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¢ Background: Obesityincreases mortality in the general
population, butimproves survivalin hemodialysis patients.
In peritoneal dialysis (PD) patients, the reported effect is
controversial. We investigated the effect of body massindex
(BMI) on patient survival in Asian PD patients.

¢ Methods: The survival of incident Asian PD patients from
2001 to 2008 in a single center in Hong Kong was analyzed
retrospectively. Baseline demographicand clinical data were
collected from patient records. Patients who had a total Kt/V
below 1.7 or who died within 6 months were excluded. The
BMI was categorized using the World Health Organization
recommendation for Asian populations.

¢ Results: Inthe 274 study patients [154 men (56%); 138
with diabetes (50.4%); mean age: 63.4 + 14.6 years; mean
BMI: 21.97 £ 3.23 kg/m?; 37 underweight (13.5%); 35 obese
(12.8%)], the relative risk (RR) for mortality [adjusted for
age, diabetes status, and cardiovascular disease (CVD)]
was similar for the normal and overweight groups, but
higher for the underweight (RR: 1.909; p = 0.028) and
obese groups (RR: 1.799; p =0.048). The increased mortal-
ity in obese patients was more prominent in patients with
diabetes (RR: 1.9 vs 1.19 in patients without diabetes;
p =0.074 and 0.76 respectively), and in patients with CVD
(RR: 8.895 vs 1.642 in patients without CVD; p =0.012 and
0.122 respectively).

¢ Conclusions: In Asian PD patients, the relationship
between BMI and mortality was U-shaped, with higher
mortalityin the underweight and obese patients. The nega-
tive impact of obesity was more prominent in patients with
diabetes and CVD.
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In the general population, body mass index (BMI)
has an influence on health risk and survival. Increased
risks for cardiovascular disease (CVD), diabetes mel-
litus (DM), and mortality are found in patients with
overweight and obesity. A J- or V-shaped relationship
between BMI and mortality risk is well documented in
the general population, meaning that, although mor-
tality increases with BMI, individuals with low a BMI
also experience increased mortality, although not as
high as that in obese individuals (1-5). However, in
hemodialysis (HD) patients, higher BMI carries a pro-
tective effect with respect to patient survival (6-10)—a
finding described as a “reverse epidemiology” phenom-
enon (11). In contrast, the impact of BMI on survivalin
peritoneal dialysis (PD) patients is inconsistent. Some
studies have suggested a similar protective effect of BMI
(12-15), some have suggested a neutral effect (11,16),
and some have indicated that survival is worse in obese
patients (17,18).

The relationship between BMI and mortality might
be different in dialysis patients of different ethnicities.
Wong et al. (9) were the first to report a difference in
the impact of BMI on survival in white and Asian HD
patients within the United States. In contrast to the
typical reverse epidemiology pattern found in white
HD patients, Asian HD patients in the United States
demonstrated a V-shaped mortality risk relationship,
with the lowest risk found in the middle-quintile BMI
group, corresponding to a BMI of approximately 23 kg/
m?. (The middle-quintile BMI for Caucasians is approxi-
mately 25 kg/m?.) This V-shaped relationship somewhat
simulates the relationship in the general population
(5). McDonald et al. (17) also found that the relation-
ship was different in white and Pacific Islander PD
patients in Australia and New Zealand. However, there
is a paucity of such information for Asian PD popula-
tions living in Asia. It is also plausible that the relation-
ship between mortality risk and BMI differs not only
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between ethnicities, but also between subgroups such
as those with and without DM, and those with and with-
out CVD. We therefore conducted the present analysis
to examine the impact of BMI on survival in Asian PD
patients and to analyze whether the patterns of asso-
ciation are different in patients with different DM and
CVD statuses.

METHODS

This retrospective study looked atincident adult Asian
end-stage renal disease patients who started home PD
at our center from 2001 to 2008. Starting in 2001, our
center had adopted the policy of a minimal combined
peritoneal and renal Kt/V of 1.7, which accords with the
subsequently published Kidney Disease Outcomes Quality
Initiative, European best practice, and International
Society for Peritoneal Dialysis guidelines in 2005 and
2006 (19-21). Patients of non-Asian ethnicity and
those whose combined Kt/V target was not achieved
were excluded. Patients who died within 6 months
after PD commencement were also excluded because
their causes of death were most likely related to pre-
existing comorbidities.

Clinical, demographic, and biochemical data were
retrieved from patient records. Clinical data included
primary kidney disease and history of CVD and comorbidi-
ties [by Charlson comorbidity index (CCI)]. Demographic
data—including age, body weight, and height—were
collected at the time of home PD training, usually after
a few weeks of hospital intermittent PD. Assessment of
PD adequacy and a peritoneal equilibration test were
performed after 4 — 6 weeks of home PD and yearly
thereafter. Adequacy data included Kt/V (peritoneal,
renal, and combined), residual renal function (calcu-
lated as the average of urea and creatinine clearances
from a 24-hour urine collection), and normalized pro-
tein equivalent of nitrogen appearance (nPNA). Serum
albumin and creatinine were measured at the time
of PD adequacy assessment. Body weight recorded
on the day of the first Kt/V assessment was used for
the analysis.

Because body composition is different in individu-
als of Asian and white ethnicity, we adopted the BMI
categorization of the World Health Organization for
Asian populations (22,23), classifying patients into
underweight, normal, overweight, obese I, and obese II
groups (<18.5 kg/m?, 18.5 - 22.9 kg/m?, 23 - 24.9 kg/m?,
25 - 29.9 kg/m?, and >30 kg/m? respectively). Because
only 2 patients had a BMI in the obese II category, the
obesity I and II categories were combined into a single
obese category (BMI> 25 kg/m?).
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Survival was counted from the day of home PD training
to31January 2011 and was censored for transplantation,
permanent transfer to HD, and loss to follow-up.

STATISTICAL ANALYSIS

We used SPSS Statistics (version 17.0: SPSS, Chicago,
IL, USA) for the statistical analysis. Analysis of variance
was used to compare continuous variables, and chi-square
tests were used to compare categorical data between the
patient groups. Actuarialsurvival rates were determined
by life-table and Kaplan-Meier analysis, with a log-rank
test forthe comparison of survival rates between groups.
Theimpact of each variable on mortality was tested in a
univariate Cox regression model. A multivariate backward
stepwise Cox regression model was used to determine the
relative risk (RR) for each category of BMI with respect to
mortality; the model was controlled for age, DM, history
of CVD, and residual renal function. The CCI score was not
usedin the multivariate model because age, DM, and CVD
are major components of that index.

Data are presented as mean + standard deviation. The
RR for mortality was expressed with a 95% confidence
interval (CI). The difference was considered significant
when the p value was less than 0.05.

RESULTS

Of the 300 patients who commenced home PD during
2001 - 2008, 274 fulfilled the inclusion criteria. The
excluded patients were non-Asian (n = 1), had less than
6 months of follow-up (died, n = 14; underwent renal
transplantation, n=3; switched to HD, n=3; or were lost
tofollow-up, n=4), or had a combined Kt/V less than 1.7
(n=1). In the study cohort, all patients were Chinese,
except for 2 who were Filipino (age range: 21.6 - 88.8
years; mean follow-up: 43.5+22.9 months). Table 1 shows
the demographic and clinical data for the study cohort.

BMI CATEGORIZATION

Among the study patients, 147 (53.6%) were in the
normal BMI group. The proportion of underweight,
overweight, and obese patients was 13.5%, 20.1%, and
12.8% respectively. Patientsin both the underweightand
the obese group were younger than those in the normal
and overweight groups. Compared with the underweight
and normal BMI groups, the overweightand obese groups
contained more patients with DM (64% and 66% respec-
tively, p < 0.001; Figure 1). The proportion of patients
with a history of CVD was not significantly different in
the various BMI categories.
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TABLE 1
Baseline Characteristics of the Study Patients by Body Mass Index Category
All Body mass index category p
Variable patients Underweight Normal Overweight Obese Value®

Patients [n (%)] 274 37 (13.5) 147 (53.6) 55 (20.1) 35 (12.8)
Age (years) 63.4%14.6 59+18.5 65.0+13.3 63.8+13.9 60.7+15.6 0.09
Sex [n (%) men] 154 (56) 12 (32) 86 (58) 31 (56) 25 (71) 0.007
Body weight (kg) 56+10.45 42.8+5.77 53.8+6.69 60.6+7.13 72.4+6.97 <0.001
Height (m) 1.59+0.09 1.57+0.08 1.60+0.09 1.59+0.09 1.61+0.07 NS
Body mass index (kg/m?) 21.97+3.23 17.2+1.06 21+1.26 24+0.56 27.9+1.85 <0.001
Diabetes mellitus [n (%)] 138 (50.4) 6 (16) 74 (50) 35 (64) 23 (66) <0.001
Cardiovascular disease [ (%)] 49 (18) 7 (19) 30 (20) 9 (16) 3(9) NS
CCI score (median) 5 5 6 5 6 NS
Primary kidney disease [1n (%)] <0.001

Glomerulonephritis 38 9 (24) 19 (14) 6 (11) 4 (11)

Interstitial nephritis 3 0 2(1) 1(2) 0

Renal vascular disease 2 2(5) 0 0 0

Diabetes mellitus 130 6 (16) 69 (47) 33 (60) 22 (63)

Polycystic kidney disease 6 0 4 (3) 2 (4) 0

Other or unknown 95 20 (54) 53 (36) 13 (24) 9 (26)
Smoker 62 (23) 7 (19) 33(22) 14 (25) 9 (26)
Serum albumin 34.8+5.45 34.246.7 34.545.4 35.5+4.9 35.9+4.8 NS
RRF (mL/min/1.73 m?) 3.47+2.43 2.53+1.54 3.40+2.54 3.94+2.21 4.,0242.84 0.022
Urine volume (mL) 8614608 710+498 820+574 974653 1005+738 0.08
nPNA (g/kg/day) 1.07£0.26 1.19+0.28 1.08+0.26 1.01£0.24 0.99+0.22 0.002
D/P creatinine 0.70+0.11 0.68+0.10 0.71+0.11 0.68+0.12 0.69+0.10 NS

CCI = Charlson comorbidity index; RRF = residual renal function; nPNA = normalized protein equivalent of nitrogen appearance;

D/P = dialysate-to-plasma ratio.
2 By analysis of variance.
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Figure 1 — Number of patients in each body mass index group
according to diabetes status (nondiabetic, open bars; diabetic,
solid bars; p=0.000).

OUTCOMES

By the end of the study period, 124 patients had
died, 16 had undergone transplantation, 27 had trans-
ferred to HD, and 14 had been lost to follow-up or had
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transferred to other hospitals. The mean follow-up period
was 43.5 + 22.9 months. Counting from 6 months after
the start of home PD, the 1-, 2-, and 5-year survival
rates were 94%, 82%, and 46% respectively. Survivalin
the various BMI groups did not significantly differ (p =
0.4, Figure 2). Deaths from cardiac causes were more
frequent in the overweight and obese groups, but the
difference was not statistically significant (Table 2). Of
the 33 patients who died from cardiac events, 23 (70%)
belonged to the combined overweightand obese popula-
tion, but that proportion was not statistically significant
(p=0.21).

The significant mortality risk factors, as identified
by univariate Cox regression analysis were age, CVD,
CCI score, body weight, serum albumin, and creatinine
(Table 3). Sex, DM, residual renal function, nPNA, and
BMI category were not significant mortality risk factors.
However, after adjustment for age, CVD, and DM, BMI
category became a significant independent mortality
risk factor in the multivariate Cox regression analysis,
withincreased riskin the underweight and obese groups

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

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



PDI JUNE 2014 -VOL. 34, NO. 4

(Table 3). Compared with the normal BMI group, the
underweightand obese groups had higher mortality risks
(underweight RR: 1.909; 95% CI: 1.07 to 3.40; p=0.028;
obese RR: 1.799; 95% (I: 1.006 to 3.215; p=0.048). The
mortality risk for the overweight group was similar to that
forthe normal group (overweight RR: 0.92; 95% (I: 0.58
to 1.48; p = nonsignificant; Table 3, Figures 3 and 4).
The 5-year death-censored technique survival rate
was 78%. Neither the unadjusted nor the adjusted RRs
forthe various BMI groups were statistically significant.
The mean peritonitis rate was slightly higher in the

Overweight

0.6+

Cumulative Survival
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0O 6 1218 24 30 36 42 48 54 60 66 72 73 54 900 95102108114120126
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Figure 2 — Unadjusted survival by body mass index group,

starting 6 months after commencement of home peritoneal
dialysis (p = nonsignificant).

BMI AND MORTALITY IN ASIAN PD PATIENTS

underweight and obese groups, but the difference was
not statistically significant: 0.42, 0.18, 0.18, and 0.31
episodes per patient-year for the underweight, normal,
overweight, and obese groups respectively; p = 0.87 by
Kruskal-Wallis test between the groups; and p = 0.83
between the underweight and combined normal and
overweight groups, and p = 0.65 between the obese
and combined normal and overweight groups by Mann-
Whitney U-test.

SUBGROUP ANALYSIS

The increase in adjusted mortality risk in the obese
group was more prominent among patients with DM
(RR: 1.90; 95% CI: 0.94 to 3.86; p = 0.074) than among
those without DM (RR: 1.19; 95% CI: 0.40 to 3.51; p =
0.759; Figure 5). When patients were divided according
to history of CVD, the U-shaped association was also
observed in patients with and without CVD. The associa-
tion between obesity and mortality risk was very strongin
patients with a history of CVD (RR: 8.895; 95% (I: 1.629
to 48.572; p=0.012; Table 4, Figure 6).

DISCUSSION

Our study demonstrates increased mortality risk in
underweight and obese PD patients alike; in the nor-
mal and overweight groups, mortality risk was similar.
This pattern is somewhat different from that observed
in HD patients. Our findings are consistent with a
recent publication from China (18). That study used
the reference BMI categories for a white population
for the definition of normal weight (18.5 - 24.9 kg/
m?) and overweight (25 - 29.9 kg/m?) and showed

TABLE 2
Patient Outcomes by Body Mass Index Category

All Body mass index category
Variable patients Underweight Normal Overweight Obese
Patients (n) 274 37 147 55 35
Death [n (%)] 124 (45) 8 (44) 47 (43) 30 (45) 39 (50)
IHD and cardiac arrest 33(26) 1(12.5) 9 (19) 9 (30) 14 (35)
CVA 5 (4) 0(0) 2 (4) 1(3) 2 (5)
Peritonitis 24 (20) 2 (25) 12 (26) 6 (20) 4 (10)
Sepsis and infections 31(25) 2 (25) 15 (32) 7 (23) 8(20)
Malignancy 6 (5) 2 (25) 3(6) 0(0) 1(3)
Others or unknown 24 (20) 1(12.5) 6 (13) 7 (23) 10 (26)
Transplant [n (%)] 16 (6) 5(28) 7(6) 1(1) 3(4)
Hemodjialysis [ (%)] 27 (10) 0(0) 11 (10) 6 (9) 10 (13)
Lost to follow-up or transferred [ (%)] 14 (5) 0(0) 10 (9) 2(3) 2(3)
IHD =ischemic heart disease; CVA = cerebrovascular accident.
393
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TABLE 3
Unadjusted and Adjusted Relative Mortality Risk by Various Parameters at Baseline
Relative mortality risk
Unadjusted Adjusted
95.0% CL p 95.0% CL p
Variable Reference RR Lower Upper Value RR Lower Upper Value
Sex Female 1.274 0894 1.816 0.180
Age 1 Year 1.049 1.032 1.067 0.000 1.046 1.027 1.066 0.000
Diabetes status No 1.276 0.885 1.841 0.192 NS
CCI score 1 Point 1.336 1.231 1.451 0.000
CvD None 2.101 1.387 3.193 0.001 1.740 1.119 2.706 0.014
Body weight 1kg 0.975 0.957 0.992 0.005
BMI status Normal 0.405 0.044
Underweight 1.294 0.766 2.185 0.335 1.909 1.07 3.403 0.028
Overweight 0.783 0.493 1.246 0.302 0.922 0.575 1.479 0.736
Obesity 1.155 0.658 2.028 0.617 1.799 1.006 3.215 0.048
Albumin 1g/L 0.928 0.896 0.960 0.000 0.944  0.909 0.981 0.003
Creatinine 100 umol/L 0.999 0.998 1.000 0.002 NS
RRF 1mL/min/1.73m?  0.955 0.883 1.032 0.246 NS
nPNA 0.1 g/kg/day 0.984 0.918 1.055 0.644
D/P creatinine 0.1 0.485 0.102 2.302 0.363
Urine volume 1mL 0.9 0.78 1.04 0.153

RR = relative risk; CL = confidence limits; NS = nonsignificant; CCI = Charlson comorbidity index; BMI = body mass index; RRF =
residual renal function; nPNA = normalized protein equivalent of nitrogen appearance.
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Figure 4 — Relative mortality risk by baseline body mass index
group (all patients), adjusted for age, diabetes and cardiovas-
cular disease history, and residual renal function. The mortality
risk is expressed in log scale.

0.0

Follow Up months

Figure 3 — Adjusted survival by body mass index group, start-
ing 6 months after commencement of home peritoneal dialysis
(underweight, p=0.028; obese, p =0.048).

that survival was better in the normal BMI group than
in the overweight PD patients. In fact, the overweight
patients in that study should be regarded as obese
according to the World Health Organization definition
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for Asian populations. We therefore emphasize the
importance of using the appropriate World Health
Organization classification according to ethnicity in
body-weight studies.

In HD patients, achieving Kt/V targets in bigger indi-
viduals is usually not a problem, and a higher BMI might
indicate more nutrition reserves for combating the effects
ofinflammation—a plausible explanation for the reverse
epidemiology phenomenon (11).In PD patients, theissue
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Figure 5 — Relative mortality risk by baseline body mass index group and diabetes status, adjusted for age, cardiovascular
disease history, and residual renal function in (A) nondiabetic patients and (B) diabetic patients. The mortality risk is expressed
in log scale.

TABLE 4
Adjusted Relative Mortality Risk in Patients With and Without a History of Cardiovascular Disease

History of cardiovascular disease

No (n=225) Yes (n=49)

95.0% CL p 95.0% CL p
Variable Reference RR Lower Upper Value RR Lower Upper Value
Age 1 Year 1.048 1.028 1.068 0.000 1.078 1.023 1.137 0.005

Diabetes status No NS NS
BMI groups Normal 0.115 0.027
Underweight 2.074 1.065 4.037 0.032 2.118 0.642 6.986 0.218
Overweight 1.076 0.634 1.826 0.786 0.509 0.159 1.626 0.254
Obese 1.642 0.875 3.080 0.122 8.895 1.629 48.572 0.012

GFR 1 mL/min/1.73 m? NS NS

RR = relative risk; CL = confidence limits; NS = nonsignificant; BMI = body mass index; GFR = glomerular filtration rate.
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Figure 6 — Relative mortality risk by baseline body mass index group and cardiovascular disease (CVD) history, adjusted for age,
diabetes status, and residual renal function, in patients (A) with no CVD history and (B) with a CVD history. The mortality risk is
expressed in log scale.

of BMI is more complicated. Higher BMI usually means might have a negative effect on survival. To eliminate
higher body weight and total body water, resultingin less that confounder, our studyincluded only patients whose
solute clearance for the same dialysis prescription, which combined renaland peritoneal Kt/V reached the target of
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1.7—the minimum dialysis adequacy target according to
the latest International Society for Peritoneal Dialysis,
Kidney Disease Outcomes Quality Initiative, and European
best practice guidelines (19-21). Our previous multi-
center studyin Hong Kong did not find a survival differ-
ence between incident patients randomized to a Kt/V of
1.7-2.0and of more than 2.0 (24). The higher mortality
risk in our obese patients was therefore not affected by
a lower-than-optimal peritoneal Kt/V.

Animportant finding of our study is that factors such
asage, DM, and history of CVD influence the relationship
between BMI and mortality risk. We wanted to study
the specific interactions of age, DM, CVD, and BMI with
survival, and so, even though CCI score was a strong
predictor in the univariate analysis, we chose not to
use CCI score in the multivariate analysis because the
major determinants of the CCI score include age, DM,
and CVD. Recently, the Netherlands Cooperative Study
on the Adequacy of Dialysis found that in their dialysis
(HD and PD) patients, obesity increased mortality risk
in the younger patients, but not in those older than 65
years (25). We did not find this effectin our PD patients.
Instead, we found that the association between obesity
and mortality was most prominent in patients with DM
and particularlyin those with CVD. In the general popula-
tion, obesity is associated mainly with death from CVD,
but not with death from non-CVD causes (26). The addi-
tional glucose load in PD could be a contributing factor
to obesity in end-stage renal failure patients leading to
adverse outcomes, whichis not seen in HD patients. The
varying proportions of patients with DM or CVD in differ-
ent populations might be one explanation for thevariable
relation between BMI and mortality in PD patients in
the published literature. Another potential explanation
is patient selection bias. Most published reports come
from countries in which PD is used much less than HD.
There is a belief that PD is not good for obese patients,
and thus fewer such patients might be initiated on PD.
Obese patients that are initiated on PD might therefore
have some special characteristics that allow physicians
to putthem on PD, and those characteristics might have
a confounding effect on mortality. In Hong Kong, all
patients without a contraindication to PD are typically
initiated on PD, including morbidly obese patients. Thus,
selection bias is not an issue in the interpretation of
our results.

Our study does have limitations. First, being a retro-
spective study, proving a causal relationship between
BMI and mortality is difficult. In dialysis patients, body
weight is also affected by fluid status. Fluid overload
could contribute to a higher BMI or an increase in
BMI, and similarly, improvement in fluid status could
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contribute to a reduction in BMI. We could not precisely
determine fluid status retrospectively and thus could
not eliminate fluid overload as a factor contributing
to mortality. Similarly, we could not differentiate the
relative contributions of fat mass and lean body mass
to mortality, given that it has been suggested that PD
patients with a high BMIand low muscle mass experience
higherall-cause mortality and cardiovascular death (28).
In HD patients, higher mid-arm muscle circumference was
also associated with lower mortality (29). Some studies
have reported that a proper proportion of muscle and
fat mass is most important. Fat or muscle mass that is
too low has been associated with increased mortality
risk in HD patients (30). As a tool, BMI is too crude to
reflect actual nutrition status or body composition.
Ethnicity is also a concern in BMI and mortality studies.
Most of our patients were of Southern Chinese origin,
and thus we cannot generalize our results to other Asian
populations or even to Northern Chinese, who have a
slightly different build compared with their Southern
counterparts. Too few obese II patients were available
foranalysis, given that some studies have suggested that
morbid obesityis a poor prognostic factorin PD patients
(17). The number of patients in our single-center study
is much smaller than in studies using registry analysis.
A larger cohort is required to confirm our observations
and to conduct a more detailed subgroup analysis. It
must also be noted that the survival rate in our study
was counted starting 6 months after home PD com-
mencement to eliminate the effect of mortality related
to pre-existing conditions. The actual 1-year survival
would be a bit lower. Thus, our observations might not
be applicable for comparisons with conventional sur-
vival rates, which count from dialysis commencement
or 3 months after commencement. Finally, although we
found an increased mortality risk in obese PD patients,
we have no data for a comparison of the impact of obe-
sity on mortality between PD and HD patients. Given
that an increased mortality risk with obesity has also
been reported in Asian American and Japanese HD
patients (9,27), our findings cannot be used to judge
whether obese patients should be dialyzed with HD
or PD.

CONCLUSIONS

Our study demonstrates increased mortality risk in
both underweightand obese Asian PD patients, but notin
overweight patients, in Hong Kong. The negative impact
of obesity is more prominent among patients with DM
and CVD. We recommend including DM and CVD status in
future analyses of BMI and mortality.
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