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Abstract
Background Obesity is prevalent in children with chronic kid-
ney disease (CKD), but the health consequences of this com-
bination of comorbidities are uncertain. The aim of this study
was to evaluate the impact of obesity on the outcomes of
children following kidney transplantation.
Methods Using data from the ANZDATA Registry (1994–
2013), we assessed the association between age-appropriate
body mass index (BMI) at the time of transplantation and the
subsequent development of acute rejection (within the first 6
months), graft loss and death using adjusted Cox proportional
hazards models.
Results Included in our analysis were 750 children ranging in
age from 2 to 18 (median age 12) years with a total of 6597

person-years of follow-up (median follow-up 8.4 years).
Overall, at transplantation 129 (17.2%) children were classi-
fied as being overweight and 61 (8.1%) as being obese. Of the
750 children, 102 (16.2%) experienced acute rejection within
the first 6 months of transplantation, 235 (31.3%) lost their
allograft and 53 (7.1%) died. Compared to children with nor-
mal BMI, the adjusted hazard ratios (HR) for graft loss in
children who were underweight, overweight or diagnosed as
obese were 1.05 [95% confidence interval (CI) 0.70–1.60],
1.03 (95% CI 0.71–1.49) and 1.61 (95% CI 1.05–2.47), re-
spectively. There was no statistically significant association
between BMI and acute rejection [underweight: HR 1.07,
95% CI 0.54–2.09; overweight: HR 1.42, 95% CI 0.86–
2.34; obese: HR 1.83, 95% CI 0.95–3.51) or patient survival
(underweight: HR 1.18, 95% CI 0.54–2.58, overweight: HR
0.85, 95% CI 0.38–1.92; obese: HR 0.80, 95% CI 0.25–2.61).
Conclusions Over 10 years of follow-up, pediatric transplant
recipients diagnosed with obesity have a substantially in-
creased risk of allograft failure but not acute rejection of the
graft or death.

Keywords Acute rejection . Bodymass index . Graft
survival . Kidney transplantation . Obesity . Pediatrics

Introduction

The prevalence of childhood obesity is increasing worldwide. In
Australia, in 2011–2012, over 18 and 7% of children (aged 2–17
years) were either overweight or obese, respectively; the preva-
lence of childhood obesity was even higher among children of a
similar age (2–19 years) in theUSA (17%) [1, 2]. The prevalence
of overweight and obesity has also risen in developing countries,
from 8% in 1980 to about 13% by 2013, and in both boys and
girls [3]. Obesity is associated with chronic kidney disease
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(CKD) and may also predispose to a broad range of adverse
health outcomes in children with CKD, such as diabetes, hyper-
tension and cardiovascular disease [4, 5].

Obesity is particularly common in children who have re-
ceived a kidney transplant [6]. The overall prevalence of
childhood obesity in those with CKD Stage 4 to 5D has been
reported to range from 8 to 13% [7–9], increasing to 17% at 6
months after transplantation and to 29% at 12 months post
transplantation [10, 11]. The causal pathways for obesity in
this setting are complex, but they can in part be attributed to
the appetite-stimulating effects of some immunosuppressive
agents, such as high-dose steroids [12].

Obesity is a potential risk factor for delayed graft function,
graft loss and cardiovascular and all-cause mortality in adult
transplant recipients [13, 14], but the evidence supporting a
similar relationship is less clear in the pediatric transplant
population. Among 2- to 17-year-olds from the North
American Pediatric Renal Transplant Cooperative Study there
did not appear to be an increased risk of graft failure or death
in transplant recipients with obesity [8], but an increased risk
of death in a post-hoc sub-group of 6- to 12-year-old children
was found. It is possible that the loss to follow-up among
adolescents in this register masked greater effects. Thus, the
aim of our study was to evaluate the associations between
obesity and acute rejection, graft loss and patient survival in
pediatric transplant recipients.

Materials and methods

Study population

Using data from the Australian and New Zealand Dialysis and
Transplant (ANZDATA) Registry, we included in our study all
children aged 2–18 years of age who had received their first
kidney transplant between 1 January1994 and 31 December
2013. Data on the outcome of acute rejection had only been
continuously compiled in the ANZDATA Registry from 1
April 1997 onward, and so only recipientswhowere transplanted
after this date were included in our analysis. The ANZDATA
Registry is a comprehensive database of all children and adults
who have received renal replacement therapy since 1965 in
Australia and New Zealand. Recipients aged <2 years were ex-
cluded from the analysis as body mass index (BMI) standards
were not available for this age group [15].

Measurement of the exposure

The BMI was calculated as weight (in kilograms) on the day
of transplantation divided by height (in meters) squared.
Height was recorded on the day of transplantation or within
60 days of the transplantation. If these data were not available,
then height was interpolated from the last pre-transplant and

earliest post-transplant heights. The unadjusted BMI was then
transformed into BMI for age and sex Z-scores using the
Centers for Disease Control and Prevention Growth reference
charts [15]. BMI was also categorized using Z-scores corre-
sponding to BMI at 18 years of age into the categories of
underweight (included all grades of thinness; BMI < 18.5),
normal weight (BMI 18.5 to ≤25), overweight (BMI 25 to
≤30) and obesity (BMI > 30), as recommended by the
Childhood Obesity Working Group of the International
Obesity Taskforce [16]. We analyzed BMI as a linear and
categorical variable in all models. In none of the models was
the test for trend significant. Linearity between BMI and all
outcomes was also assessed using restricted cubic splines.
Adding a spline term did not improve the model fit for acute
rejection (p = 0.3), graft failure (p = 0.2) or patient survival (p
= 0.8); accordingly, only categorical data are presented here.

Covariates of interest

Sex, ethnicity (categorized as Caucasian, indigenous and oth-
er), age at first renal replacement therapy and age at transplan-
tation, era of transplant (categorized into four 5-year periods),
primary renal disease (categorized into glomerulonephritis,
cystic, urological and other), type of renal replacement thera-
py, donor source (categorized into living and deceased), age
and sex of donor, human leukocyte antigen (HLA) mis-
matches, total ischemic time (from cross-clamp to perfusion
to the nearest hour) and panel reactive antibodies (PRA) were
all analyzed as potential covariates. Total ischemic time was
used, as the ANZDATA Registry does not collect cold and
warm ischemic times separately.

Outcomes of interest

The primary outcome was all-cause mortality. Causes of death
were reported as cardiac, vascular, infection, malignancy,
withdrawal and other. The two secondary outcomes were
overall and death-censored graft survival, and acute rejection
(within 6 months of transplantation). Causes of graft loss were
reported as chronic allograft nephropathy, vascular, technical,
glomerulonephritis, non-adherence, death with function and
other. Time to first event was ascertained and reported for all
outcomes. All graft outcomes, including causes of graft loss
and acute rejection, were as reported by the treating
nephrologist.

Statistical analyses

The baseline characteristics of the study cohort were
expressed as the number and proportion of recipients who
were classified as being underweight, normal weight, over-
weight and obese. Comparisons of baseline characteristics be-
tween study groups were performed by chi-square and
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Student’s t test for categorical and continuous variables,
respectively.

Univariate and multivariable Cox proportional hazards
models were used to assess the associations between obesity
and acute rejection, graft loss and patient survival, after
adjusting for age at transplant, sex, ethnicity, country, era of
transplantation, primary renal disease, comorbidities, the
number of HLA mismatches, PRA and donor characteristics
(age, sex and whether living or deceased). Collinearity of in-
dependent variables was assessed using the variance inflation
factor. Variables that had an association with the pre-specified
outcomes at a p value of <0.25 in the unadjusted analyses
were included in the multivariable analyses. Variables were
also considered to be a confounder if they changed the coef-
ficient of the explanatory variable by >10%. Potential effect
modification between primary renal disease, age at transplant,
year of transplant, HLA mismatch and BMI and outcomes
was evaluated, but no significant interactions were found.

The proportional hazard assumptions of all Cox models
were assessed by fitting log(time)-dependent covariates in
the multivariate models and then plotting the Schoenfeld re-
siduals; all assumptions were found to be met. Results are
expressed as hazard ratios (HR) with 95% confidence inter-
vals (95% CI).

Patients were followed from transplant date until death,
graft loss or acute rejection. Those who did not experience
death, graft loss or acute rejection were censored at the study
end date of 31 December 2013, or at 6 months post transplan-
tation for the outcome of acute rejection. For the outcome of
death-censored survival, patients were followed from trans-
plant date until graft loss or censored at death or study end
date. The proportions free from events were calculated using
the Kaplan–Meier method. Sensitivity analyses excluding re-
cipients with early technical losses were also performed. All
statistical analyses were performed using Stata version 11.2
(StataCorp LP, College Station TX).

Results

In total, there were 763 eligible patients. Of these, 13 were ex-
cluded due tomissing data for height. The remaining 750 patients
(628 for the outcome of acute rejection) were followed-up for
6597 person-years over a median follow-up time of 8.4 (inter-
quartile range 3.4–19.7) years for the graft survival and patient
survival analyses.

Baseline characteristics

The characteristics of the included patients are shown in Table 1.
Overall, 77 (10.3%) patients were classified as underweight, 483
(64.4%) as normal weight, 129 (17.2%) as overweight, and 61
(8.1%) as obese at the time of transplant. A small number (n =

15; 2%) of the obese patients were considered to be morbidly
obese. Children with obesity were more likely to be younger and
have structural urologic primary renal disease, including congen-
ital anomalies of the kidney and urinary tract (CAKUT).
Children who were classified as underweight were more likely
to be older, have glomerulonephritis as their primary renal dis-
ease and were less likely to receive pre-emptive transplantation.
Overall, the prevalence of obesity remained relatively unchanged
over time (p = 0.2).

Acute rejection within the first 6 months

A total of 102 (16.2%; 95% CI 13.3–19.1%) of the in-
cluded 628 recipients experienced their first acute rejec-
tion within the first 6 months after transplantation as pre-
sented in the Kaplan Meier plot shown in Fig. 1. The
follow-up period for this analysis was 260 person-years.
Compared to children with normal weight, the adjusted
hazard ratios for acute rejection in children classified as
underweight, overweight and obese were 1.07 (95% CI
0.54–2.09), 1.42 (0.86–2.34) and 1.83 (0.95–3.51), re-
spectively [Electronic Supplementary Material (ESM)
Table 1; p value for trend 0.07; see Fig. 4a].

Graft survival

A total of 235 recipients lost their allografts (31.3%; 95% CI
28.0–34.6%), including 21 patients who died with functioning
grafts (Fig. 2). The most common causes of graft failure were
chronic allograft nephropathy (49%), followed by non-
adherence to therapy (11%) and glomerulonephritis (8%). A
total of 19 patients experienced early graft loss due to techni-
cal factors, such as thrombotic events and surgical
complications.

Children with obesity were more likely to experience graft
loss than those with normal weight (adjusted HR 1.61, 95% CI
1.05–2.47). Compared to children with normal weight, the
adjusted hazard ratios for those children classified as under-
weight and overweight were 1.05 (95% CI 0.70–1.60) and
1.03 (95% CI 0.71–1.49), respectively (see Fig. 4b and ESM
Table 1). No significant interaction terms were found in the
models. The findings for death censored graft loss were very
similar. Compared to children with normal weight, the adjusted
hazard ratios for this outcome among those children classified as
underweight, overweight and obese were 0.98 (95% CI 0.63–
1.53), 1.16 (95% CI 0.80–1.68) and 1.64 (95% CI 1.05–2.58),
respectively. A sensitivity analysis with early graft loss excluded
showed no significant change to these results. As shown in
Fig. 2, over 10 years, recipients with obesity had a poorer graft
survival than those with normal weight. Those children who
were underweight or overweight at the time of transplantation
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appeared to track similarly, between the curves for recipientswith
normal weight and those with obesity.

Patient survival

Overall 53 children died (7.1%; 95%CI 5.3–8.9%) as present-
ed in the Kaplan Meier plot shown in Fig. 3. The most

common causes of death were cardiovascular disease (21%),
infection (19%) and malignancy (15%). As seen in Fig. 4c and
ESMTable 1, compared with those of normal weight, children
whowere classified as underweight, overweight and obese did
not experience an increased risk of overall death [adjusted HR
1.18 (95% CI 0.54–2.58), 0.85 (95% CI 0.38–1.92) and 0.80
(95% CI 0.25–2.61), respectively].

Table 1 Baseline characteristics of the study cohort (n = 750)

Baseline characteristics Categories of patients at baseline p value

Underweight
(n = 77, 10%)

Normal weight
(n = 483, 64%)

Overweight
(n = 129, 17%)

Obesity
(n = 61, 8%)

Patient characteristics
Age at transplant (years)
2–6 14 (8) 95 (54) 42 (24) 26 (15) <0.001
7–10 9 (6) 107 (68) 32 (20) 9 (6)
11–15 19 (9) 154 (71) 34 (16) 9 (4)
16+ 35 (18) 127 (64) 21 (11) 17 (9)

Sex
Female 35 (11) 201 (64) 54 (17) 23 (7) 0.84
Male 42 (10) 282 (65) 75 (17) 38 (9)

Racial origin
Caucasian 60 (10) 385 (64) 100 (17) 52 (9) 0.74
Indigenous 6 (10) 37 (60) 15 (24) 4 (6)
Other 10 (12) 57 (67) 13 (15) 5 (6)

Primary renal disease
Glomerulonephritis 39 (17) 143 (62) 30 (13) 19 (8) 0.002
Cystic 7 (11) 42 (66) 7 (11) 8 (13)
Urologic 20 (6) 214 (65) 67 (20) 29 (9)
Other 11 (9) 84 (67) 25 (20) 5 (4)

Country
Australia 66 (11) 393 (63) 108 (17) 57 (9) 0.11
New Zealand 11 (9) 90 (71) 21 (17) 4 (3)

Time on dialysis prior to transplant (years)
Preemptive 13 (8) 115 (67) 29 (17) 15 (8) 0.05
≤1 year 30 (11) 189 (69) 33 (12) 21 (8)
>1 year 34 (11) 179 (59) 67 (22) 25 (8)

Donor characteristics
Donor source
Deceased 22 (9) 156 (62) 55 (22) 20 (8) 0.11
Living 55 (11) 327 (66) 74 (15) 41 (8)

Donor age (years)
0–20 2 (3) 43 (72) 12 (20) 3 (5) 0.06
21–40 25 (9) 176 (61) 56 (19) 31 (11)
41–60 43 (12) 244 (66) 56 (15) 26 (7)
61+ 7 (21) 20 (61) 5 (15) 1 (3)

Transplant characteristics and immunology
Year of transplant
1994–1998 19 (11) 120 (68) 26 (15) 12 (7) 0.82
1999–2003 17 (10) 107 (60) 35 (20) 19 (11)
2004–2008 16 (9) 118 (65) 32 (18) 15 (8)
2009–2013 25 (12) 138 (64) 36 (17) 15 (7)

Human leukocyte antigen mismatch
0 1 (4) 17 (63) 5 (19) 4 (15) 0.42
1–2 27 (9) 198 (68) 45 (15) 21 (7)
3–4 37 (12) 187 (60) 59 (19) 30 (10)
5–6 11 (10) 71 (66) 20 (19) 5 (5)

Panel reactive antibodies
0–25 63 (10) 422 (65) 114 (17) 55 (8) 0.91
26–50 5 (16) 19 (61) 5 (16) 2 (6)
51–75 2 (13) 11 (69) 3 (19) 0 (0)
76–100 3 (14) 13 (59) 5 (23) 1 (5)

Initial immunosuppression
Prednisone 74 (10) 466 (64) 127 (17) 60 (8) 0.59
Tacrolimus 46 (13) 229 (64) 60 (17) 23 (6) 0.07
Cyclosporin 30 (8) 245 (65) 66 (17) 37 (10) 0.08
Mycophenolate 60 (11) 362 (64) 100 (18) 44 (8) 0.18
Azathioprine 17 (10) 110 (64) 30 (17) 16 (9) 0.94
Induction anti-CD25 45 (12) 244 (63) 65 (17) 32 (8) 0.62
Induction T-cell depletion 3 (10) 16 (55) 5 (17) 5 (17) 0.32
Induction B-cell depletion 0 (0) 3 (100) 0 (0) 0 (0) 0.65

Values in table are presented as the number (of patients) with the percentage given in parenthesis
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Discussion

In a population-based study of 750 pediatric kidney transplant
recipients with 6597 patient-years of follow-up, we have
shown that childhood obesity at transplantation is associated
with a 60% increased risk of graft loss. This excess risk man-
ifests soon after transplantation and persists for up to 10 years.
Overall, graft loss appears to be the only adverse outcome
associated with obesity, with no clear association between
obesity and acute rejection or patient survival. Being over-
weight does not appear to confer a similar risk. Our findings
suggest that obesity, affecting 10% of children at transplanta-
tion and being a potentially modifiable factor, should be man-
aged effectively before transplantation, and this may prevent
unnecessary graft loss.

Our observations may be explained in several ways. One
potential contributor to increased graft loss may be attributed
to the higher workload at the nephron level in those with
obesity, which is manifested in glomerular hyperfiltration

and reduced graft function [11]. Glomerular hyperfiltration
and hypertrophy as well as hypertension are known non-
immunologic contributors to chronic allograft nephropathy,
which was the major cause of graft loss in this cohort of
pediatric renal transplant recipients. In adults, one of the lead-
ing causes of graft and patient loss is cardiovascular risk, in
which the role of obesity is well established. Among pediatric
renal transplant patients a higher blood pressure has been
found in those with obesity post transplant [11, 17], and
post-transplant hypertension has been associated with in-
creased chronic allograft injury and poorer graft survival
[18]. Given a relatively low event rate for death, this may
explain why similar observations have not been found in the
relationship between obesity and patient survival. Vascular
thrombosis and surgical complications in general are more
common in pediatric recipients, and this risk may be enhanced
in those with obesity, although such an enhancement was not
found in this cohort [19]. Change in BMI over time may also
impact upon long-term graft outcomes, but this was beyond
the scope of our study. It is also possible that our observation
may have simply occurred by chance although this is unlikely
as similar results have been reported in the adult population
and the effect is biologically plausible.

The association between obesity and recipient outcomes in
the adult transplant population has been previously evaluated
but with conflicting results. Some of these studies demonstrat-
ed that obesity is a risk factor for graft loss, while others found
no association between obesity and patient and graft outcomes
[20, 21]. A large registry study of over 50,000 adult transplant
recipients reported a U-shaped association between BMI and
both patient and graft survival. Recipients with a very high
and very low BMI at the time of transplant were most at risk
for either patient and graft survival [22]. More recently, a
number of systematic reviews have assessed the relationship
between BMI and graft and patient outcomes post-renal trans-
plantation. The results of these reviews are inconsistent, which
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in part may be attributed to the different definitions of obesity
within BMI that were used. Lafranca et al. reported that obese
transplant recipients were more likely to experience acute rejec-
tion, wound infection andwound dehiscence than recipients who
were not obese [23]. In the same review, the incidence of new-
onset diabetes after transplantation and risk of both patient and
graft loss at 1, 2 and 3 years after transplantation were also higher
in transplant recipients with a BMI of >30 than in those with a
BMI of <30 [23]. This differs from studies in which BMI was
analyzed using the World Health Organization categories, when
both extremes were found to be associated with poorer patient
and graft survival outcomes [13].

In the pediatric kidney transplant population, the associa-
tions between obesity and graft and patient outcomes are less
certain. A study of 6658 pediatric kidney transplant recipients
found no reduction in patient and graft survival overall in
obese recipients, but a higher risk of death was found in a
sub-group of 6- to 12-year-old recipients. This result was at-
tributed largely to cardiovascular disease and vascular throm-
bosis, although as mentioned this Registry experiences patient
loss to follow-up in the adolescent cohort, possibly explaining
the lack of similar changes in children older than 12 years [8].
A smaller retrospective study of 76 pediatric patients assessed

graft outcomes at 1 year post transplantation. In children who
were obese at the time of transplantation there was an in-
creased risk of reduced graft function and increased systolic
blood pressure at 1 year; however, there was no difference in
acute rejection compared to those who were not obese at the
time of transplantation [11].

Our study has a number of strengths. ANZDATA is a com-
prehensive database of all kidney transplant recipients, which
is different from previous registry studies that rely on the
voluntary entry of patients. Within ANZDATA, exposure
and outcome data are reliably collected and reported from
childhood continuing into adulthood [24]. However, although
adjustment was made for multiple confounding factors, there
may be unmeasured residual confounders, such as type and
intensity of maintenance immunosuppression, and remaining
co-morbidities that were not reported and so cannot be adjust-
ed for. As records of biopsy-proven rejection and the presence
of BK virus-associated nephropathy were not available, mis-
classification of acute rejection may occur, but this is unlikely
to be differential and so would not impact on the associations
observed. Given the small numbers of children in each BMI
category in our study, we may not have had the statistical
power to detect a significant difference in transplant
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Fig. 4 Adjusted hazard ratios for acute rejection (a), all-cause graft loss
(b) and death by BMI categories (c) in pediatric kidney transplant recip-
ients between 1994 and 2013. a Adjusted for age at transplant, country
and year of transplant, b adjusted for age at transplant, racial origin,

primary renal disease, human leukocyte antigen (HLA) mismatch and
year of transplant, c adjusted for age at transplant, HLA mismatch and
year of transplant. CI Confidence interval
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outcomes, including acute rejection and patient survival by
BMI groups, and we regard this study as an exploratory one.
In addition to this, the very small numbers of morbidly obese
children limited assessment of associations of outcomes with
BMI in this group or with BMI as a continuous variable.
Acute rejection has only been collected through the
ANZDATA registry since April 1997, which limits the acute
rejection analysis to 84% of the total cohort and reduces power
further in this analysis. Having noted an increased risk of graft
loss in recipients with obesity, the next steps are to delineate
the potential causes and mechanisms of these losses. Further
research into the change over time in BMI post transplantation
in pediatric recipients may be useful in exploring these long-
term associations.

Conclusions

In summary, we have demonstrated an association of obesity
and long-term graft outcomes for children with kidney trans-
plants, specifically graft loss. In addition to establishing the
causes for these graft losses, concerted efforts to inform par-
ents and children of the possible negative effects of obesity
and ensuring children are actively pursuing a healthy lifestyle
and dietary choices prior to transplant is a priority.
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