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The Effect of Obesity and Body Mass Index on Post-transplant Renal Graft Function
MS Adelina, NN Ana Maria, I Garcia Garcia, RF Castillo

ABSTRACT

Objective: The aim of this five-year study was to investigate the influence of body mass index
(BM]) and obesity on post-transplant renal graft function.

Methods: This research monitored 500 patients of both genders who had received kidney trans-
plants. Post-transplant measurements of the recipients’biochemical parameters, anthropomet-
ric parameters and renal function were performed. Two methods were also applied for assess-
ing renal function: (a) the Cockcroft—Gault formula and (b) the serum creatinine clearance.
Results: Five years after transplantation, the patients showed an increase in obesity, accom-
panied by a lower glomerular filtration rate (GFR). Although the Cockcroft—-Gault values were
mild, the GFR percentage tended to decrease from the first to the fifth year, with higher serum
creatinine levels.

Conclusion: The results reflected an increase in body weight and BMI in the five years after
transplantation. This led to a lower GFR and subsequent graft damage during this time period.
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INTRODUCTION

Obesity is a serious risk factor for kidney deterioration
and failure. This is true for healthy people as well as
those with chronic kidney disease (CKD) (1). The exact
mechanisms whereby obesity may worsen or cause
CKD remain unclear; however, it is believed that kidney
damage is produced by haemodynamic and hormonal
effects (2). After a renal graft, it is fairly common for
patients to gain weight (3). This is largely due to their
improved appetite, the disappearance of dietary restric-
tions stemming from haemodialysis and CKD, as well as
the use of immunosuppressive medications and steroids
(4). A wide range of studies have found that kidney graft
recipients gain an average of 5-10 kg, which is directly
linked to a lower patient survival rate as well as graft
loss (5-7). A post-transplant weight gain contributes to
an adverse cardiovascular risk profile and can play a role
in the pathogenesis of renal graft dysfunction. In fact, it
has been associated with post-transplant hypertension,
diabetes, dyslipidaemia and ischaemic heart disease (8).
Many studies have focussed on the short-term effects of
the renal graft deterioration due to obesity and factors

related to the post-transplant weight gain. However, there
are no long-term data regarding the impact of this weight
gain on renal graft function (9-12). Therefore, the aim
of this research was to analyse the influence of the body
mass index (BMI) and obesity on renal graft function in
the five-year period after the transplant. For this purpose,
the glomerular filtration rate (GFR) was calculated by
two different methods: (a) the Cockcroft—-Gault formula
(CCr) and (b) the serum creatinine clearance (SCrCl).

SUBJECTS AND METHODS

The population sample consisted of 500 patients (278
men and 222 women), 16-80 years of age. All of the
subjects had received renal grafts, and periodically
visited the kidney transplant unit at the Virgen de las
Nieves University Hospital in Granada, Spain. Patients
were chosen because their visits to the hospital for post
transplant follow-up and monitoring took place within
the time period of our research (June 2010-15). Figure 1
shows their underlying disease.
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Figure 1: Causes of chronic kidney disease.

The participants’ weight and height were measured with
a Perperson 113481 scale stadiometer. Their BMI was
then calculated as their body weight in kilograms divid-
ed by the square of their height in centimetres (weight/
height?). The resulting BMI was evaluated based on
the World Health Organization (WHO) classification:
(a) underweight (BMI < 18.5 kg/m?); (b) normal weight
(BMI = 18.5-24.99 kg/m?); (c¢) overweight (BMI =
25-29.99 kg/m?); (d) obese (BMI > 30 kg/m?). Renal
function was assessed with the Cockcroft-Gault (CCr)
formula and the serum creatinine clearance (SCrCl).

Accordingly the Cockcroft-Gault formula deter-
mined the GFR as follows:

In the case of males, normal values are 70 = 14 mL/
min/m?, whereas for females, they are 60 = 10 mL/
min/m?. Based on the decreasing GFR, values were clas-
sified as follows: (a) Mild decrease (60—41 mL/min); (b)
Moderate decrease (40-21 mL/min); (¢) Severe decrease
(<21 mL/min).

Serum creatinine clearance determines serum creati-
nine (SCr) levels in the blood by means of the kinetic
Jafté reaction, in which the creatinine reacts with alka-
line picrate to produce a red-coloured complex. Serum
creatinine levels were calculated by measuring an
increase in absorbance at 512 nm. The rate of the dye
formation (colour intensity) is directly proportional to
the creatinine concentration in the specimen. A normal
result is 0.7-1.3 mg/dL for males and 0.6-1.1 mg/dL
for females, respectively. Generally speaking, normal
values range from 0.8 to 1.4 mg/dL.

Before being discharged from the hospital, all of the
participants were advised to consume 1.4-1.5 g/kg/day
of diet protein (30-35 kcal/kg/day) during the first three
months after the renal graft. Moreover, they were told
that lipids should not exceed 30% of the total dietary
intake and simple sugars should be avoided. After this

three-month period, patients could reduce their protein
consumption to 1 g/kg/day.

The GFR indicates stages of CKD as specified in the
guidelines of the National Kidney Foundation (Table 1).

Table 1: Classification of the stages of chronic kidney disease in the guide-
lines of the National Kidney Foundation
Stage Description GFR
(mL/min/1.73 m?)
1 Kidney damage with a normal or higher >90
GFR
2 Kidney damage with a slightly lower GFR 60-89
3 Mild-to-moderate decrease in GFR 30-59
4 Significant decrease in GFR 15-29
5 Kidney failure or dialysis <15

GFR = glomerular filtration rate.

Statistical analysis

The statistical analysis was performed with the software
package IBM SPSS Statistics 20. Analysis of variance
(ANOVA) was used to analyse the differences between
the BMI and renal function. All data were expressed as
frequencies, percentages and mean values + standard
deviation. Values of p < 0.05 were regarded as statisti-
cally significant.

RESULTS

As can be observed in Table 2, the percentage of over-
weight patients remained more or less constant in the
five-year period after the kidney transplant. However,
there was an increase in the patients with obesity, whereas
each year the number of normal-weight and underweight
patients became steadily lower. In regard to renal func-
tion, Table 3 shows that even though Cockcroft—-Gault
values reflect a mild decrease, this percentage became
progressively lower during the five-year time period.
The same occurred with the SCr levels in the blood,
where from the first to the fifth year, the values tended
to increase until they exceeded our laboratory reference
values (normal values of 0.8—1.4 mg/dL).

Table 2: Percentage of patients classified according to the WHO classifica-

tion

BMI (kg/m?) Post-transplant years
2 P

lst* znd* 3"‘1* 4th* sﬁh*
Underweight: < 18.5 6.1% 59% 63% 53% 5.6%
Normal weight: 18.5-24.99  33.1% 32.5% 31.5% 32.6% 29.1%
Overweight: 25-29.99 342% 33.1% 33% 32.6% 33.6%
Obesity: > 30 26.6% 28.5% 29.3% 29.6% 31.8%
%p < 0.05.
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Table 3:  Evolution of the renal function in five years by two methods: the
Cockeroft-Gault formula (CCr; mL/min) and serum creatinine
(SCr; mg/dL)
Filtration/year Mean SD
CCr 1% year 62.09 22.90
CCr 2™ year 61.61 24.36
CCr 34 year 60.76 24.96
CCr 4" year 60.49 26.00
CCr 5" year 60.15 26.11
SCr 1* year 1.68 0.99
SCr 2™ year 1.77 1.33
SCr 3" year 1.80 1.35
SCr 4" year 1.79 1.20
SCr 5" year 1.78 1.15
*p <0.05.

CCr = Cockcroft-Gault formula; SCr = serum creatinine; SD = standard
deviation.

Even though creatinine levels remained elevated, when
they are correlated with the BMI, they show a statisti-
cally significant increase with a higher BMI, especially
in the first three years. However, the tendency was for
creatinine levels to rise each year and remain high,
especially in patients who are overweight and obese
(Table 4).

Table 4: Five-year serum creatinine levels and the BMI (the WHO clas-

sification)

GFR BMI (kg/m?) N Mean SD
SCr Underweight: < 18.5 25 1.31 0.45
I*year*  Normal weight: 18.5-24.99 130 1.56 0.66
Overweight: 25-29.99 175 1.59 0.53
Obesity: > 30 170 1.68 0.51
SCr Underweight: < 18.5 25 1.30 0.39
2 year*  Normal weight: 18.5-24.99 135 1.55 0.65
Overweight: 25-29.99 172 1.64 0.90
Obesity: > 30 168 1.72 0.55
SCr Underweight: < 18.5 25 1.37 0.43
3year*  Normal weight: 18.5-24.99 135 1.55 0.63
Overweight: 25-29.99 172 1.65 0.73
Obesity: > 30 168 1.70 0.57
SCr Underweight: < 18.5 25 1.49 0.73
4%year  Normal weight: 18.5-24.99 137 1.56 0.71
Overweight: 25-29.99 170 1.69 0.83
Obesity: > 30 168 1.73 0.63
SCr Underweight: < 18.5 25 1.70 1.38
S"year  Normal weight: 18.5-24.99 137 1.65 0.94
Overweight: 25-29.99 170 1.80 1.26
Obesity: > 30 168 1.79 0.73

*p < 0.05.

BMI = body mass index; GFR = glomerular filtration rate; SCr = serum
creatinine; SD = standard deviation.

Regarding the glomerular function (Table 5), instead of a
decrease, the results obtained with the Cockcroft-Gault
formula show a statistically significant increase when
correlated with the BMI. During the five-year period
after the transplant, the values generally reflect a mild-
to-moderate loss decrease (60—41 mL/min).

Table 5:  Evolution of the Cockcroft—Gault filtration (CCr) for years and the
BMI (the WHO classification)

GFR BMI (kg/m2) N Media SD
CCr I Underweight: < 18.5 25 55.21 16.46
year* Normal weight: 18.5-24.99 130 58.37 21.35
Overweight: 25-29.99 175 63 22.18
Obesity: > 30 170 67.82 22.79
CCr2™  Underweight: < 18.5 25 53.58 14.42
year* Normal weight: 18.5-24.99 135 58.94 23.17
Overweight: 25-29.99 172 63.33 21.93
Obesity: > 30 168 66.55 23.44
CCr3  Underweight: < 18.5 25 51.56 13.20
year* Normal weight: 18.5-24.99 135 57.87 22.57
Overweight: 25-29.99 172 62.28 22.21
Obesity: > 30 168 68.04 26.09
CCr4™  Underweight: < 18.5 25 48.99 14.44
year* Normal weight: 18.5-24.99 137 58.12 23.30
Overweight: 25-29.99 170 61.63 23.73
Obesity: > 30 168 68.63 28.25
CCr 5"  Underweight: < 18.5 25 48.66 18.78
year*  Normal weight: 18.5-24.99 137 56.56  25.11
Overweight: 25-29.99 170 61.77 25.27
Obesity: > 30 168 66.65 28.79
*p < 0.05.

BMI = body mass index; GFR = glomerular filtration rate; CCr = Cockcroft—
Gault filtration; SD = standard deviation.

DISCUSSION

The results of our study found that there was a high
prevalence of obese and overweight patients, which
steadily increased over the years. Many research stud-
ies have obtained a significant amount of experimental
and clinical data that highlight the fact that obesity is
an important risk factor for kidney disease (13, 14).
Nevertheless, there is a scarcity of epidemiological data
that directly point to obesity as a trigger or direct cause
of kidney disease. Certain studies have focussed on
the association between obesity and proteinuria in the
general population (15, 16). However, very few epide-
miological studies have quantified the possible relation
between obesity and kidney failure (17, 18).

The prevalence of obesity throughout the world
is soaring. As a result, there are a growing number of
patients with cardiovascular disease, metabolic syn-
drome and CKD (19). As specified in the Kidney
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Disease: Improving Global Outcomes (KDIGO) guide-
lines, there is an association between obesity, renal
graft dysfunction, graft loss and mortality in the kidney
transplant recipients. There is also a higher risk of peri-
operative complications, illnesses and concomitants
(20, 21).

In this research, we assessed renal function in a
sample of kidney graft recipients during the five-year
post-transplant period with a particular focus on their
BMI. Many studies have shown how weight gain after
transplantation can have long-term adverse effects on
the patients’ renal function. However, in these studies,
weight gain was mainly due to the metabolic syndrome,
including hypertension, diabetes and hyperlipidaemia
(22). Our study demonstrated that the weight gain in the
critical five years after the transplant has an extreme-
ly negative impact on kidney function, which can be
explained by the increased metabolic load stemming
from the weight gain (23).

Factors that explain long-term weight gain in
transplant recipients include their improved appetite,
disappearance of dietary restrictions and limitations
on physical activity due to immunosuppression (24).
In regard to delayed graft function, both obesity and
overweight prevent the kidney from maintaining a satis-
factory filtration rate. This agrees with other studies that
underline obesity as a risk factor that endangers normal
kidney function (25).

Our research showed that a BMI > 25 kg/m? after
the kidney transplant correlated with a higher percent-
age of graft dysfunction. Moreover, as the patients’ BMI
increased, there was a lower GFR, as measured by the
CCr and the SCrCl methods. Since the SCrCl is a kidney
damage marker, as the BMI increased, there was a great-
er kidney distress. This coincides with other studies that
found that a higher BMI (26-28) was accompanied by
higher creatinine levels, which signify a decrease in glo-
merular filtration (29, 30).

CONCLUSION

The results showed that five years after kidney transplan-
tation, recipients experienced a weight gain and had a
higher BMI. This factor contributed to graft dysfunction
as reflected in a lower GFR and graft complications due
to the kidney damage and a progressive loss of kidney
function.

AUTHORS’ NOTE
MS Adelina conceived paper, oversaw data collection,
conducted data analysis, wrote manuscript and approved

final version. NN Ana Maria participated in the study
design, data analysis and interpretation, critically revised
manuscript and approved final version. I Garcia partici-
pated in the study design, data analysis, interpretation of
data, revision of manuscript and approved final version.
RF Castillo participated in the study design, interpreta-
tion of data, revision of manuscript and approved final
version.

REFERENCES

1. Foster MC, Hwang SJ, Larson MG, Lichtman JH, Parikh NI, Vasan RS
et al. Overweight, obesity, and the development of stage 3 CKD: the
Framingham Heart Study. Am J Kidney Dis 2008; 52: 39-48.

2. Hsu CY, McCulloch CE, Iribarren C, Darbinian J, Go AS. Body mass
index and risk for end-stage renal disease. Ann Intern Med 2006; 144:
21-8.

3. Praga M. Obesity: a neglected culprit in renal disease. Nephrol Dial
Transplant 2002; 17: 1157¢9.

4. Elagroudy AE, Wafa EW, Gheith OE, Shehab el-Dein AB, Ghoneim
MA. Weight gain after renal transplantation is a risk factor for patient
and graft outcome. Transplantation 2004; 77: 1381-5.

5. Clunk JM, Lin CY, Curtis JJ. Variables affecting weight gain in renal
transplant recipients. Am J Kidney Dis 2001; 38: 349-53.

6. Cashion AK, Sanchez ZV, Cowan PA, Hathaway DK, Lo Costello A,
Gaber AO. Changes in weight during the first year after kidney trans-
plantation. Prog Transplant 2007; 17: 40-7.

7.  Elster EA, Leeser DB, Morrissette C, Pepek JM, Quiko A, Hale DA
et al. Obesity following kidney transplantation and steroid avoidance
immunosuppression. Clin Transplant 2008; 22: 354-9.

8. Armstrong KA, Campbell SB, Hawley CM, Nicol DL, Johnson DW,
Isbel NM. Obesity is associated with worsening cardiovascular risk
factor profiles and proteinuria progression in renal transplant recipients.
Am J Transplant 2005; 5: 2710-18.

9. Johnson CP, Gallagher-Lepak S, Zhu YR, Porth C, Kelber S, Roza
AM et al. Factors influencing weight gain after renal transplantation.
Transplantation 1993; 56: 822—7.

10. Nazemian F, Naghibi M. Weight-gain-related factors in renal transplan-
tation. Exp Clin Transplant 2005; 3: 329-32.

11. Cashion AK, Hathaway DK, Stanfill A, Thomas F, Ziebarth JD, Cui Y et
al. Pre-transplant predictors of one-year weight gain after kidney trans-
plantation. Clin Transplant 2014; 28: 1271-8.

12. Ryan KIJ, Casas JM, Mash LE, McLellan SL, Lloyd LE, Stinear JW et
al. The effect of intensive nutrition interventions on weight gain after
kidney transplantation: protocol of a randomised controlled trial. BMC
Nephrol 2014; 15: 148.

13. Zrim S, Furlong T, Grace B, Meade A. Body mass index and postopera-
tive complications in kidney transplant recipients. Nephrology 2012; 17:
582-7.

14. AaltenJ, Christiaans M, de Fijter H, Hené R, van der Heijde JH, Roodnat
J et al. The influence of obesity on short and long-term graft and patient
survival after renal transplantation. Transpl Int 2006; 19: 901-7.

15. Shoham DA, Durazo-Arvizu R, Kramer H, Luke A, Vupputuri S,
Kshirsagar A et al. Sugary soda consumption and albuminuria: results
from the National Health and Nutrition Examination Survey, 1999—
2004. PLoS One 2008; 3: e3431.

16. Palaniappan L, Carnethon M, Fortmann SP. Association between micro-
albuminuria and the metabolic syndrome: NHANES III. Am J Hypertens
2003; 16: 952-8.

17. Chang S, Coates O, McDonald S. Effects of body mass index at trans-
plant on outcomes of kidney transplantation. Transplantation 2007; 84:
981.

18. Huang E, Bunnapradist S. Pre-transplant weight loss and survival after
kidney transplantation. Am J Nephrol 2015; 41: 448-55.



20.

21.

22.

23.

24.

25.

Adelina et al 23

Fernandez Castillo R, Fernandez Gallegos R, Pefia Amaro MP, Esteban
de la Rosa RJ. Assessment of lipid profiles and bone mineral density in
renal transplant patients. Nutr Hosp 2015; 31: 2503—10.

Chang A, Greene TH, Wang X, Kendrick C, Kramer H, Wright J et al.
The effects of weight change on glomerular filtration rate. Nephrol Dial
Transplant 2015; 30: 1870-7.

Booth JC, Joseph JT, Jindal RM. Influence of hipercolesterolemia
on patient and graft survival in recipients of kidney transplants. Clin
Transplant 2003; 17: 101-5.

Chan G, Garneau P, Hajjar R. The impact and treatment of obesity in
kidney transplant candidates and recipients. Can J Kidney Health Dis
2015; 2: 26.

Boratynska M, Banasik M, Watorek E, Klinger M, Dorobisz A, Szyber
P. Influence of hipercolesterolemia and acute graft rejection on chronic
nephropathy development in renal transplant recipient. Transplant Proc
2003; 35: 2209-12.

Suarez O, Pardo M, Gonzalez S, Escobar-Serna DP, Castaneda DA,
Rodriguez D et al. Diabetes mellitus and renal transplantation in adults:
is there enough evidence for diagnosis, treatment, and prevention of
new-onset diabetes after renal transplantation? Transplant Proc 2014;
46: 3015-20.

Gourishankar S, Grebe SO, Mueller TF. Prediction of kidney graft fail-
ure using clinical scoring tools. Clin Transplant 2013; 27: 517-22.

26.

217.

28.

29.

30.

Hricik DE. Metabolic syndrome in kidney transplantation: management
of risk factors. Clin J Am Soc Nephrol 2011; 6: 1781-5.

Hartmann EL, Kitzman D, Rocco M, Leng X, Klepin H, Gordon M et
al. Physical function in older candidates for renal transplantation: an
impaired population. Clin J Am Soc Nephrol 2009; 4: 588-94.

Ditonno P, Lucarelli G, Impedovo SV, Spilotros M, Grandaliano G,
Selvaggi FP et al. Obesity in kidney transplantation affects renal func-
tion but not graft and patient survival. Transplant Proc 2011; 43: 367-72.
Grosso G, Corona D, Mistretta A, Zerbo D, Sinagra N, Giaquinta A et al.
The role of obesity in kidney transplantation outcome. Transplant Proc
2012; 44: 1864-8.

Ravindra K, Irish W, Vikraman D, Castleberry A, Barbas A, Sanoff S et
al. Impact of recipient BMI: implications for ECD renal transplantation.
Am J Transplant 2013; 13: 195.

© West Indian Medical Journal 2026.

This is an article published in open access under a Creative Commons
Attribution International licence (CC BY). For more information, please
visit https://creativecommons.org/licenses/by/4.0/deed.en_US.




