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Abstract The increased incidence of obesity in the paediatric
population poses significant challenges to renal transplanta-
tion. Whilst the body mass index appears to be widely used as
a measure of obesity in adults, there are no standardised def-
initions in the paediatric population, making comparative
analyses difficult. In the paediatric transplant population, obe-
sity is associated with an increased incidence of surgical com-
plications, diabetes, hyperlipidaemia and cardiovascular mor-
bidity, leading to diminished graft function and impacting pa-
tient and graft survival. Management of obesity in renal trans-
plantation requires multiple interventions starting with life-
style and behavioural modification combined with medical
and possibly surgical therapies, representing a unique chal-
lenge in the childhood setting. In this review we discuss the
current challenges of obesity and potential solutions in the
setting of paediatric transplantation.
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Introduction

Obesity represents a significant challenge to modern day
healthcare and is estimated to involve in excess of 20 % of
the population in developed countries [1]. The interaction with
renal transplantation is multifaceted and with an ever growing
demand for renal transplantation and as many as 60% of adult

patients overweight or obese at the time of transplantation [2],
the challenges are significant. Furthermore, in the last decade
there has been a growing concern regarding an epidemic of
obesity in the childhood and adolescent population. In the UK
it has been reported that around one-third of children aged 2–
15 years are overweight or obese and that this proportion is
likely to increase in the future ([3]; see Fig. 1). This trend has
considerable implications for managing young patients with
chronic renal failure facing the need for dialysis and kidney
transplantation. Although the impact of obesity in adult renal
transplantation has been extensively investigated (and remains
subject to heated debate), the problems posed by obesity in
paediatric patients have received comparatively little attention
in the literature. Furthermore, some of the potential solutions
in the adult population are not as relevant for the paediatric
transplantation.

Therefore, in this review we discuss the specific challenges
of obesity in the paediatric population and the potential solu-
tions in the wider context of managing obesity in transplant
recipients.

The metrics of obesity

The body mass index (BMI) is the most widely used measure
of obesity in adult patients due to the ease of calculation
[kilogrammes (kg)/height in metres squared (m2)]. Obesity
according to BMI criteria has been further stratified into class
I (obese, 30–34.9 kg/m2), class II (morbidly obese, 35–39.9
kg/m2) and class III (very morbidly obese, >40 kg m2), with
adult transplant recipients in the USA recently comprising
23 % class I, 9 % class II and 2 % class III [4]. In addition
to stratifying the population based on weight and height, the
BMI classifications share a relationship with clinically rele-
vant end-points, such as cardiovascular mortality, in large
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population studies. However, such a correlation cannot be
extrapolated to the paediatric population given the age of the
patients and the time lag to developing cardiovascular events.

However, in children and adolescents, BMI assessment is
more difficult as it changes as children mature. Furthermore,
growth patterns are different between boys and girls and,
therefore, both the age and sex should be considered to accu-
rately determine the weight of an individual and a population
of children (Table 1). BMI thresholds are defined by a specific
z-score (or centile), which can then be cross-referenced
against the specific child growth reference used [5–7]. Several
growth references for children have been described, including
the UK90 growth reference chart for the UK, sets of cut-off
values of BMI by age and sex established by the International
Obesity Task Force (IOTF), sets of percentiles of BMI by age
and sex specific for U.S. children by the Centers for Disease
Control (CDC) and criteria established by the World Health
Organisation (WHO), where the latter represent growth stan-
dards to provide an indication of optimal growth. However,
this method has been criticised given that heavier children

require a far greater increase in weight than leaner children
to achieve the same score. As an alternative, more recent pae-
diatric studies employ BMI%, which calculates the difference
from the median BMI-for-age, as it is thought to represent as
rigorous a calculation as BMI itself [5, 8].

Therefore, an international standardisation of definition,
reference population and age- and gender-specific cut-off
points has been attempted in order to allow international com-
parisons and monitor the epidemic of obesity [9]. Despite this
attempt, however, the two most widely used references (IOTF
and WHO) continue to be discrepant due to the choice of cut-
offs and the criteria used to select the population samples.

The calculation of BMI does not differentiate adiposity
mass from muscle mass and body water, the proportions of
which may vary considerably in the end-stage renal disease
population. Therefore, in the adult population other measures
have been proposed, such as waist–hip ratio or simply the
waist circumference measurement. In the paediatric popula-
tion, measures such as the waist and upper arm circumference,
bio-impedance, skinfold thickness, body fat mass and

Fig. 1 Prevalence of obesity in
paediatric population in the UK
(source: http://www.noo.org.uk/
NOO_about_obesity/child_
obesity/UK_prevalence
—courtesy of Public Health
England)

Table 1 Clinical definitions of
weight status in individual
children and for population
monitoring

Clinical definitions of weight status Individual children Population measurements

Clinically very underweight ≤0.4th centile

Clinically low weight ≤2nd centile ≤2nd centile

Clinically healthy weight >2 to <91th centile >2 to <85th centile

Clinically overweight ≥ 91st centile ≥85st centile
Clinically obese ≥98th centile ≥95th centile
Clinically extremely obese ≥99.6th centile
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percentage body fat have been explored as markers of obesity,
but have yet to gain wider acceptance [10].

Access to transplantation

In the adult population, there has been considerable debate
about the access to transplantation according to BMI criteria,
and in many national guidelines and centres specific policy
limits (such as a BMI of 35 kg/m2) are in place in an attempt to
minimise the post-operative morbidity and mortality [11–13].
As yet, this does not appear to have translated into the paedi-
atric setting and, indeed, it would be rather difficult to justify
such a policy. This is perhaps a consequence of the less well-
defined correlation between paediatric BMI and cardiovascu-
lar risk, in addition to a distinct absence of consensus in the
adult population regarding the BMI threshold that voids any
transplantation benefit. In fact, the survival benefit for trans-
plantation versus dialysis in all BMI groups has often been
used as a strong counter-argument to restrictive listing poli-
cies. However, it is clear that these debates may have potential
implications for paediatric listing criteria, particularly in the
older group about to transition to the adult population.

Surgical complications

It is well established in the adult surgical literature that obesity
increases the incidence of peri- and postoperative complica-
tions, and there is no reason to predict that this should be
different in paediatric renal transplant recipients. Although
data specific to the paediatric population are scarce, in adult
recipients the incidence of surgical site infection appears to
dramatically increase with rising BMI and has been reported
to reach 40 % in the very morbidly obese transplant patients
[14]. In both paediatric and adult settings, comparatively avas-
cular adipose tissue combined with chronic, pre-
transplantation uraemia and inflammation impairs wound
healing and increases the incidence of wound complications,
including a fourfold increased risk of wound infection [15].
Wound complications following renal transplantation are fur-
ther compounded by the use of certain immunosuppressive
drugs, including mammalian target of rapamycin (mTOR) in-
hibitors, in particular sirolimus, and corticosteroids [16]. The
higher risk of wound complications (including dehiscence and
subsequent incisional herniation) may be due to an association
between obesity and reduced collagen deposition, increased
tension of the edges of the fascia, the relative avascular nature
of the adipose tissue and obesity-associated vascular impair-
ment resulting in decreased oxygen tension and associated
neutrophil oxidative killing.

Graft function

Adult studies report widely on the strong association between
delayed graft function and obesity [17–22]. Some of the rea-
sons for this association may relate to the technical challenges
at the time of surgery, including a prolonged anastomotic time
leading to longer warm ischaemia duration, whilst others may
be related to the type of donor (donation after circulatory
death) or the negative impact of higher calcineurin inhibitor
doses. Paediatric data in this context are limited, but some
preliminary evidence suggests that no such correlation exists
in children [23]. However, short-term follow-up studies have
shown a reduction in glomerular filtration rate (GFR) in child-
hood obese renal transplant recipients. In a retrospective
single-centre analysis, paediatric recipients who were obese
prior to or following transplantation experienced a significant
reduction in GFR at 1 year post-renal transplant compared
with normal weight patients [7]. However, different immuno-
suppressive regimes were used during the study period, and
their exact impact on the renal function or the development of
hypertension (postulated by the authors as causing the poorer
function) is unclear. In contrast, in a multivariate regression
analysis of interval increases in BMI z-score following trans-
plantation, there was no apparent effect of increased weight on
estimated GFR [6]. This finding was supported by a 4-year
follow-up study of estimated GFR in a large multi-centre UK
study of normal, overweight and obese paediatric renal trans-
plant patients [24].

In the adult population, there is conflicting evidence as to
whether obesity is related to a higher incidence of acute rejec-
tion [19, 25–28]. The available paediatric evidence appears to
suggest a similar experience, with little difference in the rate of
acute rejection between obese and non-obese patients. In
keeping with observations from an earlier work [29],
Mitsnefes et al. reported that obese children had an equivalent
risk of developing acute rejection as normal weight children in
the first year post-transplant [7]. Indeed, similar findings were
also reported in a large study of over 6500 children using the
North American Paediatric Renal Transplant Cooperative
Study (NAPRTCS) registry [23].

Patient and graft survival

Kidney transplantation prolongs survival [30] and improves
the quality of life [31] across all patient groups. In the adult
population there is conflicting evidence that a higher BMI is
associated with a reduction in graft and patient survival. In a
comprehensive analysis from the U.S. Renal Data System
(USRDS) of over 50,000 adult patients transplanted over a
10-year period, there was a distinct association between
incrementing BMI, particularly in excess of 26 kg/m2, and
multiple end-points, including patient death, graft loss
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censored for patient death and chronic allograft failure [27].
This study also described a U-shape association between BMI
and graft and patient survival, with both being significantly
worse at the extremes of BMI when compared with the refer-
ence range of 24 kg/m2 [27]. However, a similar correlation at
both ends of the BMI spectrum has not been described in the
paediatric population. A recent meta-analysis suggested that
in fact the association between BMI and poorer adult patient
and graft survival was only present in the early reported stud-
ies and has been non-existent in studies conducted during the
last 10 years [21] (Fig. 2).

The most robust paediatric data investigating a correlation
between obesity and patient and graft survival come from the
NAPRTCS of over 6500 children, of whom 3500 and 3100
underwent living-donor or cadaveric renal transplantation, re-
spectively, from 1987 to 2002 [23]. In this study, there was no
significant difference between obese and non-obese children
in terms of overall graft or patient survival. However, in a
subgroup analysis, obesity did have an adverse effect on the
survival of children aged 6–12 years who had a greater risk of
death than non-obese patients, both for living-donor and de-
ceased donor kidney grafts. The majority of deaths were from
cardiopulmonary disease. This study also reported that vascu-
lar thrombosis was nearly twice as common in the obese chil-
dren (19 vs. 10 %). Further analyses are required to confirm

these findings, but it would appear that the detrimental effect
of obesity might be restricted to certain paediatric groups.

Cardiovascular risk

In the adult population, a BMI of >30 kg/m2 is associated with
a 190 % increase in the risk of cardiac events, including angi-
na, myocardial infarction, cardiac death and the need for car-
diac re-vascularisation [32], and is strongly correlated with the
development of post-transplant hypertension [33]. Hyperten-
sion, and especially nocturnal hypertension, is also a consid-
erable problem in paediatric recipients [34]. Although this is
most problematic in the first month following transplantation,
with 50–70 % of recipients affected, the problem persists de-
spite therapeutic intervention, with a prevalence of around
40 % at the 1-year follow-up and 12 % in the longer term
[6, 35]. The significant impact of an increased BMI on the
blood pressure appears to be independent of glucocorticoid
exposure [36]. Furthermore, the blood pressure is most signif-
icantly elevated in those children with obesity prior to trans-
plantation, compared with normal weight children, or with
those developing obesity following transplantation [7].

The mechanism by which obesity leads to hypertension is
multifactorial [37] and includes sodium sensitivity, higher

Fig. 2 The overall effect of the
bodymass index (BMI) on patient
survival at 1 year (a) and 5 years
(b) after renal transplant and
according to the study era
(adapted from Nicoletto et al.
[21]; used with permission).M–H
Metropolis–Hastings algorithm,
CI confidence interval
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renal sodium reabsorption with impaired pressure natriuresis,
increased activity of the renin–angiotensin–aldosterone sys-
tem, expansion of the extracellular volume and physical com-
pression of the kidneys [38].

Cardiovascular disease, observed most commonly in obese
children [23], is the second most common cause of death in
paediatric recipients (similar to adult population). Overall, car-
diovascular disease has been shown to account for 40 % of all
mortality cases in paediatric renal transplantation patients,
which is equivalent to a 100-fold increase compared with an
age-matched population [39]. Interestingly, young adults aged
19–39 years with preceding childhood-onset chronic renal
failure already managed by dialysis demonstrate advanced
coronary and carotid arterial disease [40]. This suggests that
arterial disease occurs from the earliest stages of paediatric
renal disease, with disease pathogenesis likely a result of ath-
erosclerosis, uraemic arterial sclerosis and uraemic cardiomy-
opathy. This disease progress strongly supports early trans-
plantation of the paediatric patient.

In a retrospective study of 78 patients aged 1–25 years who
underwent transplantation from 1988 to 2007, a number of
dominant cardiovascular risk factors were identified in up to
50 % of patients, including dyslipidaemia, hypertension,
hyperglycaemia and excess weight [35]. Although the preva-
lence of these risk factors decreased in the years following
transplantation, they remained abnormally elevated, particu-
larly as the incidence of excess weight increased during this
period. The combination of central obesity, dyslipidaemia,
hypertension and fasting hyperglycaemia characterises the
metabolic syndrome with hyperlipidaemia, insulin resistance
or post-transplantation diabetes and weight gain, all common
findings following renal transplantation [41–43].

Following renal transplantation, over 50 % of children are
classed as overweight or obese compared with approximately
30 % prior to transplantation, with most experiencing rapid
and sustained weight gain in the first few months after surgery
[6, 24, 35]. The primary driver for post-operative weight gain
was found to be excess weight before transplantation.

Several adult studies have suggested that the presence of
the metabolic syndrome is a potent predictor of patient and
graft outcome [44, 45] and that obesity is the primary pathol-
ogy responsible for the development of the metabolic syn-
drome [4, 45–48], particularly as adipose tissue secretes
adipokines, such as leptin, tumor necrosis factor alpha and
interleukin-6 [49]. It is unsurprising, therefore, to see that the
prevalence of the metabolic syndrome in children increases
following transplantation, affecting between 20 and 40 % of
individuals in the first 1–2 years post-transplantation, particu-
larly with prolonged corticosteroid use [50, 51]. It is obesity
and its influence on the development of the cardiovascular risk
factors comprising the metabolic syndrome that are the central
components of the elevated incidence of cardiovascular mor-
tality in paediatric renal transplantation.

Obesity and child growth

Child growth is an essential outcome of paediatric transplan-
tation as it is linked to better long-term functional outcomes,
such as education, employment and marital status. Transplan-
tation restores the child’s development to near-normal levels,
and catch-up growth is best achieved in children transplanted
at a younger age. However, the presence of obesity represents
a serious obstacle for normal development. In a cohort study,
the authors identified that obese children were younger and
shorter and spent more time on dialysis than did non-obese
children [23]. A steroid-free regimen protects against increas-
ing obesity post-transplantation and allows a significant
growth improvement [52].

Managing obesity in paediatric renal transplantation

Managing weight gain following transplantation presents a
particular challenge in the paediatric setting, not least because
of specific social factors figuring prominently in the life of a
growing child. With parental involvement, risk modification
strategies, including dietary and life-style considerations com-
bined with cholesterol and lipid modification, blood pressure
and glycaemia control, are essential. However, this can on
occasion be a challenging endeavour, as the risk modification
strategies should not only apply to the children but also to their
parents. There is a growing body of evidence suggesting that
family eating environments [53], parents’ own behaviour and
even the body weight and physical activity status of child
caregivers can influence the development of obesity from a
very young age [54]. These findings suggest that the develop-
ment of obesity in childhood is a multifactorial problem that
requires a wide range of environmental and psychosocial fac-
tors and behavioural triggers to be addressed in conjunction
with genetic predisposition. Of particular importance in the
setting of transplantation is a tailored approach to

Fig. 3 Pyramid of interventions in the management of obesity in adult
renal transplantation. BMI Body mass index
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immunosuppressant drug therapy. This approach should in-
clude a limitation on corticosteroid use either with rapid with-
drawal or even avoidance, given that prolonged use is closely
associated with weight gain and the development of hyperten-
sion [55, 56]. It would also require close monitoring of the
graft function, given the increased risk of acute rejection.
However, a strategy of antithymocyte globulin induction with
calcineurin inhibitor and mycophenolate mofetil maintenance
therapy and steroid pulse therapy only for rejection episodes
has proved safe and to provide protection against steroid-
induced obesity and short stature [52].

There is a step-wise approach to managing obesity in adult
renal transplant patients (Fig. 3). Bariatric surgery is the last
resort when all other methods have failed to provide the de-
sired weight loss [56]. Arguably, no paediatric recipient
should reach this stage if all other measures are carefully im-
plemented with adequate psychosocial support. However,
several case reports suggested that bariatric surgery in child-
hood might have a role, if only in very selected cases [57, 58].

Conclusion

Renal transplantation in the overweight and obese child rep-
resents a considerable challenge, which is likely to increase in
the coming years. Excess weight translates into a higher risk
of surgical complications, an increase in post-transplantation
obesity with the associated features of the metabolic syndrome
and poorer outcome. Following transplantation, weight gain
control is challenging and requires a complex and multi-
modal approach that necessitates parental support and input.
Whether BMI should be used to stratify children at excess risk
following transplantation is unclear, and future studies might
consider other features of body composition to define obesity.
Despite all the challenges associated with obesity, there is a
significant survival benefit for transplantation compared with
dialysis and, therefore, every effort should be made to offer
each child a chance of receiving a kidney transplant at the
earliest opportunity.

Table of summary points

Summary
Point

Comment

1 BMI assessment in children is more
difficult than in adults as it changes
as children mature. Growth patterns are
different between boys and girls and,
therefore, both the age and sex should be
taken into account to accurately determine
the weight.

2 Renal transplantation provides a better
long-term outcome than dialysis
in obese patients.

3 Obesity adversely affects survival in
certain groups of paediatric patiens
with a higher risk of vascular thrombosis
and cardio-pulmonary death.

4 Obesity is independently correlated with the
development of post-transplant hypertension
and cardiovascular complications.

5 Management of obesity in renal
transplantation requires multiple interventions
starting with life-style and behavioural
modification combined with medical and
possibly surgical therapies in the unique
setting of childhood.

Multiple choice questions (answers are provided
following the reference list)

1) Regarding the definition of obesity in children:

a. Waist-to-hip ratio is the most widely accepted mea-
surement of excess weight;

b. Individual clinical obesity is defined as a weight
≥91st centile;

c. Clinical overweight in population measurements is
defined as a weight ≥85th centile;

d. Obesity is defined as a BMI in excess of 25 kg m2;
e. The reference datasets of the IOTF, CDC and WHO

are the least commonly used reference ranges for pae-
diatric obesity.

2) Following renal transplantation in obese paediatric
recipients:

a. Wound infection rates are reduced if sirolimus is used;
b. Delayed graft function occurs with equal incidence

with increasing levels of obesity;
c. Delayed graft function is primarily caused by the sur-

geon taking too long to perform the operation;
d. Patient survival is no different from the survival of

patients on dialysis;
e. Graft survival is equivalent to that observed in normal

weight recipients.

3) Regarding outcomes following renal transplantation in
paediatric recipients:

a. The risk of acute rejection is comparable with that of
normal weight patients;

b. The risk of patient death is higher in all obese recip-
ients than in normal weight recipients;
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c. The risk of patient death from cardiovascular disease
and infection is higher in normal weight recipients;

d. The effects of the metabolic syndrome are eradicated
by renal transplantation;

e. The risk of metabolic complications is lower with
steroid free immunosuppressive regimens.

4) In considering weight management and transplantation:

a. Obesity in children is influenced by parent’ eating
habits;

b. Weight gain post-transplantation is lower in pre-
transplant obese children;

c. Bariatric surgery following transplantation has shown
a clear benefit in improving graft survival and is
recommended;

d. There is no role for steroid weaning regimens;
e. Psychosocial factors have no role in managing post-

transplant obesity.

5) Regarding paediatric renal transplantation:

a. Child and adolescent obesity is not a current concern;
b. Weight tends to fall rather than increase following

transplantation in this age group;
c. Younger age and excess pre-transplantation weight is

associated with increased weight following
transplantation;

d. Graft survival is unaffected by weight in paediatric
renal transplantation;

e. Obese children should be deferred from transplanta-
tion until they loose weight.
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