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GUIDELINES

No recommendations possible based on Level I or II evidence

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV evidence)

• A combination of waist circumference and body mass
index (BMI) is recommended for the clinical assessment
of overweight and obesity.1 Consideration of differential
risk according to ethnicity should be undertaken.
• Obesity (BMI > 30 kg/m2) should be considered a rela-
tive contraindication to donation.
• Potential donors who are obese should be very carefully
assessed for risk factors associated with chronic kidney
disease (CKD) (i.e. impaired glucose tolerance, hyperten-
sion, proteinuria). The presence of obesity and a second
risk factor should be considered as a contraindication to
donation.
• Age of the donor should be taken into consideration in
determining donor suitability as obesity precedes the
development of risk factors for future kidney disease.
Additional markers of increased risk include family
history of diabetes, history of gestational diabetes or high-
risk ethnic group.
• The obese donor should be counselled regarding the:

– increased risk of perioperative morbidity, and
– absence of long-term safety data.

• Acceptance for donor nephrectomy will require a
careful consideration of donor and recipient circum-
stances and involve acceptance by the donor of probable
but unquantifiable future risk.
• Obese donors should be carefully followed up and data
submitted to the live donor registry.

IMPLEMENTATION AND AUDIT

1. Survey Australian and New Zealand renal units to deter-
mine current practice in terms of acceptance of obese donors.
2. Have mandatory reporting (ANZDATA) of all cases of
end-stage kidney disease (ESKD) in patients who have been
previous living kidney donors. This would also include
patients with ESKD who chose conservative therapy, recog-
nizing that this would be incomplete when compared with
patients requiring dialysis or transplantation. Analyse base-
line characteristics to determine the impact of baseline BMI
and other comorbidity.

BACKGROUND

The aim of this guideline is to examine the consequences
of obesity on short- and long-term donor outcomes follow-
ing nephrectomy for purposes of living donor transplanta-
tion. Due to the increasing prevalence of obesity in the
general population, an increasing percentage of donors
coming forward for assessment are overweight and obese.
They are often young or middle aged, frequently with
no current medical issues and have a projected life expect-
ancy of many decades. The assessment involves consider-
ation of future risk, which is often difficult to quantitate
versus the more immediate and tangible benefit to the
recipient.

Areas of concern relating to obesity are as follows:
• it is a risk factor for perioperative morbidity
• it is a risk factor for future kidney disease as a significant
predictor of the development of Type 2 diabetes, hyperten-
sion and cardiovascular disease (CVD)
• it may be an independent risk factor for CKD and may be
associated with more rapid loss of kidney function in
patients with CKD, and
• although a modifiable risk factor, long-term success rates
for weight loss interventions are low.

Therefore, the consideration of the impact of nephrec-
tomy in this group is a significant issue for which there is
a paucity of long-term data from which to draw firm
conclusions.

Definition of obesity and implications of ethnicity

A number of techniques are available for the assessment of
adiposity. BMI (kg/m2) is easy to use and reproducible and
has been consistently associated with increased risk of mor-
tality, development of CVD and diabetes. However, BMI
does not take into account variability of fat distribution or
proportion of weight related to muscle or changes associated
with aging. Excess intra-abdominal fat is associated with a
greater CVD risk than overall adiposity. Alternative mea-
surements of waist circumference and waist-to-hip ratio
(WHR) have been proposed as alternatives to BMI and
have been shown to be good simple measures of intra-
abdominal fat mass and have stronger associations with
hypertension and other CVD risk factors. Measurement
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error is higher for waist circumference and WHR, particu-
larly at increasing levels of BMI and adds little to the assess-
ment of risk if the BMI is greater than 35. In the literature
on living kidney donors, BMI is used almost exclusively.

The National Health and Medical Research Council
Clinical Practice Guideline for the Management of Over-
weight and Obesity in Adults recommends the following
definitions of overweight and obesity in adults:1

• overweight – BMI > 25 kg/m2 or a waist circumference
above 80 cm in women or 94 cm in men
• obese – BMI > 30 kg/m2 or a waist circumference above
88 cm in women or 102 cm in men.

It is important to note that these cut-offs have been
derived in predominantly Caucasian populations and are
likely to vary between different ethnic groups. A recent
systematic review,2 demonstrated that at any given level of
obesity, irrespective of the measure used, Asians have a
higher absolute risk of diabetes and hypertension compared
with Caucasians. Percentage body fat is higher for a given
BMI in South Asians and visceral adipose tissue is higher for
a given waist circumference in both Chinese and South
Asians.3 There has been a great deal of debate regarding the
adoption of appropriate definitions for Asian populations
andtheWHOexpertconsultationgrouppublishedrecommen-
dations that a BMI of greater than 23 kg/m2 represents
increased risk and greater than 27.5 kg/m2 represents high
risk in Asian populations.4 The Hong Kong meeting of
WHO/IASO/IOTF recommended a definition of obesity for
the Asian population of waist circumference greater than
80 cm in women and 85 cm in men. There are obvious
limitations given the great diversity of populations within
this group, but in general, increased risk of future diabetes,
hypertension and CVD should be assumed at lower levels of
obesity.

In Aboriginal Australians, there is a strong linear asso-
ciation between BMI and the age-adjusted prevalence of
impaired glucose tolerance and diabetes. Metabolic distur-
bances increase when the BMI rises above 22 kg/m2 and this
may represent an upper end of a healthy weight range in this
population.5 Compared with a BMI less than 22 kg/m2, the
age-adjusted odds ratio (OR) for diabetes for a BMI of
25–29.9 kg/m2 was 3.0 (95% confidence interval (CI): 1.9–
4.7) in men and 4.0 (95% CI: 2.3–7.2) in women. Aboriginal
Australians have significantly different body fat distribution
when compared with Caucasians, with an increased ten-
dency to central adiposity and a higher fat mass for any given
BMI.6,7 In studies by Wang et al. the risk of diabetes,
CVD and hypertension increased with increasing body size
as assessed by any measure but was most closely associated
with measures of central obesity (waist circumference or
waist : hip or waist : height) in both genders.8–10 From an
analysis of the AusDiab population, Aboriginal people had a
higher predicted probability of diabetes at lower levels of
body size.

There are currently no firm recommendations regarding
the definition of obesity in the Aboriginal and Torres Strait
Islander population, however, based on the available data, a
BMI of greater than 22 kg/m2 and/or central obesity is asso-
ciated with sharply rising prevalence of diabetes and CVD.8,11

In contrast, Maori and Pacific Islander peoples have a
lower percentage body fat at any given BMI.12,13 Comparable
percentage body fat was associated with a BMI 2–3 units
greater in men and up to 4 units greater in women of the
Pacific Islander population compared with Caucasians.13,14

There is no evidence that this is protective and the preva-
lence of diabetes and CVD are high in the Maori and Pacific
Islander population and associated with BMI. In data
extracted from the 1997 National Nutrition survey, there
were very significant increases in age-standardized attribut-
able mortality for diabetes (10-fold increase), ischaemic
heart disease (threefold increase) and stroke (twofold
increase) in the higher than optimum BMI category
(>21 kg/m2) for Maori as compared with non-Maori.15 A
small study by McAuley et al.16 demonstrated that for any
given BMI, Maori women are more insulin resistant than
Caucasian controls. Therefore, there is no indication that
using higher cut-offs to define obesity is justified in the
Maori and Pacific Islander population and standard criteria
should apply.17

SEARCH STRATEGY

Databases searched: MeSH terms and text words for kidney
transplantation were combined with MeSH terms and text
words for living donor and combined with MeSH terms and
text words for obesity and morbid obesity. The search was
carried out in Medline (1950–July Week 3, 2008). The
Cochrane Renal Group Trials Register was also searched for
trials not indexed in Medline.
Date of searches: 24 July 2008.

WHAT IS THE EVIDENCE?

Health hazards associated with obesity

Large epidemiological studies have demonstrated an asso-
ciation between obesity and mortality. In a subset of indi-
viduals aged 50 years who had never smoked, and were
followed for 10 years, there was a two- to threefold increase
in mortality for those with a BMI > 30 kg/m2.18 Obesity is
strongly linked to Type 2 diabetes, hypertension, CVD,
some cancers and arthritis, which each contribute to the
increase in mortality. The mechanism for this relationship
may be related to insulin resistance and hyperinsulinaemia,
with subsequent increases in impaired glucose tolerance,
increased sympathetic activity, renal sodium retention and
vascular tone. In spite of increased use of risk-modifying
therapies such as lipid-lowering drugs and antihyperten-
sives, there is no evidence of a reduction in the population
risk associated with obesity over time.19

Cardiorespiratory fitness may modify this risk.20–22 A pro-
spective observational study of 25 714 predominantly Cau-
casian men22 demonstrated that low fitness was common in
obese men and an independent predictor of cardiovascular
and all-cause mortality and increased the relative risk of
mortality to a similar degree as does diabetes. A second
important finding in this study was that for each risk factor
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studied (i.e. diabetes, high cholesterol, hypertension, cur-
rent smoker and low cardiorespiratory fitness), increasing
adiposity was associated with a stepwise increase in mortal-
ity risk. That is, for every risk factor examined, the presence
of obesity increased the risk.

In the Australian population,23 more than 75% of obese
males and 65% of obese females had at least one comorbid-
ity (hypertension, dyslipidaemia or diabetes) and 7–10%
had all three. The AusDiab 2005 report demonstrated that
compared with those with a normal BMI at baseline, the
overweight and obese have a 2- to 4-fold increase in
the annual incidence of diabetes and hypertension (see
Table 1). For example, the annual incidence of hyperten-
sion in obese patients was 5% and for diabetes it was 1.6%.
These data are derived from a 5-year follow-up study24 and
further information is required to determine the relation-
ship between baseline BMI and the incidence of hyperten-
sion and diabetes over time. However, this is of particular
relevance to living kidney donors in whom the average age
at nephrectomy is 48 years25 and who have a life expectancy
of many more decades.

The impact of obesity on risk of diabetes and hyperten-
sion is even more pronounced in Aboriginal Australians.
Compared with the AusDiab population, the OR (95% CI)
for diabetes among normal, overweight and obese (by waist
circumference) remote living aboriginal women were 2.6
(06–11.5), 13.1 (6.7–25.7) and 6.1 (4.6–8.0), respectively.8

The risk for diabetes in aboriginal men was 6-fold higher in
each of the weight categories. Similar increased prevalence
of obesity, diabetes, hypertension and cardiovascular risk
were also described in a cohort of urban indigenous people
from Perth.26 The adjusted relative risk for the incidence of
newly diagnosed diabetes in an 8-year follow-up study was 3-
to 4 fold higher for BMI > 25 kg/m2 compared with those
with a lean BMI.11 In summary, indigenous Australians have
a significantly increased risk of diabetes, hypertension, car-
diovascular and kidney disease, which is further magnified
even at low levels of adiposity.

In New Zealand, the prevalence of obesity is increased in
Maori and Pacific Islander peoples compared with the Cau-
casian population (BMI 3 31 kg/m2 63%, 69% and 26%,
respectively).27 Similarly, the prevalence of diabetes is a
least 3-fold higher in the Maori and Pacific Islanders and
occurs at a younger age (typically between 5 and 10 years
younger than Caucasians).28 The relationship between
fasting insulin and BMI was independent of ethnicity, sug-
gesting that the high prevalence of diabetes was related to
obesity. Hypertension is also increased in the Maori and
Pacific Islander population29 and in a large church-based
survey, BMI was positively associated with blood pressure
(BP), with a 14 mmHg difference in systolic BP between the
lowest and highest quartile of BMI in men and 9 mmHg in
women.30

At any given level of obesity, the absolute risk of diabetes
is consistently higher in Asians, for both men and women.
For example, for men with a BMI of 24 kg/m2, the preva-
lence of diabetes was 5% in Asians versus 2% in Caucasians,
and the prevalence of hypertension was 32% in Asians and
17% in Caucasians.31 There is a continuous positive asso-

ciation between baseline BMI and risk of future diabetes,
which is stronger in Asians than Caucasian cohorts.32 In the
Nurses Health study,33 for each 5-unit increase in BMI, the
adjusted relative risk of incident diabetes in Asians was 2.36
(95% CI: 1.83–3.04) and for Caucasians was 1.96 (95% CI:
1.93–2.00). The impact of weight gain from baseline was
also a significant factor; in Asians, each 5 kg weight gain was
associated with an increase in risk of incident diabetes by
84% (95% CI: 58–114) and 37% (95% CI: 35–38) in
Caucasians.

Obesity as a risk factor for CKD

There are several mechanisms by which obesity may be
expected to have a detrimental effect on the kidney. Obesity
increases single-nephron glomerular filtration rate (GFR),
increases activation of the sympathetic nervous and renin-
angiotensin systems, promotes salt resorption in the pro-
ximal tubule34 and has been associated with specific
histological changes including glomerulomegaly and focal
segmental sclerosing lesions.35 Obesity is associated with and
often precedes multiple factors associated with development
of kidney dysfunction – hypertension, diabetes and athero-
sclerosis but data from longitudinal cohort studies suggest
that obesity may also be an independent risk factor for the
development of CKD and ESKD36–41 (see Table 2).
• Analysis of the Kaiser Permanente cohort40 demonstrated
that there is a progressive increase in risk of ESKD asso-
ciated with obesity, independent of age, gender, race,
smoking, previous myocardial infarct, baseline cholesterol,
proteinuria and serum creatinine. Compared with normal
BMI, the adjusted relative risk for ESKD was 1.87 for over-
weight and 3.57 for BMI between 30 and 34.9 kg/m2 and
6.12 for BMI between 34 and 39.9 kg/m2 and 7.07 for
BMI > 40 kg/m2. Adjustment for baseline BP and presence
of diabetes attenuated the risk slightly but the associations
remained strong.
• Preliminary data from the AusDiab follow-up study, on
the annual incidence of both de novo eGFR < 60 mL/min
per 1.73 m2 and albuminuria, demonstrates a stepped
increase in risk for each weight category. For the obese, the
risk approaches 1% per year and is roughly increased by 50%
above the risk of the normal weight participants (personal
communication, Steven Chadban). The increase in risk is
independent of diabetes.
• The Framingham Offspring study39,42 involving 2676
participants with normal baseline kidney function who
were followed for a median of 18.5 years, demonstrated an
increased risk of stage 3 CKD in obese participants but in a
subsequent publication, this was accounted for by the higher
prevalence of diabetes and hypertension. There was a 56%
increase in risk of proteinuria (>1+ dipstick) in the obese
participants, which was independent of hypertension and
diabetes.
• Pooled data from two community-based longitudinal
studies (Atherosclerosis Risk in Communities and the
Cardiovascular Health Study with a median follow up
of 9.3 years,43 demonstrated that the relationship between
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obesity and incident CKD was best determined by WHR
rather than BMI. Univariate analysis demonstrated a strong
relationship between WHR and CKD, but this was no
longer significant after adjustment for multiple risk factors.
Of note, this study involved an older population (mean
baseline age 57 years) in whom most of the comorbidities
that associate with obesity, would likely have developed by
the time of enrolment. WHR was also associated with an
increased risk of the composite end-point of mortality
and CKD, whereas increased BMI was protective of this
outcome.
• The Physicians Health Study38 demonstrated that in
healthy men followed for 14 years, higher baseline BMI was
associated with an increased risk for CKD following adjust-
ment for potential confounders. In addition, men who had a
greater than 10% weight gain, also substantially increased
their risk of CKD. This study was flawed by the possible
inclusion of men with CKD at baseline.
• Analysis of the Hypertension Detection and Follow-up
Program37 cohort demonstrated that in the presence of
hypertension, overweight and obesity significantly increased
the risk of CKD compared with normal BMI. In patients
who were not diabetic at baseline, the adjusted OR for CKD
at 5 years in the overweight group was 1.22 and for the obese
group it was 1.38. This study was conducted in the 1970s
and it is not known if lower BP targets and newer antihy-
pertensive agents attenuate the risk. CKD was defined as
proteinuria 1+ on dipstick and/or eGFR < 60 mL/min.
• A Swedish case control study36 showed that overweight
BMI at age 20, was associated with a 3-fold increase in the
risk of CKD and was independent of diabetes and hyperten-
sion. Patients were stratified for cause of kidney disease and
although the influence of overweight at 20 years was great-
est for diabetic nephropathy (5-fold increase), overweight
patients also had a 3-fold increase in risk of nephrosclerosis
and glomerulonephritis.
• Other earlier studies have not demonstrated an indepen-
dent association between obesity and subsequent ESKD.
The study by Perry et al.44 involved a high-risk group cohort
of hypertensive veterans, of whom 45% died during follow
up and the degree to which CKD contributed to their
death was not examined. Iseki et al.45 found an association
between BMI and ESKD in men that was explained by
diabetes.

It is important to note that while there is a fairly consis-
tent increase in relative risk between obesity and kidney
disease, the absolute risk of ESKD for an individual is small.
Using the Kaiser Permanente population as an example, the
adjusted rate of ESKD is 10 per 100 000 person years for
normal BMI and 46 per 100 000 person years for BMI
30–34.9 kg/m2. In terms that patients are more likely to
comprehend, this equates to a risk of ESKD over 10 years of
1 in every 1000 normal BMI patients, compared with 4.6 in
every 1000 obese patients.

The associations between obesity and incident CKD, are
to a variable degree dependent on the associated comorbidi-
ties of hypertension and diabetes. This is of relevance when
assessing donors who have been carefully screened for these
risk factors, and the risk associated with obesity in the

absence of these is likely to be small. However, these assur-
ances can’t be assumed in the young donor in whom they
may not yet be manifest.

Obesity may be a greater risk factor for loss of GFR in
patients who already have impaired kidney function. This is
analogous to the greater impact of hypertension in causing
progressive disease in patients with CKD when compared
with those with normal kidney function. There are some
data (n = 162) to suggest that obesity promotes more rapid
loss of renal function in patients with IgA nephropathy.46

Patients who were overweight had heavier proteinuria at
time of biopsy, were more likely to be hypertensive, have
more severe tubulointerstitial changes on biopsy and to sub-
sequently develop hypertension and renal impairment.

Other associations

Gestational diabetes: a systematic review47 demonstrated
that gestational diabetes is associated with a 17–63%
increase in risk of Type 2 diabetes within 5–16 years of
pregnancy. The highest risk occurs in the first 5 years after
pregnancy and then appears to plateau. BMI > 30 kg/m2 was
identified to further increase risk associated with gestational
diabetes in most but not all studies.

Renal cell carcinoma (RCC): although RCC only
accounts for 2.8% of cancers in Australia (Cancer in
Australia, 2001), it is of particular relevance to potential
donors. A systematic review48 of 22 small studies demon-
strated an increase in the relative risk of RCC of 1.07 (95%
CI: 1.05–1.09) per unit increase in BMI and the risk was
equivalent in men and women. Therefore, the relative risk
for patients with a BMI of 30 kg/m2 is 1.35. Subsequent large
cohort studies have been consistent with this finding49,50

although others have failed to find an association between
obesity and RCC in men.51,52 There is a biologically plau-
sible link between obesity and RCC as increasing BMI is
associated with elevated levels of fasting serum insulin-like
growth factor,53 which has been shown to increase cellular
proliferation in RCC in animal models.

Kidney stones: analysis of data from the Nurse’s Health
Study I and II and the Health Professionals Follow-up
Study54,55 demonstrated that prevalence and incidence of
new stone disease was directly associated with BMI, with a
stronger relationship evident in women. The age-adjusted
prevalence OR for women with a BMI 3 32 kg/m2 compared
with 21–22.9 kg/m2 was 1.76 (95% CI: 1.50–2.07), and 1.38
(1.51–2.36) for the same analysis in men. For incident stone
formation in women, the OR was 1.89 (1.51–2.36) in
women, but not significantly different in men.

The acceptance of obese donors is increasing

Increases in rates of donor obesity have occurred over the
past decade and demonstrate regional variation. In a survey
of UK transplant centres published in 1999,56 only one
centre was identified as accepting patients with a BMI
greater than 30 kg/m2 or a weight greater than 20% above
ideal. Results of a survey of US centres, published in 1995,
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reported that only 16% of centres would exclude a donor
with moderate obesity.57 The same centres were surveyed in
200558 and the following cut-offs were described – 10% of
centres would exclude a donor if BMI > 30 kg/m2, 52% if
BMI > 35 kg/m2 and 20% if BMI > 40 kg/m2. Subsequent
publications59,60 from the US demonstrate that, in some
centres, 20–30% of donors have a BMI > 30 kg/m2 and data
from the Organ Procurement and Transplantation Network/
United Network for Organ Sharing (OPTN/UNOS) regis-
try suggest that from 7/2004 to 12/2005, 13% of US donors
had a BMI > 30 kg/m2.

There are data to suggest that acceptance of obese donors
is also increasing in Australia.61 Preliminary data from the
ANZ live donor registry presented in 2007 at the ANZSN
ASM, suggest that 16% of donors from 2004–2006 had
a BMI of between 30 and 35 kg/m2 and 2.3% had a
BMI > 35 kg/m2.

The impact of nephrectomy in obese patients

Assessment of living donors involves both the assessment of
early risk associated with perioperative morbidity and mor-
tality and long-term risk, predominantly associated with the
risk of future kidney disease.

Short term risks associated with obesity

Retrospective analysis of a US healthcare registry62 using
discharge data for 3074 patients from 28 centres identified
comorbidities and complications using ICD-9-CM coding
data. Obesity was associated with an increased risk of overall
complication rate (OR 1.92, 95% CI 1.06–3.46), however,
numbers were too small to assess the impact of obesity on the
incidence of major complications, and the study was not able
to discriminate between open and laparoscopic nephrec-
tomy. Similar results have been reported from a number of
single centre studies, demonstrating an increase in minor
complications in obese donors for both open and laparo-
scopic nephrectomy (see Table 3).59,63,64 Complications are
predominantly wound related and include wound infection,
seroma and hernias. The rates of wound infection approach
10% in the obese compared with 2% in normal weight
donors. Operative time is longer in obese patients – with
increases ranging from 10 to 41 min, but no increase in
length of hospital stay is reported.59,63,65,66 Nor is there any
reported increase in delayed graft function in the recipient.
Numbers are small and results relating to conversion from
laparoscopic to open procedure are mixed, with some studies
reporting no difference59,67 and others66 reporting increased
conversion in obese men. They also commented that the
perinephric distribution of fat in obese men increased the
technical difficulty. There is a consistent pattern of greater
blood loss and increased transfusion requirements in obese
patients, which is not significant in each of the single centre
studies due to small numbers.63,66–69 In addition, laparoscopic
donor nephrectomy has been a relatively new technique and
there may have been an increased complication rate in the
more technically challenging obese patients as part of the

learning curve. Rhabdomyolysis is a rare complication of
donor nephrectomy. Sporadic case reports of rhabdomyolysis
in donors are characterized by the following risk factors – long
operative time, laparoscopic procedure and high BMI.68,70–73

Does nephrectomy increase the risk of future renal
disease in obese patients? Studies in which baseline BMI has
been reported are outlined in Table 4.

There are limited data from which to address this issue.
The often quoted follow-up studies of living donors are
limited by several significant methodological flaws, studies
are retrospective, predominantly Caucasian and the rate of
loss to follow up is high. Baseline BMI has not been reported
in many of the older studies and obese patients are almost
certainly under-represented in the long term follow-up sta-
tistics used to educate prospective donors regarding the risks
of nephrectomy.

Studies reporting baseline characteristics of obese donors
suggest that they are at higher risk of future kidney
disease.59,63,74,75 A study from a centre59 with a high use of
obese donors, in which 31% of donors had a BMI > 30 kg/m2

gives a detailed analysis of the baseline characteristics of
obese donors. Obese donors had a significantly higher
pre-nephrectomy BP (137/79 vs 126/73 mmHg), increased
history of donor hypertension (14% vs 4%), more adverse
lipid profiles, higher fasting glucose levels (although within
the normal range) and had a family history of diabetes
(47% vs 33%), when compared with donors with a BMI
< 25 kg/m2. Data are available at 1 year for approximately
60% of donors in this study, and demonstrates that BP and
fasting glucose remained higher, albeit in the acceptable
range, and did not incrementally increase post nephrectomy.
The post-nephrectomy GFR and rates of microalbuminuria
were not different in the obese, within this short timeframe.

Donors who are overweight or obese are more likely to
gain weight post donation than those of normal weight.76

There is a probable relationship between BMI and sub-
sequent hypertension.74,76–78 Obese patients are more likely
to have higher BP at the time of donation and it is unknown
if nephrectomy alters the age of onset or severity of hyper-
tension. A German study of 152 donors, with 93% followed
for a mean of 11 years and with pre-nephrectomy BMI of
26 1 4 kg/m2, demonstrated that baseline BMI was corre-
lated with mean arterial pressure but not change in BP post
donation.78

There is no evidence of association between the baseline
BMI and development of proteinuria or decline in GFR
post donation in predominantly Caucasian populations.78,79

However, the number of donors who were obese at baseline
is too small to be able to determine this with any certainty.
The study from the Mayo Clinic79 had long-term follow up
on 73% of donors with a median follow up of 12 years. Only
data on weight are available and is not differentiated for
gender. Median weight at donation was 70 kg and weight
gain at follow up was 7.5 kg. Baseline weight, change in
weight and relative weight (measured/ideal weight) was not
a significant predictor of current serum creatinine or change
in creatinine. The flaws are use of creatinine rather than
GFR and the number of patients who were obese at baseline
is unknown.
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The most detailed study, examining the impact of obesity
is from Pakistan.80 The study was large (736 patients) with a
mean follow up of 3 years (range: 6 months to 18 years). At
last follow up, 11.5% of patients were obese and obesity was
more common in women (17% vs 6%). Obese donors, when
compared with the non-obese donors, had significantly
higher rates of diabetes (13.5% vs 3%) and hypertension
(24% vs 10%). There was a non-significant trend to lower
GFR (<60 mL/min) and a higher prevalence of proteinuria
in obese donors. This data are concerning and the median
follow-up time is short. There is limited detail given in
terms of screening donors for diabetes, or presence of family
history for diabetes and baseline BMI. There are cultural
reasons cited for the high rate of weight gain post donation,
and the population studied is one that is ethnically more at
risk of developing diabetes.

This study highlights that the safety data drawn from
predominantly Caucasian populations, do not necessarily
hold true for populations with a greater risk of diabetes
and/or kidney disease. A report from the OPTN/UNOS
registry81 records 102 individuals as waiting for transplant
who have previously been living donors, in which African
Americans are over-represented. There is no information on
the prevalence of obesity in the group or other identifiable
risk factors that may have been present at donation,
however, hypertension and diabetes are listed as the cause of
ESKD in roughly one third.

The histology of implantation biopsies in obese living
donors is subtly different from non-obese donors.82 Increased
glomerular planar surface area (GPSA), glomerulomegaly
and minor tubular abnormalities are more common in obese
donors and there is a trend to increased arterial hyalinosis.
There was no difference in the number of segmental scle-
rotic lesions or degree of interstitial fibrosis. GPSA was
correlated with albuminuria, although all donors had 24 h
urinary albumins that were within the normal range. Donor
follow up was less than 1 year and no difference in serum
creatinine was seen between obese and non-obese donors.

A retrospective analysis of 73 patients examined the
outcome of unilateral nephrectomy done for clinical indi-
cation (i.e. not donors).83 At the time of nephrectomy,
patients had normal creatinine and urinalysis, no multi-
system disease such as diabetes and no morphological abnor-
mality of the remaining kidney examined by ultrasound.
Median follow up was 13.6 years (range: 18 months to
35 years). Twenty of 73 patients developed abnormalities of
renal function (proteinuria 1 renal insufficiency). Average
time to proteinuria was 10 1 6 years and was slowly progres-
sive in most patients. Thirteen of 73 patients developed
renal impairment (serum creatinine > 1.4 mg/dL and crea-
tinine clearance < 70 mL/min per 1.73 m2). Time between
development of proteinuria and onset of renal impairment
was 4.1 1 4.3 years. Renal impairment was progressive and
two patients were biopsied with histology revealing glom-
erulomegaly and focal segmental glomerulosclerosis. At
time of nephrectomy, BP, age and renal function were
similar between those that did and did not develop CKD.
There were, however, significant differences in BMI at the
time of nephrectomy (BMI 24.9 kg/m2 in normal function

group, compared with 33.7 kg/m2 in the abnormal renal
function group). BMI was independently associated with
proteinuria/renal dysfunction on multivariate analysis (OR
1.34, 95% CI: 1.03–1.76). At 10 years following nephrec-
tomy, the probability of negative proteinuria and normal
renal function was 40% and 70%, respectively, in the obese
group and 93% and 98%, respectively, for the non-obese
patients. It is important not to overinterpret this study,
which is retrospective, has small numbers, is subject to
ascertainment bias and involved patients who may have
had undiagnosed abnormalities of the remaining kidney.
However, it does raise some uncertainty about the long-term
safety of nephrectomy in obese donors.

Utility of weight loss

In attempting to modify the risks associated with nephrec-
tomy, it is a logical step to advise obese donors to lose weight
prior to donation. In many cases, the perceived benefits of
living donation for the recipient will be a strong motivating
force. However, the success of sustained weight loss in the
general population is low and there are no data on the
long-term success rate of pre-donation weight loss.84,85

SUMMARY OF THE EVIDENCE

It is likely that obesity is associated with an increase in
perioperative complications, such as wound infections and
transfusion requirements. There are limited data on which
to base recommendations for long-term safety of the proce-
dure for patients with a BMI > 30 kg/m2 and none for
patients with a BMI > 35 kg/m2. Most studies show that
obese donors do have more adverse risk profiles, in particular
a higher pre-donation BP and it is likely that there is a
greater risk of donor hypertension. It is not known whether
nephrectomy alters the risk of developing kidney disease or
changes the rate of progression. Further studies need to be
carried out to define risk.

WHAT DO THE OTHER GUIDELINES SAY?

INTERNATIONAL GUIDELINES:
The Amsterdam Forum on the Care of the Living Kidney
Donor (2006)86

• All living donors should have BMI determined at base-
line evaluation and obesity should be considered an
increased risk for renal disease, acknowledging that there
are no data on which to base a firm recommendation.
• Patients with a BMI > 35 kg/m2 should be discouraged
from donating, especially when other comorbid conditions
are present.
• Obese patients should be encouraged to lose weight prior
to kidney donation and should be advised not to donate if
they have other associated comorbid conditions.
• Obese patients should be informed of both acute and
long-term risks, especially when other comorbid conditions
are present.
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• Healthy lifestyle education should be available to all
living donors.
The Canadian Council for Donation and Transplantation
(2006)87

There is debate regarding the eligibility of those with
. . . donor BMI > 35. Little is known about either the long-
term risks to such donors or the long-term outcome of
kidneys from such donors.
European Renal Association-European Dialysis and
Transplant Association (2000)
No recommendation.
UK Guidelines for Living Donor Kidney Transplantation
(2005)88

A BMI of more than 35 kg/m2 should be regarded as an
absolute contraindication to kidney donation and a BMI of
more than 30 kg/m2 is a relative contraindication. Obese
patients with a BMI greater than 30 kg/m2 should undergo
careful pre-operative evaluation to exclude cardiovascular,
respiratory and renal disease. They should be counselled
regarding the increased perioperative risk and potential
long-term risk of renal disease and advised to lose weight
prior to donation and encouraged to achieve their ideal
weight following donation.
American Society of Transplantation Position Statement
on the Medical Evaluation of Living Kidney Donors
(2007)89

Morbid obesity is an exclusion criterion.

SUGGESTIONS FOR FUTURE RESEARCH

1. Longitudinal assessment of the impact of obesity on the
incidence of diabetes, hypertension and kidney disease in
donors from ethnically diverse backgrounds. It is important
that the appropriate control population be studied as donors
should be healthier than the general population. Given that
the life expectancy of most donors is greater than 20 years,
it would be important that such a study be carried out for an
extended period of time (i.e. >20 years).
2. Utility of advising on pre-donation weight loss in terms
of long-term post-donation success in weight control and
modification of associated risk factors for hypertension, dia-
betes and kidney disease.

CONFLICT OF INTEREST

Nicole Isbel has no relevant financial affiliations that would
cause a conflict of interest according to the conflict of inter-
est statement set down by CARI.

REFERENCES

1. National Health and Medical Research Council. Overweight and
obesity in adults: A guide for general practitioners. NHMRC; 18
September 2003.

2. Huxley R, James WP, Barzi F et al. Ethnic comparisons of the
cross-sectional relationships between measures of body size with
diabetes and hypertension. Obes. Rev. 2008; 9 (Suppl 1): 53–61.

3. Lear SA, Humphries KH, Kohli S et al. The use of BMI and waist
circumference as surrogates of body fat differs by ethnicity. Obesity
(Silver Spring) 2007; 15: 2817–24.

4. WHO Expert Consultation. Appropriate body-mass index for
Asian populations and its implications for policy and intervention
strategies. Lancet 2004; 363: 157–63.

5. Daniel M, Rowley KG, McDermott R et al. Diabetes and impaired
glucose tolerance in Aboriginal Australians: Prevalence and risk.
Diabetes Res. Clin. Pract. 2002; 57: 23–33.

6. Kondalsamy-Chennakesavan S, Hoy WE, Wang Z et al. Anthro-
pometric measurements of Australian Aboriginal adults living in
remote areas: Comparison with nationally representative findings.
Am. J. Hum. Biol. 2008; 20: 317–24.

7. Piers LS, Rowley KG, Soares MJ et al. Relation of adiposity
and body fat distribution to body mass index in Australians of
Aboriginal and European ancestry. Eur. J. Clin. Nutr. 2003; 57:
956–63.

8. Kondalsamy-Chennakesavan S, Hoy WE, Wang Z et al. Quanti-
fying the excess risk of type 2 diabetes by body habitus measure-
ments among Australian aborigines living in remote areas. Diabetes
Care 2008; 31: 585–6.

9. Wang Z, Hoy WE. Body size measurements as predictors of type 2
diabetes in Aboriginal people. Int. J. Obes. Relat. Metab. Disord.
2004; 28: 1580–84.

10. Wang Z, Hoy WE. Waist circumference, body mass index, hip
circumference and waist-to-hip ratio as predictors of cardiovascular
disease in Aboriginal people. Eur. J. Clin. Nutr. 2004; 58: 888–93.

11. Daniel M, Rowley KG, McDermott R et al. Diabetes incidence in
an Australian aboriginal population. An 8-year follow-up study.
Diabetes Care 1999; 22: 1993–8.

12. Swinburn BA, Ley SJ, Carmichael HE et al. Body size and com-
position in Polynesians. Int. J. Obes. Relat. Metab. Disord. 1999;
23: 1178–83.

13. Rush EC, Goedecke JH, Jennings C et al. BMI, fat and muscle
differences in urban women of five ethnicities from two countries.
Int. J. Obes. (Lond.) 2007; 31: 1232–9.

14. Rush E, Plank L, Chandu V et al. Body size, body composition, and
fat distribution: A comparison of young New Zealand men of
European, Pacific Island, and Asian Indian ethnicities. N. Z. Med.
J. 2004; 117: U1203.

15. Lawes C, Stefanogiannis N, Tobias M et al. Ethnic disparities in
nutrition-related mortality in New Zealand: 1997–2011. N. Z.
Med. J. 2006; 119: U2122.

16. McAuley KA, Williams SM, Mann JI et al. Increased risk of type 2
diabetes despite same degree of adiposity in different racial groups.
Diabetes Care 2002; 25: 2360–61.

17. Mann J, McAuley K, Taylor R. Obesity and diabetes: Questions
remain but action should not be delayed. N. Z. Med. J. 2004; 117:
U1218.

18. Adams KF, Schatzkin A, Harris TB et al. Overweight, obesity, and
mortality in a large prospective cohort of persons 50–71 years old.
N. Engl. J. Med. 2006; 355: 763–78.

19. Calle EE, Teras LR, Thun MJ. Obesity and mortality. N. Engl. J.
Med. 2005; 353: 2197–9.

20. Hu FB, Willett WC, Li T et al. Adiposity as compared with physi-
cal activity in predicting mortality among women. N. Engl. J. Med.
2004; 351: 2694–703.

21. Stevens J, Cai J, Evenson KR et al. Fitness and fatness as predictors
of mortality from all causes and from cardiovascular disease in men
and women in the lipid research clinics study. Am. J. Epidemiol.
2002; 156: 832–41.

22. Wei M, Kampert JB, Barlow CE et al. Relationship between low
cardiorespiratory fitness and mortality in normal-weight, over-
weight, and obese men. JAMA 1999; 282: 1547–53.

Living Kidney Donor S127



23. Dalton M, Cameron AJ, Zimmet PZ et al. Waist circumference,
waist-hip ratio and body mass index and their correlation with
cardiovascular disease risk factors in Australian adults. J. Intern.
Med. 2003; 254: 555–63.

24. Barr EL, Magliano DJ, Zimmet P et al. The Australian Diabetes,
Obesity and Lifestyle Study (AusDiab) 2005. Tracking the Accelerat-
ing Epidemic: Its Causes and Outcomes. Melbourne: International
Diabetes Institute, 2006.

25. Chadban SJ. Live Donor Registry. [Cited 24 July 2008.] Available
from URL: http://www.anzdata.org.au/ANZSN/2007/Live_Donor_
Registry_2007.ppt/

26. Thompson PL, Bradshaw PJ, Veroni M et al. Cardiovascular risk
among urban Aboriginal people. Med. J. Aust. 2003; 179: 143–6.

27. Simmons D, Thompson CF, Volklander D. Polynesians: Prone to
obesity and Type 2 diabetes mellitus but not hyperinsulinaemia.
Diabet. Med. 2001; 18: 193–8.

28. Simmons D, Shaw LM, Scott DJ et al. Diabetic nephropathy and
microalbuminuria in the community. The South Auckland Diabe-
tes Survey. Diabetes Care 1994; 17: 1404–10.

29. Bullen C, Tipene-Leach D, Vander HS et al. Ethnic differences in
blood pressure: Findings from the Fletcher Challenge-Auckland
University Heart and Health Study. N. Z. Med. J. 1996; 109:
395–7.

30. Bell AC, Swinburn BA, Simmons D et al. Heart disease and dia-
betes risk factors in Pacific Islands communities and associations
with measures of body fat. N. Z. Med. J. 2001; 114: 208–13.

31. Ni MC, Rodgers A, Pan WH et al. Body mass index and cardio-
vascular disease in the Asia-Pacific region: An overview of 33
cohorts involving 310 000 participants. Int. J. Epidemiol. 2004; 33:
751–8.

32. Ni MC, Parag V, Nakamura M et al. Body mass index and risk of
diabetes mellitus in the Asia-Pacific region. Asia Pac. J. Clin. Nutr.
2006; 15: 127–33.

33. Shai I, Jiang R, Manson JE et al. Ethnicity, obesity, and risk of type
2 diabetes in women: A 20-year follow-up study. Diabetes Care
2006; 29: 1585–90.

34. Hall JE, Henegar JR, Dwyer TM et al. Is obesity a major cause of
chronic kidney disease? Adv. Ren. Replace. Ther. 2004; 11: 41–54.

35. Kambham N, Markowitz GS, Valeri AM et al. Obesity-related
glomerulopathy: An emerging epidemic. Kidney Int. 2001; 59:
1498–509.

36. Ejerblad E, Fored CM, Lindblad P et al. Obesity and risk for
chronic renal failure. J. Am. Soc. Nephrol. 2006; 17: 1695–702.

37. Kramer H, Luke A, Bidani A et al. Obesity and prevalent and
incident CKD: The Hypertension Detection and Follow-Up
Program. Am. J. Kidney Dis. 2005; 46: 587–94.

38. Gelber RP, Kurth T, Kausz AT et al. Association between body
mass index and CKD in apparently healthy men. Am. J. Kidney
Dis. 2005; 46: 871–80.

39. Foster MC, Hwang SJ, Larson MG et al. Overweight, obesity, and
the development of stage 3 CKD: The Framingham Heart Study.
Am. J. Kidney Dis. 2008; 52: 39–48.

40. Hsu CY, McCulloch CE, Iribarren C et al. Body mass index and
risk for end-stage renal disease. Ann. Intern. Med. 2006; 144: 21–
8.

41. White S, Polkinghorne K, Cass A et al. Obesity and 5-year inci-
dence of kidney disease – findings from Ausdiab [abstract]. ASM
APSN. Nephrology 2007; 12 (Suppl 2): A17.

42. Fox CS, Larson MG, Leip EP et al. Predictors of new-onset kidney
disease in a community-based population. JAMA 2004; 291: 844–
50.

43. Elsayed EF, Sarnak MJ, Tighiouart H et al. Waist-to-hip ratio, body
mass index, and subsequent kidney disease and death. Am. J.
Kidney Dis. 2008; 52: 29–38.

44. Perry HM Jr, Miller JP, Fornoff JR et al. Early predictors of 15-year
end-stage renal disease in hypertensive patients. Hypertension
1995; 25: 587–94.

45. Iseki K, Ikemiya Y, Kinjo K et al. Body mass index and the risk of
development of end-stage renal disease in a screened cohort.
Kidney Int. 2004; 65: 1870–76.

46. Bonnet F, Deprele C, Sassolas A et al. Excessive body weight as a
new independent risk factor for clinical and pathological progres-
sion in primary IgA nephritis. Am. J. Kidney Dis. 2001; 37: 720–27.

47. Kim C, Newton KM, Knopp RH. Gestational diabetes and the
incidence of type 2 diabetes: A systematic review. Diabetes Care
2002; 25: 1862–8.

48. Bergstrom A, Hsieh CC, Lindblad P et al. Obesity and renal cell
cancer – a quantitative review. Br. J. Cancer 2001; 85: 984–90.

49. Samanic C, Chow WH, Gridley G et al. Relation of body mass
index to cancer risk in 362 552 Swedish men. Cancer Causes
Control 2006; 17: 901–9.

50. van Dijk BA, Schouten LJ, Kiemeney LA et al. Relation of height,
body mass, energy intake, and physical activity to risk of renal cell
carcinoma: Results from the Netherlands Cohort Study. Am. J.
Epidemiol. 2004; 160: 1159–67.

51. Flaherty KT, Fuchs CS, Colditz GA et al. A prospective study of
body mass index, hypertension, and smoking and the risk of renal
cell carcinoma (United States). Cancer Causes Control 2005; 16:
1099–106.

52. Chiu BC, Gapstur SM, Chow WH et al. Body mass index, physical
activity, and risk of renal cell carcinoma. Int. J. Obes. (Lond.)
2006; 30: 940–47.

53. Frystyk J, Vestbo E, Skjaerbaek C et al. Free insulin-like growth
factors in human obesity. Metabolism 1995; 44: 37–44.

54. Taylor EN, Stampfer MJ, Curhan GC. Obesity, weight gain, and
the risk of kidney stones. JAMA 2005; 293: 455–62.

55. Curhan GC, Willett WC, Rimm EB et al. Body size and risk of
kidney stones. J. Am. Soc. Nephrol. 1998; 9: 1645–52.

56. Lumsdaine JA, Wigmore SJ, Forsythe JL. Live kidney donor assess-
ment in the UK and Ireland. Br. J. Surg. 1999; 86: 877–81.

57. Bia MJ, Ramos EL, Danovitch GM et al. Evaluation of living renal
donors. The current practice of US transplant centers. Transplan-
tation 1995; 60: 322–7.

58. Mandelbrot DA, Pavlakis M, Danovitch GM et al. The medical
evaluation of living kidney donors: A survey of US transplant
centers. Am. J. Transplant. 2007; 7: 2333–43.

59. Heimbach JK, Taler SJ, Prieto M et al. Obesity in living kidney
donors: Clinical characteristics and outcomes in the era of laparo-
scopic donor nephrectomy. Am. J. Transplant. 2005; 5: 1057–64.

60. Leventhal JR, Kocak B, Salvalaggio PR et al. Laparoscopic donor
nephrectomy 1997–2003: Lessons learned with 500 cases at a
single institution. Surgery 2004; 136: 881–90.

61. Kaisar MO, Nicol DL, Hawley CM et al. Change in live donor
characteristics over the last 25 years: A single centre experience.
Nephrology 2008; 13: 646–50.

62. Patel S, Cassuto J, Orloff M et al. Minimizing morbidity of organ
donation: Analysis of factors for perioperative complications after
living-donor nephrectomy in the United States. Transplantation
2008; 85: 561–5.

63. Pesavento TE, Henry ML, Falkenhain ME et al. Obese living
kidney donors: Short-term results and possible implications. Trans-
plantation 1999; 68: 1491–6.

64. Johnson EM, Remucal MJ, Gillingham KJ et al. Complications
and risks of living donor nephrectomy. Transplantation 1997; 64:
1124–8.

65. Ratner LE, Smith P, Montgomery RA et al. Laparoscopic live
donor nephrectomy: Pre-operative assessment of technical diffi-
culty. Clin. Transplant. 2000; 14: 427–32.

The CARI GuidelinesS128



66. Kok NF, Ijzermans JN, Schouten O et al. Laparoscopic donor
nephrectomy in obese donors: Easier to implement in overweight
women? Transpl. Int. 2007; 20: 956–61.

67. Kuo PC, Plotkin JS, Stevens S et al. Outcomes of laparoscopic
donor nephrectomy in obese patients. Transplantation 2000; 69:
180–82.

68. Mateo RB, Sher L, Jabbour N et al. Comparison of outcomes in
non-complicated and in higher-risk donors after standard versus
hand-assisted laparoscopic nephrectomy. Am. Surg. 2003; 69:
771–8.

69. Jacobs SC, Cho E, Dunkin BJ et al. Laparoscopic nephrectomy in
the markedly obese living renal donor. Urology 2000; 56: 926–9.

70. Matas AJ, Bartlett ST, Leichtman AB et al. Morbidity and mor-
tality after living kidney donation, 1999–2001: Survey of United
States transplant centers. Am. J. Transplant. 2003; 3: 830–34.

71. Troppmann C, Perez RV. Rhabdomyolysis associated with laparo-
scopic live donor nephrectomy and concomitant surgery: A note of
caution. Am. J. Transplant. 2003; 3: 1457–8.

72. Kuang W, Ng CS, Matin S et al. Rhabdomyolysis after laparo-
scopic donor nephrectomy. Urology 2002; 60: 911.

73. Rehman J, Boglia J, Chughtai B et al. High body mass index in
muscular patients and flank position are risk factors for rhabdomy-
olysis: Case report after laparoscopic live-donor nephrectomy.
J. Endourol. 2006; 20: 646–50.

74. Textor SC, Taler SJ, Driscoll N et al. Blood pressure and renal
function after kidney donation from hypertensive living donors.
Transplantation 2004; 78: 276–82.

75. Gracida C, Melchor JL, Espinoza R et al. Experience in a single
transplant center with 421 living donors: Follow-up of 9 years.
Transplant. Proc. 2002; 34: 2535–6.

76. Torres VE, Offord KP, Anderson CF et al. Blood pressure determi-
nants in living-related renal allograft donors and their recipients.
Kidney Int. 1987; 31: 1383–90.

77. Gracida C, Espinoza R, Cedillo U et al. Kidney transplantation
with living donors: Nine years of follow-up of 628 living donors.
Transplant. Proc. 2003; 35: 946–7.

78. Gossmann J, Wilhelm A, Kachel HG et al. Long-term conse-
quences of live kidney donation follow-up in 93% of living kidney

donors in a single transplant center. Am. J. Transplant. 2005; 5:
2417–24.

79. Anderson CF, Velosa JA, Frohnert PP et al. The risks of unilateral
nephrectomy: Status of kidney donors 10–20 years postoperatively.
Mayo. Clin. Proc. 1985; 60: 367–74.

80. Rizvi SA, Naqvi SA, Jawad F et al. Living kidney donor follow-up
in a dedicated clinic. Transplantation 2005; 79: 1247–51.

81. Gibney EM, King AL, Maluf DG et al. Living kidney donors
requiring transplantation: Focus on African Americans. Transplan-
tation 2007; 84: 647–9.

82. Rea DJ, Heimbach JK, Grande JP et al. Glomerular volume and
renal histology in obese and non-obese living kidney donors.
Kidney Int. 2006; 70: 1636–41.

83. Praga M, Hernandez E, Herrero JC et al. Influence of obesity on
the appearance of proteinuria and renal insufficiency after unilat-
eral nephrectomy. Kidney Int. 2000; 58: 2111–18.

84. Franz MJ, VanWormer JJ, Crain AL et al. Weight-loss outcomes: A
systematic review and meta-analysis of weight-loss clinical trials
with a minimum 1-year follow-up. J. Am. Diet. Assoc. 2007; 107:
1755–67.

85. Dansinger ML, Tatsioni A, Wong JB et al. Meta-analysis: The
effect of dietary counseling for weight loss. Ann. Intern. Med. 2007;
147: 41–50.

86. Delmonico F. A Report of the Amsterdam Forum on the Care of
the Live Kidney Donor: Data and Medical Guidelines. Transplan-
tation 2005; 79: S53–S56.

87. The Canadian Council for Donation and Transplantation.
Enhancing Living Donation: A Canadian Forum. February 2006.
Vancouver, British Columbia, Canada.

88. British Transplantation Society and The Renal Association. UK
Guidelines for Living Kidney Transplantation, 2nd edn. Macclesfield:
British Transplantation Society and Renal Society, 2005.

89. AST Position Statement on the Medical Evaluation of Living
Kidney Donors. American Society Transplantation. [Cited 24 July
2008.] Available from URL: http://www.a-s-t.org/files/pdf/public_
policy/key_position/EvalLivingKidney.pdf

90. Tozawa M, Iseki K, Iseki C et al. Influence of smoking and obesity
on the development of proteinuria. Kidney Int. 2002; 62: 956–62.

APPENDICES

Table 1 Annual incidence of diabetes and hypertension according to baseline body mass index: AusDiab24

Diabetes (%) Hypertension (%)

Males Females All Males Females All

Normal 0.4 0.4 0.4 2.4 1.5 1.8
Overweight 0.8 0.7 0.8 3.5 3.4 3.5
Obese 1.8 1.4 1.6 5.2 5.6 5.4
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