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Abstract 

Introduction: Kidney transplantation (KT) has been established as an efficient treatment of end stage renal disease 
(ESRD) with the advantage of allowing the patient to live a nearly healthy life. We aimed to determine whether pre-
transplant body mass index (BMI) affects renal allograft function and survival in pediatric KT recipients.

Methods: cross sectional cohort study included 50 post KT recipients (more than 3 years) with an age range of 10 to 
15 years, regularly following at the Kidney Transplantation Outpatient Clinic, Cairo University Children’s Hospital, were 
subjected to a detailed history and physical examination, laboratory investigation in the form of fasting blood glucose 
(FBG),oral glucose tolerance test (OGTT), lipid profile, hemoglobin A1c (HbA1c) and microalbuminuria.

Results: Pre- post- kidney transplant BMI has significant positive correlation with graft rejection episodes, HbA1c, 
FBG, BMI post-KT, total cholesterol, triglycerides, and low-density lipoprotein (p < 0.01). There was a statistically sig-
nificant negative correlation between the mean difference of BMI (post – pre) and graft survival in years (p = 0.036). 
Obese patients displayed lower survival compared with non-obese subjects at 5 years, but this was statistically not 
significant (p-value = 0.165).

Conclusion: obesity is an independent risk factor for graft loss and patient death in kidney transplantation. Careful 
patient selection with pre-transplantation weight reduction is mandatory to reduce the rate of early post-transplanta-
tion complications and to improve long-term outcomes.

Keywords: BMI, Obesity, Graft survival, Kidney transplantation

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Several epidemiologic studies have demonstrated that 
obesity increases the risk of kidney disease, as well as its 
progression among diagnosed kidney disease patients 
[1]. Obesity in children who received kidney transplants 
has increased over time. Obesity is considered a risk for 
various health issues in transplanted patients as well as in 
the general population with elevated BMI including dia-
betes mellitus and cardiovascular disease (CVD) owing 

to hyperlipidemia, hypertension, and decreased exercise 
tolerance [2].

Obese pediatric KT recipients have an increased risk of 
allograft failure [3, 4]. Several studies have shown adverse 
graft outcomes in obese children following transplanta-
tion [5]. Pre-transplant weight status is an important 
consideration in transplantation, given what is known 
about post-transplant weight gain. Studies in adults and 
children have demonstrated that obesity post-transplant 
is common, and that pre-transplant elevated BMI is a 
predictor of weight gain after transplantation [3, 6].

Studies have shown that, in renal transplant, the degree 
of recipient obesity is directly correlated with increased 
complications after transplantation and longer opera-
tive durations [7]. Obesity can be detrimental to renal 
allografts as it leads to reduction in glomerular filtration 
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rate, ultimately leading to proteinuria that will eventu-
ally lead to obesity-related chronic kidney disease (CKD). 
Hypertension, impaired glucose tolerance, hyperlipi-
demia, chronic inflammation within fatty tissues, and 
atherosclerosis in obese patients helped in progression 
to chronic allograft failure and reducing graft and patient 
survival [8, 9].

The aim of our work was to study the impact of BMI 
(pre and post KT) on post-kidney transplant patient and 
graft survival in Egyptian children under 18 years old.

Methodology
The current cross sectional cohort study included fifty 
kidney transplant children and adolescents (more than 
3  years post-KT) aged between 5 and 18  years (both 
sexes) regularly following at the Kidney Transplantation 
Outpatient Clinic, Cairo University Children’s Hospital 
(CUCH). Patients with genetic or endocrinal causes of 
obesity were excluded from the study. The Study proto-
col was approved by the Research Ethics Committee of 
Pediatric Department, Faculty of Medicine at Cairo Uni-
versity. Informed consents were obtained from patient’s 
legal guardians before enrollment. The study population 
were subjected to detailed history taking including age, 
sex, original renal disease, duration of dialysis before KT, 
duration of KT, rejections episodes and treatment, family 
history of (obesity [is the presence of obesity in children’s 
parents, siblings and grandparents] [10], dyslipidemia, 
coronary heart disease, hypertension or renal diseases), 
history of exercise and physical activity (Exercise and 
physical activity is defined as any bodily movement pro-
duced by the contraction of skeletal muscles that raises 
energy expenditure above the resting metabolic rate 
and is characterized by its modality, frequency, inten-
sity, duration, and context of practice [11],graft failure 
(defined as the need to initiate renal replacement therapy 
after transplantation), graft survival. Acute rejection epi-
sode is defined as a rise in the serum creatinine of at least 
30% from baseline levels and accompanied by clinical 
symptoms and signs, including fever and oliguria, hyper-
tension & tenderness over the graft [12]. Thorough physi-
cal examination was performed including blood pressure, 
anthropometry (height and weight with calculation of 
weight SDS, height SDS and BMI) and signs of insulin 
resistance as acanthosis nigricans.

The body weight was measured using Seca scale. The 
child’s weight was measured without heavy outer gar-
ments and shoes with standing in the center of the plat-
form, and weight was distributed evenly to both feet. 
The weight was recorded to the nearest 0.1  kg then 
plotted to the Egyptian Growth charts [13]. The stand-
ard deviation score for body weight (SDS-weight) for 
age and Sex was calculated for each subject using the 

formula: (individual’s measurement – population mean) 
/ population SD [14]. The height was measured using a 
Harpenden stadiometer. Children were asked to remove 
their shoes, heavy outer garments, and hair ornaments 
then stand with his/her back to the height rule with the 
back of the head, back, buttocks, calves and heels touch-
ing the upright bar of the scale and feet together. The 
child was asked to look straight with the top of the exter-
nal auditory meatus (ear canal) at a level with the inferior 
margin of the bony orbit (cheek bone). The height was 
measured to the nearest centimeter then plotted to the 
Egyptian Growth curves [13]. Body mass index was cal-
culated as weight in kilograms divided by the square of 
height in meters (Wt (kg)/Ht (m)2). Obesity was defined 
as BMI ≥  95th percentile for age.

Blood pressure (BP) was measured using Dinamap 
on 3 different occasions over 2  weeks (the mean read-
ing was taken). BP was considered normal if <  90th per-
centile, borderline hypertension if between 90 and  95th 
percentile, controlled hypertension if <  95th percentile 
on treatment and uncontrolled hypertension if BP ≥  95th 
percentile with treatment.

Sample collection
A fasting venous blood sample was collected in the 
morning for determining of fasting blood glucose level, 
HbA1c, lipid profile including total cholesterol (TC), 
low density lipoprotein (LDL), high density lipoproteins 
(HDL and triglyderides (TGs) in addition to kidney func-
tions (urea and creatinine levels). An oral glucose tol-
erance test (OGTT) was performed with glucose load 
equivalent to 75 g of glucose powder solved in water or 
1.75 g x weight, not exceeding a total of 75 g. Blood sam-
ples were collected before taking the glucose and at 30, 
60, 90 and 120 min. Impaired fasting glucose (IFG) was 
defined as fasting plasma glucose levels between 100 and 
less than 126  mg\dl. Impaired glucose tolerance (IGT) 
was defined as two hours post load glucose plasma lev-
els between 140 and 200  mg\dl. HbA1c < 5.7% was nor-
mal, values between 5.7% and 6.5% denoted prediabetes, 
while values ≥ 6.5% denoted diabetes. Dyslipidemia was 
defined as cholesterol > 200  mg/dl, LDL > 130  mg/dl, 
TGs > 130  mg/dl, while HDL < 45  mg/dl was considered 
high risk. Urine analysis was performed to determine 
micro-albuminuria. Micro-albuminuria was defined as 
urine albumin ranging from 30 to 300 mg from a morn-
ing spot urine sample estimated for 24-h urine collection.

Statistical methods
Data were coded and entered using the statistical package 
SPSS (Statistical Package for the Social Sciences) version 
25. Data was summarized using mean, standard devia-
tion, median, minimum and maximum in quantitative 
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data and using frequency (count) and relative frequency 
(percentage) for categorical data. Comparisons between 
quantitative variables were done using the non-para-
metric Mann–Whitney test. For comparing categori-
cal data, Chi square test was performed. Exact test was 
used instead when the expected frequency is less than 
5. P-values less than 0.05 were considered as statistically 
significant.

Results
The current study included fifty (30 males and 20 
females) pediatric living donor KT recipients with a mean 
age of 12.24 ± 3.04  years and a mean duration of KT of 
4.66 ± 1.83 yrs. Sixty percent of them are out of consan-
guineous marriage with 56% having family history of 
obesity. History of physical exercise was present only in 
18% (n = 9) of cases. Etiology of ESRD of our study group 
was CAKUT in 34% (n = 17) of the cases and genetic 
in 28% of cases. Regarding the biochemical data it was 
found that Serum TGs were high in 40% of cases (n = 20), 
serum cholesterol was high in 54% of cases (n = 27), 
serum HDL was at high risk in 44% of cases (n = 22) and 
at low risk in 36% of cases (n = 18), serum HDL was high 
in 52% of cases (n = 26), HbA1c was prediabetic in 36% 
of cases (n = 18), IFG in 38% of cases (n = 19) and IGT in 
36% of cases (n = 18). Regarding the main treatment for 
episodes of rejection, 88% (n = 44) of the patients were 
treated with solumedrol and 40% (n = 20) with ATG, 
22% (n = 11) with IVIG and plasma exchange was indi-
cated only in 6% (n = 3) of the patients. While we had two 
patients (4%) received CD 20 Rituximab.

Clinical, and biochemical data of the study group are 
shown in Tables  1. The mean BMI pre-transplantation 
was 21.34 ± 4.90  kg/m2 and the mean BMI post-trans-
plantation was 28.56 ± 6.27 kg /m2.

Regarding correlation between pre-transplant BMI 
and different study parameters, a significant positive cor-
relation was detected with episodes of graft rejection, 
mean SBP, DBP, BMI post-KT, HbA1c, FBG, 2 h PPBG, 
total cholesterol, TGs and LDL (p < 0.01), while a signifi-
cant negative correlation was detected between BMI and 
HDL (p = 0.009). However, no significant correlation was 
found between BMI pre-KT and duration of transplanta-
tion or graft survival (p > 0.05) Table 2.

A comparison of baseline characteristics between 
obese and non-obese recipients according to pre-KT BMI 
are shown in Table 2. A statistically significant difference 
was detected between both groups regarding acute rejec-
tion (p = 0.001), chronic rejection (p = 0.05), urinary ACR 
(p = 0.002), FBG (p < 0.001), 2 h PPBG (p < 0.001), HbA1c 
(p = 0.001), TC (p = 0.006), TGs (p = 0.013) and LDL 
(p = 0.002).

Regarding correlation between post-KT BMI and 
different study parameters, a significant positive cor-
relation was detected BMI and episodes of graft rejec-
tion, SBP, DBP, BMI pre-KT, HbA1c, FBG, 2  h PPBG, 
TC, TGs and LDL (p < 0.01). A significant negative cor-
relation was detected between post-KT BMI and HDL 
(p = 0.004, r =—0.398). However, no significant correla-
tion was found between post-KT BMI and duration of 
transplantation or graft survival (p > 0.05).

Comparing obese to non-obese cases (regarding 
post-transplantation BMI) showed statistically sig-
nificant difference in age (p = 0.001) acute rejection 
(p = 0.026), chronic rejection (p = 0.009), graft sur-
vival (p = 0.047), hypertension (p = 0.019), urinary 
ACR (p < 0.001), FBG (p = 0.005), 2 h PPBG (p = 0.007), 
TC (p = 0.032), LDL(p = 0.001), HDL (p < 0.001) and 
HBA1c (p = 0.003) shown in Table 3.

In the current study, there was a statistically significant 
increase in the percentage of obesity (BMI > 30) within 
recipients; 14 cases (28%) were obese pre-transplanta-
tion while post transplatation, the prevalence of obesity 
became 76% (n = 38) (p < 0.001). A statistically significant 
negative correlation was detected between the mean dif-
ference of BMI (post – pre) and graft survival in years 
(p = 0.036, r-value: -0.297) as well as a statistically sig-
nificant positive correlation with duration of transplan-
tation (p = 0.017, r = 0.337) and number of pulse steroids 
taken (p = 0.003,r = 0.412) (Fig. 1). One of our cases died 
1  month post-transplantation due to fulminant sepsis. 
Graft loss occurred in two patients due to renal vein 
thrombosis (Table 3).

Discussion
The epidemic of obesity has a profound effect on many 
potential transplant recipients. The impact of BMI on 
post‐transplant outcomes has not been well studied in 
the pediatric patients undergoing renal transplantation 
[15].

The present study showed that the mean BMI pre-
transplantation was 21.34 ± 4.90 while the mean BMI 
post-transplantation was 28.56 ± 6.27 with statistically 
significant difference. This came in agreement with a 
study done by Mitsnefes et  al. who reported in a small 
study of children that the rate of obesity doubled in the 
first-year post-transplant [3]. Factors that may contribute 
to pre- and post-transplant weight gain included reduced 
exercise capacity due to chronic kidney disease-related 
fatigue and reduced muscle strength, the metabolic effect 
of steroids and other medications, and sedentary lifestyle. 
Also Liu et  al., showed that prolonged corticosteroid 
therapy commonly causes weight gain and redistribution 
of adipose tissue [16].
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BMI pre‑transplantation and dyslipidemia
In the current study population, 40% had hypertriglyceri-
demia, 54% had hypercholesterolemia, 52% had high LDL 
and 44% had low HDL. Our results were greatly similar 
to Sanad and Gharib study who reported that 30% had 
high triglyceride, 24.7% had high LDL, and 20.7% had low 
HDL [17]. Dyslipidemia is the most common and consist-
ent abnormality in obese subjects. These lipid abnormali-
ties are typical features of the metabolic syndrome and 

may be linked to a pro-inflammatory gradient which may 
originate in the adipose tissue itself and directly affect the 
endothelium [18].

BMI pre transplantation and proteinuria
Proteinuria is a powerful predictor of progression of 
graft dysfunction in KTR [19]. However, the relation-
ship between obesity, proteinuria, and reduced graft 
survival in KTR is currently unknown. Our results 

Table 1 Clinical and biochemical data of the study group

* BMI Body Mass Index, SDS Standard Deviation Score, KT Kidney Transplantation, BP Blood Pressure, TG Triglycerides, HDL High Density Lipoprotein, LDL Low Density 
Lipoprotein, FBG Fasting Blood Glucose, PPBG Post Prandial Blood Glucose, HbA1c glycosylated Hemoglobin, FSGS Focal Segmental Glomeruloscelreosis, CAKUT 
Congenital Anomalies of the Kidney and Urinary Tract,PUV Posterior Urethral Valve,VUR Vesicourethral Reflux

Mean ± SD/Median (IQR) Range

Clinical data
 Age (years) 12.24 ± 3.04 5–17

 Episodes of rejection 3.2 ± 1.4 0–6

 Weight (kg) Pre KT 27.1 ± 10.48 12–50

 Weight Pre KT SDS 0.46 (-0.68 – 1.77) -5.34- 4.04

 Weight (kg) Post KT 39.46 ± 14.02 22—90

 Weight Post KT SDS 0.78 ( 0.35 – 2.15) -2.6 – 4.1

 Height (cm) Pre KT 115 ± 14.5 90- 145

 Height Pre KT SDS -1.34 (-2.84 – -0.33) -4.59 – 4.97

 Height (cm) Post KT 133 ± 17.18 95–157

 Height Post KT SDS -1.49 (-2.31—0.69) -3.94 -2.49

 BMI Pre KT (kg/m2) 21.34 ± 4.9 10–32

 BMI Pre KT SDS 1.82 (0.68 – 2.63) -11.69 – 3.6

 BMI Post KT (kg/m2) 28.5 ± 6.27 19- 48

 BMI Post KT SDS 2.28 (1.67 – 2.83) 0.22 – 3.91

 Systolic BP 121.14 ± 12.8 100–150

 Diastolic BP 77.12 ± 9.2 60–95

Biochemical data

 TGs (mg/dl) 148.08 ± 72.82 62 – 300

 Cholesterol (mg/dl) 219.9 ± 48.89 120 – 330

 HDL (mg/dl) 52.78 ± 13.65 27 – 70

 LDL (mg/dl) 152.36 ± 30.74 70 – 250

 FBG (mg/dl) 96.35 ± 11.2 80–119

 2 h PPBG (mg/dl) 130.38 ± 27.9 83–179

 HbA1c (%) 5.47 ± 0.45 4.8 – 7

Total (n = 50)
Number percentage

Cause of ESRD
Genetic FSGS 8 16%

Cystinosis 1 2%

Nephronophthisis 5 10%

CAKUT PUV 4 8%

VUR 9 18%

Neurogenic bladder 4 8%

Unknown Bilateral atrophic kidney 18 36%

Malignancy Wilm’s tumor 1 2%
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showed a statistically significant direct correlation 
between BMI pre transplantation and proteinuria 
(p = 0.002). This can be explained with the fact that 
proteinuria is a marker of renal involvement in obe-
sity that usually precedes GFR decline by several years 
due to hemodynamic changes that result in glomerular 
hypertrophy and hyperfiltration [17].

BMI pre‑transplantation and rejection
Acute rejection in the  1st year post-transplantation was 
more prevalent in our study population. Our results 
were similar to Meyer‐Kriesche et  al. who showed that 
extremes of body weight were associated with worse 
graft survival [20]. Hanevold reviewed the NAPRTCS 
and assessed the impact of pre-transplant obesity on 
long- term graft survival and demonstrated that there 
was no significance in overall patient and graft survival. 
However, they did show that obese children had higher 
rates of graft loss secondary to thrombosis and also, had 
higher risk of death secondary to cardiopulmonary dis-
ease [5]. The association of obesity with graft failure may 
be related to immunologic and non-immunologic factors.

BMI pre‑transplantation and graft survival
Our study showed that the five-year graft survival in the 
non-obese cases was statistically significant than obese 
cases and, that is came in agreement with a study done 

Table 2 Correlation between BMI (pre KT and Post KT) and 
different study parameters

BMI Body Mass Index, SDS Standard Deviation Score, KT Kidney Transplantation, 
BP Blood Pressure, TG Triglycerides, HDL High Density Lipoprotein, LDL Low 
Density Lipoprotein, FBG Fasting Blood Glucose, PPBG Post Prandial Blood 
Glucose, HbA1c Glycosylated Hemoglobin

*p-value less than 0.05 and it is statistically significant

Variables BMI pre‑
transplant

BMI post‑
transplant

r P‑value r P‑value

Age 0.037 0.79 0.062 0.67

Duration of dialysis -0.0235 0.87 -0.004 0.977

Duration of transplantation 0.216 0.13 0.21 0.14

Number of rejections 0.364 0.009* 0.513  < 0.001*

Graft survival -0.204 0.16 -0.206 0.149

BMI pre‑KT - - 0.592  < 0.001*

BMI post‑KT 0.819  < 0.001* - -

Systolic BP 0.53  < 0.001* 0.63  < 0.001*

Diastolic BP 0.51  < 0.001* 0.522  < 0.001*

cholesterol 0.41 0.004* 0.356 0.011*

TG 0.45 0.001* 0.501  < 0.001*

LDL 0.485  < 0.001* -0.398 0.004*

HDL -0.362 0.009* 0.698  < 0.001*

HbA1C 0.538  < 0.001* 0.579  < 0.001*

FBG 0.553  < 0.001* 0.602  < 0.001*

2 h PPBG 0.555  < 0.001* 0.623  < 0.001*

Fig. 1 Correlation between mean difference in BMI (post–pre KT) and graft survival. (p: 0.036, r: -0.297)
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Table 3 Comparison between Obese and non-obese (pre and post KT) regarding different study parameters

BMI Body Mass Index, SD Standard Deviation, KT Kidney Transplantation, FBG Fasting Blood Glucose, TG Triglycerides, OGTT  Oral Glucose Tolerance test, ACR  Albumin 
Creatinine Ratio, HDL High Density Lipoprotein, LDL Low Density Lipoprotein, HbA1c Glycosylated Hemoglobin

*p-value less than 0.05 and it is statistically significant

BMI post‑KT P‑value BMI pre‑KT P‑value

Non obese (n = 12) Obese (n = 38) Non obese (n = 36) Obese (n = 14)

No. (%) / Mean ± SD No. (%) / Mean ± SD No. (%) / Mean ± SD No. (%) / Mean ± SD

Sex
 Male 5 (41.7) 25 (65.8) 0.137 22 (61.1) 8 (57.1) 0.797

 Female 7 (58.3) 13 (34.2) 14 (38.9) 6 (42.9)

Age (years)
 5–10 6 (50) 2 (5.3) ٭0.001 7 (19.4) 1 (7.1) 0.102

 10–15 6 (50) 27 (71.1) 25 (69.5) 8 (57.1)

  > 15 0 (0) 9 (23.7) 4 (11.1) 5 (35.8)

Residence
 Urban 5 (41.7) 26 (68.4) 0.096 22 (61.1) 9 (64.3) 0.836

 Rural 7 (58.3) 12 (31.6) 14 (38.9) 5 (35.7)

Acute rejection › 6 ms
 No 2 (16.7) 3 (7.9) 0.377 4 (11.1) 1 (7.1) 0.675

 Yes 10 (83.3) 35 (92.1) 32 (88.9) 13 (92.9)

Acute rejection < 6 ms
 No 12 (100) 26 (68.4) ٭0.026 32 (88.9) 6 (42.9) ٭0.001
 Yes 0 (0) 12 (31.6) 4 (11.1) 8 (57.1)

Chronic rejection
 No 12 (100) 23 (60.5) ٭0.009 28 (77.8) 7 (50) 0.05*

 Yes 0 (0) 15 (39.5) 8 (22.2) 7 (50)

Graft survival
  < 5 yrs 10 (83.3) 29 (76.3) 0.047* 26 (72.2) 13 (92.9) 0.114

  > 5 yrs 2 (16.7) 9 (23.7) 10 (27.8) 1 (7.1)

HTN pre‑ transplantation
 No 12 (100) 25 (65.8) ٭0.019 29 (80.6) 8 (57.1) 0.090

 Yes 0 (0) 13 (34.2) 7 (19.4) 6 (42.9)

HTN post‑transplantation
 No 8 (66.7) 18 (47.4) 0.243 21 (58.3) 5 (35.7) 0.151

 Yes 4 (33.3) 20 (52.6) 15 (41.7) 9 (64.3)

Impaired FBG
 No 12(100) 19 (50) ٭0.005 30 (83.3) 2 (14.3) ٭0.001 > 
 Yes 0 (0) 19 (50) 6 (16.7) 12 (85.7)

Impaired OGTT 
 No 12(100) 20 (52.6) ٭0.007 29 (80.5) 2 (14.3) ٭0.001 > 
 Yes 0 (0) 18 (47.4) 7 (19.5) 12 (85.7)

Urinary ACR 
 Normal 10 (83.3) 3 (7.9) ٭0.001 >  24 (67.7) 5 (35.7) 0.002*

 High 2 (16.7) 35 (92.1) 12 (33.3) 9 (64.3)

Cholesterol (mg/dl) 193.75 ± 31.94 228.16 ± 50.7 ٭0.032 208.31 ± 45.61 249.71 ± 45.59 ٭0.006
TG (mg/dl) 124.08 ± 20.13 155.66 ± 81.58 0.193 132.42 ± 34.68 188.36 ± 119.67 ٭0.013
LDL (mg/dl) 127.42 ± 31.15 160.24 ± 26.41 ٭0.001 144.42 ± 30.66 172.79 ± 20.17 ٭0.002
HDL (mg/dl) 65.08 ± 15.23 48.89 ± 10.64 ٭0.000 55 ± 14.17 47.07 ± 10.64 0.065

HbA1c (%) 5.13 ± 0.2 5.58 ± 0.46 ٭0.003 5.31 ± 0.3 5.89 ± 0.44 0.001
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by Kaur et al., who found that pediatric transplant recip-
ients with BMIs in the obese range were more likely to 
experience DGF, acute rejection prolonged hospitaliza-
tion, and were at a higher risk for graft failure and death, 
while underweight pre-transplant status was protective 
for certain age groups [21]. Also, Winnicki et al. showed 
that obese recipients had an increased risk of graft fail-
ure compared to normal weight recipients [4]. On the 
contrary, Dick et  al. found no difference in mortality, 
graft survival, or DGF among children < 18  years classi-
fied as severely thin, normal weight, and severely obese 
using World Health Organization (WHO) criteria which 
came in contrast to our results [22]. Mitsnefes et  al. as 
well reported that obese children had an equivalent risk 
of developing acute rejection as normal weight children 
in the first year post-transplant [3].

BMI pre‑transplantation and impaired glucose tolerance
We observed in our study that the risks of obesity were 
progressive with increasing BMI and that there was sig-
nificant difference between obese and non-obese groups 
regarding FBG and OGTT. The mechanisms are unclear, 
but adiposity is known to secrete growth and pro-sur-
vival factors. But once the adipose gets to obese state, it 
shifts toward a pro-inflammatory profile that can worsen 
graft survival [23].

BMI and post transplantation rejection and graft survival
In our study, there was statistically significant difference 
between post-transplant obese and non-obese recipi-
ents regarding graft survival, number of graft rejections 
and chronic rejections. There was a statistically signifi-
cant negative correlation between the mean difference of 
BMI (post – pre) and graft survival in years (p = 0.036), 
also there was statistically significant positive correla-
tion between BMI difference and duration of transplan-
tation (p = 0.017) and number of pulse steroids taken 
(p = 0.003). However, Beladi Mousavi et al. reported that 
obesity has significantly increased after KT (P = 0.043) 
being more frequent in those with < 3-year graft dura-
tion (P = 0.013) and hypertriglyceridemia (P = 0.005) 
without being associated with pretransplant hyperlipi-
demia, CCD/GFR, proteinuria, and hypertension [24]. 
On the contrary, Tremblay et al., concluded that BMI was 
not associated with increased risk of graft loss or recipi-
ent death, including when comparing deceased and liv-
ing donors. Because of the associated co morbidities and 
increased risk of adverse outcomes following transplan-
tation, some centers have excluded patients with a high 
BMI (e.g., ≥ 30  kg/m2) from transplantation [25]. Nev-
ertheless, a report by Gill et al. showed that there was a 

survival benefit for obese patients receiving kidney trans-
plantation compared to dialysis [26].

Conclusion
BMI impacts early and long‐term renal transplant outcome. 
Obesity increased the risk of prolonged hospitalization and 
treatment for acute rejection in the post‐operative period, 
adversely affecting overall graft survival. Mean increase in 
BMI post-transplantation affected graft survival.

Limitation of the study
The relatively small number of patients as pediatric kid-
ney transplant recipient’s number is not high.
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