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ABSTRACT

Background. The prevalence of obesity is increasing globally
and is associated with chronic kidney disease and premature
mortality. However, the impact of recipient obesity on kidney
transplant outcomes remains unclear. This study aimed to in-
vestigate the association between recipient obesity and mortal-
ity, death-censored graft loss and delayed graft function (DGF)
following kidney transplantation.
Methods. A systematic review and meta-analysis was con-
ducted using Medline, Embase and the Cochrane Library. Ob-
servational studies or randomized controlled trials investigating
the association between recipient obesity at transplantation and
mortality, death-censored graft loss and DGF were included.
Obesity was defined as a body mass index (BMI) of ≥30 kg/m2.
Obese recipients were compared with those with a normal BMI
(18.5–24.9 kg/m2). Pooled estimates of hazard ratios (HRs) for
patient mortality or death-censored graft loss and odds ratios
(ORs) for DGF were calculated.
Results. Seventeen studies including 138 081 patients were ana-
lysed. After adjustment, there was no significant difference in
mortality risk in obese recipients [HR = 1.24, 95% confidence
interval (CI) = 0.90–1.70, studies = 5, n = 83 416]. However,
obesity was associated with an increased risk of death-censored
graft loss (HR = 1.06, 95% CI = 1.01–1.12, studies = 5, n = 83

416) and an increased likelihood of DGF (OR = 1.68, 95% CI =
1.39–2.03, studies = 4, n = 28 847).
Conclusions.Despite having a much higher likelihood of DGF,
obese transplant recipients have only a slightly increased risk of
graft loss and experience similar survival to recipients with nor-
mal BMI.

Keywords: graft survival, kidney transplantation, mortality,
obesity

INTRODUCTION

The global epidemic of obesity is reflected in the renal trans-
plant population where the proportion of recipients with a
body mass index (BMI) in excess of 30 kg/m2 is doubling
every 15 years [1–3]. However, the impact of recipient obesity
on long-term graft and recipient outcomes is unclear.

Obesity may be detrimental to recipient survival via its asso-
ciation with early post-operative complications as well as with
other chronic medical conditions such as type 2 diabetes melli-
tus, cardiovascular disease and chronic respiratory disorders
[4–7]. All of these conditions are associated with increased
mortality risk in the general population and may be expected
to be similarly influential in renal transplant recipients. How-
ever, it has recently been reported that renal transplantation
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confers a similar survival benefit in obese recipients as in those
with a normal BMI when compared with maintenance dialysis
in the first year after transplantation [8].

In theory, obesity could influence renal allograft outcome in
the short and long terms by a number of mechanisms. In the
general population, obesity is associated with the development
of proteinuria and a reduced glomerular filtration rate (GFR)
[5, 9–11]. Although a causal mechanism has yet to be fully es-
tablished, obesity-related chronic kidney disease (CKD) may
develop through a combination of immunological and non-
immunological mechanisms—these include hyperfiltration,
associated conditions such as diabetic nephropathy and renal
injury promoted by pro-inflammatory cytokines produced by
adipose tissue [12–14]. In some patients with obesity-related
CKD, it has been demonstrated that weight loss can result in
regression of proteinuria, although there is a lack of evidence
with respect to its long-term effect on stabilization of GFR
[15]. Damage to transplanted kidneys may be caused by similar
pathophysiological mechanisms to those which occur in the
native kidneys of obese patients. In addition, there is also
some evidence that obesity may alter the metabolism and
bioavailability of immunosuppressive medications, thus po-
tentially exposing the renal allograft to chronic immunological
injury [16].

Obese individuals undergoing abdominal surgery also have
more frequent anaesthetic complications, increased incidence
of wound infections and longer hospital admissions compared
with the non-obese population [17, 18]. In renal transplant-
ation, recipient obesity is associated with prolonged surgical
times and an increased risk of peri-operative complications
[1, 19–21]. This may have an impact upon early graft outcome
measures, such as the incidence of delayed graft function (DGF)
[22], and could result in premature graft loss [23].

Obesity is a common, and potentially modifiable, condition
in the CKD and renal transplant population. In this study, we
aimed to establish the association between obesity and death-
censored graft survival as well as recipient survival. The risk
of DGF was investigated as a sensitivity analysis.

MATERIALS AND METHODS

Search strategy

A systematic search was undertaken in accordance with re-
cognized methods. Medline, Embase and the Cochrane Library
were searched for studies published between each database’s in-
ception date and 31 May 2013. Search terms are detailed in the
Supplementary data, Table S1. Reference lists of included stud-
ies were also searched.

Inclusion/exclusion criteria

Reports were screened independently by two authors (CJH/
JAM).Where therewas any disagreement, a third author (AEC)
was consulted. Obesity was defined using the World Health
Organization definition of a BMI of ≥30 kg/m2 [24]. Studies
were included that assessed the association between obesity at
the time of transplantation and one or more of the following
transplant-related outcomes: DGF, death-censored graft

survival and recipient survival. Only studies that assessed out-
comes in adult patients were included. We accepted study
authors’ definitions of DGF. Studies were excluded if they
used alternative anthropometric measures to define obesity or
if the BMI was analysed as a continuous variable. Studies focus-
sing on multi-organ transplants were also excluded as were
those studies that were published only in abstract format. In
order to minimize the risk of duplication of data, where sam-
pling periods of two studies overlapped such that a patient
could have been included in both, one of the studies was ex-
cluded.Where authors responded to data requests, these studies
were included or, if no reply was received, the larger of the two
overlapping studies was used.

Statistical analysis

Due to differing reporting methods, study authors were con-
tacted and asked to provide clarification of results or re-analyse
data. Where study authors did not reply, unadjusted data were
extracted from published manuscripts using previously de-
scribed methodology (Table 1) [25]. Cox proportional hazards
regression was used to generate hazard ratios (HRs) to investi-
gate the risk of death-censored graft loss and overall risk of
death. Patients with a normal BMI (18.5–24.9 kg/m2) were
used as the reference category for generation of HRs. An a priori
sensitivity analysis was undertaken to investigate the associ-
ation between obesity and the likelihood of DGF. Odds ratios
(ORs) of the likelihood of DGF were calculated (using patients
with a normal BMI as the reference category). Logarithms of
ORs and HRs (and their corresponding standard errors) were
used to generate pooled estimates using Revman version 5.2.6
(Nordic Cochrane Centre, The Cochrane Collaboration).
Study heterogeneity was assessed using the χ2 test and I2 stat-
istic [26]. Study heterogeneity was anticipated due to the use of
observational data only; therefore, random effects models were
used to generate pooled estimates [27]. Publication bias was as-
sessed using funnel plots, Egger’s test, Begg’s test and trim and
fill methodology.

All study methodology conformed to the Meta-analysis of
Observational Studies in Epidemiology (MOOSE) criteria [42].

RESULTS

Database searches identified 6963 records (Supplementary
data, Figure S1). After application of inclusion and exclusion
criteria, 17 studies remained for inclusion in the quantitative
synthesis [19, 20, 22, 28–41]. The total number of patients ana-
lysed from the included studies was 138 081. Characteristics of
included studies are detailed in Table 1. Studies that did not
meet inclusion criteria are detailed in the Supplementary
data, Table S2. The Newcastle–Ottawa scale was used to assess
study quality (Supplementary data, Table S3) [43]. In brief, all
included studies were observational in nature, nine of which
were single-centre studies. In the publishedmanuscripts, recipi-
ent survival was assessed in 8 studies [19, 20, 28, 31, 35, 36, 38,
39] and death-censored graft survival was assessed in 10 studies
[19, 20, 28, 31, 33, 35–39]. The likelihood of DGF was assessed
in 12 studies. DGF was defined as the need for dialysis within
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Table 1. Characteristics of included studies

Study Study type Participants Original study
analysis

Adjustments available
for meta-analysis

Follow-up Data available

DGF Graft
survival

Recipient
survival

Aalten et al. [28],
the Netherlands

Retrospective
observational
study

2067 transplant
recipients in the
Netherlands Organ
Transplant Registry
from 1994 to 2006

1. BMI≥ 30 kg/m2

compared with
<30 kg/m2

2. BMI categorized
as <19, 19–22,
22–25, 25–28,
28–31, 31–34,
≥34 kg/m2

Unadjusted only Median
(IQR), 2
(0.25–5) years

✓ ✓

Abou-Jaoude
et al. [29],
Lebanon

Retrospective
observational
study

137 transplant
recipients from 1998
to 2007

1. BMI categorized
as <18.5, 18.5–24.9,
25–29.9, >30 kg/m2

Unadjusted only Not stated ✓

Bardonnaud et al.
[30], France

Retrospective
single-centre
observational
study

200 transplant
recipients from 2004
to 2008

1. BMI≥ 30 kg/m2

compared with
<30 kg/m2

Unadjusted only Not stated ✓

Cannon et al.
[19], USA

Retrospective
observational
study

74 983 recipients in
the United Network
for Organ Sharing
database from 2004
to 2009

1. BMI categorized
as <30, 30–<35,
35–<40, ≥40 kg/m2

Recipient age, gender,
diabetes, hypertension,
ethnicity, donor type—live
versus deceased, peak PRA,
HLA mismatch, donor
CVA, prior transplant

Not stated ✓ ✓ ✓

Chang et al. [20],
Australia and
New Zealand

Retrospective
observational
study

5684 recipients in the
Australia and New
Zealand Dialysis and
Transplant Registry
from 1991 to 2004

1. BMI categorized
as <18.5, 18.5–24.9,
25–29.9, ≥30 kg/m2

Recipient age, gender,
ethnicity, diabetes,
smoking status,
cardiovascular
co-morbidities at RRT
start, year of transplant,
dialysis duration, donor
age, donor type, HLA
mismatch, most recent
PRA, total ischaemic time
and calcineurin inhibitor
(ciclosporin versus
tacrolimus)

Not stated ✓ ✓ ✓

Ditonno et al.
[31], Italy

Retrospective
single-centre
observational
study

563 deceased donor
recipients from 2000
to 2008

1. BMI categorized
as <18.5, 18.6–24.9,
25–29.9, 30–34.9,
≥35 kg/m2

Recipient age, gender,
ethnicity, diabetes,
hypertension, donor age,
HLA mismatch, peak PRA,
donor CVA and cold
ischaemic time

Mean 53
months

✓ ✓ ✓

Doshi et al. [32],
USA

Retrospective
observational
study

10 764 deceased donor
recipients in the
United Network for
Organ Sharing
database from 1994
to 2004

1. BMI > 30 kg/m2

compared with
≤30 kg/m2

Recipient age, gender,
ethnicity, cause of ESRD,
hepatitis C status, peak
PRA, pre-emptive
transplant, waiting time,
HLA mismatch, donor:
recipient size mismatch,
cold ischaemic time,
pulsatile perfusion

Not stated ✓

Furriel et al. [33],
Portugal

Retrospective
single-centre
observational
study

448 transplant
recipients from 1984
to 2008

1. BMI categorized
as 18.5–24.9,
25–29.9, ≥30 kg/m2

Unadjusted only Mean 6.7
years in
normal BMI
group, 7.9
years in obese
group

✓ ✓

Gore et al. [34],
USA

Retrospective
observational
study

27 377 transplant
recipients in the
United Network for
Organ Sharing
Database from 1997
to 1999

1. BMI categorized
as <18.5, 18.5–24.9,
25–29.9, 30–34.9,
≥35 kg/m2

Unadjusted only Not stated ✓

Continued
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1 week of transplantation in six studies [19, 22, 30, 32, 34, 41], as
the need for dialysis within 72 h of transplantation in one study
[20] and was not defined in five studies [29, 31, 33, 35, 40].

Where insufficient data were available in the published study,
the corresponding author was contacted and asked to provide
either anonymized individual patient data or re-analyse results

Table 1. Continued

Study Study type Participants Original study
analysis

Adjustments available
for meta-analysis

Follow-up Data available

DGF Graft
survival

Recipient
survival

Grosso et al. [35],
Italy

Retrospective
single-centre
observational
study

376 transplant
recipients

1. BMI categorized
as <25, 25–30,
>30 kg/m2

Unadjusted only Mean (SD),
13.6 (5.2)
years

✓ ✓ ✓

Halme et al. [36],
Finland

Retrospective
single-centre
observational
study

276 transplant
recipients from 1972
to 1993

1. BMI≥ 30 kg/m2

compared with
those with BMI
20–25 kg/m2

Unadjusted only Not stated ✓ ✓

Holley et al. [37],
USA

Retrospective
single-centre
observational
study

96 deceased donor
recipients from 1986
to 1988

1. BMI≥ 30 kg/m2

compared with
BMI≤ 27 kg/m2 in
males, ≤25 kg/m2 in
females

Unadjusted only 2-year
follow-up
period

✓

Hoogeveen et al.
[38], the
Netherlands

Retrospective
observational
study

1810 transplant
recipients in the
Netherlands Organ
Transplantation
Registry from 1984
to 1997

1. BMI categorized
as ≤20, 20–25,
25–30, >30 kg/m2

Recipient survival adjusted
for recipient gender,
recipient age, smoking
status, cardiovascular
disease, diabetes and
hypertension
Graft survival adjusted for
the above and donor age,
donor type (live versus
deceased donor) and cold
ischaemic time

Not stated ✓ ✓

Modlin et al. [39],
USA

Retrospective
single-centre
observational
study

254 transplant
recipients from 1970
to 1990

1. BMI > 30 kg/m2

compared with
<27 kg/m2

Unadjusted only Mean (SD),
58.9 (40)
months

✓ ✓

Molnar et al. [22],
USA

Retrospective
observational
study

11 836 transplant
recipients in the
Scientific Registry of
Transplant Recipients
from 2001 to 2007

1. BMI categorized
as ≤19.99, 20–21.99,
22–24.99, 25–29.99,
30–34.99,
≥35 kg/m2

Adjusted for age, gender,
ethnicity, diabetes, dialysis
vintage, insurance type,
marital status,
standardized mortality
ratio of dialysis clinic, spKt/
V, dialysis access, protein
catabolic rate, albumin,
creatinine, total
iron-binding capacity,
ferritin, phosphorous,
calcium, bicarbonate, white
cell count, lymphocyte
percentage, haemoglobin,
donor type (live or
deceased donor), donor
age, panel reactive
antibody, HLA mismatch,
cold ischaemic time,
transfusion history and
extended donor criteriaa

Not stated ✓

Singh et al. [40],
Canada

Retrospective
single-centre
observational
study

78 transplant
recipients from 1999
to 2002

1. BMI > 30 kg/m2

compared with
those with BMI
<30 kg/m2

Unadjusted only Not stated ✓

Weissenbacher
et al. [41], Austria

Retrospective
single-centre
observational
study

1132 deceased donor
recipients from 2000
to 2009

1. BMI categorized
as <18.5, 18.5–24.9,
25–29.9, >30 kg/m2

Unadjusted only Not stated ✓

aData fromMolnar and colleagues included in analyses compared BMI > 30 with BMI≤ 30 kg/m2. IQR, interquartile range; PRA, panel reactive antibodies; HLA, human leucocyte antigen;
CVA, cerebrovascular accident.
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according to pre-specified criteria. Anonymized individual pa-
tient data or re-analysed results were provided by five study
authors [19, 31, 33, 35, 38]. Covariates available for adjustment
are shown in Table 1. Ten study authors did not respond, and
these could only be included in unadjusted analyses [28–30, 33,
34, 36, 37, 39–41]. The studies included in unadjusted analyses
did not all compare patients with a BMI of ≥30 kg/m2 to those
with a BMI of 18.5–24.9 kg/m2. BMI categories used in contrib-
uting studies are documented in Table 1.

Mortality

Eight studies [19, 20, 28, 31, 35, 36, 38, 39] contributed to the
unadjusted analysis of patient survival (Supplementary data,
Figure S2). In the unadjusted analysis, the HR [95% confidence
interval (CI)] for risk of death in obese transplant recipients was
1.76 (1.39–2.21) when compared with patients with a normal
BMI. In the five studies where covariates were available for ad-
justment, the unadjustedHR (95%CI) was 1.51 (1.20–1.89) [19,
20, 31, 35, 38]. After adjustment, there was no significant differ-
ence in the risk of death between obese patients and thosewith a
normal BMI; HR (95% CI), 1.24 (0.90–1.70) (Figure 1A).

However, there was significant heterogeneity present (I2 81%,
P for heterogeneity <0.001).

Death-censored graft loss

Ten studies [19, 20, 28, 31, 33, 35–39] contributed to the un-
adjusted analysis of risk of graft loss (Supplementary data,
Figure S3). The unadjusted HR (95% CI) of death-censored
graft loss was 1.52 (1.24–1.85). However, there was significant
associated heterogeneity (I2 76%, P for heterogeneity <0.001).
Only five studies contributed to the adjusted analysis [19, 20,
31, 35, 38]. In these five studies, the unadjusted HR (95% CI)
was 1.21 (1.15–1.28). After adjustment, there was a small but
statistically significant increased risk of death-censored graft
loss; HR (95% CI), 1.06 (1.01–1.12) (Figure 1B). There was
no associated heterogeneity (I2 0%, P for heterogeneity 0.6).

Sensitivity analysis of likelihood of delayed graft function

Eleven studies [19, 22, 29–35, 40, 41] contributed to the un-
adjusted analysis of likelihood of DGF (Supplementary data,
Figure S4). The unadjusted OR (95% CI) for DGF was signifi-
cantly increased 1.76 (1.52–2.04); however, this was associated

F IGURE 1 : Adjusted pooled estimates of HRs of mortality risk (A), HRs of risk of death-censored graft loss (B) and ORs of delayed graft
function (C).
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with significant heterogeneity (I2 62%, P for heterogeneity
0.05). Only four studies contributed to the adjusted analysis
[20, 22, 31, 32]. The unadjusted OR (95% CI) for DGF in
these studies was 1.76 (1.42–2.18). After adjustment, the OR
(95% CI) for DGF remained elevated at 1.68 (1.39–2.03) with
significant heterogeneity (I2 72%, P for heterogeneity 0.01) pre-
sent (Figure 1C).

Assessment of publication bias

Funnel plots were only generated for unadjusted analyses as
the lower numbers of studies included in adjusted analyses
meant interpretation of the plots was challenging (Supplemen-
tary data, Figures S5–S7). There was evidence of asymmetry
(Egger’s test P 0.02, Begg’s test P 0.9) in the plot for the recipient
survival analysis where larger studies observing smaller effects
of obesity on mortality risk could reflect publication bias. Simi-
larly, there appeared to be funnel plot asymmetry in the studies
of obesity and DGF, which again indicated that larger studies
tended to observe smaller effects (Egger’s test P 0.03, Begg’s
test P 0.2). Trim and fill analysis was also performed, which re-
sulted in minimal alteration to the reported results. The funnel
plot for the death-censored graft survival analysis showed little
evidence of asymmetry suggesting that publication bias was un-
likely to have been present (Egger’s test P 0.1, Begg’s test P 0.6).

DISCUSSION

The increased prevalence of obesity has implications for both
kidney transplant recipients and transplant programmes. In
this systematic review and meta-analysis, we were unable to de-
tect a significant difference in mortality risk between obese
transplant recipients and those with a normal BMI after adjust-
ment for common co-morbidities and transplant-related fac-
tors. In contrast, obese kidney transplant recipients had a
higher likelihood of DGF and death-censored graft loss when
compared with those who had a normal BMI at the time of
transplantation.

Obesity is a major public health issue in many countries [44,
45]. It is also increasingly common amongst CKD patients,
some of whom will be considered for renal transplantation
[2, 11, 46]. In the general population, obesity is associated
with increased mortality risk primarily due to cardiovascular
disease. In this meta-analysis, recipient obesity was not asso-
ciated with an increased risk of death compared with recipients
with a normal BMI. While this initially appears counter-
intuitive, due to the increased prevalence of common co-
morbidities such as hypertension and diabetes mellitus in
obese individuals, there are a number of possible explanations.
Firstly, renal transplant recipients have already acquired a sub-
stantially increased risk of cardiovascular morbidity by virtue of
their development of end-stage renal disease (ESRD) [47]. It is
possible that the additional cardiovascular risk, conferred by
obesity, is undetectable in the presence of ESRD. Secondly,
the relationship between BMI and survival in the haemodialysis
population may be relevant. Paradoxically, in patients onmain-
tenance haemodialysis and those on the transplant waiting list,
a low BMI is associated with an increased mortality risk [48,

49]. This may reflect a combination of underlying comorbidity,
protein-energy malnutrition and the existence of a chronic in-
flammatory state as opposed to a directly protective effect of
adiposity [50]. Potential transplant recipients who do not
have a low BMI may be more likely to be clinically well, with
optimized nutrition and minimal chronic inflammation, thus
rendering them fitter to undergo the physiological stresses as-
sociated with transplantation. Thirdly, the absence of an asso-
ciation between recipient obesity and elevated mortality risk
could relate to inherent selection bias in studies investigating
survival in renal transplantation. Individuals with CKD under-
go rigorous assessment prior to activation on the transplant
waiting list, and those with significant co-morbidities, such as
severe cardiovascular disease, may not be listed [51]. Gill and
colleagues recently reported that recipients with a BMI of
≥30 kg/m2 had an equivalent reduction in mortality to non-
obese recipients following transplantation when compared
with BMI-matched individuals remaining on the transplant
waiting list [8]. Regardless of the explanation, survival follow-
ing kidney transplantation in this study was comparable be-
tween obese persons and those with a normal BMI.

This meta-analysis also demonstrated a small, but statistic-
ally significant, increased risk of death-censored graft loss.
Obesity may result in the development of hyperfiltration and
proteinuria leading to glomerulosclerosis with a consequent re-
duction in GFR [9, 52]. Traditionally, the renal injury that
occurred in obese patients was assumed to be primarily
haemodynamic in nature. However, it is now recognized that
adipose tissue has both endocrine and immunological func-
tions that could contribute to renal damage. Obese patients
have elevated levels of pro-inflammatory cytokines, such as tu-
mour necrosis factor alpha, that maymediate glomerular injury
[14, 53]. Other products of adipose tissue, including certain adi-
pokines, increase insulin resistance and could result in glom-
erular damage through altered endothelial cell function [53].
It is possible that these mediators contributed to the increased
risk of death-censored graft loss documented in this study. It is
also possible that the changes in drug metabolism associated
with obesity may impact long-term graft survival. Previous
studies have demonstrated the difficulties in maintaining ad-
equate serum concentrations of calcineurin inhibitors in
obese patients; sub-therapeutic immunosuppression could pre-
dispose to immunologicallymediated graft injury [16]. A recent
publication described an association between a recipient BMI
exceeding 35 kg/m2 and biopsy-proven acute rejection [54].
In this cohort, adjustment for biopsy-proven acute rejection sig-
nificantly attenuated the HR for death-censored graft loss
among very obese recipients. This may reflect the challenge of
achieving early therapeutic levels of immunosuppression in
these patients whose body composition differs significantly
from transplant recipients with a normal BMI.

In this meta-analysis, obesity was associated with a 68% in-
crease in the odds of DGF. DGF has been attributed to both is-
chaemic and immunological injuries. Molnar and colleagues
hypothesized that obesity could cause DGF through a combin-
ation of vasoconstriction (due to elevated sympathetic nervous
system activity) and protracted operative time [22]. The higher
incidence of post-operative medical and surgical complications
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that have been documented in obese transplant recipients could
also increase the likelihood of DGF [21, 55]. Transplantation is
inevitably associated with a variable amount of ischaemic insult
to the allograft, which could be further compounded in obese
recipients by haemodynamic instability or toxic insults.

The major strength of this meta-analysis is the large number
of transplant recipients included. A previous meta-analysis has
aimed to address the impact of recipient obesity on outcomes
following renal transplantation, but this is the largest study to
investigate these associations [54]. The studies included in
this meta-analysis were also drawn from a variety of countries,
which increases its applicability across a number of healthcare
systems and organ transplantation programmes. A further
strength was the use of results from pre-specified re-analyses
that allowed consistent categorization of recipients according
to BMI across studies. It was not possible to develop a standard
set of covariates to use in adjusted analyses due to heterogeneity
in reporting methods of contributing studies. However, in the
majority of studies contributing to adjusted analyses, the list of
covariates incorporated recipient characteristics (such as age,
gender and co-morbid conditions), donor factors (such as the
type of transplant—live donor versus deceased donor) and
other transplant-related features (such as HLA mismatch and
cold ischaemic time).

This study has potential limitations. Firstly, only a limited
number of studies had adjusted results available, increasing
the risk of Type 2 error. This meant some of the adjusted ana-
lyses were substantially influenced by the results of large indi-
vidual studies. However, as an a posteriori analysis, studies were
sequentially removed from each adjusted analysis to assess the
effect of individual study weighting. The results of the analyses
of recipient survival, graft survival and DGF all remained simi-
lar despite removal of some of the larger studies. As discussed,
there was also some variability in the nature of covariates across
studies. Conceivably donor, recipient and surgical factors could
impact upon both recipient and graft outcomes; therefore, it
would have been preferable to adjust for a standard set of cov-
ariates. The HR of death-censored graft loss shifted substantial-
ly following adjustment for a limited set of covariates such that
the adjusted HR in obese recipients only just reached statistical
significance. It is possible that the effect seen in this meta-
analysis could have disappeared with adjustment for other fac-
tors. In particular, wewere unable to adjust for pharmacological
covariates such as immunosuppressive regimens that could in-
fluence graft outcomes [56]. Differences between studies with
respect to covariates could also have contributed to the high
heterogeneity seen in some results such as the adjusted HR
for recipient mortality. Secondly, some studies have suggested
that transplant outcomes worsen when recipient BMI exceeds
40 kg/m2 [8]. Ideally, further sub-categorization of BMI, e.g.
30–34.9, 35–39.9 and ≥40 kg/m2, would have been useful. Un-
fortunately, individual patient data were not available from all
included studies that precluded any further sub-categorization.
Therefore, based on the results in this meta-analysis, it is not
possible to comment on the effect of very high BMI (>40 kg/
m2). In addition, studies that analysed BMI as a continuous
variable were excluded. BMI categories were used as studies
in the general population have suggested that the association

between BMI and mortality risk is not linear [57]. Thirdly,
we attempted to avoid duplication of data in this meta-analysis
by excluding studies that had overlapping inclusion dates. How-
ever, some overlap may have remained, which could have led to
duplication of data. Fourthly, as discussed earlier, there was
some evidence of publication bias where it appeared that studies
reporting a higher risk of death or likelihood of DGF were more
likely to be published. Fifthly, this meta-analysis focussed on a
single form ofmeasurement of obesity, i.e. BMI. However, other
measures of obesity may also be important. For example,
Kovesdy and colleagues investigated the association between
waist circumference and mortality [58]. This study demon-
strated an association between higher waist circumferences
and recipient mortality post-transplantation, which persisted
in multivariate analysis. Finally, the studies included in this
meta-analysis were all observational in nature, and while
there are plausible biological mechanisms by which obesity
could affect transplant outcomes, it is possible that other un-
measured confounders may have influenced the results. Ideally,
clinical trials investigating the impact of weight loss on trans-
plant outcomes should be performed.

In this meta-analysis, there was no significant difference in
the risk of death between obese transplant recipients and those
with a normal BMI. This suggests that potential recipients
should, therefore, not be excluded from renal transplantation
solely on the basis of obesity. However, obese renal transplant
recipients had a marginally greater risk of death-censored graft
loss and were more likely to develop DGF. There are plausible
technical, haemodynamic and immunological explanations for
this. Obese renal transplant recipients should have careful op-
timization prior to surgery to minimize peri-operative morbid-
ity and to reduce the likelihood of additional graft injury.

SUPPLEMENTARY DATA

Supplementary data are available online at http://ndt.oxford
journals.org.
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