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¢ Background: Previous studies have demonstrated
that increased body mass index (BMI) is associated with
decreased mortality in hemodialysis (HD) patients.
However, the association between BMI and survival has not
been well established in patients undergoing peritoneal
dialysis (PD). The aim of the study was to determine the
association between BMI and mortality in the PD popula-
tion using the Clinical Research Center (CRC) registry for
end-stage renal disease (ESRD) cohortin Korea.

¢ Methods: Prevalent patients with PD were selected from
the CRC registry for ESRD, a prospective cohort study on
dialysis patients in Korea. Patients were categorized into
four groups by quartiles of BMI. Cox regression analysis
was used to calculate the adjusted hazard ratio (HR) of
mortality with a BMI of quartile 2 (21.4 - 23.5 kg/m?) as
the reference.

¢ Results: Atotalof 900 prevalent patients undergoing PD
were included. The median follow-up period was 24 months.
The multivariate Cox proportional hazard model showed that
the lowest quartile of BMI was associated with higher mor-
tality (HR 3.00, 95% confidence interval (CI), 1.26 - 7.15).
However, the higher quartiles of BMI were not associated
with mortality compared with the reference category of
BMI quartile 2 (Quartile 3: HR 1.11, 95% (I, 0.43 - 2.85,
Quartile 4: HR 1.64, 95% (I, 0.66 - 4.06) after adjustment
for clinical variables.
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¢ Conclusions: Lower BMI was a significant risk factor for
death, butincreased BMI was not associated with mortality
in Korean PD patients.
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besity is known to be an established risk factor for

increased morbidity and mortality in the general
population (1,2). However, the relationship between
body mass index (BMI) and mortality varies accord-
ing to the comorbid illness (2). In hemodialysis (HD)
patients, previous studies have demonstrated that
increased BMI is associated with decreased mortal-
ity, which is the opposite of that found in the general
population (3-5).

In patients undergoing peritoneal dialysis (PD), the
association between BMI and mortality is still contro-
versial. Some studies have demonstrated that higher
BMI was associated with lower risk for death (6-9),
whereas other studies have demonstrated increased
mortality in patients with obesity (10,11) or equiva-
lent mortality in patients with obesity compared with
those with normal BMI (12-15). This discrepancy may
be due to the differences in the study designs or the
populations of the studies. The aim of the present study
was to determine the association between BMI and
mortality in the PD population in the Clinical Research
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Center (CRC) registry for end-stage renal disease (ESRD)
cohortin Korea.

METHODS
STUDY POPPULATIONS

All patients in this study participated in the CRC for
ESRD. This is an ongoing observational prospective
cohort study in patients with ESRD from 31 centers in
Korea. The cohortstartedin April2009 andincluded adult
(> 18 years old) chronic dialysis patients. Demographic
data and clinical data were collected at enrollment.
Assessment of dialysis characteristics and measurements
of health were done every 6 months until the end of the
follow-up. Dates and causes of mortality were immedi-
ately reported through the follow-up period. The CRC for
ESRD was approved by the medical ethics committees of
the participating hospitals and informed consent was
obtained from all patients before inclusion.

DATA COLLECTION

In the CRC for ESRD study, baseline demographic
data and clinical dataincluding age, sex, BMI, causes of
ESRD, comorbidity, laboratoryinvestigations, nutritional
status and therapeutic characteristics were recorded. The
causes of ESRD as primary kidney diseases were classi-
fied according to the ninth revision of the International
Classification of Diseases, clinical modification codes
(ICD-9-CM). Serum cholesterol, serum albumin, crea-
tinine, and urea were determined from blood samples.
Serum albumin levels were measured by colorimetric
assay using Bromcresol Green method Forthe assessment
of comorbity, Davies comorbidity score and Modified
Charlson comorbidity score were used (16-18). According
to Davies comorbidity score, the low-risk group had a
score of zero, the moderate-risk group a score of 1-2,
and the high-risk group a score of >3 (16,17). The modi-
fied Charlson comorbidity index combines information
from 14 medical conditions designed to predict 1-year
mortality among patients with ESRD (18).

BMI was calculated as weight (kg)/height (m?). Body
weight was measured withoutintraperitoneal dialysate.
Body mass index values were categorized according to
quartile groups, as follows: Quartile 1, BMI < 21.4 kg/
m?; Quartile 2, BMI = 21.4 - 23.5 kg/m?; Quartile 3,
BMI =23.5 - 25.4 kg/m?and Quartile 4, BMI > 25.4 kg/
m2. The primary outcome was mortality. Follow-up of
the patients was censored at the time of death, kidney
transplantation, patient withdrawal or transfer to a
nonparticipating hospital.
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STATISTICAL ANALYSIS

Data with continuous variables and normal distribu-
tion are presented as mean + SD and those without nor-
mal distribution are presented as the median with ranges
as appropriate for the type of variable. Student t-test,
Mann-Whitney test, One-way ANOVA test or Kruskal-
Wallis test were used, as appropriate, to determine the
differencesin continuous variables. Categoricalvariables
are presented as percentages. Pearson’s chi-square test
or Fisher’s exact test were used to determine the dif-
ferences in categorical variables. Absolute mortality
rates were calculated per 100-person-year of follow-up.
Survival curves were estimated by the Kaplan-Meier
method and compared by the log-rank test according to
the BMI categories. A Cox proportional hazard regression
model was used to calculate hazard ratio (HR) with 95%
confidence interval (CI) for all-cause mortality, using a
BMI of quartile 2 (21.4 - 23.5 kg/m?) as the reference.
Analyses were adjusted for potential confounders: age,
gender, diabetes mellitus and comorbidity score. Avalue
of p < 0.05 was considered statistically significant.
Statistical analyses were performed using SPSS 11.5
software (Chicago, IL, USA).

RESULTS
PATIENT CHARACTERISTICS

Until February 2012, 2,743 prevalent patients under-
going dialysis were included in this cohort and 1,084 of
these were prevalent PD patients. Of the 1,084 preva-
lent PD patients, 184 patients whose BMI could not be
ascertained at enrollment were excluded for the present
analyses. Thus 900 prevalent PD patients wereincludedin
the present analysis. The mean age of patients was 56 +
12 yearsand the mean BMIwas 23.6 + 3.2 kg/m?. Figure 1
shows the distribution of patients according to BMI. The
main causes of ESRD were diabetes (32%), renalvascular
disease (25%) and glomerulonephritis (18%). Table 1
shows the baseline characteristics of the study popula-
tion by BMI quartile. The mean BMI value ranged from
19.8 + 1.3 kg/m? for patients in the lowest BMI quartile
to 27.7 + 3.2 kg/m? for patients in the highest BMI
quartile. In general, patients in the higher BMI quartile
were older and had more males than those in the lower
BMI quartile. The use of automated peritoneal dialysis
was not significantly differentamong the BMI categories.
Diabetes as a cause of ESRD was more common in the
highest BMI quartile, while glomerulonephritis asa cause
of ESRD was more common in the lower BMI quartile.
There was no difference in systolic and diastolic blood
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pressure, hemoglobin level, serum albumin level, serum
total cholesterol level and subjective global assessment
of nutritional status (SGA) among the BMI categories.
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Figure 1 — The distribution of study population according to
body mass index (BMI).

BMI AND MORTALITY IN PD

Table 2 shows the prevalence of the comorbidities of the
study population by BMI quartile. Diabetes was more
prevalent in the highest BMI quartile. In the Davies
comorbidity score, low risk was more prevalentin lower
BMI quartiles and intermediate risk was more prevalent
in higher BMI quartiles. The prevalence of high risk was
not significantly different among the BMI categories.
The modified Charlson comorbidity score was higher in
the highest BMI quartile.

RELATIONSHIP OF BMITO MORTALITY

The median follow-up period was 24 months (inter-
quartile range, 14 - 27 months). During the follow-up
period, 64 patients left the study. The reasons for censor-
ingincluded kidney transplantation (n = 35), transfer to
a nonparticipating hospital (n = 13), refusal of further
participation (n = 8) or other (n = 8). Table 3 shows the
number of kidney transplants and modality change from
PD to HD of the study population by BMI quartile during
the follow-up period. Kidney transplant rates or modal-
ity change rates from PD to HD were not significantly
differentamong the BMI quartiles. There were 63 deaths

TABLE 1
Baseline Characteristics of the Study Population by BMI Quartile
BMI (kg/m?)
Quartile 1 Quartile 2 Quartile 3 Quartile 4
<21.4 21.4-23.5 23.5-25.4 >25.4 p

Number of patients 225 225 226 224
Male, n (%) 91 (40) 124 (55) 156 (69) 130 (58) <0.001
Age (years) 53114 54412 58+14 58+11 <0.001
BMI (kg/m?) 19.8+1.3 22.4%0.6 24.4%0.6 27.743.2 <0.001
Use of APD, 11 (%) 27 (12) 28 (12) 39 (17) 27 (12) 0.29
Primary kidney disease, %

Diabetes mellitus 21 18 23 37 <0.001

Glomerulonephritis 37 25 27 1 <0.001

Renal vascular disease 22 29 27 22 0.24

Interstitial nephritis 27 27 36 9 0.71

Polycystic kidney disease 20 13 47 20 0.31

Others/unknown 24 31 22 23 0.17
Duration of dialysis therapy (months) 57 (37-96) 57 (38-80) 59 (38-79) 50 (36-73) 0.15
Systolic BP (mmHg) 132420 135422 132422 134+20 0.47
Diastolic BP (mmHg) 79+14 81+13 79+13 79+13 0.29
Hemoglobin (g/dl) 10.4+1.7 10.5+1.5 10.6+1.4 10.4+1.5 0.45
Serum albumin (g/dLl) 3.6+0.5 3.8+2.4 3.740.4 3.9+2.3 0.23
Serum TC (mg/dl) 164432 169+43 168+42 165439 0.48
SGA 1.240.4 1.1+0.3 1.240.4 1.1+0.4 0.11

BMI = body mass index; APD = automated peritoneal dialysis; BP = blood pressure; TC = total cholesterol; SGA = subject global

assessment of nutritional status.

Values are expressed as mean+SD, median (interquartile range) or n (%).
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during the follow-up period. The leading causes of death
were infectious diseases including peritonitis (43%
of all deaths) and cardiovascular diseases (30% of all
deaths). Table 4 shows the causes of death in each BMI
category. The absolute mortality rate during the median
follow-up period of 24 months was 4.0 deaths per 100
person-years. Figure 2 shows the Kaplan-Meier plot of
patient survival by BMI quartile. As shown, survival was

JUNE 2014 - VOL. 34, NO. 4 PDI

lower in patients in the lowest BMI quartile compared to
those in higher BMI quartiles (p = 0.018, log-rank test).
Survivalin second, third and fourth quartiles of BMI was
equivalent. Table 5 shows the crude and adjusted HR for
mortality during PD treatment according to BMI catego-
ries, using BMI quartile 2 as the reference category. The
crude HR for mortality of BMI quartile 1 was 2.86 (95%
(I, 1.33 -6.12, p=0.007) and the adjusted HR was 3.00

TABLE 2
Comorbidities of the Study Population by BMI Quartile
BMI (kg/m?)
Quartile 1 Quartile 2 Quartile 3 Quartile 4
<21.4 21.4-23.5 23.5-25.4 >25.4 p
Coronary vascular disease, % 17 24 28 32 0.12
Diabetes mellitus, % 21 20 23 36 <0.001
Malignancy, % 16 24 28 32 0.68
Davies comorbidity score
Low (0), % 27.3 27.3 26.5 19 0.001
Intermediate (1-2), % 22.2 22.4 24.2 311 0.009
High (3-7),% 18.9 16.2 27.0 37.8 0.29
Modified Charlson comorbidity score? 4.0£2.0 4.0+2.1 4.442.1 4.7+2.1 <0.001
BMI = body mass index.
Values are expressed as mean+SD %.
TABLE 3
Kidney Transplants and Modality Change from PD to HD of the Study Population by BMI Quartile
During the Follow-Up Period
BMI (kg/m?)
Quartile 1 Quartile 2 Quartile 3 Quartile 4
<21.4 21.4-23.5 23.5-25.4 >25.4
Kidney transplants, n (%) 10 (4.4) 7(3.1) 9 (4.0) 9 (4.0)
Modality change from PD to HD, n (%) 10 (4.4) 14 (6.2) 11 (4.9) 11 (4.9)
BMI = body mass index; PD = peritoneal dialysi; HD = hemodialysis.
TABLE 4
Causes of Death in Each BMI Category
BMI
Quartile 1 Quartile 2 Quartile 3 Quartile 4
Disease (n=225) (n=225) (n=226) (n=224)
Cardiovascular diseases including cerebrovascular diseases, n 8 2 4 5
Peritonitis, n 6 0 2 0
Infectious diseases, other than peritonitis, n 4 7 3 5
Other, n 7 0 3 7
Total, n 25 9 12 17

BMI = body mass index.
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(95%CI, 1.26 - 7.15, p=0.01) after multivariate adjust-
ment for age, gender, diabetes and Davies comorbidity
score, implying that the lowest BMI quartile is a 3-fold
strong risk factor compared to the reference category
of BMI quartile 2 after adjustment for clinical variables.
The crude HR for mortality of BMI quartile 3 and 4 was
1.32 (95% CI, 0.56 - 3.14, p = 0.53) and 1.99 (95% CI,
0.89 - 4.46, p = 0.10), respectively. The adjusted HR
for mortality of BMI quartile 3 and 4 was 1.11 (95% (I,
0.43-2.85,p=0.83) and 1.64 (95% (I, 0.66 — 4.06, p =
0.28) respectively, afteradjustment forage, gender, dia-
betes and Davies comorbidity score; implying that higher
BMI quartiles had noimpact on survival compared to the
reference category of BMI quartile 2 after adjustment for
clinical variables.

DISCUSSION

In this multicenter prospective observational study
of the association between BMI and mortality in Korean
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Figure 2 — Kaplan-Meier plot of patient survival by body mass
index quartile.

BMI AND MORTALITY IN PD

patients undergoing PD treatment, we found that higher
BMI groups were notassociated with increased mortality
compared to the reference category of BMI quartile 2,
while the lowest BMI group was independently associated
with increased mortality.

Our findings are consistent with some of the previ-
ous large studies for the association between BMI and
mortality in patients with PD treatment (12-14). Abbott
et al. reported in their retrospective large cohort study
(the USRDS Dialysis Morbidity and Mortality Wave Study)
that PD patients with the three highest quartiles of BMI
had virtually identical mortality and PD patients with
the lowest quartiles of BMI had lower survival over time
compared to other categories of BMI (12). On the other
hand, our findings arein contrast to some of the previous
studies, which demonstrated either beneficial or worse
effects of obesity (6,11). Snyder et al. reported in their
retrospective large cohort study of the USRDS population
that PD patients who were overweight or obese had longer
survival than those with lower BMI (7). McDonald et al.
reported in their large retrospective cohort study of the
Australia and New Zealand Dialysis and Transplantation
Registry that obesity wasindependently associated with
increased mortalityin patients undergoing PD treatment
(10). The discrepancy between the findings of the previ-
ous observational studies may be due to the differences
of the study designs or the populations of the studies. Our
findings supportthe evidence that obesity has equivalent
survival to PD patients.

Aninteresting point of this study is that study popula-
tions are Asian patients with PD treatment. Asian popula-
tions have different association between BMI, percent
of body fat, and health risk than Western populations
(19-21). Asian populations have a higher percentage of
body fat for a given BMIthan Western populations (22).
Moreover, the prevalence of type 2 diabetes mellitus and
cardiovascular risk factors areincreased in parts of Asia
even below the BMI cut-off point of 25 kg/m?, a value
defined as being overweight by the current World Health

TABLE 5
Hazard Ratios for Mortality during PD Treatment According to BMI Category
Crude Adjusted
BMI (kg/m?) HR 95% CI p HR 95% (I p
Quartile 1 (<21.35) 2.86 1.33-6.12 0.007 3.00 1.26-7.15 0.01
Quartile 2 (21.35-23.47) 1 (reference) 1 (reference)
Quartile 3 (23.48-25.40) 1.32 0.56-3.14 0.53 1.11 0.43-2.85 0.83
Quartile 4 (>25.40) 1.99 0.89-4.46 0.10 1.64 0.66-4.06 0.28

PD = peritoneal dialysis; BMI=body mass index; HR = hazard ratio; CI = confidence interval.
Hazard ratios are crude and adjusted for age, gender, diabetes and Davies comorbidity score.
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Organization (WHO) classification (19,20). Thus, the
WHO Expert Consultation recommended that BMI cut-off
valuesin the definition of overweight and obesity should
be lower for Asian populations than those for Western
populations (19).

Previous studies on the association between BMI and
mortality in PD patients have been conducted primarily
in Western populations. Compared to previous studies,
the distribution of our study population according to
BMI was different from that of Western populations. The
mean BMI of our study (23.6 kg/m?) was lower than that
of previous studies with the Western patients undergoing
PD treatment (mean BMI of 24.6 — 26.4 kg/m?) (11-14).
The number of patients with obesity defined by the WHO
classification (BMI > 30 kg/m?) was 34 (3.8%), which is
lower than the percentage of patients with obesity in
Western PD patients (10 - 22%) (11-14). It seems that
the WHO classification of BMI may not be appropriate for
our study population. Therefore, we analyzed the impact
of BMIfor survivalin our study populations by categoriz-
ing the study population by BMI quartile rather than by
the WHO classification of BMI. Our results showed that
BMI has a significantimpact on survival when the study
populations were categorized by BMI quartile rather
than by the WHO classification of BMI, suggesting that
the association between BMI and clinical outcomes may
be identified along the continuum of BMI in Asian PD
patients rather than the BMI cut-off point (19,21).

An important point of our study is that we recorded
information on the severity of comorbidities, which
may be a confounder in the analysis of the association
between BMI and mortality. The prevalence of diabetes
mellitus and comorbidity scores such as the Davies comor-
bidity score and the modified Charlson comorbidity score
were higherin higher BMI groups than thosein lower BMI
groupsin our study. These findings are similar to thosein
general populations (23). After adjustment for the sever-
ity of comorbidities, the relationship between obesity
and mortality was slightly attenuated but still persisted.
This finding indicates that obesity may have an impact
on mortality by some mechanisms that are independent
of the severity of comorbidities in PD patients.

Our study has some limitations. First, our study
included the prevalent PD patients, thus it is not free
form survivor bias, especially selection bias (24). Second,
the median follow-up period of 24 months was relatively
short. Third, the factors (peritoneal solute transport
rate, type of solution or adequacy) which are known to
affect BMI and mortality were notincluded in this study
(25-27). Fourth, we used BMI only as a parameter of
obesity. Other measurements such as the waist-to-hip
ratio or waist circumference may be needed. In spite of
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these limitations, the results of our study clearly dem-
onstrate the association between BMI and mortality in
Korean PD patients.

In conclusion, low BMI was found to be a significant
risk factor for death in Korean PD patients. However,
increased BMI was not associated with mortality in
Korean PD patients.
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