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EFFECT OF BODY MASS INDEX ON OUTCOMES OF PERITONEAL DIALYSIS PATIENTS
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¢ Objectives: We studied the effect of body mass index
(BMI) at peritoneal dialysis (PD) initiation on patient and
technique survival and on peritonitis during follow-up.

¢ Methods: We followed 328 incident patients on PD (176
with diabetes; 242 men; mean age: 52.6 + 12.6 years; mean
BMI: 21.9 + 3.8 kg/m?) for 20.0 + 14.3 months. Patients
were categorized into four BMI groups: obese, >25 kg/m?;
overweight, 23 - 24.9 kg/m?; normal, 18.5 - 22.9 kg/m?
(reference category); and underweight, <18.5 kg/m?2. The
outcomes of interest were compared between the groups.
¢ Results: Of the 328 patients, 47 (14.3%) were under-
weight, 171 (52.1%) were normal weight, 53 (16.2%) were
overweight, and 57 (17.4%) were obese at commencement
of PD therapy. The crude hazard ratio (HR) for mortality
(p=0.004) and the HR adjusted for age, subjective global
assessment, comorbidities, albumin, diabetes, and residual
glomerular filtration rate (p =0.02) were both significantly
greaterin the underweight group than in the normal-weight
group. In comparison with the reference category, the HR
for mortality was significantly greater for underweight PD
patients with diabetes [2.7; 95% confidence interval (CI):
1.5 t0 5.0; p =0.002], but similar for all BMI categories of
nondiabetic PD patients.

Median patient survival was statistically inferior in under-
weight patients thanin patients having a normal BMI. Medi-
an patient survivalin underweight, normal, overweight, and
obese patients was, respectively, 26 patient-months (95%
CI: 20.9 to 31.0 patient-months), 50 patient-months (95%
CI: 33.6 to 66.4 patient-months), 57.7 patient-months
(95% CI: 33.2 to 82.2 patient-months), and 49 patient-
months (95% CI: 18.4 to 79.6 patient-months; p = 0.015).
Death-censored technique survival was statistically similar
in all BMI categories. In comparison with the reference
category, the odds ratio for peritonitis occurrence was 1.8
(95% CI: 0.9 to 3.4; p=0.086) for underweight patients; 1.7
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(95% CI: 0.9 to 3.2; p=0.091) for overweight patients; and
3.4 (95% CI: 1.8 to 6.4; p < 0.001) for obese patients.

¢ Conclusions: InourPD patients, mean BMI was within the
normalrange. The HR for mortality was significantly greater
forunderweight diabetic PD patients than for patientsin the
reference category. Death-censored technique survival was
similar in all BMI categories. Obese patients had a greater
risk of peritonitis.
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besity is a growing problem worldwide, including in

developing countries. In the general population,
increasing body mass index (BMI) is associated with
greater comorbidity and mortality (1,2). With improved
life expectancy, greater awareness of renal disease,
and better pre-dialysis management of chronic kidney
disease, the number of patients surviving to initiate
renal replacement therapy (RRT) is increasing (3,4).
Studies in hemodialysis patients have shown the pres-
ence of “confounded” or “reverse” epidemiology, a
seemingly paradoxical observation that the presence
of hypercholesterolemia, hypertension, and high BMI
are associated with improved survival in patients on
maintenance hemodialysis (5-9). In contrast, reports of
outcomesin patients undergoing PD have been conflict-
ing, with one study showing a survival advantage with
higher BMI (10), and two other studies showing lack of
an effect of body size on outcomes (11,12).

Obesity has long been considered a relative contrain-
dication to PD initiation because of a greater chance of
metabolic complications with excessive carbohydrate
absorption, high serum concentration of triglycerides,
poor uremic solute clearance, abdominal herniation,
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catheter failure, and peritonitis (13-15). However, PD
patients with a high BMIand normal or high muscle mass
fared best on survival analysis (16).

Previous studies evaluating the effect of body size on
PD catheter-associated peritonitis also yielded inconsis-
tent results. Two studies of small sample size and short
follow-up duration found no association (17,18), but a
large retrospective study showed a significant risk of peri-
tonitis in patients with a higher BMI at commencement
of PD (19).Despite technical advancements in connectol-
ogy, peritonitis continues to be an “Achilles heel” for PD
patients (20,21). The dropout rate for patients on PD has
declined significantlyin the South Asian region since the
early 2000s, but non-resolving peritonitis continues to
be a leading cause of technique failure and poor patient
survival (22-24).

Compared with patients in developed countries,
patientsin Indiainitiating RRT have a different body size
(25).The BMI has recently beenvalidated for Asians, and
different cut-off values have been used to define under-
weight, normal, overweight, and obese patients (26-28).
South Asia—including India, Pakistan, Bangladesh,
Nepal, and Sri Lanka—is home to more than 1.4 billion
people, constituting 23% of the world’s population. All
South Asians share the dubious distinction of having
the highest rates of premature coronary artery disease
and diabetes in the world. Diabetes and cardiovascular
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disease both occurabout 10 years earlierin South Asians
thanin any other population group (29,30).

For more than two decades, PD has been an estab-
lished mode of RRT in India (31). Evidence is lacking
for the effect of BMI—using either the new or the old
classification—on survival in PD patients from India.
We undertook the present study to analyze the effect
of initial BMI on patient and technique survival and on
peritonitis in Indian PD patients.

METHODS
SUBJECTS

Our prospective observational study considered for
inclusion 365 end-stage renal disease (ESRD) patients who
wereinitiated on PD from November 2005 to December 2009
at our institute. De novo patients between the ages of 12
and 75 years starting RRT with PD as their primary choice
wereincluded. Patients less than 12 years of age (n=12),
those who had not continued PD for at least 3 months (n=
15), and those who could not consent to inclusion or who
were followed at another center (n = 10) were excluded,
leaving 328 patients for analysis. Patients were followed
to one of the study endpoints: death, renal transplanta-
tion, transfer to hemodialysis, or end of the study period
(December 2011). Figure 1 shows the study plan.

Number of patients started on peritoneal dialysis

(n=365)
,
Number ofpatientsincluded in study analysis Number of patients excluded:
(nh=328) 1.Patientsofless than 12 yearsofage
(n=12),
2. Who could not continued PD for at
least 3 months (n=15),
3. Whoeither not consented or
followed at some other centre (n=10)
were excluded
A 4
Y
Underweight Normal weight (18 .5- Overweight Obese
(=18.5kgin3) 229kgin2) (23-249kgm?3) (225 kgin2 )
47(14.3%) 171 (52.1%) 53(16.2%) 57 (17.4%)

| l

|

Died on followup Died on followup
20/47 (426 %) 39M71 (228 %)

Died on followup
15/53(28.3%)

Diedon followup
13/57(22.8%)

Figure 1 — Study plan. PD = peritoneal dialysis.
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All patients were interviewed for a detailed clinical
historyand underwent a physical examination. Baseline
demographics and clinical characteristics of the patients
were recorded. In all patients, a double-cuffed straight
Tenckhoff catheter was inserted by surgical technique,
and PD was started after a break-in period of 12 + 4 days.
All patients were started on a disconnect system using
Dianeal UltraBag PD fluid (Baxter, Manesar, India), using
three 2-L exchanges daily. The dialysis prescription was
then changed according to individual requirements dur-
ing follow-up. Transport characteristics (by peritoneal
equilibration test) and adequacy of dialysis (measured
as the weekly total Kt/V urea and creatinine clearances)
were calculated using the PD Adequest software (version
2.0: Baxter) between 4 and 6 weeks after PD initiation.

Each individual's BMI at the commencement of RRT
was calculated as their weight in kilograms divided by
the square of their height in meters. The recommenda-
tions of the World Health Organization for Asians were
adopted to categorize the patients into 4 groups based
on BMI: obese, >25 kg/m?; overweight, 23 - 24.9 kg/
m?; normalweight, 18.5 - 22.9 kg/m?; and underweight,
<18.5 kg/m? (26).

Nutrition status was also assessed for all patients by
anthropometry, serum albumin, and subjective global
assessment (SGA), a validated estimate of nutrition
status for patients treated with PD. We used a 7-point
Likert-type scale consisting of 4 items: weight loss,
anorexia, subcutaneous fat, and muscle mass. Each item
was individually scored and then totalled to produce
a global assessment. A score of 1-2 represents severe
malnutrition; 3-5, moderate-to-mild malnutrition; and
6-7, normal nutrition (32). The mean SGA scores were
also compared for the 4 BMI groups.

The comorbidities of patients were scored using the
Davies index (33). The domains considered to be active
comorbidities were malignancy, ischemic heart disease,
peripheralvascular disease, left ventricular dysfunction,
diabetes mellitus, systemic collagen vascular disease,
and other significant pathology (severe chronic obstruc-
tive pulmonary disease, cirrhosis, psychoticillness). The
comorbidity score for each patient was a simple count
of the affected domains. Residual glomerular filtration
rate (GFR) was estimated as the mean of the urea and
creatinine clearances determined from a 24-hour urine
collection at the time of a peritoneal equilibration test
in the patients.

DIAGNOSIS OF PERITONITIS

All patients on PD were advised to contact us, the
PD nurses, or the clinical field coordinator as soon as
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possible by emergency call if they experienced cloudy
effluent, digestive tract symptoms, fever, or abdominal
pain of either undetermined or determined origin. Each
patient was assessed by PD nurses and a physician. A
diagnosis of peritonitis was made when the patient
fulfilled at least 2 of the following 3 criteria: signs and
symptoms of peritonitis; cloudy dialysate, with a white
blood cell count exceeding 100/uL and more than 50%
neutrophils; and demonstration of organisms by either
smear or culture of peritoneal effluent.

All episodes of peritonitis were tracked in our main
data system. The peritonitis episodes (with 95% upper
and lower confidence limits) were compared for the
BMI groups. The incidence of peritonitis in episodes per
patient-year was additionally calculated by dividing the
total number of peritonitis episodes by the total duration
of PD treatment for the particular group of patients.

STATISTICAL ANALYSIS

All data were analyzed using the SPSS statistical
software package (version 16: SPSS, Chicago, IL, USA).
All data are expressed as mean + standard deviation for
continuous parametric data, and as frequencies and
percentages for categorical variables. The chi-square and
Kruskal-Wallis tests were used to compare the frequency
distribution of categorical variables in the BMI groups
depending on whether the data had a parametric or
nonparametric distribution. One-way analysis of vari-
ance was used to compare the differences in mean values
between the groups, and a Bonferroni test was used to
determine the significance of differences.

Time-dependent univariate and multivariate Cox
regression analysis was used to determine hazard ratios
for death. Crude and adjusted hazard ratios for death
were also analyzed with reference to normal weight
in the various BMI groups. Patient and technique sur-
vival were analyzed using Kaplan-Meier curves, and the
log-rank test was used to compare groups. All-cause
mortality was considered an eventin the patient survival
analysis, and patients who underwent renal transplanta-
tion or who were shifted to maintenance hemodialysis
were censored.

Technique failure was defined as removal of the
Tenckhoff catheter and transfer from PD to hemodialysis
for more than 1 month. It was tested without counting
death during treatment as a failure (death-censored
technique failure). If a patient died within 4 weeks after
transfer to hemodialysis, the death was attributed to
PD because these early deaths are considered to reflect
the health status of the patient during PD therapy. In
contrast, deaths that occurred more than 4 weeks after
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cessation of PD were not attributed to PD, and such epi-
sodes were censored at the end of PD treatment. A p value
less than 0.05 was considered significant.

RESULTS

Table 1 shows the relevant demographics and base-
line clinical characteristics of the patients in the 4 BMI
groups. In our PD patients, mean BMI (21.9 kg/m?) was
within the normal range. Of the 328 study patients, 47
(14.3%) were underweight, 171 (52.1%) were normal
weight, 53 (16.2%) were overweight, and 57 (17.4%)
were obese according to BMI at commencement of PD
therapy. Overweight and obese patients were relatively
older (56.1 + 12.5 years and 56.7 + 9.8 years respec-
tively) than the normal-weight or underweight patients
(51.4 + 12.7 years and 52.8 + 14.9 years respectively).
The sex ratio (men:women) was statistically similarin all
groups. Men (n = 242) outnumbered women (n = 86).

More than half the patients included in the study
(53.7%) had diabetes. The proportion of diabetic
patients in each group was not statistically different.
Baseline parameters of dialysis adequacy (weekly Kt/V
urea and creatinine clearances) and peritoneal mem-
brane character as assessed by dialysate-to-plasma ratio
of creatinine at 4 hours were similar in all the groups.

JUNE 2014 - VOL. 34, NO. 4 PDI

Compared with underweight patients, obese, overweight,
and normal-weight patients were initiated on PD at
a greater mean residual GFR (p = 0.038). The overall
prevalence of malnutrition (based on SGA score), serum
albumin, comorbidity score (Daviesindex), and presence
of cardiovascular disease were similarin all groups.
Ofthe 328 patients, 87 (26.5%) died during follow-up.
Deaths among the 47 underweight, 171 normal-weight,
53 overweight, and 57 obese patients numbered 20
(42.6%), 39 (22.8%), 15 (28.3%), and 13 (22.8%)
respectively (p = 0.04). The major causes of death were
cardiovascular diseasein 54 patients (62.1%), peritonitis
and related complications in 9 patients (10.3%), sepsis
in 8 patients (9.2%), malignancy in 2 patients (2.3%),
pneumoniain 4 patients (4.6%), uremia and noncompli-
ance in 6 patients (6.9%), and other unknown causes
in 4 patients (4.6%) patients. Of the 176 patients with
diabetes, 65 (36.9%) died; only 22 of the 152 nondiabetic
patients (14.5%) died during follow-up (p <0.001).

HAZARD RATIOS FOR MORTALITY AND TECHNIQUE FAILURE BY
BMI CATEGORY

The crude (p = 0.004) and adjusted (p = 0.020) haz-
ard ratios (HRs) for mortality—adjusted for age, SGA,
comorbidities, serum albumin, diabetes, and residual

TABLE 1
Demographic Profile and Clinical Characteristics of Study Patients by Body Mass Index Category
All Body mass index category p
Variable patients Underweight Normal Overweight Obese Value
Patients (n) 328 47 171 53 57
Mean age (years) 52.6+12.6 52.8+14.9 51.4+12.7 56.1+12.5 56.7+9.8 0.134
Sex [ (%) men:women 242:86 34:13 130:41 40:13 38:19
(73.8:26.2) (72.3:27.7) (76:24) (75.5:24.5) (66.7:33.3)  0.559
Diabetes [ (%) yes:no] 176:152 24:23 89:82 27:26 36:21
(53.7:46.3) (51.1:48.9) (52:48) (50.9:49.1) (63.2:36.8)  0.470
Weekly Kt/V urea 1.87+0.45 1.76+0.40 1.93+0.48 1.75+0.39 1.92+0.44 0.330
Weekly CCr (L) 63.86+19.41 55.01+17.18 65.73+20.26 58.56+17.09 70.93+£18.54 0.067
D/P Cr (at 4 hours) 0.69+0.11 0.63+.11 0.70+.11 0.7120.12 0.7120.11 0.231
Residual GFR 8.9+3.2 7.8+2.6 8.9+2.9 9.3+3.4 9.5+3.7 0.038
SGA score 4.311.6 4.1+1.7 4.4+1.5 4.4+1.8 4.4+1.7 0.696
Davies score 0.80+0.82 0.60+0.85 0.82+0.79 0.79+0.86 0.91+0.85 0.252
Serum albumin (g/dL) 3.2+0.5 3.2+0.4 3.2+£0.4 3.3+0.6 3.3+0.6 0.068
CVD [ (%)] 52 (15.9) 5 (10.6) 26 (15.2) 10 (18.9) 11 (19.3) 0.598
Hospitalization 1.11+1.18 1.09+1.27 1.05+£1.08 1.23+1.17 1.19+1.41 0.729
Follow-up (patient-months)
Mean 22.0+14.3 19.3+12.6 22.6+14.4 24.8+16.9 23.1+12.3 0.242
Range 5-72 6-72 6-72 5-72 6-66

CCr=creatinine clearance; D/PCr=dialysate-to-plasma ratio of creatinine; GFR = glomerular filtration rate; SGA = subjective global
assessment; CVD = cardiovascular disease.
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GFR—were significantly greater for underweight patients
(p=0.02) than for normal-weight patients, but statisti-
cally similarin overweight and obese patients (reference
category: normal-weight patients; Table 2). On analyz-
ing the HR for mortality in diabetic and nondiabetic
PD patients in the various BMI categories (Table 3), we
again observed that the adjusted HR for mortality was
significantly greater for underweight PD patients with
diabetes [HR: 2.7; 95% confidence interval (CI): 1.5 to
5.0; p = 0.002]. The HR for mortality was statistically
similar for nondiabetic PD patients in all BMI categories
(reference category: normal BMI; Table 3).

Table 4 shows the HR for mortality in time-dependent
univariate and multivariate Cox regression analyses.
Underweight, age, diabetes, comorbidities, serum
albumin, SGA, and residual GFR were significant fac-
tors associated with mortality on univariate analysis;
underweight, residual GFR, and SGA were the only fac-
tors to remain significant for mortality on multivariate
analysis.

On Kaplan-Meier analysis of patient survival, median
survivalwas significantlyinferiorin underweight patients
(p = 0.015) than in patients having a normal BMI. The
median patient survivalin underweight, normal-weight,

BMI AND OUTCOMES OF PD PATIENTS IN INDIA

overweight, and obese patients was 26 patient-months
(95% CI: 20.9 to 31.0 patient-months), 50 patient-
months (95% CI: 33.6 to 66.4 patient-months), 57.7
patient-months (95% CI: 33.2 to 82.2 patient-months),
and 49 (95% (I: 18.4 to 79.6 patient-months) respec-
tively (p = 0.015). The 1-, 2-, 3-, and 5-year survivals
were 88.8%, 56.4%, 31.7%, and 21.0% respectively in
underweight patients; they were 93.2%, 78.4%, 63.3%,
and 31.1% in normal-weight patients; 92%, 73.9%,
69.5%, and 42.9% in overweight patients; and 96.2%,
76%, 68.4%, and 34.2% in obese patients (Figure 2).
The mean death-censored technique survival in the
overall cohort was 65.3 patient-months (95% CI: 61.5
to 69.0 patient-months). In underweight patients, it
was 63.2 patient-months (95% CI: 49.8 to 76.6 patient-
months); it was 65.0 patient-months (95% CI: 58.6 to
71.3 patient-months) in normal-weight patients; 65.1
patient-months (95% CI: 58.0 to 72.3 patient-months)
in overweight patients; and 59.5 patient-months (95%
CI: 53.1 to 65.8 patient-months) in obese patients
(p = 0.84). The 1-, 2-, 3-, and 5-year death-censored
technique survivals were 98%, 97%, 82%, and 82%
respectively in the underweight group; 98%, 96%, 96%,
and 57% in the normal-weight group; 96%, 90%, 85%,

TABLE 2
Crude and Adjusted Hazard Ratio for Mortality by Body Mass Index (BMI) Category

Cox proportional hazards model

BMI Crude Adjusted?®
category HR 95% (I p Value HR 95% (I p Value
Underweight 1.2 1.3t03.8 0.004 2.0 1.1t0 3.6 0.020
Normal weight Reference Reference
Overweight 1.0 0.6to0 1.9 0.899 11 0.6to0 1.9 0.881
Obese 0.9 0.5t0 1.8 0.806 0.8 0.4t0 1.6 0.555

HR = hazard ratio; CI = confidence interval.

2@ Adjusted for age, subjective global assessment, comorbidities, albumin, diabetes, and residual glomerular filtration rate.

TABLE 3
Adjusted Hazard Ratios?® for Mortality by Body Mass Index (BMI) Category in Diabetic and Nondiabetic Patients

Cox proportional hazards model

BMI Diabetic patients Nondiabetic patients
category HR 95% CI p Value HR 95% CI p Value
Underweight 2.7 1.5t05.0 0.002 0.7 0.2t0 3.1 0.618
Normal Reference Reference
Overweight 1.0 0.5t0 2.1 0.997 0.9 0.3t0 2.8 0.871
Obese 1.1 0.6t0 2.2 0.779 0.2 0.03to 1.9 0.181

HR = hazard ratio; CI = confidence interval.

2@ Adjusted for age, subjective global assessment, comorbidities, albumin, diabetes, and residual glomerular filtration rate.

This single copy is for your personal, non-commercial use only.

403

For permission to reprint multiple copies or to order presentation-ready copies
for distribution, contact Multimed Inc. at marketing@multi-med.com



PRASAD et al.

TABLE 4
Univariate and Multivariate Time-Dependent
Cox Regression Analysis Showing
Predictors of Mortality

Variable HR 95% (I p Value

Univariate analysis

Underweight 2.2 1.3t03.8  0.004

Normal Reference

Overweight 1.0 0.6to1.9  0.899

Obese 0.9 0.5t0 1.8 0.806

Age 1.03 1.02t0 1.05 0.001

Sex 0.8 0.5t0 1.4 0.501

SGA score (per unit) 3.9 1.9t08.0 0.001

Comorbidity score 2.9 1.8t04.9  0.001
(per unit)

Serum albumin 0.7 0.4t00.9  0.026

Diabetes status 3.2 1.9to5.1  0.001

Residual GFR 0.9 0.8t00.9  0.001
(per mL/min)

Multivariate analysis

Underweight 2.0 1.1t03.6  0.020

Normal weight Reference

Overweight 11 0.6to1.9  0.881

Obesity 0.8 0.4to0 1.6 0.555

Residual GFR 0.9 0.8t00.9  0.002
(per mL/min)

SGA score (per unit) 2.8 1.3t06.3  0.012

HR = hazard ratio; CI = confidence interval; SGA = subjective
global assessment; GFR = glomerular filtration rate.

and 85% in the overweight group; and 98%, 92%, 84%,
and 84% in the obese group (Figure 3).

BMI AND PERITONITIS

Table 5 shows the proportions of patients in each
group who developed peritonitis, and the odd ratios
(ORs) for developing a peritonitis episode. In reference to
normal-weight patients, the OR for developing peritonitis
was 1.8 (95% CI: 0.9 to 3.4; p =0.086) in underweight
patients, 1.7 (95%(I: 0.9 to 3.2; p=0.091) in overweight
patients, and 3.4 (95% CI: 1.8 t0 6.4; p<0.001) in obese
patients. The percentage of patients who developed
peritonitis was also significantly greater in the obese
group (41 of 57, 71.9%) than in the underweight group
(27 of 47, 57.4%), the normal-weight group (74 of 171,
43.3%), and the overweight group (30 0f 53, 56.6%; p =
0.002; Table 5).

Table 6 shows details of the peritonitis rates in term of
episodes per patient-year and the spectrum of organismsin
the BMI categories. Peritonitis episodes were significantly
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Figure 2 — Kaplan-Meier survival analysis showing cumulative
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Figure 3 — Kaplan-Meier survival analysis showing cumula-

tive death-censored technique survival by body mass index
(BMI) category.

more frequentin obese patients thanin normal-weight (p=
0.04) and underweight (p = 0.017) patients. Peritonitis
episodes per patient-year were similarin the underweight,
normal-weight, and overweight patients, butitwas signifi-
cantly higher in obese patients. The significantly greater
risk of peritonitis developingin obese patients (risk ratio:
2.97;95%C(I: 1.48t05.98; p=0.002) persisted even after
the model was adjusted for age, sex, diabetes, serum albu-
min, comorbidity score, and nutrition status by SGA.
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TABLE 5
0dds Ratio of Developing Peritonitis, by Body Mass Index (BMI) Category
Peritonitis Patients
BMI category [n/N (%)] OR 95% (I p Value
Peritonitis present
Underweight 27/47 (57.4) 1.8 0.9t03.4 0.086
Normal 74/171 (43.3) Reference
Overweight 30/53 (56.6) 1.7 0.9t03.2 0.091
Obese 41/57 (71.9) 3.4 1.8t0 6.4 0.001
Peritonitis > 2 episodes
Underweight 7/47 (14.9) 0.7 0.3t01.8 0.491
Normal 33/171(19.3) Reference
Overweight 12/53 (22.6) 1.2 0.6 to 2.6 0.596
Obese 20/57 (35.1) 2.3 1.2to 4.4 0.016
OR = odds ratio; CI = confidence interval.
TABLE 6
Peritonitis and Causative Organisms, by Body Mass Index (BMI) Category
Body mass index category
Variable Underweight Normal weight Overweight Obese Overall
Patients (n) 47 171 53 57 328
With peritonitis [ (%)] 27 (57.4) 74 (43.3) 30 (56.6) 41 (71.9) 172 (52.4)
Peritonitis episodes (n) 37 123 44 70 274
Patient-years at risk 75.4 307.46 109.43 109.51 601.8
Peritonitis rate (eps/pt-yr) 0.49 0.40 0.40 0.64 0.46
Culture-negative episodes [ (%)] 7 (18.9) 24 (19.5) 9 (20.5) 14 (20) 54 (19.7)
Gram-positive episodes [ (%)] 14 (37.8) 47 (38.2) 18 (40.9) 32 (45.7) 111 (40.5)
CNS 6 21 9 13 49
S. aureus 4 12 6 9 31
Enterococcus spp. 2 10 2 7 21
Streptococcus spp. 1 3 1 2 7
Others 1 1 0 1 3
Gram-negative episodes [ (%)] 13 (35.1) 42 (34.1) 12 (27.3) 16 (22.9) 83 (30.3)
Escherichia coli 6 22 7 6 41
Pseudomonas spp. 3 1 3 6 23
Acinetobacter spp. 1 4 1 1 7
Enterobacter aerogenes 1 3 1 2 7
Klebsiella spp. 1 1 0 1 3
Citrobacter spp. 1 1 0 0 2
Fungal episodes [n (%)] 2 (5.4) 10 (8.1) 4(9.1) 6 (8.6) 22 (8.0)
Polymicrobial episodes [n (%)] 1(2.7) 0(0) 1(2.3) 2(2.9) 4 (1.5)

Eps/pt-yr = episodes per patient-year at risk; CNS = coagulase-negative Staphylococcus.

DISCUSSION

In this study, we observed that, in the underweight
category of PD patients, the crude and adjusted HRs
for death were significantly worse than they were in
the normal BMI categories. The evidence for improved

survivalin ESRD patients with a greater-than-ideal BMI
on maintenance hemodialysis is well established, but
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such robust evidence is lacking in patients who start
RRT on PD. The association of body size and survival in
PD patients has been inconsistent in the literature. The
results of earlier studies demonstrated beneficial (10),
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neutral (11,12), and deleterious (34) effects of obesity
orincreased BMI on PD outcomes.

A study by Johnson et al. (10) from Australia showed
that obesity conferred a significant survivaladvantagein
their PD population and that patients with a BMI greater
than 27.5 lived more than twice as long as individuals
whose BMI lay in the normal range (20 - 27). However,
that observation from Australia was contradicted in an
analysis of data from the Australia and New Zealand
registry (ANZDATA), which revealed that obesity was
associated with significantly worse PD patient outcomes
with respect to rates of overall and technique survival
(34). The authors felt that the disparity in observations
might be a result of the fact that the earlier study was
small (only 50 patients from a single center) and had
shorter follow-up. However, in the ANZDATA study, 17%
of patients were obese and 5% were morbidly obese,
having BMI values of more than 35 kg/m?, which might
be responsible for the poor outcomes (34).

Our study revealed that underweight patients had
a greater adjusted risk of mortality, and that greater
mortality risk persisted in diabetic PD patients even after
adjustment for age, comorbidities, and malnutrition.
One possible confounding factor for poor survivalin our
underweight PD patients might be lower residual renal
function at initiation of RRT. As in our study, an analysis
of the US Renal Data System by Stack et al. (35) found
thatthe relative risk of death was greater for patients with
a BMI less than 21 kg/m? in his cohort of PD patients, a
finding that was true for both diabeticand nondiabetic PD
patients. However, those authors did not find any survival
advantage associated with greater BMI values. Johnson
et al. excluded patients with a BMI of less than 20 kg/m?
in their study and found a survival advantage in obese
patients compared with normal-weight patients (10).

The overall mean BMI was 21.9 + 3.8 kg/m? in our
patients, and only a few patients had a BMI greater than
or equal to 30 kg/m? (10 of 328, 3%). Those findings
might be the reason that outcomes in the PD patientsin
our study differed from those in the ANZDATA patients.
The lower BMI of ESRD patients at initiation of RRT has
also been observed in another study from India (25).

A neutral effect of BMI on survival was also observed
in a few studies. Fried et al. (11) and Aslam et al. (12)
did not find any survival benefit with increasing body
weight or BMI. After the many conflicting reports about
the effect of BMI on survivalin PD patients, Ramkumar
et al. (16) showed that not only body size but also body
composition influenced the survival of incident PD
patients. The best survival was observed in PD patients
with a high BMI and normal or high muscle mass; the
worst survival was observed in patients with a high
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BMI and low muscle mass. They suggested that, during
follow-up, patients on PD should be encouraged to gain
muscle mass, rather than fat mass. Our study showed
numerically lower median and 5-year patient survivals
bothin underweightandin obese patients compared with
normal-weight patients. Little separation was observed
in the survival curve for the initial 2 — 3 years, but the
survival curves started to separate after that period
(Figure 2). In the ANZDATA study also, a separation in
the survival curves for the various BMI categories was
apparent only after 2.5 - 3 years (34). In the ADEMEX
study, Paniagua et al. (36) stratified patient outcomes
using tertiles of 3 differentindices of body size, and they
found no significant differencesin survival rates between
the strata. Their subjects were monitored for only slightly
more than 2 years, however.

We observed that diabetic PD patients who were under-
weightat PDinitiation had poor outcomes and carried the
highest risk of mortality (p = 0.002). The poor survival
outcome in underweight PD patients with diabetes was
consistent with the findings of Johansen et al., who
also observed that diabetic patients had poor physical
function and inferior survival and that underweight
ESRD patients had a higher incidence of comorbidities,
including diabetes (37). The death-censored technique
survival was similar in all BMI groups; however non-
death-censored technique survival was significantly
poorer in the underweight group than in the other BMI
groups because of a significantly greater number of
deathsin that group.

The otherimportant observation in our study was the
association of peritonitis with obesity in PD patients.
Of 57 obese patients, 41 (71.9%) experienced at least
1 episode of peritonitis; in patients with a normal BMI,
the proportion was 43.3%. Moreover, the percentage of
patients experiencing multiple episodes of peritonitis
was also significantly higher in obese patients.

Few studies have estimated the influence of BMI on
peritonitis. Two small studies—one prospective and one
retrospective—failed to find any significant effect of a
greater compared with a normal BMI on the incidence
of peritonitis in PD patients (17,18). In our study, obese
PD patients had a 3.4 times greater risk of develop-
ing peritonitis than did normal-weight patients. The
ANZDATA analysis similarly showed that obese patients
are at greater risk of developing peritonitis and that
increasing BMI is associated with earlier and more fre-
quent peritonitis. Contrary to the observations of the
ANZDATA study, Piraino et al. found a lower incidence
of peritonitis in an underweight group compared with a
normal-weight group. We did not find such a benefitin
underweight patientsin the present study. One reason for
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the lack of such a benefit might be the lower residual GFR
inour underweight patients. Lower residual GFR has been
reported to be associated with a greater risk of peritonitis
(38). In a recently published study of 938 Canadian PD
patients, Nessim et al. (39) reported that obesity was not
associated with an increased overall risk of peritonitis,
but might be associated with a higher risk of peritonitis
caused by coagulase-negative Staphylococcus.

The mechanism of the greater risk of peritonitis
in obese patients remains speculative. One possible
mechanism might be greater difficulty in exit-site care
and assessment because of increased abdominal girth.
Other speculative mechanisms are poor wound healing
and decreased resistance to infection in fat tissues, a
greater tendency toward underdialysis, and a more rapid
loss of residual renal function in obese individuals, all
of which might possibly lead to a higher incidence of
peritonitis (40). Although obese patients experienced
a significantly greater incidence of peritonitis in our
study, death-censored technique failure did not differ
significantly in the BMI groups.

Our study has both strengths and limitations. The
patients were categorized as underweight, normal
weight, overweight, and obese according to a new clas-
sification validated for Asian patients. Accordingly,
patients who would be in the normal BMI category by
World Health Organization classification (18.5 kg/m? -
25 kg/m?) were classified as underweight (<18.5 kg/
m?), normal-weight (18.5 - 22.9 kg/m?), overweight
(23 - 24.9 kg/m?), or obese (=25 kg/m?) in our study.

Our study is the first to show the effect of initial BMI
on survival in Indian PD patients. The study was con-
ducted at one of the largest centers for PD in South Asia
and in the most densely populated state in India, Uttar
Pradesh, whichis truly representative of India. Compared
with other study cohorts reported in literature, our study
patients had a reasonably longer duration of follow-up.
The major limitations of our study are its status as a
single-center study, the fact that changesin BMI were not
recorded during subsequent follow-up, and the lack of
an analysis of how changes in BMI affected PD outcomes.
Other major limitations are that data about body compo-
sition and C-reactive protein were notavailable forallthe
PD patients and that obese and overweight patients were
not classified based on their body composition.

CONCLUSIONS

Compared with patients having a normal BMI, under-
weight PD patients are atincreased risk for mortality. The
HR for mortality was higherin underweight PD patients
with diabetes than in patients with a normal BMI;
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however, for underweight PD patients without diabetes,
the HR was similar. On follow-up, we observed no effect
of initial BMI on death-censored technique survival in
our PD patients. Compared with other BMI categories of
patients, obese patients are atincreased risk of develop-
ing peritonitis.
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