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Abstract
Introduction  We assessed the effect of recipient body mass index (BMI) on the outcomes of renal transplantation and the 
management of obese patients with end-stage renal disease across the UK.
Methods  We analyzed data of 25539 adult renal transplants (2007–2016) from the UK Transplant Registry. Patients were 
divided in BMI groups [underweight: < 18.5, normal: 18.5–24.9 (reference group), overweight: 25–29.9, class I obese: 
30–34.9, class II/III obese: ≥ 35]. We also conducted a national survey of all UK renal transplant centers on the influence of 
BMI on decisions regarding management of renal transplant candidates.
Results  BMI ≥ 25 was an independent risk factor for delayed graft function and primary non-function (p ≤ 0.001). Under-
weight (p = 0.001), class I obese (p = 0.017) and class II/III obese recipients (p < 0.001) had poorer graft survival, however, 
5- and 10-year graft survival rates were good. Patient survival was shorter for underweight recipients (p < 0.001) and longer 
for overweight (p = 0.028) and class I obese recipients (p = 0.013). The national survey revealed significant variability among 
transplant centers in BMI threshold for listing patients on transplant waiting list and limited support with conservative or 
surgical procedures for weight control.
Conclusions  Obesity alone should not be a barrier for renal transplantation. A national strategy is required to give all patients 
equal chances in transplantation.

Keywords  Body mass index · Obesity · Renal transplant · Delayed graft function · Primary non-function · Graft survival · 
Recipient survival

Introduction

The World Health Organization defines overweight as a 
body mass index (BMI) between 25 and 29.9 kg/m2 and 
obesity as BMI ≥ 30 kg/m2, which is further divided in class 
I (BMI: 30–34.9 kg/m2), class II (BMI: 35–39.9 kg/m2) and 

class III or morbid obesity (BMI ≥ 40 kg/m2) [1]. Obesity 
is increasing throughout the world. It is expected that 2.7 
billion adults and 70 million children will be overweight 
or obese in 2025 worldwide [2]. As obesity increases in the 
general population, it also increases amongst patients with 
end stage renal disease (ESRD) [3].

Kidney transplantation is the treatment of choice for most 
patients with ESRD. The effect of obesity on renal transplant 
long-term outcomes remains controversial, with some stud-
ies identifying an impact on graft failure, while others not 
[4–9]. In particular, three large studies from the USA have 
reported higher risk of graft loss in obese recipients [4, 8, 9], 
whereas another large study from the USA, as well as two 
others from the UK and Brazil showed no significant differ-
ence in graft survival between obese and non-obese recipi-
ents [5–7]. However, there is consensus amongst studies 
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with regard to the increased risk of delayed graft function 
(DGF) in obese patients [4, 6, 9].

Although there are national guidelines regarding the man-
agement of obese patients in the general population in the 
UK, there is no national strategy for managing obese patients 
with ESRD and enlisting them for renal transplantation. 
There is a lack of a common policy for the proper treatment 
of obese candidates and unanimous enlisting criteria for this 
type of ESRD patients are not available at a national level 
so far [10, 11].

The aim of our study was to estimate the effect of recipi-
ent BMI on specific renal transplant outcomes, namely DGF 
rates, primary non-function (PNF) rates, graft survival and 
recipient survival, based on the most recent and comprehen-
sive UK data gathered from the UK transplant registry. We 
also assessed through a national survey the various strategies 
among all UK renal transplant centres regarding enlisting 
criteria for obese ESRD patients and the available treatment 
options in terms of weight management that are provided by 
these centres. In addition, we tried to highlight the need for a 
national strategy concerning the management and enlisting 
of obese renal transplant candidates and make suggestions 
based on our findings obtained from the analysis of data at 
a national level.

Methods

Patients

Data from the UK Transplant Registry were provided by the 
National Health Service Blood and Transplant (NHSBT) for 
a 10 year period (1st January 2007–31st December 2016) for 
a total of 25,539 adult renal transplant recipients. In Octo-
ber 2018, data for the following parameters were collected 
retrospectively from a prospectively maintained database:

1.	 Recipient characteristics: age, gender, ethnicity, BMI at 
transplant, cause of renal failure, number of previous 
renal transplants, time on waiting list and whether the 
transplant was preemptive or the patients had already 
started dialysis

2.	 Donor characteristics: age and type (live or deceased 
after brain or circulatory death)

3.	 Cold ischaemia time (time between cold perfusion of 
donor and reperfusion of kidney with recipient’s blood)

4.	 HLA mismatch (level 1: 000, level 2: 0DR+0/1B, level 
3: 0DR+2B or 1DR+0/1B, level 4: 1DR+2B or 2DR) 
[12] and transplant compatibility (ABO and HLA)

5.	 Transplant outcomes: whether there was immediate 
function, DGF (defined as the need for dialysis during 
the first week post-transplant) or PNF (defined as per-
manent loss of allograft function starting immediately 

after transplantation), graft survival (time between trans-
plantation and return to dialysis or retransplantation) and 
recipient survival (time between transplantation and 
recipient’s death).

In addition, we conducted a national survey to assess the 
current management of obese patients with ESRD in UK. 
A questionnaire of twelve questions was sent via email to 
each of the 23 UK renal transplant units. The questionnaire 
focused on enlisting criteria for patients for renal transplant 
in regards to BMI and on the weight management pathways 
for ESRD patients with BMI ≥ 35 kg/m2.

Our study conforms to the 2000 Declaration of Helsinki 
and the 2008 Declaration of Istanbul.

Statistical analysis

BMI at the time of transplant was grouped as < 18.5 kg/
m2 (underweight), 18.5–24.9  kg/m2 (normal weight), 
25–29.9 kg/m2 (overweight), 30–34.9 kg/m2 (class I obese) 
and ≥ 35 kg/m2 (class II/III obese). Normal weight recipients 
were considered as the reference group for all comparisons.

The characteristics of those that had immediate graft 
function, DGF or PNF were described using summary sta-
tistics and compared using t tests or ANOVA for parametric 
descriptors, Mann–Whitney U test or Kruskal–Wallis for 
non-parametric variables or Chi squared tests for categori-
cal variables. Those that had PNF were compared to those 
with some function (either delayed or immediate) in terms of 
BMI group using logistic regression analysis, adjusting for 
all baseline variables in the model. This was then repeated 
to compare those with DGF to those with immediate func-
tion. The correlation between eGFR and BMI was tested 
using Spearman’s rank correlation coefficient after removing 
cases with PNF.

Graft survival was assessed for those patients that have 
shown some graft function, after removing patients catego-
rized as PNF, in a survival analysis using a Cox regression 
model. Graft loss rates were presented by baseline variable. 
Continuous variables were categorized in order to present 
event rates but were used as continuous measures in the 
regression analysis. The analysis was primarily interested in 
the association between BMI and survival and we adjusted 
for the other baseline variables. This analysis was repeated 
for patient survival using the same variables but with all 
transplant patients, including those with PNF.

Data were analysed using Stata version 14.2. Two-sided 
tests were conducted and p < 0.05 was considered statisti-
cally significant.
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Results

Out of the 25,539 patients included, BMI at the time 
of transplant was available for 20,864 cases. The mean 
BMI was 26.3  kg/m2 (SD: 4.7) and the median BMI 
was 25.9 kg/m2 (min–max: 12.4–52.2). The distribution 
of recipients in the various BMI groups was as follows: 
underweight: 538 (2.6%), normal weight: 8167 (39.1%), 
overweight: 7562 (36.2%), class I obese: 3790 (18.2%), 
class II obese: 723 (3.5%), class III or morbidly obese: 84 
(0.4%). The mean surveillance period for the entire popu-
lation of the study was 1715.5 days (SD: 1081.9) and the 
median surveillance period was 1519 days (range 0–4245).

Table 1 summarizes patient characteristics according to 
BMI group. Due to the large number of patients included in 
our analysis, BMI groups were found to have statistically 
significant differences in nearly all tested parameters. Nota-
bly, underweight group had a higher percentage of female 
recipients (59%) and lower percentage of diabetic recipients 
(2%). Moreover, there were higher rates of Asian (17%) and 
lower rates of White patients (74%) in this BMI group. It 
was also noticed that the rates of diabetic patients increased 
as BMI increased (from 2% to in underweight to 14% to 
class II/III obese recipients). In terms of donor type, the 
lowest rates of live donors were observed in class II/III obese 
recipients (30%), whereas underweight and normal weight 
recipients had the lowest rates of donors after circulatory 
death (22% and 23%, respectively).

Delayed graft function

There was a significant increase in DGF rates as BMI 
increased [BMI < 18.5  kg/m2: 68/477 (14.3%), BMI 
18.5–24.9 kg/m2: 1238/7302 (17%), BMI 25-29.9 kg/m2: 
1383/6756 (20.5%), BMI 30–34.9 kg/m2: 821/3353 (24.5%), 
BMI ≥ 35 kg/m2: 182/692 (26.3%)] (p < 0.001). BMI was an 
independent predictor of DGF compared to immediate graft 
function in logistic regression analysis (Table 2). Under-
weight and normal recipients had similar risk for DGF (OR: 
0.81, 95% CI 0.6–1.08, p = 0.146). Overweight (OR: 1.17, 
95% CI 1.06–1.29, p = 0.001), class I obese (OR: 1.57, 95% 
CI 1.41–1.76, p < 0.001) and class II/III obese recipients 
(OR: 1.73, 95% CI 1.41–2.13, p < 0.001) had higher risk for 
DGF, which increased as BMI increased. Additional inde-
pendent risk factors for DGF in logistic regression analysis 
were male recipient’s gender, donor’s age, donation after 
brain or circulatory death, Black recipient’s race, diabetes 
mellitus in recipient, renal transplant after onset of dialysis, 
history of previous renal transplant, longer cold ischaemia 
time, level 4 of HLA mismatch and ABO or HLA incompat-
ible renal transplant (Table 2).

Graft primary non‑function

A significant increase in graft PNF rate was seen as BMI 
increased over 25 kg/m2 [BMI < 18.5 kg/m2: 9/486 (1.9%), 
BMI 18.5–24.9 kg/m2: 120/7422 (1.6%), BMI 25–29.9 kg/
m2: 148/6904 (2.1%), BMI 30–34.9 kg/m2: 93/3446 (2.7%), 
BMI ≥ 35 kg/m2: 26/718 (3.6%)] (p < 0.001). BMI was an 
independent predictor of PNF in logistic regression analysis 
(Table 3). Underweight and normal weight recipients had 
similar risk for PNF (OR: 1.25, 95% CI 0.62–2.5, p = 0.531). 
Overweight (OR: 1.32, 95% CI 1.02–1.71, p = 0.035), class I 
obese (OR: 1.67, 95% CI 1.25–2.25, p = 0.001) and class II/
III obese recipients (OR: 2.24, 95% CI 1.39–3.59, p = 0.001) 
exhibited higher risk for PNF compared to normal weight 
patients, which increased as the BMI increased. Additional 
independent risk factors for PNF of the graft in logistic 
regression analysis were donor’s age, donation after cir-
culatory death, Asian or Black recipient’s ethnicity, renal 
transplant after onset of dialysis, history of previous renal 
transplant and longer cold ischaemia time (Table 3).

Graft function and survival

eGFR at 12 months after renal transplant was inversely 
correlated with BMI (r = − 0.131, p < 0.001). In addition, 
eGFR at 12 months after renal transplant showed a slight, 
but statistically significant, decrease as the BMI category 
increased (p < 0.001). In particular, underweight recipi-
ents had a median eGFR of 60 ml/min (min–max: 6–130), 
recipients with normal BMI had a median eGFR of 54 ml/
min (min–max: 3–130), overweight recipients had a median 
eGFR of 51 ml/min (min–max: 3–130), recipients with class 
I obesity had a median eGFR of 48 (min–max: 3–124), and 
recipients with class II/III obesity had a median eGFR of 
47 (min–max: 3–112). All pairwise comparisons provided 
statistically significant differences (p ≤ 0.001), except for the 
comparison between class I and class II/III obese recipients 
(p = 1).

Kaplan–Meier analysis indicated a significant difference 
in graft survival between the BMI groups (Fig. 1). 5-year 
graft survival rates were as follows: underweight: 87%, nor-
mal weight: 90%, overweight: 91%, class I obese: 88%, class 
II/III obese: 86%. Nevertheless, differences were more obvi-
ous at 10 years after transplant: underweight: 72%, normal 
weight: 82%, overweight: 82%, class I obese: 80%, class II/
III obese: 69%. Normal weight and overweight recipients 
had similar rates of graft loss with 21.72 graft losses and 
19.87 graft losses per 1000 patient years, respectively. (Rate 
ratio: 0.91, 95% CI 0.82–1.01, p = 0.084). Underweight, 
class I obese and class II/III obese recipients had higher 
rates of graft loss. In particular, underweight recipients had 
30 graft losses per 1000 patient-years (Rate ratio: 1.38, 95% 
CI 1.07–1.76, p = 0.011), class I obese recipients had 25.34 
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graft losses per 1000 patient-years (Rate ratio: 1.16, 95% CI 
1.03–1.31, p = 0.016) and class II/III recipients had 32.94 
graft losses per 1000 patient-years (Rate ratio: 1.5, 95% CI 
1.22–1.85, p < 0.001).

BMI was an independent predictor of graft survival in 
the Cox regression multivariable analysis (Table 4). Normal 

weight and overweight recipients had similar risk of graft 
loss (HR: 0.98, 95% CI 0.87–1.1, p = 0.749). Underweight 
(HR: 1.53, 95% CI 1.18–1.98, p = 0.001), class I obese (HR: 
1.19, 95% CI 1.03–1.36, p = 0.016) and class II/III obese 
patients (HR: 1.53, 95% CI 1.21–1.93, p < 0.001) had sig-
nificantly shorter graft survival compared to normal weight 

Table 1   Patient characteristics according to BMI group

Underweight 
BMI < 18.5 
N = 538

Normal 
BMI 18.5–24.9 
N = 8167

Overweight 
BMI 25–29.9 
N = 7562

Obese 
BMI 30–34.9 
N = 3790

Obsese/morbidly obese 
BMI 35+
N = 807

p value

Recipient characteristics 
 Age: mean (SD) 38.6 (14.4) 46.5 (14.7) 51.3 (13.0) 51.3 (12.3) 48.9 (11.7) < 0.001
 Sex: Female 320 (59%) 3359 (41%) 2495 (33%) 1423 (38%) 386 (48%) < 0.001
 Ethnicity: White 394 (74%) 6584 (81%) 6121 (81%) 3156 (84%) 671 (83%)
 Asian 91 (17%) 904 (11%) 855 (11%) 357 (9%) 63 (8%)
 Black 31 (6%) 411 (5%) 406 (5%) 202 (5%) 54 (7%)
 Other 20 (4%) 242 (3%) 152 (2%) 61 (2%) 16 (2%) < 0.001
 Diabetic: Yes 13 (2%) 392 (5%) 584 (8%) 435 (11%) 112 (14%) < 0.001
 On Dialysis at transplant: Yes 456 (85%) 6602 (81%) 5967 (79%) 3006 (79%) 673 (83%) < 0.001
 Renal diagnosis: Glomerulone-

phritis
78 (23%) 1604 (29%) 1460 (28%) 705 (27%) 141 (26%)

 Pyelonephritis/obstruction 61 (18%) 724 (13%) 551 (11%) 265 (10%) 58 (11%)
 Cystic disease 32 (9%) 1053 (19%) 1097 (21%) 505 (19%) 103 (19%)
 Hypertension-renal vascular 

disease
22 (6%) 413 (7%) 461 (9%) 251 (10%) 36 (7%)

 Diabetes Mellitus 13 (4%) 392 (7%) 584 (11%) 435 (17%) 112 (21%)
 Other 134 (39%) 1390 (25%) 1027 (20%) 443 (17%) 95 (17%) < 0.001

Transplant information
 Waiting time to transplant 

(years): median (IQR)
1.91 (0.72–3.52) 1.89 (0.70–3.67) 1.86 (0.73–3.52) 1.74 (0.71–3.29) 1.55 (0.67–3.13) < 0.001

 Previous renal transplants: 0 439 (82%) 6709 (82%) 6561 (87%) 3419 (90%) 724 (90%)
 1 78 (15%) 1197 (15%) 838 (11%) 319 (8%) 73 (9%)
 2 17 (3%) 226 (3%) 140 (2%) 46 (1%) 10 (1%)
 ≥ 3 4 (1%) 35 (< 1%) 23 (< 1%) 6 (< 1%) 0 < 0.001
 HLA mismatch: 000 74 (14%) 1109 (14%) 889 (12%) 440 (12%) 112 (14%)
 0 DR and 0/1 B 159 (30%) 2108 (26%) 1901 (25%) 949 (25%) 209 (26%)
 (0 DR and 2 B) OR (1 DR and 

0/1 B)
255 (47%) 3795 (46%) 3598 (48%) 1769 (47%) 352 (44%)

 (1 DR and 2 B) OR (2 DR) 50 (9%) 1152 (11%) 1172 (16%) 632 (17%) 132 (16%) < 0.001
 Incompatible transplant: yes 26 (5%) 436 (5%) 326 (4%) 177 (5%) 40 (5%) 0.054
 Cold ischaemia time (hours): 

median (IQR)
11.7 (3.97–15.8) 11.1 (3.83–15.9) 11.7 (4.18–16.0) 11.5 (4.35–16.0) 12.3 (5.28–16.9) < 0.001

eGFR at 12 months after trans-
plant: median (IQR)

60 (31) 54 (27) 51 (25) 48 (25) 47 (27) < 0.001

Graft function: Immediate 409 (84%) 6064 (82%) 5373 (78%) 2532 (73%) 510 (71%)
Delayed 68 (14%) 1238 (17%) 1383 (20%) 821 (24%) 182 (25%)
Primary non-function 9 (2%) 120 (2%) 148 (2%) 93 (3%) 26 (4%) < 0.001
Donor characteristics
 Age: mean (SD) 44.3 (15.8) 48.2 (15.0) 50.1 (14.8) 50.1 (14.4) 48.6 (14.4) < 0.001
 Donor type: Living 187 (35%) 3058 (37%) 2534 (34%) 1271 (34%) 241 (30%)
 Brain death 230 (43%) 3242 (40%) 2906 (38%) 1402 (37%) 329 (41%)
 Circulatory death 121 (22%) 1867 (23%) 2122 (28%) 1117 (29%) 237 (29%) < 0.001
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patients. Additional independent risk factors for worse graft 
survival in Cox regression analysis were recipient’s age, 
Black recipient’s race, donor’s age, donation after brain or 
circulatory death, renal transplant after onset of dialysis, 
history of previous renal transplant, DGF, level 3 or level 
4 of HLA mismatch and ABO or HLA incompatible renal 
transplant (Table 4).

Recipient survival

1.1% of recipients died within 90 days of the renal trans-
plant operation. No significant differences were detected 
regarding the rates of 90-day postoperative mortality 
among different BMI categories. There was no significant 
difference in patient survival between the BMI groups in 
the Kaplan–Meier analysis (Fig. 2). In this regards, 5-year 
recipient survival rates were similar among BMI groups: 

underweight: 90%, normal weight: 91%, overweight: 90%, 
class I obese: 90%, class II/III obese: 90%. The rates at 
10 years after transplant were as follows: underweight: 80%, 
normal weight: 80%, overweight: 79%, class I obese: 77%, 
class II/III obese: 74%. There were 20.21 deaths per 1000 
patient-years in normal weight recipients. Only overweight 
recipients had a significantly higher risk of death, with 
22.77 deaths per 1000 patient-years (Rate ratio: 1.13, 95% 
CI 1.01–1.26, p = 0.029). The differences between normal 
weight recipients and the other BMI groups were not sta-
tistically significant. In particular, there were 23.07 deaths 
per 1000 patient-years in underweight recipients (Rate ratio: 
1.14, 95% CI 0.85–1.54, p = 0.379), 22.71 deaths per 1000 
patient-years in class I obese recipients (Rate ratio: 1.13, 
95% CI 0.99–1.29, p = 0.072) and 23.78 deaths per 1000 
patient-years in class II/III obese recipients (Rate ratio: 
1.18, 95% CI 0.92–1.51, p = 0.194). It worth mentioning 

Table 2   Logistic regression analysis of factors associated with DGF

Parameter OR 95% CI p value

Recipient BMI (reference: normal)
 Underweight 0.81 0.61–1.09 0.165
 Overweight 1.17 1.06–1.29 0.001
 Class I obese 1.58 1.41–1.77 < 0.001
 Class II/III obese 1.73 1.41–2.12 < 0.001

Recipient gender (reference: female)
 Male 1.41 1.3–1.54 < 0.001

Recipient age (years) 1 0.99–1 0.067
Recipient race (reference: White)
 Asian 1.04 0.91–1.17 0.588
 Black 1.68 1.44–1.97 < 0.001
 Other 1.05 0.81–1.38 0.696

Diabetic recipient (reference: no)
 Yes 1.43 1.24–1.65 < 0.001

Dialysis status (reference: pre-emp-
tive)

 On dialysis 4.09 3.44–4.86 < 0.001
Donor age (years) 1.02 1.01–1.02 < 0.001
Donor type (reference: live)
 DBD 3.79 3.1–4.63 < 0.001
 DCD 10.73 8.86–12.99 < 0.001

Previous transplants (reference: no)
 Yes 1.43 1.27–1.61 < 0.001

Cold ischaemia time (hours) 1.02 1.01–1.02 < 0.001
HLA mismatch (reference: level 1)
 Level 2 1.08 0.93–1.25 0.314
 Level 3 1.07 0.93–1.24 0.356
 Level 4 1.26 1.04–1.52 0.017

Compatibility (reference: ABO and 
HLA compatible)

 sABO or HLA incompatible 2.88 2.29–3.61 < 0.001

Table 3   Logistic regression analysis of factors associated with graft 
PNF

Parameter OR 95% CI p value

Recipient BMI (reference: normal)
 Underweight 1.26 0.63–2.52 0.519
 Overweight 1.32 1.02–1.71 0.035
 Class I obese 1.68 1.25–2.26 0.001
 Class II/III obese 2.24 1.39–3.6 0.001

Recipient gender (reference: female)
 Male 1.19 0.94–1.49 0.138

Recipient age (years) 0.99 0.98–1 0.106
Recipient race (reference: White)
 Asian 1.56 1.16–2.09 0.003
 Black 1.68 1.17–2.41 0.005
 Other 0.71 0.29–1.75 0.461

Diabetic recipient (reference: no)
 Yes 0.71 0.46–1.09 0.114

Dialysis status (reference: pre-emptive)
 On dialysis 2.2 1.4–3.46 0.001

Donor age (years) 1.03 1.02–1.03 < 0.001
Donor type (reference: live)
 DBD 1.21 0.75–1.95 0.427
 DCD 2.01 1.27–3.16 0.003

Previous transplants (reference: no)
 Yes 1.43 1.06–1.92 0.018

Cold ischaemia time (hours) 1.04 1.01–1.06 0.001
HLA mismatch (reference: level 1)
 Level 2 1.25 0.82–1.91 0.308
 Level 3  1.34 0.88–2.02 0.17
 Level 4 1.34 0.8–2.25 0.27

Compatibility (reference: ABO and 
HLA compatible)

 ABO or HLA incompatible 0.93 0.5–1.72 0.809
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that 78.3% of the recipients who died during follow-up they 
had a functioning renal transplant.

However, in Cox regression analysis underweight patients 
had shorter survival compared with normal weight patients 
(HR: 1.81, 95% CI 1.31–.51, p < 0.001), whereas overweight 
(HR: 0.87, 95% CI 0.78–0.99, p = 0.028) and class I obese 
patients (HR: 0.83, 95% CI 0.72–0.96, p = 0.013) exhibited 
a longer survival. Class II/III obese recipients had similar 
survival (HR: 1.09, 95% CI 0.83–1.42, p = 0.543) with the 
normal weight group (Table 5). Additional independent risk 
factors for worse recipient survival in Cox regression analy-
sis were male recipient’s gender, recipient’s age, donor’s age, 
recipient history of diabetes mellitus, renal transplant after 
onset of dialysis, longer cold ischaemia time, DGF, PNF of 
the graft, ABO or HLA incompatible renal transplant and 
longer waiting time before renal transplant (Table 5).

National survey

All the 23 UK renal transplant centres responded to the sur-
vey and answered all 12 questions. The mean percentage of 
ESRD patients with BMI ≥ 35 by unit was 18.4% (8%–35%).

Questions for listing criteria. The cut-off BMI for enlist-
ing patients on renal transplant waiting list is < 40 kg/m2 
in 14 centres, < 35 kg/m2 in 6 centres, while 3 centres do 
not have a BMI cut-off. Seventeen centres have different 
BMI cut-offs for live and deceased donor transplants. Four-
teen centers suspend patients from transplant waiting list if 
BMI exceeds the cut-off target. Four centers would exclude 

patients from marginal kidney offers and dual kidney trans-
plants solely relied on recipients’ BMI.

Questions on weight management. All responders agreed 
that obesity affects the outcome of renal transplantation and 
16 centres agreed that obesity management should be a core 
part of managing ESRD patients. However, 6 centres have 
no pathway for weight management of obese patients, 9 
have only a dietician, 8 would consider bariatric surgery as 
a treatment option and only 1 centre refers obese patients 
regularly for bariatric surgery. During the last year, no 
patient had a bariatric procedure in 13 centres, less than 5 
patients had a bariatric procedure in 9 centres and more than 
5 patients were treated with this approach in just 1 centre. 
Regarding the types of bariatric procedures that are avail-
able, sleeve gastrectomy is available in 10 centres, duodenal 
bypass in 8 centres, and gastric band in 6 centres. Finally, 
only 4 centres support the opinion that transplant surgeons 
and nephrologists should be trained in obesity management, 
while another 3 centres consider this as an option (Table 6).

Discussion

To our knowledge this is the largest and most recent UK 
registry analysis evaluating the effects of obesity on kid-
ney transplant outcomes. The results of this analysis indi-
cate that high BMI is an independent risk factor for DGF, 
PNF and graft loss. Of note, the risk of DGF increases 
along with BMI increase and for class II/III obese recipi-
ents it becomes 1.73 times higher than that of normal BMI 

Fig. 1   Graft survival according 
to BMI group (Log rank test for 
BMI group)
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recipients. Previous studies have shown similar results [4, 6, 
9]. We have also detected a similar association between BMI 
and PNF, with the risk being 2.24 times higher in class II/
III obese recipients than that of normal weight individuals. 
Most importantly, our results suggest that graft survival is 
significantly shorter in underweight, class I and class II/III 
obese patients (HR 1.52, CI 1.21–1.92 for class II/III obese 
patients). However, 5-year graft survival rates were more or 
less similar amongst different BMI groups, ranging between 
86% and 91%. The difference was more obvious at 10 years 
after transplant, but graft survival rates were still very good, 
with 69% of class II/III obese recipients having a function-
ing renal graft. In addition, when we examined eGFR at 
12 months after transplant, we found that there is a slight 
decrease in renal graft function as BMI increases. Previous 
studies evaluating the effect of BMI on graft survival have 
shown conflicting results, with some of them suggesting an 
increased risk for graft loss for high BMI recipients [4, 8, 9, 

13–15], whereas others have shown no significant difference 
[5, 6, 16]. In this regard, a large previous UK study showed 
that BMI has no effect on graft survival [7].

Underweight patients had shorter overall survival that 
may be attributed to the effects of malnourishment [17]. 
None of the other groups had inferior results compared to 
normal BMI patients in regards to patient survival, while 
overweight and class I obese patients showed a longer sur-
vival compared to normal weights. The results of previous 
studies on this front are also conflicting, with some of them 
suggesting worse outcomes for high BMI patients [13, 15, 
18], whereas others failed to detect any difference [4–6, 14, 
17]. The previously mentioned UK study also showed no 
association between BMI and patient survival. At this point, 
we should also mention that previous studies have demon-
strated the survival benefit of obese transplanted patients 
when compared with obese patients remaining on dialysis 
[19].

Table 4   Cox regression analysis 
of factors associated with graft 
survival

Parameter HR 95% CI p value

Recipient BMI (reference: normal)
 Underweight 1.54 1.18–1.99 0.001
 Overweight 0.98 0.87–1.1 0.743
 Class I obese 1.18 1.03–1.36 0.017
 Class II/III obese 1.52 1.21–1.92 < 0.001

Recipient gender (reference: female)
 Male 1.02 0.92–1.13 0.665

Recipient age (years) 0.98 0.98–0.99 < 0.001
Recipient race (reference: White)
 Asian 0.9 0.76–1.06 0.198
 Black 1.34 1.11–1.62 0.003
 Other 0.53 0.33–0.84 0.007

Diabetic recipient (reference: no)
 Yes 1.18 0.97–1.42 0.096

Dialysis status (reference: pre-emptive)
 On dialysis 1.41 1.19–1.67 < 0.001

Donor age (years) 1.02 1.02–1.03 < 0.001
Donor type (reference: live)
 DBD 1.44 1.16–1.77 0.001
 DCD 1.34 1.09–1.65 0.005

Previous transplants (reference: no)
 Yes 1.2 1.04–1.37 0.011

Cold ischaemia time (hours) 1.01 0.99–1.02 0.331
HLA mismatch (reference: level 1)
 Level 2 1.14 0.96–1.35 0.141
 Level 3 1.23 1.04–1.46 0.016
 Level 4 1.27 1.02–1.58 0.031

Compatibility (reference: ABO and HLA compatible)
 ABO or HLA incompatible 1.58 1.28–1.96 < 0.001

Graft function (reference: immediate function)
 Delayed function 1.53 1.37–1.72 < 0.001
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Based on the results of the present analysis, we believe 
that ESRD patients should not be precluded from kidney 
transplantation based solely on high BMI. Other factors, 
such as age, availability of living donor, difficulties on 
dialysis and cardiovascular comorbidities, should also be 
taken into consideration, when considering such patients 
for listing. A multidisciplinary team consisting of patient’s 
nephrologist, surgeons and anaesthetists should take the final 
decision for enlisting the patients. If patients are accepted 
for transplantation, they should be well informed and appro-
priately consented for the increased risks to the graft related 
to high BMI, while taking also into account the generally 
higher rate of postoperative complications in obese patients 
[20].

Very interesting conclusions were extracted from the 
national survey we conducted. This showed significant varia-
bility on listing criteria among UK kidney transplant centers 
with BMI affecting all steps of enlisting process and organ 
selection. As a result, although patients share organs from 
the same pool, they have different chances for transplant 
depending on the center they are registered. Even when they 
go on the list, BMI alone can exclude them from specific 
organ offers. Furthermore, patients can spend a long time 
trying to lose weight and become eligible for transplantation 
and finally get transplanted with a higher than their cen-
tre’s acceptance weight. Unnecessary delays on enlisting 
patients also come with a cost for the healthcare system. 
The average cost of haemodialysis is approximately £34,000 
per patient per year [21], whereas the cost of a renal trans-
plantation is about £18,500 [22] and the cost of one year 

of immunosuppression therapy is around £6000 per patient 
[23].

We believe that a national strategy and national guide-
lines are necessary to give patients equal chances to get a 
renal transplant irrespective of their BMI. However, as some 
centres might not have the required support or volume of 
transplants in order to offer their recipients the best possi-
ble outcomes, it seems reasonable to refer them to the clos-
est center that can effectively manage them. Concentrating 
this population in high volume centers could offer better 
long term support, endorse relevant research and allow the 
application of novel techniques that could improve outcomes 
[24]. The national survey has also shed light on the way 
renal transplant centres help high BMI ESRD patients to lose 
weight. Although all responders agreed that obesity affects 
renal transplant outcomes and most centres consider high 
BMI as a restricting factor for enlisting patients, there is 
only limited support offered to them with regard to weight 
reduction. As the survey showed, many hospitals have only 
a dietitian available, while others have no dedicated support 
at all. Furthermore, for those patients that need it, access to 
bariatric surgery is very difficult with only one centre pro-
viding bariatric surgery to more than 5 obese renal transplant 
candidates in a year’s time. This is the result of long waiting 
times for bariatric surgery, but also a reflection of the unwill-
ingness to operate on these patients as they are considered 
high risk for bariatric procedures.

Experience so far has shown that conservative ways for 
weight loss demonstrate generally poor results. For ESRD 
patients, this is even more difficult due to dietetic restrictions 

Fig. 2   Recipient survival 
according to BMI group (Log 
rank test for BMI group)
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and poor exercise tolerance [25]. Furthermore, obese ESRD 
patients have higher rates of diabetes and increased diffi-
culties to control it [25]. Moreover, access formation can 
be especially challenging for these patients [26]. Based on 
the above, we believe that transplant centers should have 
multidisciplinary teams consisting of nephrologists and 
surgeons with a special interest in obese ESRD patients, as 
well as dietitians and psychologists to support the patients 
with weight control. They should also keep close links with 
bariatric teams to ensure bariatric surgery will be available 
for patients that need it.

We acknowledge the limitations of our study. First of 
all, there are inherent weaknesses associated with registry 
databases analysis, such as missing data (e.g. BMI at the 
time of transplant was available for 20,864 out of the 25,539 
patients), and some possible erroneous entries that might 
have escaped our thorough screening. Second, the retrospec-
tive nature of the study made it impossible to adjust the 

regression analyses for other possible confounding factors, 
apart from diabetes mellitus and the cause of renal failure, 
for which data were available. This might have affected the 
associations between the various obesity groups and graft or 
patient survival. The lack of data regarding surgical compli-
cations, diabetes mellitus onset and donor/recipient weight 
ratio are a few examples of potential confounding factors 
that are missing from our database, but could affect graft 
and patient outcomes. Finally, the large number of patients 
involved, although it has enormously increased the power of 
the study, it has also led on the other hand to the identifica-
tion of statistical significant associations that might have no 
clinical relevance.

In conclusion, management of obese ESRD patients 
poses challenges in terms of dialysis, transplantation and 
weight control. Appropriate support with specialized 
teams, treatment of patients in centers with significant 
experience and cooperation with bariatric surgeons could 

Table 5   Cox regression analysis 
of factors associated with 
recipient survival

Parameter HR 95% CI p value

Recipient BMI (reference: normal)
 Underweight 1.81 1.31–2.51 < 0.001
 Overweight 0.87 0.78–0.99 0.028
 Class I obese 0.83 0.72–0.96 0.013
 Class II/III obese 1.09 0.83–1.42 0.543

Recipient gender (reference: female)
 Male 1.15 1.03–1.28 0.013

Recipient age (years) 1.07 1.06–1.07 < 0.001
Recipient race (reference: White)
 Asian 0.94 0.79–1.12 0.485
 Black 0.83 0.63–1.08 0.155
 Other 0.74 0.48–1.15 0.18

Diabetic recipient (reference: no)
 Yes 1.98 1.7–2.3 < 0.001

Dialysis status (reference: pre-emptive)
 On dialysis 1.47 1.22–1.76 < 0.001

Waiting time (years) 1.06 1.03–1.09 < 0.001
Donor age (years) 1.01 1.01–1.01 < 0.001
Donor type (reference: live)
 DBD 1.01 0.8–1.26 0.964
 DCD 1 0.8–1.23 0.964

Cold ischaemia time (hours) 1.02 1.01–1.03 0.003
HLA mismatch (reference: level 1)
 Level 2 1.24 1.01–1.53 0.036
 Level 3 1.1 0.91–1.33 0.327
 Level 4 1.08 0.86–1.36 0.509

Compatibility (reference: ABO and HLA compatible)
 ABO or HLA incompatible 1.55 1.14–2.1 0.005

Graft function (reference: immediate function)
 Delayed function 1.27 1.12–1.43 < 0.001
 PNF 4.22 3.21–5.54 < 0.001
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offer the best of the outcomes. The results of our analysis 
indicate that obesity should not be a barrier for kidney 
transplantation. A national strategy is required to ensure 
equity of access to donor organ pool.
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