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¢ Background: Data on obesity as a risk factor for perito-
nitis and catheter infections among peritoneal dialysis (PD)
patients are limited. Furthermore, little is known about the
microbiology of PD-related infections among patients with
a high body mass index (BMI).

¢ Methods: Usinga cohortthatincluded all adult patients
residing in the province of Manitoba who received PD dur-
ing the period 1997 - 2007, we studied the relationship
between BMI and PD-related infections. After categorizing
patientsinto quartiles of BMI, a multivariate Cox regression
model was used to determine the independent relationship
between BMI and peritonitis or exit-site infection (ESI). We
also studied whether increasing BMI was associated with a
propensity to infections with particular organisms.

¢ Results: Among 990 PD patients, 938 (95%) had ac-
curate BMI data available. Those 938 patients experienced
1338 peritonitis episodes and 1194 exit-site infections. In
unadjusted analyses, patients in the highest BMI quartile
(median: 33.5; interquartile range: 31.9 - 36.4) had an
increased risk of peritonitis overall, and also an increased
risk of peritonitis with gram-positive organisms and coag-
ulase-negative Staphylococcus (CNS). After multivariate
adjustment for age, sex, diabetes, cause of renal disease,
Aboriginal race, PD modality, and S. aureus nasal carriage,
the relationship between overall peritonitis risk and BMI
disappeared, but theincreased risk of CNS peritonitis among
patients in the highest BMI quartile persisted (hazard ratio:
1.80; 95% confidence interval: 1.06 to 3.06; p=0.03).There
was no increased risk of ESI among patients in the highest
BMI quartile on univariate analysis or after multivariate
adjustment.

¢ Conclusions: Among Canadian PD patients, obesity
was not associated with an increased risk of peritonitis
overall, but may be associated with a higher risk of
CNS peritonitis.

Correspondence to: S.J. Nessim, 3755 Cote-Sainte-
Catherine Road, Room G-225.1, Montreal, Quebec H3T 1E2
Canada.

sharon.nessim@mcgill.ca

Received 25 September 2011; accepted 13 February 2012

Perit Dial Int 2013; 33(2):167-174 www.PDIConnect.com
epub ahead of print: 01 Sep 2012  doi:10.3747/pdi.2011.00244

KEY WORDS: Body mass index; exit-site infection;
obesity; peritonitis.

B ody massindex (BMI) is frequently takeninto account
when selecting a dialysis modality. One concern with
regard to peritoneal dialysis (PD) is the possibility that
obesity mayincrease the risk of mechanical complications
such as leaks and hernias because of increased intra-
abdominal pressure (1). Anadditional concernistheim-
pact of obesity on PD-related infectious complications—a
subject about which data are limited.

Thetwo largest observational studies to have assessed
the relationship between BMI and PD peritonitis both
come from ANZDATA, the Australian and New Zealand
Dialysis and Transplant Registry (2,3). In those studies,
obesity was associated with anincreased risk of peritonitis,
with one study reporting a hazard ratio (HR) of 1.08 per
5kg/m?increasein BMI(3), and the other reportinga HR of
1.291n patients with a BMI of 30 or more (2). The microbiol-
ogy of peritonitis was not reported in those studies.

Using a large cohort of Canadian PD patients, our
primary objective was to study the relationship between
obesity and PD-related infection, including peritonitis
and exit-site infection (ESI). Our secondary objective
was to determine whether high BMI among PD pa-
tients is associated with a propensity for infection with
particular organisms.

METHODS
PATIENTS

The study cohort consisted of all adult patients (>18
years of age) residing in the province of Manitoba,

Canada, who received PD during the period 1997 - 2007
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(n=990) and forwhom BMI data were available (n=938,
95%). Manitoba has a population of approximately 1.2
million people, and 20% of the prevalent end-stage renal
disease population utilize PD. The study used PD-MAN,
the peritoneal dialysis database of Manitoba, whose de-
velopmentand validation have been described elsewhere
(4). The study protocol was approved by the St. Boniface
General Hospital Research Ethics Board.

PERITONITIS AND ESI

The diagnosis of peritonitis and ESI was made by the
treating physicianin accordance with standard Interna-
tional Society for Peritoneal Dialysis definitions. Organ-
isms causing peritonitis and ESI were categorized as
follows: gram-positive, gram-negative, culture-negative,
and fungal, with subsets for coagulase-negative Staphylo-
coccus (CNS), S. aureus, and Streptococcus species. During
the period of the study, the protocolin the PD unit was to
treat S. aureus nasal carriers with intranasal mupirocin
and oral rifampin for 5 days every 2 months until 3 nega-
tive nasal swabs for S. aureus were obtained.

COVARTATES

Demographic data available for the current study in-
cluded age, sex, race, cause of end-stage renal disease,
diabetes status, PD modality [continuous ambulatory
(CAPD) vs. automated (APD)], S. aureus nasal carriage,
and BMI. Body mass index was determined based on a
single measure recorded at the time of PD initiation.

STATISTICAL ANALYSIS

Patients were divided into quartiles of BMI for the
purpose of the analyses, with the lowest BMI quartile
assigned as the referent. Continuous variables are re-
ported as mean + standard deviation, or median with
interquartile range. One-way analysis of variance was
used for the comparison of continuous variables between
BMI quartiles. Categorical variables are reported as
percentages and were compared between BMI quartiles
using the chi-square test.

To examine for associations between BMI and PD-
related infections, time-to-first-event analyses were
used. Univariate and multivariate Cox proportional
hazards models adjusting for age, sex, diabetes, cause
of renal disease, Aboriginal race, CAPD versus APD, and
S. aureus nasal carriage were used to determine the re-
lationship between obesity and peritonitis and between
obesity and ESI. The absence of colinearity between BMI,
diabetes, and Aboriginal race was verified before their
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entry into the model. In addition to the time-to-event
modeling, a negative binomial model was used as a
sensitivity analysis to determine univariate and multi-
variate rate ratios for the relationship between obesity
and peritonitis and between obesity and ESI. Statistical
significance was defined as a p value less than 0.05.
All statistical analyses were performed using the PASW
software application (version 17.0: PASW Statistics,
Chicago, IL, USA).

RESULTS

Of the 938 patients treated with PD in the province
of Manitoba between 1997 and 2007 for whom accurate
BMI data were available, median time on PD was 611
days (interquartile range: 235 - 1133 days). Table 1
presents the demographic characteristics of the overall
cohort and of the patients in each BMI quartile. The
mean age of the cohort was 59.5 years, with a slight male
predominance. Most of the patients were white (65%),
followed by Aboriginal (24%). Diabetes was present in
49% of patients.

The 938 patients experienced 1338 peritonitis
episodes and 1194 ESIs, corresponding to an overall
peritonitis rate of 0.64 episodes per patient-year and
an ESI rate of 0.61 episodes per patient-year. At least 1
peritonitis episode occurred in 51% of the patients, and
at least 1 ESIin 47%. Table 2 shows the distribution of
organisms causing peritonitis and ESI, and the infection
rates for each organism category by BMI quartile.

On unadjusted analysis, patients in the highest BMI
quartile (median: 33.5; interquartile range: 31.9 - 36.4),
relative to those in the lowest BMI quartile (median:
21.4;interquartilerange: 19.9 - 22.4), had anincreased
risk of peritonitis overall [HR: 1.29; 95% confidence
interval (CI): 1.01 to 1.66; p = 0.045) and an increased
risk of peritonitis with gram-positive organisms (HR:
1.33; 95% (CI: 1.00 to 1.77; p = 0.05) and with CNS
(HR: 2.34; 95% CI: 1.41 to 3.89; p = 0.001). There was
also an increased risk of culture-negative peritonitis
in the highest BMI quartile (HR: 1.56; 95% CI: 1.08 to
2.25; p = 0.02). After multivariate adjustment, only
the increased risk of CNS peritonitis persisted among
patients in the highest BMI quartile (HR: 1.80; 95%
(I: 1.06 to 3.06; p = 0.03). Patients in the highest BMI
quartile had a reduced risk of Streptococcus peritonitis
(HR:0.60; 95% CI: 0.36 t0 0.98; p=0.04). Table 3 shows
the results of the univariate and multivariate analyses
for peritonitis.

With regard to the relationship between obesity
and ESI, there was a trend, on unadjusted analysis, to-
ward an increased risk of ESI among patients in the
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OBESITY AND PD-RELATED INFECTION

TABLE 1
Patient Demographics
Patient group
BMI1 BMI 2 BMI3 BMI 4

Variable Overall (15.4-23.3) (23.3-26.7) (26.7-30.5) (30.5-59.2)
Patients (n) 938/990 234 236 236 232
BMI

Median 27.3 21.4 24.9 28.5 335

Interquartile range 23.3-30.4 19.9-22.4 24.1-25.9 27.6-29.4 31.9-36.4
Sex [n (%) men] 509 (55) 97 (42)? 130 (55) 146 (62) 136 (54)
Mean age 59.5+15 57.8+17 59.7+15 61.2+14 59.3+14
Race [ (%)]

Caucasian 606 (65) 163 (70) 147 (62) 151 (64) 145 (63)

Aboriginal 220 (24) 41 (17)? 58 (25)? 50 (21) 71 (31)?

Asian 74 (8) 23 (10) 24 (10) 19 (8) 8(3)?

Black 13 (1) 2(1) 2(1) 6 (3) 3(1)

Other 15 (2) 3(1) 3(1) 5(2) 4(2)

Unknown 10 (1) 2(1) 2(1) 5(2) 1(0)
Cause of ESRD [n (%)]

Diabetes 412 (44) 79 (34)? 103 (44) 102 (43) 128 (55)?

Hypertension 99 (11) 25 (11) 26 (11) 25 (11) 23 (10)

Glomerulonephritis 200 (21) 65(28) 46 (20)2 45 (19) 44 (19)2

Obstruction 39 (4) 6(3) 10 (4) 15 (6)2 8(3)

Polycystic kidney disease 42 (5) 14 (6) 10 (4) 13 (6) 5(2)?

Other 56 (10) 31 (13) 22 (9) 18 (8) 21(9)

Unknown 53 (6) 14 (6) 18 (8) 18 (8) 3(1)2
Comorbidities [n (%)]

Diabetes 459 (49) 92 (39) 114 (48) 116 (49)2 137 (59)?

Hypertension 624 (65) 147 (24) 154 (65) 156 (66) 167 (72)2

Coronary artery disease 120(13) 17 (7)? 33 (14) 34 (14) 36 (15)

Stroke 17 (2) 1(0)® 6(3) 6(3) 4(2)

Peripheral vascular disease 42 (5) 5(2) 15 (6) 9 (4) 13 (6)
PD modality [n (%) CAPD] 579 (62.3) 147 (63.4) 152 (65.2) 148 (63.5) 132 (56.9)
S. aureus nasal carriage [n (%)] 53 (5.7) 9(17) 10 (18.9) 13 (24.5) 21(39.6)®

BMI = body mass index; ESRD = end-stage renal disease; PD = peritoneal dialysis; CAPD = continuous ambulatory peritoneal

dialysis.
2 Significant difference at p <0.05.

DISCUSSION

highest BMI quartile (HR: 1.28; 95% CI: 0.99 to 1.67;
p=0.06). However, no significant associations between
BMI and ESI were evident after multivariate adjust-
ment. Table 4 shows the results of the univariate and
multivariate analyses for ESI. Nasal carriage of S. aureus
was a significant independent predictor of S. aureus
ESI (HR: 2.01; 95% CI: 1.17 to 3.46; p = 0.01), but not
S. aureus peritonitis.

When the same analyses were performed using a
negative binomial model rather than a Cox proportional
hazards model, the univariate rate ratio for CNS perito-
nitis in the highest BMI quartile was 1.63 (95% CI: 1.02
to 2.59; p=0.04); after multivariate adjustment, it was
1.58 (95% CI: 0.96 to 2.60; p = 0.07).

Inthis large observational study, on unadjusted analy-
sis, patients in the highest BMI quartile (BMI > 30.5)
had an increased risk of peritonitis overall and of gram-
positive and CNS peritonitis, and showed a trend toward
anincreased risk of ESI relative to patientsin the lowest
BMI quartile. After multivariate adjustment, only the
increased risk of CNS peritonitis persisted among patients
in the highest BMI quartile.

The earliest study to have looked at the relationship
between body weight and PD-related infections was
published in 1991 by Piraino et al. (5). In that study,
no increased risk of peritonitis or catheter infection
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TABLE 2
Organisms Causing Exit-Site Infection and Peritonitis
Patient group
Overall BMI1 BMI 2 BMI 3 BMI 4
Patient-years at risk 576.3 514.1 542.9 4717.6
Peritonitis
Episodes (n) 1338 369 294 322 353
Gram-positive 735 (55%) 0.34 0.31 0.33 0.42
CNS 186 (14%) 0.07 0.09 0.08 0.12
Staphylococcus aureus 69 (5%) 0.03 0.04 0.02 0.04
Streptococcus species 199 (15%) 0.11 0.09 0.09 0.09
Gram negative 252 (19%) 0.13 0.08 0.12 0.14
Culture negative 341 (25%) 0.14 0.17 0.15 0.19
Fungal 37 (2.8%) 0.02 0.01 0.02 0.02
Exit-site infection
Episodes (n) 1194 326 267 306 295
Gram positive 949 (79%) 0.41 0.39 0.44 0.45
CNS 277 (23%) 0.14 0.10 0.13 0.15
Staphylococcus aureus 342 (29%) 0.16 0.17 0.16 0.16
Streptococcus species 74 (6%) 0.05 0.04 0.03 0.03
Gram negative 83 (7%) 0.05 0.03 0.03 0.05
Fungal 7 (0.6%) 0 0 0.001 0

BMI = body mass index; CNS = coagulase-negative Staphylococcus.

was observed among the 55 of 228 PD patients who
were classified as overweight. However, a trend toward
higher peritonitis rates was noted as the ratio of actual
toidealbody weightincreased, and catheter loss because
of infection was more frequent among patients in the
overweight category. Subsequently, Afthentopoulos et
al. demonstrated similar peritonitis rates among 242
patients classified based on a weight either greater or
less than 80 kg (6). Since then, the ANZDATA cohort
has provided additional data on the risk of PD-related
infection with increasing BMI, obesity having been
observed, after multivariate adjustment, to be associ-
ated with a shorter time to first peritonitis (2,3). Since
the early study by Piraino et al. (5), neither the rela-
tionship between BMI and ESI nor the microbiology of
PD-related infection across various BMI levels has been
investigated further.

The main finding of our study is an apparently in-
creased risk of CNS peritonitis among patients in the
highest BMI quartile. Although the incidence of obesity
is higher among patients with diabetes and patients of
Aboriginal race [both factors being known to increase
the peritonitis risk (3,4,7,8)], the increase in CNS
peritonitis among obese patients was independent of
those variables. Peritonitis attributable to CNS occurs
most commonly because of intraluminal introduction
of organisms at the time of catheter connection, but
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it may also occur because of periluminal migration of
organisms from the exit site along the catheter tunnel
into the peritoneal cavity.

One plausible reason for greater exit-site colonization
and subsequent peritonitis among obese patients could
be increased perspiration leading to a moist exit site if
the catheter sits within an abdominal fold. In addition,
obese patients may have decreased visualization of the
exitsite, which could affect their ability to readily identify
early signs of ESI. If greater exit-site colonization, with
subsequent periluminal entry of organisms, were the
major mechanism of the increased risk of CNS peritonitis
among obese PD patients, anincreasein S. aureus ESIand
peritonitis mightalso be expected, given that this organ-
ism commonly enters by periluminal migration along
the catheter tunnel. There was, however, no increase in
S. aureus ESI or peritonitisamong patientsin the highest
BMI quartile. Furthermore, among patientsin the highest
BMI quartile, there was only 1 episode of CNS ESI followed
by CNS peritonitis in the subsequent 3 months.

A more plausible explanation is that the relationship
between obesity and CNS peritonitisis associative rather
than causative, in which case obesity may simply be a
marker of other comorbidities or poor socioeconomic
status that could augment the risk of touch contamina-
tion leading to intraluminal introduction of organisms
and subsequent CNS peritonitis.
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TABLE 3
Univariate and Multivariate Analyses Demonstrating the Association Between
Body Mass Index Quartile and Peritonitis
Body mass index quartile
1 2 3 4
HR p HR p HR p
Referent (95% CI) Value (95% CI) Value (95% CI) Value
Univariate
Any peritonitis 1 1.08 0.55 1.02 0.89 1.29 0.045
0.84 to 1.40 0.79to0 1.32 1.01to 1.66
Any gram-positive 1 1.07 0.68 0.96 0.78 1.33 0.05
0.79to 1.43 0.71t0 1.29 1.00 to 1.77
CNS 1 1.79 0.03 1.31 0.34 2.34 0.001
1.05t0 3.03 0.75t02.29 1.41t03.89
Staphylococcus aureus 1 1.44 0.34 0.67 0.38 1.69 0.16
0.68 to 3.05 0.28t0 1.63 0.82to 3.50
Streptococcus species 1 0.97 0.89 0.87 0.55 0.80 0.38
0.62to 1.52 0.55to0 1.37 0.50to0 1.30
Any gram-negative 1 0.80 0.33 0.91 0.66 1.00 0.99
0.51to0 1.25 0.60to 1.39 0.65to 1.54
Culture negative 1 1.32 0.15 1.04 0.86 1.56 0.017
0.91t01.92 0.70to 1.53 1.08 to 2.25
Multivariate
Any peritonitis 1 1.01 0.97 0.91 0.47 1.00 0.99
0.78t0 1.30 0.70to 1.18 0.77 to 1.29
Any gram-positive 1 0.92 0.61 0.87 0.36 1.01 0.97
0.68to0 1.25 0.64to 1.18 0.75t01.36
CNS 1 1.65 0.07 1.16 0.61 1.80 0.03
0.96 to 2.84 0.66 to 2.04 1.06 to 3.06
Staphylococcus aureus 1 1.26 0.55 0.56 0.21 1.15 0.72
0.59to 2.68 0.23to0 1.38 0.54to 2.45
Streptococcus species 1 0.88 0.60 0.73 0.33 0.60 0.04
0.56 to 1.40 0.46 to 1.17 0.36t0 0.98
Any gram-negative 1 0.75 0.22 0.79 0.28 0.81 0.34
0.48 to 1.19 0.51to0 1.21 0.52to0 1.25
Culture negative 1 1.20 0.36 0.99 0.97 1.22 0.32
0.82t0 1.76 0.67 to 1.48 0.83t0 1.78

HR = hazard ratio; CI = confidence interval; CNS = coagulase-negative Staphylococcus; ESI = exit site infection.

Understanding whether obesity directly increases
the risk of PD-related infection is important because, if
such is the case, then changing the location of the exit
site to a presternal location might be of benefit (9-11).
If, however, obesity is simply a marker of peritonitis
risk, then the factors associated with obesity that are
contributing to the development of CNS peritonitis
should instead be targeted. The lack of impact of BMI
on the risk of ESI suggests that the latter possibility is
more likely.

Data regarding the effect of body size on PD outcomes
are conflicting, with some studies reporting a deleterious

effect of obesity on technique failure (12), and others
showing a favorable or neutral relationship (6,13-15).
Interestingly, despite our finding of a possibleincreased
risk of CNS peritonitis, an analysis of the same patient
cohort showed that technique survival and patient
survival in the highest BMI quartile were not adversely
affected (unpublished data). The lack of impact of an
increased risk of CNS peritonitis on outcomes among
obese patients in this cohort may relate to the fact that
CNS peritonitis typically follows a relatively indolent
course, with most infections resolving without catheter
removal (16-18).
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TABLE 4
Univariate and Multivariate Analyses Demonstrating the Association Between Body Mass Index Quartile and
Exit-Site Infection (ESI)
Body mass index quartile
1 2 3 4
HR p HR p HR p
Referent (95% (I) Value (95% (I) Value (95% (I) Value
Univariate
Any ESI 1 1.09 0.52 1.13 0.36 1.28 0.06
0.84to 1.43 0.87 to 1.47 0.99to 1.67
Any gram-positive 1 1.16 0.31 1.18 0.26 1.27 0.10
0.87 to 1.55 0.89to 1.56 0.95to 1.69
CNS 1 0.86 0.49 1.07 0.73 1.15 0.47
0.57t0 1.30 0.73to 1.56 0.78t0 1.70
Staphylococcus aureus 1 1.31 0.19 1.08 0.72 1.13 0.57
0.88t0 1.94 0.72t0 1.62 0.74to 1.72
Streptococcus species 1 1.01 0.97 0.74 0.41 0.71 0.38
0.52t0 1.98 0.36to 1.52 0.33to0 1.52
Any gram-negative 1 0.85 0.65 0.79 0.52 1.13 0.71
0.41to0 1.75 0.39to 1.61 0.58t02.22
Culture-negative 1 1.29 0.57 1.53 0.32 1.18 0.73
0.53t03.11 0.67 to 3.48 0.48t02.91
Multivariate
Any ESI 1 1.03 0.83 1.02 0.87 1.06 0.68
0.79to 1.35 0.79to 1.34 0.81to01.39
Any gram-positive 1 1.08 0.61 1.05 0.74 1.01 0.93
0.81to 1.45 0.79to 1.40 0.75to0 1.37
CNS 1 0.90 0.60 0.94 0.75 1.23 0.30
0.59to 1.36 0.64to 1.38 0.83t0 1.83
Staphylococcus aureus 1 1.16 0.47 1.05 0.81 0.88 0.58
0.78t0 1.74 0.70to 1.59 0.57 to 1.37
Streptococcus species 1 0.87 0.70 0.65 0.26 0.56 0.15
0.44t0 1.73 0.31t0 1.36 0.26 to 1.23
Any gram-negative 1 0.80 0.55 0.69 0.32 1.05 0.89
0.38to 1.67 0.33to 1.43 0.53to0 2.10
Culture-negative 1 1.29 0.58 1.39 0.44 1.22 0.67
0.53to0 3.15 0.60to 3.24 0.48t0 3.11

HR = hazard ratio; CI = confidence interval; CNS = coagulase-negative Staphylococcus.

The lower risk of Streptococcus peritonitis seen among pa-
tientsinthe highest BMI quartileis somewhat unexpected.
The most common type of Streptococcus to cause peritonitis
is S. viridans, which typically originates from the gastroin-
testinal tract. While it is plausible that obese PD patients
could have reduced translocation of organisms across the
bowel wall, the lack of an impact of BMI on enteric gram-
negative peritonitis suggests against that possibility. Given
thatthere was no signalto suggestan association between
Streptococcus peritonitis and BMIin the univariateanalysis,
itis possible that this finding represents a type 1 statistical
error because of multiple comparisons.
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Ourstudyisthe largest Canadian study on the relation-
ship between BMIand PD-related infection. Nevertheless,
several limitations mitigate the strength of our conclu-
sions. First, we mustacknowledge the possibility of type 1
error because of multiple statistical comparisons. As a
result, we can conclude only that CNS peritonitis may be
associated with high BMI. Future studies will be needed to
confirm or refute that finding. Second, BMI was recorded
only at the time of PD initiation, and therefore we could
not account for changes in BMI that occurred over time
on PD. One might argue, however, that the predictive
value of a baseline BMI measure with regard to infection
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risk is at least as important as that obtained using a
time-averaged BMI over the duration of follow-up. Third,
because of the observational nature of the study, we
cannot rule out the possibility of residual confounding
because of variables such as socio-economic status,
access to adequate housing, and other determinants of
health that might have affected the reported associa-
tions. Fourth, the proportion of culture-negative peri-
tonitis was relatively high, possibly limiting our ability
to identify organism-specific associations. Finally, only
S. aureus nasal carriers received prophylaxis during the
years that the study was ongoing, and that prophylaxis
was intermittent, depending on nasal carriage status.
That factor, and others, may have contributed to the
high frequency of ESI and peritonitis relative to most
contemporary cohorts. As a result, although our results
are informative, we cannot determine with certainty
whether continuous use of exit-site prophylaxis in all
patients would have altered our findings.

CONCLUSIONS

We found that obesity may be associated with an in-
creased risk of CNS peritonitis, suggesting that particular
attention should be paid to patient training and exit-site
care in this patient population. However, based on the
lack of association between obesity and overall peritoni-
tisor ESIriskand based on the relativelyindolent course
of most CNSinfections, our findings suggest that obesity
should not be a contraindication to selecting PD on the
basis of infection risk.
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