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�� ABSTRACT

Background: The goal of this study was to compare the risk of peritoneal dialysis -related infections in younger 
and older patients and to identify risk factors for infection in elderly patients.

Methods: We performed a longitudinal retrospective study on a population of Portuguese peritoneal dialysis 
patients treated at the same center between January 2005 and December 2015. Clinical and laboratory data 
were collected from medical reports. Two groups of patients were compared: non elderly (< 65 years) and elderly 
(≥ 65 years).

Results: Among 100 patients, there were 73 non elderly (median age 52 years) and 27 elderly (median age 
74 years). Elderly patients were not associated with higher PD -infection rates or with less time to PD -related 
infections. Cerebrovascular disease was the only significant adverse predictor of peritonitis in elderly (crude HR 
3.8; 95% CI 1.10 to 13.34; P = 0.035) and those with higher levels of serum albumin were less likely to develop 
peritonitis (crude HR 0.47 per each g/dl of increase; 95% CI 0.24 to 0.89; P = 0.023).

Conclusions: In our study, elderly patients did not present a greater risk for peritonitis or catheter -related 
infections.
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�� INTRODUCTION

The incidence and prevalence of older patients (≥ 
65 years) with end stage kidney disease (ESKD) is 
increasing worldwide as life expectancy is growing1 -8. 
Data from the Australia and New Zealand Dialysis 
and Transplant (ANZDATA) registry revealed an 
increase of elderly with ESKD by 8% per year between 
2004 and 2008 and patients over 60 years were more 
than 50% of ESRD patients2. Similar results were 
obtained from United States and Canada3 -5, Europe6 
and China7.

The major advantages of PD in this age group are 
preservation of residual renal function and hemo-
dynamic stability, avoidance of problems related 
with vascular access, postdialysis recovery time and 
falls8 -19. However, infectious risk is a major concern 
and remains an obstacle to PD prescription in 
elderly20.

The goal of this study was to compare the risk of 
peritoneal dialysis -related infections between young-
er and older patients and to identify risk factors for 
infection in elderly patients.
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�� METHODS

Data from incident PD patients from a Portuguese 
center between January 2005 and December 2015 
were collected from medical reports. The number 
of patients on assisted PD was residual so these 
patients were excluded. Patients were stratified into 
two groups according to their ages at admission on 
PD program: non -elderly (< 65 years) and elderly (≥ 
65 years) patients. Demographic and clinical data 
were recorded at entrance in PD program. Laboratory 
data were consequently recorded from routine analy-
sis, considering all time on PD for each patient till 
the end of follow -up period, which was from January 
1, 2005 to December 31, 2015. Mean values of these 
laboratory data (for all the follow -up period) were 
calculated for each patient and included posteriorly 
in the analysis. The retrieved data are expressed in 
Table 1.

PD -related infections that occurred during follow -up 
period were categorized as exit - site infection, tunnel 
infection and peritonitis. All patients were treated 
according to the same protocol.

��� Statistical Analysis

Patient characteristics were summarized using 
descriptive statistics. Continuous variables were 
expressed as the mean (standard deviation – SD) or 
median [interquartile range – IQR] and categorical 
variables were expressed as percentage. The Kolmo-
gorov -Smirnov test was used to determine the nor-
mality of the distribution of parameters. Patient char-
acteristics were compared for elderly and non elderly 
patients using chi -squared or Mann -Whitney tests as 
appropriate.

Infectious rates were calculated by dividing the 
total number of PD related infections (peritonitis, 
exit -site and tunnel infections) by total time at risk 
(calculated as number of days from dialysis initiation 
to the end of follow -up for all patients divided by 
365.25 days) and expressed as number of infection 
episodes per dialysis year. Poisson regression analysis 
was used to assess the impact of various factors on 
outcome of interest (peritonitis, exit -site and tunnel 
infections), including demographics (age categorized 
into <65 yr and ≥ 65 yr), comorbidities (diabetes mel-
litus, hypertension, cerebrovascular disease, and 
peripheral artery disease) and albumin level from 
routine analysis.

Cox proportional hazard models were used to cal-
culate crude hazard ratios (HRs) and 95% confidence 
intervals for the association between several demo-
graphic and clinical variables and PD -related infec-
tions (peritonitis, exit -site and tunnel infections). The 
following variables, obtained at the start of dialysis, 
were included in the analysis: age (categorized into 
<65 yr and ≥ 65 yr, PD modality, etiology of kidney 
disease, comorbidities and serum albumin level. All 
analyses were conducted using SPSS® software (ver-
sion 24.0).

�� RESULTS

��� Characteristics of patients

A total of 100 caucasian patients were included, 73 
non elderly and 27 elderly. In non elderly group, median 
age was 52 [44 -58] years. In elderly group, median age 
was 73 [68 -77] years. The demographic and clinical 
data are described in Table 2.

��� PD -related infections

Patients were followed for a median time of 2.6 [1.4 
– 4.0] years. During the study period, we identified 294 
PD -related infections. There were 218 infections in non 
elderly group and 76 infections in elderly group. The 
number of patients who never had a PD -related infec-
tion was 20 (27.4%) in non elderly group and 8 (29.6%) 
in elderly group.

Exit -site infections were the most frequent event 
(0.48 per patient -year), followed by peritonitis (0.41 
per patient -year). Rates of PD -related infections are 

Table 1

Data retrieved from medical reports

Demographic Data Age, Gender, Race 

Clinical Data Etiology of Kidney Disease, Major 
Comorbidities 

Etiology of Kidney Disease Chronic Glomerulonephritis, Diabetic 
Nephropathy, Undetermined, Other Causes 

Major Comorbidities Hypertension, Ischemic Cardiopathy, Congestive 
Heart Failure, Diabetes Mellitus, Cerebrovascular 
Disease, Peripheral Artery Disease 

Laboratory Data Peritoneal Kt/V, Renal Kt/V, Total Kt/V, Hemoglobin 
(g/dL), Albumin (g/L), Ferritin (pmol/L) 

PD -related infections Exit -site Infection, Tunnel Infection and Peritonitis 
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shown in Table 3. Table 4 expresses the patient status 
according to history of a PD -related infection.

No significant rate differences were found between 
elderly and non elderly patients for exit -site infection 
and peritonitis. No tunnel infections were identified in 
elderly patients; thus an infection episode was added 
in order to allow to study the effect of age on tunnel 
infection rate. In this context, the age under 65 years 
was marginally predictive of peritonitis (P = 0.063).

None of the studied comorbidities were significant 
predictors of any of PD -related infections. The only 
significant univariate predictor of exit -site infection was 
albumin level (rate ratio [RR], 0.58 per 1 -g/dL increase; 
95% CI, 0.39 to 0.85; P = 0.005).

Table 2

Demographic and clinical characteristics of study sample

Characteristic 
All

(n = 100)
Non elderly (< 65 yr)

(n = 73)
Elderly (≥ 65 yr)

(n = 27)
P value* 

Men, n (%) 55 (55) 35 (48) 20 (74) 0.02 

Median time on PD (IQR), yr  2.6 [1.4 – 4.0] 2.5 [1.5 – 3.5] 2.6 [1.0 – 5.0]  0.94 

CAPD modality, n (%) 80 (80) 58 (79) 22 (81) 0.82 

Etiology of kidney disease, n (%)  

Chronic Glomerulonephritis 38 (38) 35 (48) 3 (11) 0.02

Diabetic nephropathy 23 (23) 12 (16) 11 (41)

Other causes 39 (39) 26 (36) 13 (48) 

Comorbidities, n (%)     

Hypertension 75 (75) 51 (70) 24 (89) 0.04

Isquemic cardiopathy 26 (26) 14 (19) 12 (44) 0.01 

Congestive heart failure 26 (26) 18 (25) 8 (30) 0.62 

Diabetes mellitus 22 (22) 11 (15) 11 (41) 0.006 

Cerebrovascular disease 9 (9) 4 (6) 5 (19) 0.04 

Peripheral artery disease 18 (18) 10 (14) 8 (30) 0.07 

IQR (interquartile range); PD (peritoneal dialysis); CAPD (continuous ambulatory peritoneal dialysis)
* Comparisons were made using Chi -squared and Mann -Whitney tests.

Table 3

Rates of PD -related infections

Type of infection
All

(n =294)

Non elderly
(< 65 yr)
(n =218)

Elderly
(≥ 65 yr)
(n =76)

P value*

Exit -site infections, n
Rate per patient -year
(95% CI)

150
0.48

(0.41 -0.56)

113
0.51

(0.42 -0.61)

37
0.41

(0.30 -0.56)
0.24

Peritonitis, n
Rate per patient -year
(95% CI)

128
0.41

(0.35–0.49)

89
0.40

(0.33–0.49)

39
0.43

(0.31–0.59)
0.72

Tunnel infections, n
Rate per patient -year
(95% CI)

16
0.05

(0.03–0.08)

16
0.07

(0.04–0.12)

0
0.00

(0.00–0.00)
0.063

Rate per person -year calculated as number of days from dialysis initiation to the end of follow -up for all patients divided by 365.25 days.
CI = confidence interval
* Poisson regression

Table 4

Patient status according to history of a PD -related infection

Type of infection
Patients who had  

an infection
Patients who didn’t 

have an infection

Exit -site infections, % 55% 45%

Peritonitis, % 57% 43%

Tunnel infections, % 16% 84%
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��� Risk of PD -related infectious complications

Exit ‑site Infections
Considering the entire sample, the effect of age as 

a predictor of exit -site infection was not statistically 
significant (HR 0.32; 95% CI 0.37 to 1.38; P = 0.72). 
Factors associated with shorter time to exit -site infec-
tion were cerebrovascular disease (crude HR 4.86; 95% 
CI 1.80 to 13.11; P = 0.002) and hypertension (crude 
HR 2.29; 95% CI 0.17 to 4.51; P = p=0.016). Patients 
with higher levels of serum albumin were less likely to 
develop exit -site infection (crude HR 0.41 per each g/
dl of increase; 95% CI 0.21 to 0.81; P = 0.01). Parameters 
of dialysis adequacy and other laboratory parameters 
did not have a significant effect.

In non elderly group, cerebrovascular disease (crude 
HR 5.29; 95% CI 1.76 to 15.89; P = 0.003), diabetes mellitus 
(crude HR 3.37; 95% CI 1.39 to 8.19; P = 0.007), hyperten-
sion (HR 3.11; 95% CI 1.39 to 6.99; P = 0.006) and peripheral 
artery disease (crude HR 3.31; 95% CI 1.39 to 7.88; P = 
0.007) were associated with greater risk of infection. Non 
elderly patients with higher albumin levels were less likely 
to develop exit -site infections (crude HR 0.31 per each g/
dl of increase; 95% CI 0.13 to 0.73; P = 0.008).

In elderly group, none of the evaluated factors was 
significantly associated with shorter time to exit -site 
infection.

Peritonitis
Older age (≥ 65 yr) was not associated with a shorter 

time to peritonitis (HR 0.43; 95% CI 0.42 to 1.44; P = 0.78). 
Cerebrovascular disease was the only significant adverse 
predictor of peritonitis (crude HR 3.8; 95% CI 1.10 to 13.34; 
P = 0.035), and patients with higher levels of serum albu-
min were less likely to develop peritonitis (crude HR 0.47 
per each g/dl of increase; 95% CI 0.24 to 0.89; P = 0.023).

In the non elderly group, the predictors of peritonitis 
included diabetes mellitus (crude HR 2.72; 95% CI 0.99 
to 7.46; P = 0.05), hypertension (crude HR 2.25; 95% 
CI 1.07 to 4.72; P = 0.03) and peripheral artery disease 
(crude HR 3.9; 95% CI 1.65 to 9.42; P = 0.002). Patients 
with higher levels of serum albumin were less likely to 
develop peritonitis (crude HR 0.40 per each g/dl of 
increase; 95% CI 0.17 to 0.98; P = 0.045). Parameters 
of dialysis adequacy and other laboratory parameters 
did not have a significant impact.

Considering only patients with 65 years old or higher, 
no significant predictors of peritonitis infection were 
found.

Tunnel Infections
All the cases of tunnel infections occurred in non 

elderly group. Better dialysis adequacy, as measured as 
total Kt/V (HR 0.15 per each unit of increase; 95% CI 0.03 
to 0.88; P = 0.036) and preserved residual renal function, 
represented by renal Kt/V (HR 0.11 per each unit of 
increase; 95% CI 0.02 to 0.59; P = 0.01) were associated 
with lower probability of infection occurrence.

�� DISCUSSION

In this study, patient characteristics are comparable 
to other European cohorts1,21. Higher prevalence of 
cardiovascular disease and diabetes mellitus stand out 
in both groups. Older age seems not to be associated 
with greater risk of peritonitis or catheter -related infec-
tions, despite the higher comorbidity burden.

In the ANZDATA registry, between 1991 and 2007, 
elderly had similar peritonitis -free survival rate, despite 
higher peritonitis -related and all -cause mortality, prob-
ably related with severity of episodes in a more fragile 
patient2. Other international studies from this era 
showed similar results, as reported in France21, Cana-
da22 and Brazil23. A more recent study from China, 
which analyzed peritonitis rates in 1252 incident 
patients between 1998 and 2012, also confirmed that 
age was not a risk predictor for peritonitis24.

Better results were achieved with introduction of 
training programs and education, technical advances 
(new machinery, use of the flush -before -fill technique 
and novel types of catheter), newer PD solutions and 
decontamination protocols with topical antibiotics20,25 -27. 
Practical advice on managing older patients on PD has 
recently been published and showed that, with appropri-
ate training and adequate support, it ́s possible to keep 
a respectable peritonitis rate in those patients30.

Impact of comorbidities and primary kidney disease 
in peritonitis risk has been addressed in some studies. 
Diabetes mellitus is related with a higher severity of infec-
tion and is not yet clear whether it is a risk factor for 
peritonitis or not22,26. It has been suggested that chronic 
lung disease, congestive heart failure, ischemic cardiopa-
thy and hypertension also increase the risk26,30,31. In this 
study, cerebrovascular disease was the only significant 
adverse predictor of peritonitis found in elderly, probably 
because of the small sample of this age group.

Glomerulonephritis as primary kidney disease was 
marginally associated with a decreased risk for peritonitis 
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in a large Canada study22 but Huang et al.32 found that 
lupus nephritis had significant increased risk, although 
was not clear if was secondary to steroid use or by nephri-
tis itself. However, a recent analysis from the BRAZPD II 
cohort did not confirm this association33. Chronic glo-
merulonephritis was not the major cause of ESRD in our 
patient groups, which, allied with the small samples, may 
have prevented the identification of a significant impact.

Hypoalbuminemia is also a well -known risk factor 
for peritonitis, so it is expected that higher albumin 
levels to be associated with a reduced infectious risk, 
as showed in our results26. The relation between infec-
tion and Kt/V are not totally clarified35. A recent 10 -year 
single -center analysis from Italy compared two groups 
of PD patients: a group who started incremental PD 
with 1 to 2 dwells per day versus a standard group (> 
3 dwells per day). Despite lower total Kt/V values in 
the incremental group, a trend towards lower perito-
nitis incidence was observed, with similar survival rates 
and less hospitalization. A good PD program with pro-
fessionals with expertise, the reduced number of con-
nections and the “dry period” are some reasons 
appointed by the authors to explain these results35.

With respect to tunnel infections, none occurred in 
elderly group. Some authors agree that catheter -related 
infections are less frequent in elderly. Aging is associ-
ated with reduced response of sweat glands to thermal 
alterations, with less local humidity. Lower functional 
status in older age may reduce mechanical stress on 
catheter and there for contribute to maintenance of 
skin and tunnel integrity, reducing bacteria colonization 
and catheter biofilm creation26,27.

This study has several limitations. This is an obser-
vational and retrospective study, so it cannot eliminate 
the presence of additional variables that might con-
found results. The small sample mad had prevented 
the identification of other factors with significant 
impact in outcomes. Missing data, particularly in older 
clinical processes, limited the retrieval of additional 
information (for example. the number of patients who 
started incremental PD). Additional investigations are 
necessary to better analyze and validate these results.

�� CONCLUSIONS

Peritoneal dialysis is underused in the elderly popu-
lation. However, multiple studies have proved that this 
is a suitable option for this age group, with respectable 

results and many advantages over hemodialysis. There 
is no solid evidence of more PD -related complications, 
especially infection. With adequate planning, education 
and support, many of the barriers for PD prescription 
in older patients can be successfully overcome.
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