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ARTICLE INFO ABSTRACT

Article Type: Overweight (body mass index [BMI] = 25 - 30 kg/m?) and obesity (BMI > 30 kg/m?) have
Review Article become mass phenomena with a pronounced upward trend in prevalence in most

countries throughout the world and are associated with increased cardiovascular risk
Article history: and poor survival. In patients with end stage renal disease (ESRD) undergoing main-

tenance hemodialysis an 'obesity paradox' has been consistently reported, i.e., a high
BMI is incrementally associated with better survival. Whereas this 'reverse epidemi-
ology' of obesity is relatively consistent in maintenance hemodialysis patients, stud-
ies in peritoneal dialysis patients have yielded mixed results. Moreover, the effect of
pre- and post-transplant obesity in kidney transplanted patients on long-term graft
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Keywords: . and patient survival has not been well established. However, BMI is unable to differ-
Body Composition . L .
Dialysis entiate between adiposity and muscle mass and may not be an acceptable metric to

assess the body composition of ESRD patients. Assessing lean body mass, in particular
skeletal muscle, and fat mass separately are needed in ESRD patients using gold stand-
ard techniques such as imaging techniques. Alternatively, inexpensive and routinely
measured surrogate markers such as serum creatinine, waist and hip circumference
or mid-arm muscle circumference can be used. We have reviewed and summarized
salient recent data pertaining to body composition and clinical outcomes about the
association of survival and body composition in maintenance dialysis patients and
kidney transplanted recipients.

Kidney transplantations
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» Implication for health policy/practice/research/medical education:
BMI is not adequate to assess the obesity or body composition in ESRD, and higher BMI is not necessarily associated with poor out-
comes in dialysis or kidney transplanted patients.

» Please cite this paper as:
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1. Background
usually require renal replacement therapy to survive,

either in form of maintenance dialysis treatment or kid-
ney transplantation. Those who undergo maintenance
dialysis treatment have a high annual mortality of ap-
proximately 20% to 23% in the United States and 15% to
20% in Europe, apparently mostly due to cardiovascular

Individuals with advanced (Stage 5) chronic kidney dis-
ease (CKD), also known as end-stage renal disease (ESRD),
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or infectious diseases (1). Despite decades of ongoing ef-
forts towards correcting such conventional risk factors
as obesity, hypertension, or hypercholesterolemia or



Molnar MZ et al.

Body Composition in ESRD

other potential risk factors such as dialysis dose, anemia
or hyperhomocysteinemia, dialysis patient survival has
not improved substantially (1). Several recent random-
ized controlled trials in CKD patients have failed to show
any survival benefit of increasing dialysis dose, lowering
serum cholesterol, correcting hyperhomocysteinemia or
improving anemia (2).

Whereas obesity is a risk factor for the development of
CKD per se (3), many epidemiologic studies have indi-
cated inverse associations between obesity or other car-
diovascular risk factors and mortality in CKD and cardiac
patients (4, 5). A higher death rate has been observed in
CKD patients who have a low, rather than a high, body
mass index (BMI) (6), blood pressure (7) or serum concen-
trations of cholesterol (8) or homocysteine (9); whereas
high values of these risk factors are associated with im-
proved survival. Other patients populations including
those with heart failure (10), coronary artery disease (5,
11), or elderly individuals (12) also exhibit this so-called
“obesity paradox”. However, most studies have not ex-
amined the relative contribution of fat vs. muscle mass
or their changes over time to survival benefits of larger
body size. Assessing muscle mass or lean body mass
(LBM)is particularly difficultin large epidemiologic stud-
ies and require such elaborate tests of body composition
as dual energy X-ray absorptiometry (DEXA) (13). Among
biochemical markers of muscle mass, serum creatinine
is most routinely measured, but its association with kid-
ney function has hampered its utility as such (14). Nev-
ertheless, in long-term dialysis patients with minimal or
no residual renal function who undergo a stable dialy-
sis treatment regimen, time-averaged serum creatinine
concentration appear to be a more likely surrogate of
muscle mass, and its changes over time may represent
parallel changes in skeletal muscle mass (15,16). Here, we
summarized the salient findings of selected recent stud-
ies about the association of survival and body composi-
tion in ESRD patients on maintenance dialysis or kidney
transplant recipients.

2. Body composition and survival in pa-
tients on maintenance dialysis

Measures of superior nutritional status, such as a high
BMI in combination with normal or high muscle mass,
are usually associated with greater survival in mainte-
nance dialysis patients (17-22). In a study of incident peri-
toneal dialysis patients, the best survival was observed in
those with high BMIand normal or high muscle mass (17).
Unlike the general population, some, but not all, studies
have shown that being overweight (perhaps a surrogate
for "overnutrition") may enhance survival among hemo-
dialysis patients (18, 23-29). Given the consistency of the
observations, there may be conditions in these and other
chronic disease populations which render them more
resistant to hardship and poor outcomes at higher BMI
values. Several explanations have been suggested (30, 31).
including a more stable hemodynamic status in obese

individuals (32), higher concentration of tumor necrosis
factor alpha receptors in obesity (33), neurohormonal
alterations of obesity (34), endotoxin-lipoprotein inter-
action (35), differences in bone and mineral and vitamin
D (36, 37), reverse causation (38), survival bias (39), time
discrepancies among competitive risk factors (over- vs.
under-nutrition) (39), and the overwhelming effect of
malnutrition inflammation complex on traditional car-
diovascular risks (40, 41). Since the almost 2/3 of mainte-
nance hemodialysis patients in the US die within 5 years
of commencing dialysis treatment (42), the long-term
effects of conventional risk factors on future mortality
may be overwhelmed by their potential short-term ben-
efits or by other risk factors intrinsic to dialysis popula-
tions, such as under-nutrition and inflammation. Indeed,
it may be that dialysis patients do not live long enough to
die of the consequences of over-nutrition, since they die
much faster from other health conditions such as pro-
tein-energy wasting (43-46). Hence, obesity, by providing
more nutritional reserve, may protect them against early
death (47).

We have summarized pertinent data of several leading
studies in the field (Table 1). Hemodialysis patients appear
to have a lower BMI than age- and sex-matched control
subjects from the general population (48). In a recent
matched analyses that compared the lipid profiles of 285
hemodialysis patients with those of 285 non-ESRD out-
patients evaluated in the same medical center, matched
one-to-one on age (+ 5 years), sex, race, and diabetes mel-
litus status, the BMI was found to be significantly lower in
the hemodialysis patients than in the non-ESRD control
subjects (26.2 + 6.0 compared with 31.5 + 7.8; P < 0.001)
(49). The Diaphane collaborative study group in France
(50) was one of the first to report on the paradoxical
observation of a lack of increase in mortality with high
BMI in dialysis patients. This study included a cohort of
1453 younger, mostly non-diabetic, French hemodialysis
patients followed between 1972 and 1978 in 33 French di-
alysis centers (50). Leavey et al. (24), while assessing the
influence of many commonly used clinical variables on
dialysis survival, confirmed the above lack of association
between higher BMI values and increased mortality risk
in a national sample of 3607 hemodialysis patients in the
United States Renal Data System (USRDS). The mean BMI
was 24.4 + 5.3 in this study. In hazard regression models,
low BMI was independently and significantly predictive
of increased mortality. Kopple et al. evaluated 12965 he-
modialysis patients and found that those patients with
greater weight-for-height percentiles had lower mortal-
ity rates (47). After adjustment for clinical characteristics
and laboratory measurements, the inverse relation be-
tween mortality rates and weight-for-height percentiles
was still highly significant, particularly for patients in
the lower 50th percentile of body weight-for-height (47).
These findings suggest that not only BMI, but other mea-
sures of body size also correlate inversely with mortality
in maintenance dialysis patients, independently of case-
mix factors and comorbid conditions.
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Recently, we studied a contemporary cohort of 121,762
thrice-weekly treated hemodialysis patients in a single
large dialysis organization for up to 5 years and found
that higher BMI, up to 45 kg/m2, and higher serum creati-
nine, a likely surrogate of larger muscle mass, are each in-
dependently and incrementally associated with greater
survival even after extensive multivariate adjustment for
available surrogates of nutritional status and inflamma-
tion (22). Loss or gain in dry weight over time exhibited
a graded association with greater mortality or survival,
respectively, and so did changes in serum creatinine over
time as a surrogate of changes in muscle mass. The con-
cordant combination of the changes in these two body
composition surrogates, if in the same direction, main-
tained the same graded death-predictability. However,
among hemodialysis patients with a discordant combi-
nation; those who lost weight but gained muscle mass,
represented by a parallel increase in serum creatinine,
had a greater survival than those who gained weight but
lost muscle, shown by a decrease in serum creatinine lev-
el over the same period of time. These associations were
relatively robust and consistent across different demo-
graphic groups of hemodialysis patients (22).

Supporting to this observation, Noori et al. recently
showed that higher mid-arm muscle circumference
(MAMC) is a surrogate of larger lean body mass (LBM)
and an independent predictor of better mental health
and greater survival in hemodialysis patients (51). Adjust-
ed death HRs were 1.00, 0.86, 0.69, and 0.63 for the first
to fourth MAMC quartiles, respectively (51). Moreover,
she examined 742 patients using near-infrared interac-
tance-measured to assess the LBM and fat mass (FM) (40).
After adjustment for important co-variables, the highest
quartiles of FM and LBM were associated with greater sur-
vival in women: HRs of 0.38 (95% CI: 0.20, 0.71) and 0.34
(95% CI: 0.17, 0.67), respectively (reference: first quartile).
In men, the highest quartiles of FM and percentage FM
but not of LBM were associated with greater survival: HRs
of 0.51 (95% CI: 0.27, 0.96), 0.45 (95% CI: 0.23, 0.88), and
117 (95% CI: 0.60, 2.27), respectively (40). By comparison,
obesity may be associated with worse survival outcomes
among peritoneal dialysis patients (26, 52). However, op-
posite results were found when the body composition
was taken into account. In a study of incident peritoneal
dialysis patients, the best survival was observed in those
with high BMIand normal or high muscle mass (17). More-

Table 1. Summary of studies with large sample sizes (>1000 subjects) indicating a reverse epidemiology of obesity in maintenance hemodialysis (MHD)

patients
Reference Sample size Foll.o w-up Findings and source of data
period (yr)

Degoulet et al. (1982) (50) 1453 5 Higher death rate with lower BMI. Younger, mostly nondiabetic,
French MHD patients.

Leavey et al. (1998) (100) 3607 5 Higher mortality with lower BMI. USRDS data.

Fleischmann et al. (1999) (23) 1346 1 Better survival with overweight and obesity. Mostly African Ameri-
can MHD patients. Mississippi patients only.

Kopple et al. (1999)(47) 12965 1 Lower mortality with progressively higher weight-for-height; low-
est mortality rates in overweight MHD patients. Data from Fresenius
Medical Care.

Wolfe et al. (2000)(101) 9165 2 Better survival in overweight and obese MHD patients. USRDS data.

Leavey et al. (2001) (24) 9417 4 Mortality risk decreased with increasing BMI in both US and Euro-
pean MHD patients in the DOPPS, independent of the degree of sick-
ness.

Port et al. (2002) (102) 45967 2 The highest BMI tertile had the lowest mortality risk. Data from the
US Federal billing records

Lowrie et al. (2002)(103) 43334 1 The log of risk decreased linearly for weight, weight-for-height, and
BSA and was reverse J-shaped for weight/height and BMI. Data from
Fresenius
Medical Care.

Glanton et al. (2003) (104) 151027 2 Paradoxical association between BMI and mortality was stronger in
African American MHD patients. USRDS data.

Johansen et al. (2004)(27) 418055 2 High BMI, adiposity, and fat mass were associated with increased
survival in all but Asian American MHD patients. USRDS data.

Kalantar-Zadehetal. (2010) (22) 121762 25 Larger body size with more muscle mass appears associated with a
higher survival rate. A discordant muscle gain with weight loss over
time may confer more survival benefit than weight gain while los-
ing muscle. Data from DaVita, Inc.

Molnar et al. (2011)(79) 14632 3 Transplant-waitlisted hemodialysis patients with lower BMI or mus-

cle mass and/or unintentional weight or muscle loss were associ-
ated with higher mortality. Data from DaVita, Inc. and SRTR.

Nephro-Urol Mon. 2011;3(3):155-163
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Table 2. Summary of studies with large sample sizes (>1000 subjects) examined the association between pre-transplant obesity and post-transplant outcome

Reference Sample size

Follow-up

Findings and source of data

Period (yr)
Meier-Kreische et al.(2002) (94) 51927 Up to10
Gore et al.(2006)(95) 27377 Upto7
Chang et al. (2007) (105) 5684 Upto14
Marcen et al. (2007)(106) 1000 10
Streja, Molnar et al. (2011) (93) 10090 2.5

U-shaped risk patterns such that both high and low BMI were re-
lated to increased risk of death and graft failure. USRDS data.

Compared with normal weight patients, morbid obesity was in-
dependently associated with an increased risk of delayed graft
function, prolonged hospitalization, acute rejection and de-
creased overall graft survival. Donor BMI did not affect overall
graft survival. UNOS data.

Obesity per se was not associated with poorer kidney transplant
outcomes. Underweight was associated with late graft failure,
mainly due to chronic allograft nephropathy. Australian and New
Zealand Dialysis and Transplant (ANZDATA) Registry

Pre-transplant high body mass and 1-year post-transplant weight
gain were not risk factors for graft or patient survival. Single cen-
ter.

Pre-transplant obesity does not appear associated with poor
post-transplant outcomes. Larger pre-transplant muscle mass,
reflected by higher pre-transplant serum creatinine level, is as-
sociated with greater post-transplant graft and patient survival.
DaVita, Inc. and SRTR.

over, in one study of over 1300 hemodialysis patients,
every one unit increase in the BMI was associated with a
reduction of 30 percent in the relative risk of dying (23).
This result may be confounded in part by race and gen-
der, since African-American females have the highest BMI
(53). This results has arrived the question it is the obesity-
mortality association was modified by race?

3. Role of race in the association betwee
body composition and survival

CKD is common and associated with major racial and
ethnic disparities in the United States (US) (54-56). Ap-
proximately one-third of the 400,000 US dialysis pa-
tients are African Americans, even though they comprise
only 14% of the US general population (57, 58). Hispan-
ics compose close to 1/5 of the dialysis population (57,
58). Such factors as disparities in income, education,
diet, and lifestyle, co-morbid conditions and in health-
care have been implicated in the increased mortality of
Blacks compared with Whites (59). The racial and ethnic
discrepancies in CKD prevalence have persisted over the
past decades. The incidence rates for dialysis patients for
2006 in the African American and Hispanic population
continued to be 3.6 and 1.5 times, respectively, greater
than among non-Hispanic whites (57, 58).

Notwithstanding the racial and ethnic differences in
CKD rates, there are some encouraging facts pertaining
to interaction of health outcomes and race/ethnicity.
About two-thirds of all US dialysis patients die within 5
years of initiating maintenance dialysis treatment, high-
er than most cancers (59). Nonetheless, African Ameri-
can and Hispanic patients with end-stage renal disease
(ESRD) have consistently greater survival over the past
several decades than non-Hispanic Whites, with an death

rate of 187 and 180 per 1000 patient-years at risk, respec-
tively, compared to 207 per 1000 patient-years at risk for
non-Hispanic Whites (57, 58). The causes of these dispari-
ties remain largely unknown.

Discovering the factors responsible for survival advan-
tages of African American and Hispanic dialysis patients
may have major clinical and public health implications,
not only for CKD patients but also for other populations
with chronic disease states and poor survival. Under-
standing these factors might lead to methods for im-
proving clinical outcomes in other groups of dialysis
patients as well as in populations with other chronic
disease states associated with poor survival (60). These
issues are particularly time-sensitive for ESRD patients,
since the imminent Bundling Payment for provision of
medical care to dialysis patients in the US currently does
not include an adjustor for race (61-63).

Some nutritional surrogates such as BMI are associated
with both race and survival in maintenance hemodi-
alysis patients, in whom higher BMI is associated with
greater survival (21, 24, 47, 64). Glanton et al. reported 22%
higher adjusted risk of obesity in African-Americans than
in White-Americans (65). The same study also reported
slightly higher hazard ratio for mortality in non-Cauca-
sian than in Caucasian MHD patients with BMI <22 kg/m?
(65). Examining a large cohort of 124,029 adult hemodi-
alysis patients, who were observed for up to 5 years dur-
ing the first decade of the 21st century, African American
and Hispanic patients had greater survival than Whites
even after case-mix adjustment (66). After additional
multivariate adjustment for surrogates of nutrition and
inflammation, Hispanics had essentially the same mor-
tality as White, whereas African Americans had a greater
death risk compared to Hispanics or Whites. Our find-
ings suggest that a healthier nutritional and inflamma-

Nephro-Urol Mon. 2011;3(3):155-163
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tory status is the main cause of the survival advantages
of minorities who undergo hemodialysis treatment (66).
Additionally, we found that obesity, as measured by BMI,
was associated with greater survival in MHD patients of
all races and ethnicity, but different patterns were ob-
served across the three mutually exclusive racial and
ethnic groups (67). The survival advantage of obesity was
most prominent among Blacks. Our analyses suggest a
protective but differential role for higher BMI across ra-
cial and ethnic groups of hemodialysis patients (67).

4. Body composition and survival in wait-
listed dialysis patients

Kidney transplantation is the treatment of choice in pa-
tients with ESRD, since patients with functioning renal
grafts have both survival benefits (68) and better quality
of life (69) compared to transplant waitlisted patients on
maintenance dialysis. Approximately 80,000 (20%) of the
400,000 US dialysis patients are currently on transplant
waiting lists, although each year only ~16,500 of these
patients receive a renal transplant (70, 71). At least half of
these patients receive a deceased kidney, which currently
requires a wait period of 3 to 6 years in most regions of
the United State (70). During this period, up to 40% of the
transplant-waitlisted dialysis patients die (72).

Overweightand obesity are highly prevalent in patients
at the time of kidney transplantation (73). Indeed, most
transplant centers in US may suspend wait-listing of
obese patients with a BMI above 30 or 35 kg/m? and refer
them for weight reduction procedures such as bariat-
ric surgery as a contingency for the transplant surgery
(74). In a recent report BMI>35 kg/m? was the third most
common reason to deny patient active transplant-wait-
listing, affecting approximately 10% of potential renal
transplant candidates (75). However, consequences of
obesity or changes in weight during the period of wait-
listing, which usually last 4 to 7 years in the United States,
remain unclear (76, 77). Weight changes prior to trans-
plantation may be transient, especially since most renal
transplant recipients experience weight gain following
a successful kidney transplant (78). Hence, weight loss
before transplantation might not alleviate the risk of
obesity after transplantation. In recent study, by linking
the 6-year (7/2001-6/2007) national databases of a large
dialysis organization and the Scientific Registry of Trans-
plant Recipients, we identified 14,632 waitlisted hemodi-
alysis patients without kidney transplantation (79). Low
BMI or serum creatinine, as a surrogate marker of muscle
mass and their decrease over time are associated with
increased death risk in transplant waitlisted hemodial-
ysis patients. A 20% higher death risk is observed in pa-
tients losing more than 5 kg of dry weight compared to
patients with stable weight over time. Compared to the
lowest serum creatinine quintile, the 4th and 5th quin-
tiles had death hazard ratio of 0.75 (0.66-0.86) and 0.57
(0.49-0.66), respectively. Controlled trials are needed to
examine the effects of intentional pre-transplant weight

loss on pre- and post-transplant outcomes.

5.Body composition and survival in kidney
transplanted patients

Role of pre-transplant obesity

An obesity paradox has been consistently observed in
dialysis patients, but conflicting data have been pub-
lished about the association of pre-transplant body size
and weight with post-transplant graft and patient sur-
vival in renal transplant recipients (Table 2). Early stud-
ies had reported poorer kidney transplant outcomes in
obese dialysis patients (80-83) mainly due to cardiovas-
cular (76) and infectious complications such as surgical
wound infections (84). More recent studies, however,
have reported that weight change prior to transplanta-
tion did not correlate with graft loss and death after
kidney transplantation (78), even though obese recipi-
ents develop diabetes mellitus or surgical complica-
tions more frequently (84-88). Many transplant centers
exclude or suspend obese patients with a BMI > 30 or
> 35 kg/m? from the transplant waitlist and refer them
for weight reduction strategies such as bariatric surgery
(74). However, clinical trials of bariatric surgery in pop-
ulations without kidney disease indicate comparable
weight loss but higher post-surgery mortality (89). In a
recent report BMI>35 kg/m? was the third most common
reason to deny transplant wait-listing and affecting 10%
of potential renal transplant candidates (75). Since the
long term consequences of obesity after transplantation
remain unclear (76, 77), it is important to address the po-
tential association between pre-transplant body compo-
sition and post-transplant outcomes.

Previous studies of obesity in kidney transplant recipi-
ents used solely BMI to define obesity (80-83), but BMI is
unable to differentiate between adiposity and muscle
mass (90). Reduced muscle mass (sarcopenia)is a predic-
tor of mortality in dialysis patients (51). To better charac-
terize patients’ nutritional status, additional parameters
such as waist circumference or serum creatinine have
been suggested (22, 31, 40, 51, 91, 92). Indeed, in mainte-
nance dialysis patients with minimal residual function
under steady-state serum creatinine may better reflect
muscle mass compared to BMI (22,31, 40, 51, 92). Recently
we examined a large and contemporary national data of
over 10,000 renal transplant recipients, pre-transplant
low BMI showed a trend towards higher post-transplant
mortality, and lower pre-transplant serum creatinine
level, a potential surrogate of sarcopenia, was associated
with the unfavorable post-transplant outcomes (93). We
categorized renal transplant recipients into four groups,
based on their pre-transplant BMI and serum creatinine
levels being above or below the median value of these
measure (26 kg/m?and 10.5 mg/dL, respectively), lead-
ing to 2 concordant (high/high and low/low) and 2 dis-
cordant (high/low and low/high) groups (Figure 1). The
post-transplant death and graft failure hazard ratios are
shown in Figure 1. Compared to the low creatinine and

Nephro-Urol Mon. 2011;3(3):155-163
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Figure 1. Hazard ratios (and 95% confidence intervals) of death and graft fail-
ure across BMI and creatinine categories (subgroup are based on cutoff levels
according to the median values of pre-transplant BMI and creatinine levels),
using Cox regression analyses in 10,090 MHD patients who underwent renal
transplantation and who were observed over a 6-year observation period
(7/2001-6/2007)

low BMI groups (reference), the groups with high crea-
tinine and high BMI had 34% lower adjusted death risk
(HR: 0.73, [0.57-0.90]) (Figure 1). Adjustment levels in the
Figure 1 present Case-mix adjusted models that included
BMI/creatinine, entry calendar quarter, age, sex, race and
ethnicity, diabetes mellitus, dialysis vintage, primary in-
surance, marital status, the standardized mortality ratio
of the dialysis clinic during entry quarter, dialysis dose as
indicated by Kt/V (single pool), presence or absence of a
dialysis catheter, and residual renal function during the
entry quarter, i.e. urinary urea clearance, Case-mix, mal-
nutrition-inflammation-complex syndrome (MICS) ad-
justed models which included all of the covariates in the
case-mix model as well as 10 surrogates of nutritional sta-
tus and inflammation, including 11 laboratory variables
with known association with clinical outcomes in MHD
patients, i.e. normalized protein catabolic rate (nPCR) as
an indicator of daily protein intake, also known as the
normalized protein nitrogen appearance (nPNA) and
serum or blood concentrations of albumin, TIBC, ferri-
tin, phosphorus, calcium, bicarbonate, peripheral white
blood cell count (WBC), lymphocyte percentage, and
hemoglobin, and Case-mix, malnutrition-inflammation-
complex syndrome (MICS) and transplant data adjusted
models which included all of the covariates in the case-
mix model and MICS model as well as 5 transplant-relat-
ed data, i.e., donor type (deceased or living), donor age,
panel reactive antibody (PRA) titer (last value prior to
transplant), number of HLA mismatches, and cold isch-
emic time.

Somewhat contrary to our findings, Meier-Kreische et
al. reported U-shaped risk patterns such that both high
and low BMI were related to increased risk of death and
graft failure (94), and Gore et al. found graded bivariate
increases in the risk of delayed graft function, prolonged
hospitalization, early graft loss and graft failure with

higher BMI level (95). However, the former study exam-
ined the USRDS database between 1988 and 1997, whereas
the latter study used the UNOS database between 1997
and 1999. During the aforementioned period the immu-
nosuppressive protocols were different (for instance no
tacrolimus was available). Moreover, the latter cohort
was younger and had less diabetic and African-American
patients. Additional studies are needed to better under-
stand the association between obesity, muscle mass and
other body compositions and transplant outcomes.

Obesity after transplantation

Obesity contributes to an adverse cardiovascular risk
profile and may also be involved in the pathogenesis
of allograft dysfunction (96). The deleterious effects of
obesity on the kidney are in part mediated by associated
cardiovascular risk factors such as diabetes mellitus, hy-
pertension, dyslipidemia, and insulin resistance (97, 98).
Recently, Hoogeveen et al. reported that one year post-
transplant BMI and BMI increment are more strongly re-
lated to death and graft failure than pre-transplant BMI
among kidney transplant recipients (99). Patients with
post-transplant BMI more than 30 kg/m? compared with
anormal BMI have approximately 20% to 40% higher risk
for death and graft failure (99). Previous studies of obe-
sity in kidney transplant recipients used solely BMI to
define obesity (80-83), but BMI is unable to differentiate
between adiposity and muscle mass (90). We also proved
that higher BMI and waist circumference display op-
posite associations with mortality in kidney transplant
recipients (91). Waist circumference appears to be a bet-
ter prognostic marker for obesity than BMI. Unadjusted
death hazard ratios (95%ClI) associated with one standard
deviation higher BMI and waist circumference were 0.94
(0.78, 1.13), p = 0.5 and 1.20 (1.00, 1.45), p = 0.05, respec-
tively. Higher BMI was associated with lower mortality af-
ter adjustment for waist circumference (0.48 [0.34, 0.69],
p < 0.001), and higher waist circumference was more
strongly associated with higher mortality after adjust-
ment for BMI (2.18 [1.55-3.08], p < 0.001) (91).

In summary, we conclude that overweight and obesity
have become mass, that are often associated with in-
creased cardiovascular risk and poor survival in the gen-
eral population appear to confer survival advantage in
ESRD patients. This so-called 'obesity paradox' has been
consistently reported in other chronic disease states.
Whereas the 'reverse epidemiology' of obesity is rela-
tively consistent in maintenance hemodialysis patients,
studies in peritoneal dialysis patients have yielded mixed
results. The effect of pre- and post-transplant obesity in
kidney transplanted patients on long-term graft and pa-
tient survival appears to be more complicated. The BMI is
unable to differentiate accurately between adiposity and
muscle mass, in patients with ESRD. Assessing lean body
mass, in particular skeletal muscle, and fat mass sepa-
rately are needed in ESRD patients using gold standard
techniques such as imaging techniques .Alternatively,
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inexpensive and routinely measured surrogate markers
such as serum creatinine, waist and hip circumference
or mid-arm muscle circumference can be used.
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