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ABSTRACT

Background. Infections are a major cause of morbidity and
mortality among dialysis patients. Dialysis modality has been
hypothesized to be a potential immunomodulatory factor. The
objective of this study was to determine the influence of the
first dialysis modality on the risk for infections on dialysis.
Methods. Our study was conducted utilizing the Netherlands
Cooperative Study on the Adequacy of Dialysis (NECOSAD)
cohort of incident dialysis patients. Medical records of all pa-
tients from two tertiary care university hospitals and three re-
gional hospitals were reviewed using pre-specified criteria.
Information about infections was collected from the start of
dialysis until death, modality switch, study withdrawal, kidney
transplantation or at the end of the study. Age-standardized
incidence rates for infections were calculated. Poisson regres-
sion analysis was used to calculate adjusted incidence rate
ratios (IRRs).
Results. In total, 452 patients, of whom 285 started with
haemodialysis (HD) and 167 with peritoneal dialysis (PD),
were included. The median follow-up time on the first dialysis
modality was similar for HD and PD, 1.8 and 2.0 dialysis
years, respectively. During the first 6 months, the age-standar-
dized infection incidence rate was higher on HD compared
with PD patients (P = 0.02). Overall, PD patients had a higher
infection risk [adjusted IRR: 1.65, 95% confidence interval
(CI): 1.34–2.03], which could be attributed to a 4-fold in-
creased risk for dialysis technique-related infections. The risk
for non-dialysis technique-related infections was lower in PD
patients (adjusted IRR: 0.56, 95% CI: 0.40–0.79).

Conclusions. Overall, PD patients carry a higher risk for infec-
tions. Interestingly, the risk for non-dialysis technique-related
infections was higher in HD patients. The links between dialy-
sis modality and the immune system are expected to explain
this difference, but future studies are needed to test these
assumptions.

Keywords: epidemiology, haemodialysis, immunology, infec-
tion, peritoneal dialysis

INTRODUCTION

Infectious complications among both haemodialysis (HD) and
peritoneal dialysis (PD) patients are a major cause of morbid-
ity and hospitalization [1–7] and are the leading non-cardio-
vascular cause of death [8]. A few studies have compared HD
and PD and the risk for infection-related hospitalization and
reported contradicting results [2–5, 7]. In these studies, the in-
cidence of infection-related hospitalizations among HD pa-
tients ranged between 0.29 and 1.39 per dialysis year, whereas
in PD patients, incidence rates between 0.42 and 1.38 per dia-
lysis year were observed. In some studies, an elevated infection
risk in PD patients was observed [2, 7], which could predom-
inantly be explained by peritonitis, while others revealed a
higher risk for infection in HD patients [3]. However, the ma-
jority of studies [3–5, 7] only reported infections leading to
hospitalization and did not evaluate whether dialysis modality
altered the risk for less severe infections. Thus, an association
between dialysis modality and the risk for overall infectious
complications has not been well established. Furthermore, it

O
R
IG

IN
A
L
A
R
T
IC

L
E

© The Author 2014. Published by Oxford University Press
on behalf of ERA-EDTA. All rights reserved.

2244

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/29/12/2244/1852686 by guest on 23 April 2024



has not been made evident whether the incidence rate of infec-
tions is constant over time, highest directly after the start of
renal replacement therapy or increases with time on dialysis.

As expected, dialysis technique-related infections, like peri-
tonitis and vascular access-associated sepsis, were found to be
modality-associated [2, 4, 5, 7]. Remarkably, these studies also
showed a higher incidence rate of pneumonia in HD patients.
A likely explanation is that HD patients are often older and
suffer from more comorbidity than PD patients. However, an
increased risk for pneumonia remained present after adjust-
ment for these confounding factors [7]. Alternative explana-
tions may be that initiation of HD, compared with PD, is
associated with distinct immunological alterations or different
environmental exposure [9–14]. These factors may lead to an
altered risk profile for non-dialysis technique-related infections.

The aim of the present study was to elucidate the associ-
ation between dialysis modality and infectious complications.
The study was designed to investigate the influence of the first
dialysis modality on the risk for overall infectious complica-
tions, dialysis technique- and non-dialysis technique-related
infections. In addition, the risk for infectious complications
over time on the first dialysis modality was compared. We hy-
pothesized that PD patients develop more infections on dialy-
sis, whereas HD patients carry a higher risk for infection
directly after the start of dialysis.

MATERIALS AND METHODS

Study design

The present study was conducted in the Netherlands
Cooperative Study on the Adequacy of Dialysis (NECOSAD)
study cohort. NECOSAD is a multicentre prospective cohort
study of dialysis patients from 38 centres in the Netherlands. In-
cident end-stage renal disease patients, aged ≥18 years, starting
dialysis between 1 January 1997 and 1 January 2007 were eligible
for inclusion. Medical ethics committees of all participating hos-
pitals approved the study. All participants gave their written in-
formed consent. For the present study, we conducted a review of
both in- and outpatient medical records of all patients from five
dialysis centres who participated in NECOSAD: two tertiary care
university hospitals and there regional hospitals. No exclusion
criteria were applied. The dialysis centres were chosen for prac-
tical reasons (travel distance and the number of included pa-
tients) to assure efficient data collection. Patients were censored
at modality switch, withdrawal from the study, transfer to a non-
participating dialysis centre, kidney transplantation, death or at
the end of the study follow-up period in June 2009.

Data collection

Data on infectious complications were retrospectively col-
lected using strictly pre-specified criteria (described below).
Information about the incidence and microbiology of infec-
tions was collected from the start of renal replacement therapy
until death or censoring. Data collection was conducted by
two reviewers (A.T.N.v.D. and M.M.S.). To ensure good-quality
data collection, the reviewers applied strictly pre-specified
criteria, which were developed to minimize the risk of reviewer

bias. The reviewers worked in close collaboration during the
full reviewing process. Discrepancies were resolved by a third
party (R.T.K.). Demographic data collected at the start of dia-
lysis included dialysis modality, age, sex, diabetes and other
comorbidities, ethnicity, educational level, smoking, dialysis
preparation in an outpatient setting, primary kidney disease
grouped into four categories [15], body mass index (BMI), Kahn
comorbidity score, medication, C-reactive protein (CRP), haemo-
globin and serum albumin. The Kahn comorbidity score [16] is
calculated based on a combination of age and the number of
comorbid conditions. Patients are classified into low, medium and
severe mortality risk. The Kahn comorbidity score has been
validated in the NECOSAD cohort [17, 18] and was found to
perform equally appropriate when compared with Davis and
Charlson comorbidity indices.

Infection definitions

In general, infection is defined as a host response to invad-
ing microorganisms. The presence of microorganisms without
a host response is no evidence of infection. In contrast, an in-
flammatory response is not necessarily a presentation of infec-
tious invasion, but may also result from other pro-inflammatory
stimuli [19–21]. Therefore, scoring criteria for infections was
strictly pre-specified to secure good-quality data collection. An
infection was considered present when (i) diagnosed by a
nephrologist or other physician and (ii) supported by evidence
such as a positive culture, radiological confirmation or anti-
biotic, antiviral or antifungal treatment. The diagnosis was re-
quired to be accompanied by treatment in the case of a soft
tissue infection, a respiratory tract infection other than pneu-
monia and urinary tract infections. All infections were cate-
gorized as summarized in Table 1. Infections were classified as
dialysis technique-related infections and non-dialysis tech-
nique-related infections. The International Society for Periton-
eal Dialysis guidelines/recommendations [22] were used to
define recurrent, relapsing and repeating infectious episodes.
Both recurrent and repeating, but not relapsing, infectious epi-
sodes were scored as a new infection.

Statistical analysis

Differences in baseline characteristics were tested with an
unpaired Student’s t-test, Mann–Whitney (continuous data) or
χ2 test (categorical data). Incidence rates are expressed as infec-
tions per dialysis year. To adjust for age differences between PD
and HD patients, weights derived from the age distribution of

Table 1. Categorization of infectious complications

Dialysis technique-related infection
Access infections
Vascular access-associated sepsis
Peritonitis

Non-dialysis technique-related infection
Cardiac infections
Gastrointestinal infections
Respiratory infection
Non-vascular access-associated sepsis
Soft tissue infections
Urinary tract infection
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the complete study population were used for direct standardiza-
tion [23]. Age-standardized infection incidence rates were cal-
culated in time intervals after the start of dialysis. Adjusted
Poisson regression models with robust standard errors were
used to assess the association between the first dialysis modality
and the risk for overall infections and specific types of infec-
tions. Crude and adjusted incidence rate ratios (IRRs) were cal-
culated to estimate both the overall infection risk and the risk
for infectious complications over time. Adjustments were made
for baseline measurements of age, sex, diabetes, ethnicity, BMI,
primary kidney disease, Kahn comorbidity score, malignancy,
chronic pulmonary disease, educational level, smoking and dia-
lysis preparation in an outpatient setting. To assess the influence
of HD vascular access on the incidence rate of dialysis tech-
nique-related infections among HD patients, we used data col-
lected by previous chart review [24] and calculated the adjusted
IRR for dialysis technique-related infections in patients with an
arteriovenous graft or fistula at 3 months compared with those
with a central venous catheter. A likelihood-ratio test was per-
formed to determine whether the effect of dialysis modality on
the risk for infectious complications changed with the time
spent on dialysis. The statistical analyses were performed using
Statistical Package for the Social Sciences (IBM SPSS Statistics
20) and STATA (Stata/IC 12.1).

Sensitivity analysis

To explore a possible bias introduced by acute patients
starting renal replacement therapy without proper preparation,
analyses were repeated after excluding patients followed <90
days after the start of dialysis. To assess the influence of a po-
tential survival benefit for PD patients (competing risk of
death) on the estimates for infection, we carried out a Fine and
Gray’s proportional subhazards model to calculate the adjus-
ted subhazard ratio in PD, compared with HD, patients. Also,
because hospitalization is a marker of disease severity, a sensi-
tivity analysis was performed to explore the association with
dialysis modality when only infection-related hospitalizations
were taken into account. Furthermore, a Cox proportional
hazard model, adjusted for baseline measurements of age, sex,
diabetes, ethnicity, BMI, primary kidney disease, Kahn co-
morbidity score, malignancy, chronic pulmonary disease,
educational level, smoking and dialysis preparation in an out-
patient setting, was used to evaluate whether the results would
change when only the first infection was taken into account.
To assess the potential influence of censoring at modality
switch on the association between the first dialysis modality
and infectious complications, a Cox proportional hazard model
using dialysis modality as a time-dependent variable was per-
formed. To evaluate the impact of immunosuppressive therapy
on the risk estimates, analyses were repeated after exclusion of
patients using immunosuppressive therapy.

RESULTS

Population characteristics

Medical records of 471 NECOSAD patients were reviewed.
After excluding patients with incomplete or lost files (n = 19),

a total of 452 patients could be included. The baseline charac-
teristics of the study population are summarized in Table 2. In
total, 285 (63%) started with HD and 167 (37%) with PD as
their first modality of renal replacement therapy. At the start
of dialysis, patients on HD were older, more often Caucasian,
had a higher Kahn comorbidity score and a lower haemoglo-
bin level compared with PD patients. The median follow-up
time on the first dialysis modality was 1.8 years [interquartile
range (IQR): 0.6–3.7] on HD and 2.0 years (IQR: 0.8–3.5) on
PD (P = 0.76), with a maximum of 11.3 years. During follow-
up, 35 (12%) HD patients were censored due to a switch to
PD, whereas 58 (35%) PD patients were censored due to a
switch to HD. Less than 2% of the data on confounding
factors were missing. When compared with the complete
NECOSAD study cohort, the patients included in this study
had similar baseline characteristics (data not shown).

Infection incidence rates

During follow-up, patients on HD experienced 448 infec-
tions (0.65/patient/dialysis year) and patients on PD suffered
from 355 infections (0.91/patient/dialysis year) on the first dia-
lysis modality. Infection incidence rates over time, standar-
dized for age and stratified by dialysis modality are shown in
Figure 1. Within the first 6 months after the start of dialysis,
HD patients had a significantly higher age-standardized inci-
dence rate of infectious complications compared with PD pa-
tients: 1.72 infections/dialysis year [95% confidence interval
(CI): 1.62–1.81] compared with 1.40 infections/dialysis year
(95% CI 1.21–1.58) (P = 0.02). After 6 months, the age-stan-
dardized incidence rate of infections was higher in PD patients

Table 2. Baseline characteristics of the study population

Characteristics HD PD P-value

Patients (n) 285 167
Age start dialysis [median (range)] 69.0 (19–88) 54.6 (19–80) <0.001
Male (%) 66 63 0.51
BMI [kg/m2, (mean (SD)] 25.5 (4.2) 25.2 (3.9) 0.54
Ethnicity (% Caucasian) 95 83 0.04
Diabetes (%) 23 17 0.13
Cause of ESRD (%)
Renovascular disease 24 10 0.29
Diabetic nephropathy 16 12
Glomerulonephritis 13 20
Other 47 58

Kahn comorbidity score
(% category 3)

36 21 <0.001

Smoking (%)
Present 21 31 0.14
Past 49 39
Never 30 30

CRPa [mg/L; median (IQR)] 6 (3–16) 4 (3–9) 0.01
Haemoglobina [g/dL; mean (SD)] 10.9 (1.4) 11.7 (1.6) <0.001
Serum albumina [g/dL; mean
(SD)]

3.21 (0.8) 3.25 (0.8) 0.78

HD vascular access (% CVC)a 11 N/A N/A
Dialysis preparation in an
outpatient setting (%)

68 92 <0.001

BMI, body mass index; ESRD, end-stage renal disease; CRP, C-reactive protein; CVC,
central venous catheter; N/A, not applicable; SD, standard deviation; IQR, interquartile
range.
aLevels or % after 3 months on dialysis.
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compared with HD patients. During the complete follow-up
period, the incidence rate of non-dialysis technique-related in-
fections was higher in HD patients, whereas that of dialysis
technique-related infections was higher in PD patients.

Association between dialysis modality and overall
infectious complications

Crude and adjusted IRRs are presented in Table 3. The risk
for infectious complications was significantly higher in PD pa-
tients compared with HD patients, with an adjusted IRR of
1.65. This higher risk can be attributed to the increased risk
for PD patients to develop dialysis technique-related infec-
tions, like peritonitis and access infection, with an adjusted
IRR of 4.10. However, HD patients with a fistula at 3 months
had a lower risk for dialysis technique-related infections (ad-
justed IRR: 0.28; 95% CI: 0.14–0.55) compared with those with
a catheter, while an arteriovenous graft resulted in a similar
infection risk (adjusted IRR: 0.96, 95% CI: 0.45–2.05). The
overall risk for non-dialysis technique-related infection was

lower in PD patients compared with HD patients with an ad-
justed IRR of 0.56. The latter could be explained by a higher risk
for non-vascular access-associated sepsis (adjusted IRR: 0.24)
and respiratory infections (adjusted IRR: 0.58) in HD patients.

Association between dialysis modality and infection risk
over time

The adjusted IRRs over time are reported in Table 4. Dir-
ectly after the start of dialysis, the overall infection risk was
somewhat lower in PD patients with an adjusted IRR of 0.87,
although not significant. The incidence rate of infections in
HD patients decreased substantially after 3 months, whereas
that of infections in PD patients remained stable (Figure 1).
Therefore, after 6 months, the adjusted IRRs were significantly
higher for PD patients and differences became larger over
time. For the interaction between time on dialysis and dialysis
modality, the complete follow-up time on the first dialysis
modality was taken into account. The time after the start of
dialysis, divided into intervals of 6 months, modified the

F IGURE 1 : Age-standardized dialysis technique- and non-dialysis technique-related infection incidences per dialysis year over time. More de-
tailed information about specific types of infections over time can be found in an online supplemental figure.

Table 3. Incidence rates and (adjusted) IRRs of infectious complicationsa

Incidence rates per 1000
dialysis years

Crude IRR Adjusted IRRb Adjusted IRRc

HD PD

Total infection 653 914 1.29 (1.08–1.53) 1.31 (1.09–1.57) 1.65 (1.34–2.03)
Dialysis technique-related infection 212 731 3.25 (2.57–4.11) 2.94 (2.28–3.78) 4.10 (3.06–5.58)
Access infection 137 368 2.55 (1.95–3.35) 2.05 (1.54–2.73) 2.84 (2.00–3.98)
Peritonitis 19 358 21.29 (11.17–40.58) 22.57 (11.38–44.78) 28.13 (13.56–58.38)
Vascular access-associated sepsis 56 5 0.09 (0.02–0.36) 0.09 (0.02–0.40) 0.13 (0.03–0.61)

Non-dialysis technique-related infection 441 183 0.40 (0.29–0.53) 0.47 (0.34–0.64) 0.56 (0.40–0.79)
Non-vascular access-associated sepsis 118 21 0.17 (0.08–0.36) 0.17 (0.08–0.35) 0.24 (0.11–0.52)
Cardiac 16 0 N/A N/A N/A
Gastrointestinal 38 41 1.09 (0.57–2.08) 1.13 (0.54–2.34) 1.05 (0.44–2.35)
Respiratory 152 54 0.34 (0.20–0.57) 0.47 (0.25–0.80) 0.58 (0.31–1.01)
Soft tissue 21 5 0.12 (0.02–0.92) 0.13 (0.01–1.29) 0.15 (0.02–1.46)
Urinary tract 96 62 0.60 (0.36–1.00) 0.71 (0.42–1.19) 0.74 (0.43–1.28)

N/A, incidence rate ratio not available.
aHD is the reference category.
bIncidence rate ratio adjusted for age, sex and diabetes.
cIncidence rate ratio adjusted for BMI, Kahn comorbidity score, primary kidney disease, ethnicity, malignancy, chronic pulmonary disease, educational level, smoking and dialysis
preparation in an outpatient setting.
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association between the first dialysis modality and the risk for
infections (likelihood-ratio test, P < 0.001).

Sensitivity analyses

Similar results were observed when patients followed <90
days after the start of dialysis (n = 50) were excluded from the
analysis, which emphasizes that our sample of the NECOSAD
cohort included stable incident dialysis patients. Of all pa-
tients, 38 died before experiencing an infection. Of these, 32
were treated with HD and 6 with PD. When the adjusted sub-
hazard ratio with death as a competing risk was calculated, the
adjusted IRR was somewhat attenuated for overall infection
(1.42; 95% CI: 1.08–1.88). Of all infections, 338 (75%) on HD
and 179 (50%) on PD were treated in the hospital. When only
infection-related hospitalizations were taken into account, the
adjusted IRRs for overall infection (1.21; 95% CI: 0.96–1.53)
and dialysis technique-related infection (2.9; 95% CI: 2.09–
4.19) were somewhat attenuated, whereas the IRR for non-
dialysis technique-related infection (0.52; 95% CI: 0.34–0.75)
did not change. In an unadjusted (HR: 1.36; 95% CI: 1.08–
1.71) and adjusted Cox proportional hazard analysis (adjusted
HR: 1.54; 95% CI: 1.18–2.02), the association between dialysis
modality and infectious complications did not change sub-
stantially when only the first infection was taken into account.
When a Cox proportional hazard model using dialysis modal-
ity as a time-dependent variable was performed the unadjusted
(HR: 2.06; 95% CI: 1.48–2.88) and adjusted association (adjusted
HR: 2.23; 95% CI: 1.53–3.25) between dialysis modality and
infection was somewhat stronger. When patients who received
immunosuppressive therapy (PD: n = 7; HD: n = 21) were ex-
cluded from the analyses, estimated effects did not change
(data not shown).

DISCUSSION

This cohort study of incident dialysis patients shows that PD
patients are overall at a higher risk for infectious complications
compared with HD patients. However, PD was associated with
a lower risk for non-dialysis technique-related infections. This
association was strongest within the first 6 months after the
start of dialysis. After 6 months, the IRRs are not significant
without any consistent trend. In both HD and PD patients, the
infection incidence rate was highest 0–3 months after the initi-
ation of dialysis and decreased later on. In the first 6 months
of dialysis, HD patients had a higher age-standardized inci-
dence rate of infections compared with PD patients, although

this did not remain significant after further adjustment for
confounding factors.

Our study has several strengths and weaknesses. Although
the NECOSAD data were collected prospectively, we retro-
spectively collected data on infectious complications. A disad-
vantage of retrospective data collection is its dependency on
accurate record keeping. However, we are confident that a
thorough review of the complete original medical records of
452 NECOSAD patients was performed. Most likely, infec-
tions of less severity may have been underreported, because
they were not recorded or were treated by the general practi-
tioner instead of the nephrologist. We attempted to limit this
information bias by reviewing both in- and outpatient files,
which allowed us to focus on infectious hospitalizations and
infections of less severity treated by the nephrologist. Still, mis-
classification is probably differential for infections of less se-
verity because PD patients are more likely to consult their
general practitioner due to their home-based treatment. It is
possible that this may have affected both infection rates and
the comparison between modalities.

A major strength of the NECOSAD cohort is that it included
a population of stable incident dialysis patients with a long
follow-up period. In addition, we were able to follow patients
from the start of renal replacement therapy, which was advanta-
geous compared with the majority of previous studies that often
excluded the first 90 days on dialysis, which is a high-risk period
for infections. No protocol changes or care bundle approaches
were introduced during the NECOSAD study period that might
have influenced the infection rates over time.

Our study has shown a 1.7-fold higher risk for infectious
complications in PD patients. This is consistent with earlier
findings in the US Renal Data System database [6] and the
Canada Organ Replacement Register [7], although these studies
only included infection-related hospitalizations and did not
assess less severe infections. In other studies [3–5], no associ-
ation between dialysis modality and overall infection-related
hospitalization rates was observed, although a similar, but not
significant trend towards a higher incidence rate on PD could
be recognized [4, 5]. A study from Pittsburgh, USA [2], has
shown no association between dialysis modality and overall in-
fection rates. In the present study, the association with dialysis
modality attenuated when only infection-related hospitaliza-
tions were taken into account towards a 1.2-fold higher risk
for infection in PD patients, which was no longer significant.
This may indicate that PD patients experienced more infec-
tions of less severity that did not require hospitalization com-
pared with HD patients.

Table 4. Adjusted incidence rate ratiosa for infection on the first dialysis modalityb over time

0–3 months
(n = 452)

3–6 months
(n = 400)

6–12 months
(n = 363)

12–24 months
(n = 305)

24–36 months
(n = 207)

Total infection 0.87 (0.62–1.23) 1.22 (0.69–2.16) 1.66 (1.05–2.62) 2.74 (1.77–4.26) 3.21 (1.51–6.87)
Dialysis technique-related infection 1.96 (1.25–3.06) 3.18 (1.60–6.31) 3.28 (1.77–6.09) 6.56 (3.25–13.22) 19.34 (5.20–71.93)
Non-dialysis technique-related
infection

0.12 (0.05–0.32) 0.29 (0.09–0.97) 0.68 (0.32–1.45) 1.38 (0.79–2.43) 0.71 (0.13–3.74)

aIncidence rate ratios adjusted for age, sex and diabetes, BMI, Kahn co-morbidity score, primary kidney disease, ethnicity, malignancy, chronic pulmonary disease, educational level,
smoking and dialysis preparation in an outpatient setting.
bHD is the reference category.
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This study has shown that the increased risk for infectious
complications in PD patients could be explained by a 4-fold
higher risk for dialysis technique-related infections in PD
compared with HD patients, like peritonitis and access infec-
tion. The risk for dialysis technique-related infections attenu-
ated towards a 3-fold higher risk, when only infection-related
hospitalizations were taken into account. Lafrance et al. [7]
have shown a similar adjusted hazard ratio of 3.5 for dialysis-
related infections in a Canadian cohort.

Interestingly, a 2-fold lower adjusted IRR for non-dialysis
technique-related infections was observed in PD compared
with HD patients, which did not change when the analysis was
limited to infections treated in the hospital. Similar to others
[2, 4, 6, 7], we have shown that the incidence rates of respira-
tory infection and septicaemia are higher in HD patients. Al-
though a well-substantiated pathophysiological explanation
has not been elucidated, a number of hypotheses can be con-
sidered. The most straightforward hypothesis is that the asso-
ciation might be explained by a difference in underlying health
status between HD and PD patients. Consistent with general
clinical experience, HD patients were older and carried more
comorbidities than PD patients. Although extensive adjust-
ment for confounders was performed, residual confounding,
in terms of confounding by indication, cannot be excluded
due to the observational design of the study.

Some studies [12–14] suggested that the difference in the
incidence rate of pneumonia might be explained by the fact
that HD patients are treated predominantly in a hospital set-
ting while PD is a home-based treatment. If so, a high number
of typically hospital-acquired microorganisms would be observed
causing non-dialysis technique-related infections. However, this
was not the case (data not shown).

A pathophysiological explanation of the observed differ-
ences between infection rates would be that some characteris-
tics of the dialysis modalities influence the immune system
and therefore alter the risk for infectious complications. Fluid
overload, accumulation of uraemic toxins and a constant
exposure to oxidative stress could have immunosuppressive
effects [9]. These effects might be enhanced in HD compared
with PD patients, because HD patients are dialysed in an inter-
mittent fashion, wheras PD results in a more continuous
removal of fluid and uraemic toxins. Furthermore, it has been
suggested that chronic systemic inflammation might alter the
function of the immune system [9, 25]. Systemic inflammation
in HD patients is induced by the contact of blood with bio-
incompatible dialysis membranes and accumulation of uraemic
toxins. However, in PD, inflammation can be induced by the
bio-incompatible dialysate containing glucose and its degrad-
ation products [26]. The presence of a better residual renal
function in PD patients might temporarily prevent the induc-
tion of inflammation [27, 28]. For these reasons, several
authors [29, 30] have speculated that the burden of systemic
inflammation might be higher in HD patients compared with
PD patients. The observation that HD patients have higher
CRP levels when compared with PD patients provides support
for such hypothesis [29].

Thus, previous evidence consistently supports the hypothesis
that a true difference in non-dialysis technique-related

infections exists. Both environmental factors and pathophysio-
logical changes may contribute to this difference. We speculate
that the association between dialysis modality and the immune
system has the largest impact.

In this study, we described the incidence trend of infectious
complications over time. A similar trend has been shown by
Dalrymple et al. [4] in their United States Renal Data System-
derived cohort of patients aged 65–100 years. The relatively
higher risk for infections related to the vascular access in the
earlymonthsonHDwas consistentwithprevious results derived
fromNorthAmericancohorts [2, 3]. Previously, thedialysis out-
comes and practice patterns study [31] showed that still a
large proportion of patients start dialysis with a central venous
catheter. Using NECOSAD data, Ocak et al. [24] found that
use of central venous catheter at 3 months after the start of dia-
lysis increased the risk for infection-related mortality when com-
pared with arteriovenous access use among elderly patients. We
demonstrated that a central venous catheter and an arterioven-
ous graft are associated with an increased risk for dialysis tech-
nique-related infections among HD patients. Therefore, the
elevated early risk in HD patients could possibly be diminished
by timely preparation of a permanent vascular access, like an
arteriovenousfistula. Although a reasonable explanation,we can
only speculate whether insufficient access preparation in HD
patients might be the explanation for our findings directly after
the start of dialysis. Unfortunately, data on the type of vascular
access at the baseline of the study and updated information
about vascular access were not available in our patients.

In conclusion, our study demonstrated that PD patients are
at higher risk for infectious complications compared with HD
patients. This difference can be explained by peritonitis and
access infections, occurring as a complication of PD. Further-
more, our study confirmed and extended previous findings
that suggested an increased risk for non-dialysis technique-
related infections in HD patients, like pneumonia. The patho-
physiological link between dialysis modality and the immune
system may explain the difference in non-dialysis technique-
related infection risk between HD and PD patients. However,
further studies are needed to test the assumptions and identify
the most important ones. We feel that early and intensive coun-
selling is needed for every patient to make a timely modality de-
cision resulting in on-time preparation for the modality of
choice and potential prevention of infectious events. Further-
more, during the counselling for dialysis, substantial attention
should be paid to preventative measures for infectious events.

SUPPLEMENTARY DATA

Supplementary data are available online at http://ndt.oxford-
journals.org.
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