the patients with and without lower limb ulcer. 
All patients with lower limb ulcer have the episode of 
using dialysate including icodextrin for ultrafiltration fail-
ure. Lower limb edema is common problem in patients on 
PD. Especially, lower limb edema was more common and 

severe in the patients with ultrafiltration failure. Lower 
limb edema has bad effect for lower limb ulcer. BMI has 
also significant difference between the patients with and 
without lower limb ulcer in unpaired t-test analysis. 
Therefore, icodextrin and higher BMI may have some 
associations with lower limb ulcer in patients on PD, 
although we could not prove the clear associations in 
these results in this study because of some limitations.

This study has several limitations. First, the number of 
participants was relatively small and was not enough to 
allow robust statistical analyses because this study was 
conducted at a single center, and the total observation 
period of this study was relatively short (5 years) and the 
follow-up period of patients was also short. Second, the 
number of patients with lower limb ulcer and peritonitis 
was small. Third, this study was not an interventional 
study, but a retrospective observational study; therefore, 
the results may contain some bias. Forth, the period 
occurred lower limb ulcer of the patients were different, 
not at the PD initiation and the initiation of this study.

Therefore, further large-scale, prospective studies are 
required to confirm the results of this study.

Conclusion
In conclusion, lower limb ulcer may be associated with 
peritonitis in patients undergoing PD. Further large-scale, 
prospective studies are required to confirm these results.
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Table 3 Logistic Regression Analysis for Peritonitis

Logistic Regression Analysis for Peritonitis

Variables Univariate Analysis Multivariate Analysis

Odds Ratio (95% CI) P value Odds Ratio (95% CI) P value

Exit-site infection 1.055(0.219–3.908) 0.941

Diabetes ｍellitus 2.600(0.901–8.220) 0.078 2.150(0.697–7.084) 0.183

CVD at PD initiation 1.417(0.439–4.240) 0.546
Lower limb ulcer 8.461(1.854–45.60) 0.006 7.169(1.519–39.480) 0.013

Abnormal status of ABI 2.242(0.270–15.264) 0.421

Smoking 1.450(0.501–4.580) 0.500
Diverticulosis 1.760(0.612–5.082) 0.291

Arrhythmia 0.449(0.023–2.700) 0.424

Icodextrin 1.724(0.607–5.036) 0.305
BMI (kg/m2) 1.007(0.884–1.172) 0.922

Abbreviations; CI, confidence interval; CVD, cardiovascular disease; PD, peritoneal dialysis; ABI, ankle-brachial pressure index; smoking, current and former smoking; BMI, 
body mass index.
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