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ABSTRACT 

Background: When determining eligibility for kidney transplantation, body mass index (BMI) is 

often a debatable criterion for transplant due to the clinical indication, an elevated BMI has 

adverse effects on kidney transplant outcomes.  There is a current gap in research on the effect 

BMI has on kidney transplant outcomes.  

Purpose: The purpose of this study was to determine the role BMI plays in post-kidney 

transplant clinical outcomes including delayed graft function, new onset diabetes after transplant, 

wound complications, hospital length of stay, albumin, and readmissions to the hospital from 

initial hospitalization and at six months following kidney transplantation.  The primary outcome 

of this study was to examine the relationship between BMI and delayed graft function. We 

hypothesize patients with a BMI less than 35 kg/m2 is associated with fewer clinical outcomes 

during their initial hospitalization up to six months post-kidney transplant. 

Methods: A retrospective chart review was conducted using a database including 99 patients who 

have had a kidney transplant and are legal adults aged 19 years or older. Data was collected at 

initial hospitalization and at six months post kidney transplant.  Data was assessed via 

independent t-test, chi-square, and Mann-Whitney U test. 
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Results:  There was no association between BMI and delayed graft function. However, there was 

a positive trend between increased BMI and new onset diabetes after transplant. There was also 

no association between wound complication and increased BMI from the time of transplant up to 

six months post-kidney transplant.  

Conclusion: This study found an elevated BMI is not associated with an increased number of 

adverse clinical outcomes, but there is a positive trend between increased BMI and new onset 

diabetes after transplant.   
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INTRODUCTION 

The waiting list for kidney transplantation continues to increase yearly in the United 

States with a median waitlist time of 3.6 years.1  With more people in need of a kidney transplant 

and  limited availability of kidney donors,  it is necessary for donated kidneys to go to people 

who are in the most need and will likely have positive outcomes.2  For that reason, patients 

undergo interdisciplinary team evaluations to determine a transplant recipient’s social support, 

financial ability, psychological stability, nutritional status, and general health standing to decide if 

they are eligible for a kidney transplant.   Patients also apply to multiple transplant centers to 

increase their chance for kidney transplantation.  Common complications associated with kidney 

transplants include delayed graft function, infection, new onset diabetes, and cardiovascular 

events.3   There is a current controversy in the literature regarding kidney transplantation 

complications specifically surrounding the role overweight and obesity play in post- kidney 

transplant complications. 

Obesity, as defined by the World Health Organization (WHO)  is a body mass index 

(BMI) > 30 kg/m2.  Over the past years, obesity has been on the rise within the United States 

population to the point of one in three Americans are now considered obese.4  With an increase in 

the nation’s obese population, more obese patients are receiving transplants than ever before.  Of  

people with end stage renal disease, one in two individuals are obese.4  In previous studies, it has 

been noted obese patients have poorer outcomes post-kidney transplantation compared to non-

obese patients. Additional studies have found no association between obesity and post-transplant 

outcomes.  It remains unclear how BMI prior to transplant can affect the overall kidney transplant 

outcomes.   

The role BMI plays in kidney transplant outcomes is important because it is a factor used 

in patient evaluation for kidney transplantation.  People who are denied kidney transplant waitlist 

status due to obesity, are encouraged to pursue weight loss, and even bariatric surgery prior to 
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becoming active on the kidney transplant waitlist based off their BMI measurement.  Currently, 

BMI is the most common reason for initial inactive status on the kidney transplant waitlist.3 With 

research in this area being contradictory, there are currently no national BMI standards of practice 

for kidney transplantation.  The final decision is ultimately left up to the transplanting facility to 

choose who is eligible for a kidney transplant. The purpose of this study is to determine the effect 

BMI has on graft function in the initial months following kidney transplant.  This study also seeks 

to identify other effects BMI has on post-kidney transplant outcomes  including, wound 

complications, hospital length of stay, new onset diabetes mellitus, and readmissions to the 

hospital following transplantation up to six months post-kidney transplant.  We hypothesize a 

BMI less than 35 kg/m2 is associated with fewer clinical outcomes during their initial 

hospitalization and up to six months post-kidney transplant. From the study analysis and results, 

evidenced-based decisions will be used to determine the role BMI should play in the kidney 

transplant evaluation process. 
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REVIEW OF LITERATURE 

Obesity 

Obesity is classified by the WHO based on BMI.  A BMI less than 18.5 kg/m2  is 

classified as underweight, 18.5-24.9 kg/m2 is normal weight, 25.0-29.9 kg/m2 is overweight, 30-

34.9 kg/m2 is class 1 obesity, 35-39.9kg/m2 is class 2 obesity and greater than 40 kg/m2 is class 3 

obesity.   Obesity has been constantly rising in the United States population for many years.5 This 

rise in obesity has been reflected in the kidney transplant waiting list and evaluation patients.  Of 

the patients with end stage renal disease, one in two patients are obese.4 The role BMI plays prior 

to kidney transplant remains unclear on the effect on post-kidney transplant outcomes.   

 

Chronic Kidney Disease 

The main function of the kidneys is to maintain homeostasis of the fluid and electrolytes 

balance in the blood.  This is done through the removal of waste and excess water from the blood 

through the production of urine to excrete the waste from the body along with mineral regulation.  

This process occurs after the blood is 

delivered to the kidney’s glomeruli 

through the capillaries in the kidney. 

The filtered blood collects in 

Bowman’s capsule, which contains 

the glomerulus, and then goes 

through the tubules lined with 

filtrating cells to reabsorb water and minerals of use for the body.  The waste is then secreted in 

the form of urine and exits the kidney through the ureter to the bladder and is excreted from the 

body via the urethra.  The kidneys also produce hormones including, calcitriol (the active form of 
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vitamin D), erythropoietin, and renin. Calcitriol regulates the absorption of calcium and 

phosphorous promoting bone strength.  Erythropoietin stimulates the bone marrow to produce red 

blood cells, and renin regulates blood volume and pressure.6 All of these functions are affected in 

chronic kidney disease (CKD). 

CKD is a progressive scarring on structures of the kidney due to various conditions such 

as diabetes, hypertension, infection, polycystic kidney disease, kidney malformations, 

glomerulonephritis, and more.  It usually occurs gradually and the disease is divided into 5 stages.  

Stage 1 is the least severe form of CKD and the disease can progress to stage 5 leading to end 

stage renal disease when there is little to no kidney function.  In the early stages of CKD, people 

tend to have minimal or no symptoms at all.  As kidney function decline becomes more 

significant, CKD becomes more apparent.  The loss of kidney function impairs the ability to 

maintain homeostasis and ability to produce urine which leads to an accumulation of water 

causing edema, excess waste, and an increase in toxic substances in the body. The treatment for 

CKD aims to slow the progression of kidney damage by controlling the underlying cause.  When 

CKD progresses to end stage renal disease then the damage has been done to the kidney and the 

only option for these patients is dialysis, a mechanical filtration of the blood, or a kidney 

transplant.7 

 

Delayed Graft Function 

  

A transplanted kidney is also called the graft and it is expected to begin working 

immediately following transplantation.  Delayed graft function (DGF) is characterized by acute 

rejection, oliguria, elevated blood urea nitrogen (BUN), elevated creatinine, low glomerular 

filtration rate (GFR), and the need for dialysis within one week post kidney transplant.  Some risk 

factors for DGF include longer operating time and longer cold and warm ischemic time.8, 9, 10 

Cold ischemic time is the amount of time between the chilling of the organ after its blood supply 
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has been cut off to the time the blood supply is restored and the organ is warmed.  Warm 

ischemic time is the amount of time an organ remains at body temperature after its blood supply 

has been stopped or reduced.  DGF is treated with dialysis and/or diuretics11 to aid the 

performance of the graft in the hopes it will begin to function.  DGF is associated with poor 1-

year graft survival.12 However, this is difficult to determine due to immunosuppression 

nephrotoxicity and other factors which play a role in inhibiting long-term graft survival.  For the 

purpose of this study, DGF will be assessed initially post-transplant and will not be reassessed at 

six months post-transplant.14, 15 A review article examined the different ways to determine and 

manage DGF. Out of the 30 studies reviewed between the years of 1984-2007, 69% of the studies 

determined DGF by the use of dialysis within the first seven days post-transplant as the most 

accurate assessment tool of DGF.12, 13    

Currently, some literature found obesity has an effect on the occurrence of DGF while 

other studies have found no association between obesity and DGF.  Chan et al completed a meta-

analysis to review relevant literature assessing the role of pre- and post-transplant obesity on 

patient graft survival.  It was concluded literature in this area is very controversial when 

determining the effect of obesity on graft function following kidney transplantation.16 A 

retrospective study by Pham P et al completed a similar meta-analysis, but it analyzed different 

studies than Chan et al.  The aim of this study was to determine the impact of obesity on 

transplant candidates and aid in the decision of whether or not to transplant these patients. Graft 

function was analyzed in twenty different studies with multiple studies reviewing the UNOS 

database at different time points.  A similar conclusion was met, this is an area of discrepancy and 

more research is still needed.17   

Many studies have found obese patients have an increased incidence of kidney rejection 

or decreased graft survival compared to non-obese patients.  One specific study by Grosso et al 

investigated the association between BMI and graft survival evaluating BMI as both a continuous 
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and categorical variable.  They found BMI is an independent risk factor for graft loss in the study 

even following adjustment for obesity related risk factors including diabetes, cardiovascular 

disease, smoking, and hypercholesteremia.  It showed 42.9% of obese patients had DGF whereas 

7.7% of normal weight patients had DGF  with a p-value of 0.035.18  Another study evaluated 

2,161 kidney transplant patients and found obesity prior to kidney transplant had a 36.8% 

increase in risk of graft failure 95% CI, 2.174-941.422 and a p-value <0.001.19  While another 

study with 19,882 subjects found BMI is an independent risk factor for DGF with OR 1.34 and 

p<0.001 for overweight subjects and OR 1.65 with p<0.001 for obese and OR 1.92, p<0.001 for 

morbidly obese subjects.20 

Although some studies have found an association between BMI and DGF, multiple 

studies have found no association between obesity and DGF. Karabicak et al looked at a 

predominately African American population, which is a population at increased risk of obesity 

and found no significance between obesity and graft function following kidney transplantation 

with a p-value >0.005.21  Another study reviewed 3,054 patient records from 1998-2008 to 

evaluate patient and graft survival along with transplant complications based off of patient’s BMI.  

They found all transplant recipients had similar graft survival regardless of BMI.22 Zrim et al 

evaluated 550 patients and found weight was not significantly associated with graft failure with a 

mean of 1.019 and 95% confidence interval 0.996-1.042 and p-value of 0.1.23   A study at the 

University of Michigan had 869 subjects to gain an understanding on whether obesity had other 

risks beyond developing surgical site infection in kidney transplant recipients.  They found 

obesity had no independent effect on graft function.23  Moreira et al completed a study in Brazil 

with 471 kidney transplant recipient and determined there is no association between BMI and 

graft function with a p-value <0.05.24   

Multiple studies did not find an association but detected a trend in the data collected 

towards obesity not being a contraindication for kidney transplantation. Kiexszek et al reviewed 
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859 patient charts and found BMI did not influence the effect of DGF, but there was a positive 

trend in the data for obese patients and DGF.  Patients with a higher BMI at transplant had an 

increased incidence of graft failure.14 A large cohort study with 11,836 kidney transplant 

recipients found increased BMI is a risk for DGF after extensive multivariate adjustment,9  but the 

data was not significant enough to have an association between the two variables.  These results 

indicate there is a variety of research in this area, but the research is quite contradictory indicating 

a need for more research.   

 

Wound Complications 

 

 Following kidney transplantation, patients are placed on immunosuppressive and 

corticosteroid medications to prevent organ rejection.   These medications must be balanced 

between immunosuppression and infection risk along with individualization for the patient’s 

particular needs.25 Due to the use of immunosuppressive medications and other factors, infection 

is the leading cause of mortality during the first year following kidney transplant.26 If an infection 

progresses it affects graft function and thus patient survival.  Since infections are also known to 

be a complication of surgery in obese patients, the question arises, are certain populations at 

increased risk for infection post-transplant?  

 The literature in this area still needs more research as many studies have not found a 

common BMI in relation to infection incidence.  One study reviewed 642 kidney transplants from 

1999-2007 and found obese patients with BMI greater than 30 kg/m2 had an increase incidence of 

deep wound infections related to mechanical factors such as cleaning the wound due to delayed 

healing with a p-value of 0.001.27 However, another study associated a BMI greater than 35 

kg/m2 with a higher incidence of wound dehiscence and those patients had ten times more 

infectious events per year than those with a BMI less than 35 kg/m2.22  Two other studies assessed 

BMI as a predictor of early infection and bacteremia in the post-transplant period and both found 
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an association between BMI, early infection and bacteremia with a p-value of <0.001.  This 

indicated a high BMI is a predictor of infection in post kidney transplant patients 25, 26, 28 These 

studies simply associated an increase in infection with an increase in BMI, but they did not 

associate a particular BMI point at which the increase infection occurred. 

 

New Onset Diabetes After Transplant 

Diabetic nephropathy is a leading cause of kidney disease.  It is characterized by the 

thickening of the glomerular basement membrane which progresses to glomerulosclerosis.  New 

onset diabetes after transplant occurs for a variety of reasons, one of which is due to 

immunosuppressive medications producing a toxic effect on insulin production and an increased 

resistance to insulin.29  It is reported there is a 20.5% incidence of new onset diabetes after 

transplant which is associated with increased mortality and increased rates of cardiovascular 

disease and infection.30  Risk factors for the development of new onset diabetes after transplant 

consist of  being greater than 45 years of age, family history of diabetes, African American or 

Hispanic race/ethnicity, use of corticosteroids, HIV, hypertension, and proteinuria.31  To 

determine the occurrence of new onset diabetes after transplant the use of hypoglycemic agents 

for any blood glucose greater than 200 mg/dL or fasting blood glucose greater than 140 mg/dL is 

used for evaluation along with leaving the hospital with hypoglycemic agents.31  Following 

transplantation, blood glucose will spike even if they were normal prior to transplant.12   

Many studies have found an association between obesity and new onset diabetes after 

transplant.  Between May 2000 and December 2005, 250 Caucasian patient’s blood glucose 

levels were followed up to 32 months.  An association was shown between patients with a BMI of 

28.1+/-3.4 kg/m2 with a p-value of 0.002.32 Another study associated patients with a higher BMI 

at an increased risk of hyperglycemic events.33 Other studies have found a BMI greater than 30 
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kg/m2 had a higher incidence in new onset diabetes after transplant with a p-value <0.001.22, 24 

There is still some discrepancy as other studies have failed to demonstrate an association between 

obesity and the development of new onset diabetes after transplant.  Other studies question if the 

association is dependent of body fat distribution more than BMI.34 Another study demonstrated 

an elevated pre-transplant glucose as a risk factor for new onset diabetes, however, this was also 

difficult to determine due to the timing of transplant surgeries.  Since many patients are called in 

at a moment’s notice, researchers were unable to control for patients most recent meals in relation 

to pre-surgery blood glucose lab collections.33 Although new onset diabetes is a common 

complication after kidney transplant it is uncertain the best way to predict who is at risk and the 

role BMI plays in the development of new onset diabetes. 

 

Obesity and Chronic Kidney Disease Mechanism 

 

Obesity affects individuals in every stage of CKD and can play a role in the progression 

of kidney disease.35 For people with CKD, as BMI increases multiple reports believe obese 

patients develop sarcopenic obesity. Sarcopenic obesity occurs when a person has excess weight.  

This form of obesity is classified by a loss in muscle mass and an increase in fat mass.  It occurs 

primarily in people who are elderly, inactive, have inflammation or have a chronic disease.36 With 

a decrease in muscle mass, gelsolin, an actin-binding protein produced by the skeletal muscle, 

will also decrease.  There are two forms of Gelsolin, pGSN which is actively secreted into the 

extracellular space and cytoplasmic GSH which participates in the intracellular space.   In the 

obese, pGSN is depleted by inflammatory mediators leading to a decreased production of protein 

due to decreased skeletal mass.  Depletion of pGSN increases with the degree of systemic 

inflammation and muscle wasting.  In dialysis patients, increased levels of Gelsolin has been 

associated with increased survival and it has begun to be used as a therapeutic marker in CKD 

patients awaiting a kidney transplant.37  
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As muscle mass decreases, gelsolin, along with skeletal, respiratory and cardiac muscle 

function also decrease.  This leads to impaired muscle-based oxidative mechanisms and a 

decrease in oxidative defense.  Sarcopenic obesity also increases fat mass and visceral adiposity 

leading to decreased inflammatory markers including adiponectin, visfatin, resistin, interleukin-6, 

high sensitivity C-reactive protein, prothrombin fragments 1+2, thrombomodulin, and vascular 

cell adhesion molecules.  All together cellular inflammation increases.16 The inflammation 

contributes to focal and segmental glomerulonecrosis and glomerulosclerosis.19  In return, 

cardiovascular disease risk increases, while patient survival and graft survival decrease.  

 

Surgical Complications of Obesity 

 

Obese patients have an increased risk of postoperative complications and obesity is an 

independent risk factor for surgery. 27, 38, 39 Surgical literature has well established the risk of 

wound and surgical site infections in obese patients.40  More specifically, obesity is positively 

associated with increased difficulty when operating, increased operating time, delayed wound 

healing, cardiovascular disease and increased wound complications including wound dehiscence 

and breakdown.23, 39  Due to these complications many insurance companies began to deny 

coverage for candidates with a BMI greater than 40 kg/m2 for kidney transplantation1, 27 providing 

another obstacle for transplantation. 
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METHODS 

Study Design and Participants 

This was a retrospective, electronic medical record review on all patients who received 

kidney transplants from November 6th, 2013 – October 4th, 2014.  The study protocol was 

approved by the Institutional Review Board at University Nebraska Medical Center in Omaha, 

Nebraska.  Patients were excluded if they were less than 19 years of age or if they had multiple 

organ transplants at the time of kidney transplantation.  No patients were excluded from this study 

based on clinical acuity.  After extensive chart review, 99 kidney transplant recipients were 

eligible for this study. 

 

Data Collection 

 

All data was collected at three time points; this includes initial hospitalization admission, 

discharge, and at six months post-kidney transplant.  Data on readmissions to the hospital or 

emergency room documented in the medical record from initial hospitalization up to six months 

post kidney transplant and a chart audit was performed to assess the accuracy of data collection at 

three months.  The following information was collected at the initial hospitalization for kidney 

transplant admission: body mass index, height, weight, past medical history including the cause 

of kidney disease, history of cardiovascular disease, hypertension, hyperlipidemia, diabetes, and 

if the patient was on dialysis prior to kidney transplantation.  Albumin was a laboratory value 

collected at admission to the hospital as this is a pre-transplant indicator for disease status.  

Demographic information was also collected for all participants including, age, gender, race and 

ethnicity.   

At discharge from initial hospitalization for a kidney transplant, data for the primary 

outcome of this study, DGF, defined as the use of dialysis within the first week after 
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transplantation was documented.  Wound complications were recorded and followed up to six 

months post-transplant.  Wound complications were documented in the event of a wound nurse 

consult, the use of a wound vac, wound opening, or wound infection.  To determine transplant 

related diabetes, hyperglycemic events with blood glucose >200 mg/dL were recorded along with 

the prescription of insulin or oral hypoglycemic agents at discharge. Throughout the initial 

hospitalization, the length of stay was calculated as the number of days post kidney transplant 

operation.   

The electronic medical record was reviewed at six months post-kidney transplant follow-

up appointments with the nephrologist.  Previous appointments were reviewed to ensure no 

information was missed and data recorded was accurate.  The following information was 

collected at the six month time periods: new wound infection or wound drain, a new use of 

insulin or oral hypoglycemic agents, and BMI was documented. Readmission and the reason for 

readmission in the past six month’s post-kidney transplant were also documented.  All 

information was documented by the incidence occurrence. If a patient had a wound vac once at 

three months and still had the wound vac at six months this was only documented as one event. 

This data was all compiled on an excel spreadsheet and patient identifiers were not recorded.  All 

collected information was reviewed for accuracy and corrected if an electronic error occurred.  

All available information on each patient was included in the analysis and is displayed in the 

tables. 

 

Data Analysis 

 

 

BMI data was categorized into two groups, BMI <30 kg/m2 and BMI >30 kg/m2 to be 

compared. Although our original hypothesis was predicted for a BMI greater than 35 kg/m2, due 

to the distribution of the data a dichotomous decision was made to change the BMI groupings 
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based on the data to BMI > 30 kg/m2, which is also the WHO classification for obesity.  The 

differences between categorical variables were evaluated with the chi-square test.  Categorical 

variables including gender, race, ethnicity, history of CVD, hypertension, hyperlipidemia, 

diabetes, and prior use of dialysis, DGF, new onset diabetes after transplant, wound 

complications, diabetes diagnosis six months post-transplant, and readmission to the hospital 

were used for chi-square test analysis.  The significance was determined by Pearson chi-square.  

To analyze continuous variables, an independent t test was used.  The continuous variables 

include the length of stay and albumin.  A Mann-Whitney U test was then used to compare the 

distribution between groups to ensure statistical significance for variables that may have been 

affected by outliers.  Data analysis was performed using IBM SPSS Statistics 23 software and p-

values of < 0.05 were considered significant.   
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RESULTS 

Among the 99 patients included in the study, the mean age was 52.9 years old and 53% 

of the patients had a BMI > 30 kg/m2 classifying them as obese.  The majority of patients were 

Caucasian consisting of 78% of the patient population and 61.6% of the patients studied were 

males.  In this study, there were no underweight patients and all the patients fell between a BMI 

of 20.34 kg/m2 and 62.3 kg/m2.  Baseline characteristics collected upon admission to the hospital 

are displayed on Table 1 and there was no significant difference between group 1, BMI < 30 

kg/m2 and group 2, BMI > 30 kg/m2 at admission to the initial hospitalization for kidney 

transplantation.    

The most common cause of a patient’s CKD leading to the need for kidney 

transplantation was diabetic nephropathy (22%) and hypertension (20%).  Lesser common causes 

include polycystic kidney disease (12%) and glomerulonephritis (4%).   Groups were determined 

based off the distribution of data.  Group 1 was chosen for patients with a BMI < 30 kg/m2 and 

Group 2 contains patients with a BMI > 30 kg/m2.  The difference between groups at discharge 

from initial hospitalization for kidney transplantation outcomes are found on Table 2.  A lower 

BMI had a slightly increased albumin by 0.014mg/dL.  This increase is very minimal and was not 

statistically significant.    
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Initial Hospitalization 

 

 

Discharge from Initial Hospitalization 

 

 

Table 1: Baseline Characteristics 

Variable Total BMI <30 kg/m2 BMI >30 kg/m2 p-value 

Total  N=99 47 52  

Mean BMI  26.5 34.9 0.053 

Gender-M/F 61/38 26/21 35/17 0.221 

Mean Age (years) 52.9 50.8 54.8  

Ethnicity (Hispanic/Non-Hispanic) 8/91 44/3 47/5 0.556 

Race    0.720 

   Caucasian 76 38 38  

   African American 15 5 10  

   Hispanic 3 2 1  

   American Indian 2 1 1  

   Other 3 1 2  

History of CVD 17 9 8 0.620 

History of Hypertension 84 37 47 0.106 

History of Hyperlipidemia 43 22 21 0.520 

History of Diabetes 34 13 21 0.183 

Prior Use of Dialysis 75 37 39 0.789 

Albumin (mg/dL) 99 3.606 3.592 0.837 

Table 2: Initial Hospitalization Outcomes 

 BMI < 30 kg/m2 BMI > 30 kg/m2 p-value 

Delayed Graft Function 8.1 % (8/99) 10.1% (10/99) 0.810 

New Onset Diabetes After Transplant 13.1% (13/99) 14.1% (14/99) 0.070 

Length of Stay (days) 5.6 4.5 0.003 
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Figure 2: Length of Stay Distribution 

 
 

 
 

A chi-squared test was performed and no relationship was found between DGF and BMI.  

A positive trend was found between patients with a BMI > 30 kg/m2 and new onset diabetes after 

transplant (p=0.07, Table 2).  The independent t-test revealed a significant relationship between 

the two groups for hospital length of stay. This indicates a lower BMI is associated with a longer 

length of stay than a BMI > 30 kg/m2. Due to concerns about outliers as seen in Figure 2 making 

this a false significant finding, a Mann-Whitney U test was conducted to compare the 

distributions between groups and the length of stay using the median had a p-value of 0.805.   

This test indicates the difference in the distribution for length of stay was not significant.   
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Following hospitalization for a kidney transplant, patients were reassessed at six months.  

No association was found between groups for wound complications, new diabetes diagnosis, or 

readmissions to the hospital as seen on Table 3. The most common reasons for readmission to the 

hospital were infection, pain, graft failure, or wound complications depicted on Figure 3. 

 

Six Months Post-Kidney Transplantation 

Table 3: Outcomes Post- Initial Hospitalization 

 BMI < 30 kg/m2 BMI > 30 kg/m2 p-value 

Wound Complications 9.1 % (9/99) 10.1% (10/99) 0.992 

DM Diagnosis 14.1% (14/99) 19.2% (19/99) 0.506 

Readmission to Hospital 23.2% (23/99) 32.3% (32/99) 0.595 
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Based on our original hypothesis, we expected to find patients with a BMI less than 35 

kg/m2 are associated with fewer clinical outcomes during their initial hospitalization and up to six 

months post-kidney transplant.  Once the data was collected, based off the distribution of the data 

patients were placed into different groups. However, statistics were completed to compare the 

data between Group 1 with BMI <35 kg/m2 and Group 2 with a BMI >35 kg/m2.  In light of the 

hypothesis, Table 4 provides baseline characteristics for these new groups.  Due to the 

distribution of the data there was a statistically significant difference in race and history of 

diabetes between groups.   

Initial Hospitalization 

 

 

Table 4: Baseline Characteristics for BMI > 35 kg/m2 

Variables Total BMI < 35 kg/m2 BMI >35 kg/m2 p-value 

Total  N=99 81 18  

Gender-M/F 61/38 49/32 12/6 0.626 

Mean Age (years) 52.9    

Ethnicity (Hispanic/Non-Hispanic) 8/91 8/73 0/18 0.164 

Race    0.031 

   Caucasian 76 65 11  

   African American 15 8 7  

   Hispanic 3 3 0  

   American Indian 2 2 0  

   Other 3 3 0  

History of CVD 17 14 4 0.530 

History of Hypertension 84 68 16 0.597 

History of Hyperlipidemia 43 35 8 0.924 

History of Diabetes 34 24 10 0.036 

Prior Use of Dialysis 75 59 16 0.072 

Albumin 99 3.636 3.433 0.264 
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A chi-squared test was performed on DGF and new onset diabetes after transplant.  There 

appeared to be associations with BMI less than 35 kg/m2 and DGF, but due to the distribution of 

the data the tests were not valid as seen on Table 5.  There was no significance between groups 

for new onset diabetes after transplant.  A trend was found between a BMI > 35 kg/m2 and fewer 

readmissions to the hospital with a p-value of 0.007 as seen in table six.  The distribution of the 

data likely impacted the trend in readmissions.  The independent t-test revealed no significant 

relationship between the two groups for hospital length of stay.  

 

Discharge from Initial Hospitalization 

Table 5: Initial Hospitalization Outcomes for BMI >35kg/m2 

 BMI < 35 kg/m2 BMI > 35 kg/m2 p-value 

Delayed Graft Function 15.2 % (15/99) 3% (3/99) 0.034* 

New Onset Diabetes After Transplant 21% (21/99) 6% (6/99) 0.471* 

Length of Stay 5.06 4.72 0.674 

Creatinine    

*1 cells (25%) have expected count less than 5. The minimum expected count is 3.27 and 4.91 

respectively.  These tests are not valid.   

 

Six Months Post-Kidney Transplantation 

Table 6: Outcomes Six Months Post Kidney Transplant for BMI >35kg/m2 

 BMI < 35 kg/m2 BMI > 35 kg/m2 p-value 

Wound Complications 17.2 % (17/99) 3% (3/99) 0.090* 

DM Diagnosis 22% (22/99) 11.1% (11/99) 0.306 

Readmission to Hospital  47.5% (47/99) 8.1% (8/99) 0.007 

*1 cells (25%) have expected count less than 5. The minimum expected count is 3.45.  These 

tests are not valid.   
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DISCUSSION 

The present study evaluated BMI and its effect on DGF along with other kidney 

transplant outcomes including new onset diabetes after transplant, wound complications, length 

of stay, and mean albumin on admission for transplant. Many reports have noticed a trend in 

patients with a higher BMI having worse outcomes following kidney transplantation.  Multiple 

studies have been completed, but the results in this area have been contradictory.16  As a result, 

there are no national guidelines for limiting waitlist candidacy based off of BMI and transplant 

centers have had difficulty determining whether a BMI limit should be set for their own facility.   

This study found no association between BMI and DGF; however, a trend is prevalent between 

increased BMI and the occurrence of new onset diabetes after transplant.     

 

Delayed Graft Function 

 The primary aim of this study was to determine the effect of BMI on DGF.  Although no 

association was found between BMI and DGF, patients in the second group, BMI greater than 30 

kg/m2 had a  2% increase in DGF occurrence.  Of the patients with DGF, 3% had a BMI greater 

than 35 kg/m2.  This result was not significant, but the results may have been affected by our 

inability to assess graft failure in patients who were not previously on dialysis since the indicator 

was to have dialysis within seven days post-transplant.  Roughly one fourth of the patients 

surveyed were unable to be assessed for DGF via the use of dialysis. Although it is possible for 

dialysis to be used, these patients typically begin a diuretic regimen12, 13 which was not captured 

during the medical record review.  Of patients involved in the study, 27% had no previous use of 

dialysis and we were likely unable to assess DGF based off the use of dialysis.  When comparing 

groups of patients on dialysis prior to transplant there were 37 in group 1 and 39 in group 2 with a 
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p-value of 0.789 indicating this difference was not statistically significant and should have limited 

effect on our results.  

 

New Onset Diabetes After Transplant 

 Due to the use of immunosuppressive agents, corticosteroids and other factors after 

kidney transplantation new onset diabetes is prevalent in these patients.29 A trend was found 

between a BMI greater than 30 kg/m2 and an increased occurrence of new onset diabetes after 

transplant.  When comparing diabetes diagnosis between initial hospitalization and at six months 

post-transplant, the majority of patients with a BMI less than 30 kg/m2 were diagnosed with 

diabetes by discharge from the hospital and only 1% were diagnosed at six months post-

transplant.  In group 2, a majority of patients were diagnosed after initial hospitalization with a 

5% increase in diagnosed by six months post-kidney transplant.   

This positive trend is likely similar to the increased occurrence of Type 2 Diabetes in 

obese individuals.  Type 2 diabetes is three to seven times greater in those who are obese than 

normal weight adults.  If obese patients are already at increased risk for type 2 diabetes prior to 

kidney transplantation then the additional factor of corticosteroid use and it is likely this trend 

will occur in a majority of obese kidney transplant recipients.41 Of the 99 patients, 34 were 

previously diagnosed with diabetes. Of those 34 patients, 22 had the cause of their kidney disease 

from diabetic nephropathy.  However by six months post-kidney transplant, 53% of the patients 

studied had a diagnosis of diabetes at some point during the study.  Hypertension is another factor 

that has been associated with an increased occurrence of new onset diabetes after transplant.31  In 

this study, 47% of patients with a BMI greater than 30 kg/m2  had a history significant for 

hypertension.  We question if this may have had an impact on the trend seen between BMI greater 

than 30 kg/m2 and new onset diabetes after transplant. 
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Wound Complications 

There appears to be no statistical significance between wound complications and BMI 

with roughly equal proportions of wound complications between groups.  This result was 

surprising because multiple research studies associated increased BMI as a predictor for wound 

infection and poor wound healing. 2, 22, 26 Literature suggests wound complications are more 

prevalent in the obese population and the area of contention is in regards to which BMI has the 

most significant complications.  Some studies found a BMI greater than 30 kg/m2 to have an 

association with increased wound complications while other studies suggest wound complications 

are associated with a BMI greater than 35 kg/m2.  These results were not replicated in the present 

study. This study found no association between BMI at either limit of 30 kg/m2 or 35 kg/m2.   The 

distribution of data between the BMI greater than 35 kg/m2 likely impacted the results, as only 18 

of the 99 patients studied had a BMI greater than 35 kg/m2.   

Another factor may be physician preference throughout the kidney transplant evaluation 

process.  Transplant centers, in coordination with UNOS aim to provide an organ to a patient who 

will have positive outcomes.  If a patient is at a greater risk for wound complications it is possible 

they are too compromised and not chosen for transplant.  This is not uncommon because infection 

is the leading cause of one year mortality in kidney transplant patients.  When comparing our 

results to current literature this is an indicator that could use more research. 

 

Length of Stay 

 When comparing hospital length of stay between the two groups the results were opposite 

of what was predicted. A BMI less than 30 kg/m2 had a longer length of stay than patients with a 

BMI greater than 30 kg/m2.  This was thought to be due to outliers based off the box plot in figure 

2, so a Mann-Whitney U Test was completed to determine if outliers had an effect on the 
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significance of our results.  Following completion of the Mann-Whitney U test it appears the 

results were still statistically significant and the distribution of the data is not significant for 

outliers.  Literature often found an association between increased BMI and an increased hospital 

length of stay.  In fact, during the transplant evaluation process increased length of stay is a 

reason given to patients who have a higher BMI when asked why there is a BMI limit for kidney 

transplantation at Nebraska Medicine.  Based off our results this is not an adequate explanation as 

patients with a BMI lower than 30 kg/m2 was associated with an increased length of stay.  It is 

possible length of stay had an impact on our other results such as wound complications, because 

increased length of stay also has been associated with increased wound infections.26  So, there 

may have been more wound infections in the BMI less than 30 kg/m2 group due to the longer 

length of stay.  More research would need to be completed to determine if this is a plausible 

possibility.   

 

Albumin 

Although albumin is not used as a marker for nutritional status, per KDOQI guidelines it 

is still used for assessment and the goal is for albumin to be greater than 4.0 mg/dL for the best 

outcomes.42 Albumin is specifically used as an outpatient marker because a lower albumin has 

been linked to increased mortality in patients on the kidney waitlist and it is one lab not affected 

by fluid status.   When compared between the two groups there was no association found between 

albumin levels.  There was a slight increase in albumin noticed in the BMI less than 30 kg/m2 

group, but the difference was not significant.  The albumin lab value obtained is a reliable 

indicator as it was taken on admission to the hospital.  At admission to the hospital, patients 

should not have an inflammatory response negatively affecting the laboratory value and 

assessment. 
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Study Population 

Of the study population, a majority of the patients were Caucasian. This may have 

impacted this study because many of the risk factors for development of new onset diabetes were 

dependent on race and ethnicity.   Patients of African American or Hispanic race and ethnicity are 

associated with an increased risk in development of new onset diabetes after transplantation.21   

This should not have had an impacted DGF based off the study completed by Krabicak et al 

which reviewed a predominately African American population and found no effect on DGF.21  It 

is also important to note the mean BMI between groups was close to statistical difference with a 

p-value 0.053 indicating these two groups mean BMI was different enough we should have been 

able to tell a difference between the two groups.   This study represents the patient population at 

Nebraska Medicine and likely contributes to the controversy in the literature regarding BMI and 

kidney transplant outcomes.   

 

Comparative Research 

 

 The results from our study coincide and differ with other studies of similar context 

analyzing the effect of BMI on DGF.  In comparison, our study found no association between 

BMI and DGF  similar to a study which evaluated 550 patients and found weight was not 

significantly associated with graft failure with a mean of 1.019 and 95% confidence interval 

0.996-1.042 and p-value of 0.1.23   This study also examined the effect of induction therapy 

impacting graft survival.  It remains unclear if our population would have valued from a similar 

intervention.  The University of Michigan had 869 subjects and determined obesity had no 

independent effect on graft function similar to our results.  Our study also found a trend between 

higher BMI and new onset diabetes after transplant.  Similar studies have found associations 

between high BMI and new onset diabetes after transplant.  One study collected 250 Caucasian 

patient’s blood glucose levels and followed the patients up to 32 months.  An association was 
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shown between patients with a BMI 28.1+/-3.4 kg/m2 with a p-value of 0.002.32  It is uncertain if 

our study would have benefited from a closer following of patients’ blood glucose levels. Other 

studies similar to ours found a BMI greater than 30 kg/m2 had an increased incidence in new 

onset diabetes after transplant with a p-value <0.001.22, 24  

In contrast, while our study did not find an association between BMI and graft failure 

other studies have shown an association.  One specific study evaluated BMI and graft survival by 

evaluating BMI as both a continuous and categorical variable.  This is an area for improvement in 

our study as it was unable to be completed due to time constraints.  Another study associated BMI 

as an independent risk factor for graft loss in the study even following adjustment for obesity 

related risk factors including diabetes, cardiovascular disease, smoking, and hypercholesteremia.  

Our study did not adjust for risk factors and other confounders given our results it was likely they 

did not have a significant impact in our study, yet this is another area for improvement within our 

study,18 specifically comparing new onset diabetes after transplant it would be necessary to 

control for race/ethnicity and hypertension as these are known risk factors.  Another study 

evaluated 2,161 kidney transplant patients and found obesity prior to kidney transplant had a 

36.8% increase in risk of graft failure 95% CI, 2.174-941.422 and a p-value <0.001.19  While 

other studies found no association between BMI and new onset diabetes after transplant however 

this research is less contradictory than BMI and DGF as a majority of research has found an 

association or a trend similar to our study.  

A majority of these studies had a much larger sample size than our study and 

contradictory research still exists so it is uncertain the effect our sample size played in our results.  

Although there is a variety of research in this area, the results remain contradictory between BMI, 

graft failure, and other transplant related outcomes. It is important to note the sample sizes in a 

majority of these studies are very larger and data was collected from multiple hospitals over an 

extended period of time.  This likely played a role in the studies lack of associations as they 
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difficult to control for the variable factors between facilities and kidney transplant approaches at 

the hospitals may have changed over the course of time. It is imperative for the health 

professionals to know the research and to be aware of the risks involved with kidney 

transplantation.   

 

Limitations   

This is a retrospective chart review; bias may have arisen owing to misclassification 

errors.  Sample size may also be a potential source of bias as a larger sample size may have 

strengthened associations. Another limitation includes the inability to assess DGF in patients who 

did not have dialysis access.  Of those patients studied, 73% of the patients had dialysis access.  

Since we collected data based off of use of dialysis within seven days after transplant it is likely 

some patients may not have been captured since 27% of patients had not had previous dialysis 

and may not have had dialysis to treat their DGF following transplant.   

Another limitation may be patients fluid status at time of admit and BMI documentation.  

Patients with end stage renal disease have fluctuating fluid status and it is possible they were fluid 

overloaded at admission falsely elevating their BMI.  Since transplantation is unknown many of 

these patients may or may not have had dialysis prior to transplant hospitalization.  However, if 

patients were compromised by the amount of fluid on them then they are either not transplanted 

or sent to dialysis prior to transplant, even so BMI may have been falsely elevated for evaluation 

as it is documented on admission.   

Using BMI to evaluate nutritional status is another limitation as BMI is a poor predictor 

of lean body mass or body fat so BMI is a limited marker, however since it was a retrospective 

study this was the only marker available for use given its limitations. Due to time constraints 

more detailed statistics were unable to be completed; however it is an area for improvement and 
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advancement in this study. The sample size is also a limitation of this study especially when 

comparing the sample size to the sample size in the studies reviewed in the literature review 

section. 

 

Strengths 

A strength of this study is the BMI distribution.  There was a variety of BMI values and 

an equal distribution of the data.  This allowed for all BMI’s to be captured in the analysis of the 

data.  The patient population was very representable of the population treated at Nebraska 

Medicine and allows the results of this study to be applied to clinical practice.    

 

Applications for Clinical Practice 

Interest in this study developed from the varying BMI limitations set at Nebraska 

Medicine’s kidney transplant center.  Throughout the years, Nebraska Medicine’s BMI guidelines 

have varied. From no BMI limit to a limit of 40kg/m2 and the current limit of 35 kg/m2.  Many of 

these limitations were set based on clinical outcomes and this research was completed to gain a 

better understanding on the role BMI has on post-kidney transplant outcomes. No association was 

found between an increased BMI and post kidney transplant outcomes.  Therefore, it appears 

there is no need for a BMI limit however clinical judgment should be made when determining 

patient’s candidacy based on their increased risk factors for new onset diabetes.   

The results from this study are also encouraging in the terms of wound care management 

and prevention at Nebraska Medicine.  The lack of association between BMI and wound 

complications is a positive outcome of this study and the steps to prevent wound complications 

should be documented and continued in practice as they have proven to be effective.  It would 

also help to share the process taken at Nebraska Medicine with other similar kidney transplant 
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centers given the majority of research suggesting wound complications in the obese population.  

These results also suggest an importance of diabetes education.  With a trend between BMI and 

new onset diabetes, it is necessary to inform the diabetes educators of these results to better 

prepare them for their educations with these patients to help prolong the life of the transplanted 

kidney since diabetic nephropathy was the leading cause for kidney transplant need in this study.  

Research efforts should continue to investigate the effect of BMI, wound complications 

and new onset diabetes after transplantation relation to kidney transplantation.   One aspect of this 

study that would have been interesting is if there was an association between BMI and longer 

operating time as many studies suggest longer operating time has an effect on DGF and warm 

ischemic time.8.9.10   

A dietitian plays a vital role in evaluating nutritional status prior to kidney transplantation 

and they can use this data to help prepare and educate patients on the possible outcomes of kidney 

transplant such as new onset diabetes.  The dietitian also bridges the gap between promoting 

lifestyle change prior to transplant through weight loss counseling, bariatric surgery, and 

education on BMI levels.  However, this is an area in need of more research, specifically 

concerning weight loss in dialysis patients as a higher BMI has been associated with decreased 

mortality in this population.   
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CONCLUSION 

 We conclude increased BMI is not associated with DGF, but there is a trend between 

increased BMI and new onset diabetes after transplant.  Our study also had a lack of wound 

complications in patients with a higher BMI unlike similar research in this area.  Based off our 

results there is no indication for BMI limitation, however, clinical judgment needs to be used to 

determine kidney transplant candidacy.  Further research also needs to be completed on the 

benefits of weight loss over transplantation in patients with a high BMI.   

 

 

 

 

 

 

 

 

 

 

 

 



37 
 

 

BIBLIOGRAPHY 

1. Segev, D.L., Simpkins, C.E., Thompson, R.E., Locke, J.E., Warren, D.S., Montgomery, 

R.A. (2008). Obesity Impacts Access to Kidney Transplantation. Journal of the American 

Society of Nephrology 2008;19(2):349-355.  

2. Saran, R, Li, Y, Robinson, B. US Renal Data System 2014 annual data report: 

epidemiology of kidney disease in the United States. American Journal Kidney Disease. 

2015:66(1):S1-S306. 

3. Grams, M.E., Massie, A.B., Schold, J.D., Chen, B.P., Segev, D.L. (2013). Trends in the 

inactive kidney transplant waitlist and implications for candidate survival. American 

Journal of Transplantation: Official Journal of the American Society of Transplantation 

and the American Society of Transplant Surgeons, 13(4), 1012-1018. 

4. Flegal, K.M., Carroll, M.D., Kit, B.K., Ogden, C.L. Prevalence of Obesity and Trends in 

the Distribution of Body Mass Index Among US Adults, 1999-2010.  Journal of 

American Medical Association. 2012;307(5):491-497. doi:10.1001/jama.2012.39. 

5. BMI classification. (2015). World Health Organization. Retrieved 9/12/2015, 

from http://apps.who.int/bmi/index.jsp?introPage=intro_3.html 

6. eMedicine Health. (2015). Chronic kidney disease. 

http://www.emedicinehealth.com/chronic_kidney_disease/page3_em.htm 

7. Mayo Foundation for Medical Education and Research. (2015). Chronic kidney disease. 

http://www.mayoclinic.org/diseases-conditions/kidney-disease/basics/lifestyle-home-

remedies/con-20026778 

8. Gill, J. S., Lan, J., Dong, J., Rose, C., Hendren, E., Johnston, O., Gill, J. (2013). The 

survival benefit of kidney transplantation in obese patients. American Journal of 

Transplantation: Official Journal of the American Society of Transplantation and the 

American Society of Transplant Surgeons, 13(8), 2083-2090. 



38 
 

 

9. Molnar, M. Z., Kovesdy, C. P., Mucsi, I., Bunnapradist, S., Streja, E., Krishnan, M., 

Kalantar-Zadeh, K. (2011). Higher recipient body mass index is associated with post-

transplant delayed kidney graft function. Kidney International, 80(2), 218-224. 

10. Irish, W. D., Ilsley, J. N., Schnitzler, M. A., Feng, S., & Brennan, D. C. (2010). A risk 

prediction model for delayed graft Function in the current era of deceased donor renal 

transplantation. American Journal of Transplantation, 10, 2279-2286. 

11. University of Wisconsin Health. Delayed graft function. 

http://www.uwhealth.org/healthfacts/transplant/7103.pdf 

12. Mallon, D.H., Summer, D.M, Bradley, J.A. Pettigrew, G.J. (2013). Defining graft 

function after renal transplantation. Transplantation. 96(10), 885-889.  

13. Siedlecki, A., Irish, W., Brennan, D.C. (2011). Delayed Graft Function in the Kidney 

Transplant. American Journal of Transplantation, 11(11), 2279–2296.  

14. Kieszek, R., Kwiatkowski, A., Jedrzejko, K., Domagala, P., Bieniasz, M., Wszola, M., et 

al. (2014). Impact of pretransplant body mass index on early kidney graft 

function. Transplantation Proceedings,46(8), 2689-2691. 

15. Khedr, A., Khedr, E., House, A. A. (2011). Body mass index and the risk of progression 

of chronic kidney disease. Journal of Renal Nutrition: The Official Journal of the Council 

on Renal Nutrition of the National Kidney Foundation, 21(6), 455-461. 

16. Chan, W., Bosch, J. A., Jones, D., McTernan, P. G., Phillips, A. C., Borrows, R. (2014). 

Obesity in kidney transplantation. Journal of Renal Nutrition: The Official Journal of the 

Council on Renal Nutrition of the National Kidney Foundation, 24(1), 1-12. 

17. Pham, P.T., Danovitch, G.M., Pham, P.C. (2013). Kidney transplantation in the obese 

transplant candidates: To transplant or not to transplant? Seminars in Dialysis, 26(5), 

568-577. 



39 
 

 

18. Grosso, G., Corona, D., Mistretta, A., Zerbo, D., Sinagra, N., Giaquinta, A. (2012). The 

role of obesity in kidney transplantation outcome. Transplantation Proceedings, 44(7), 

1864-1868. 

19. Hoogeveen, E.K., Aalten, J., Rothman, K.J., Roodnat, J.I., Mallat, M.J., Borm, G. (2011). 

Effect of obesity on the outcome of kidney transplantation: A 20-year follow-

up. Transplantation, 91(8), 869-874. 

20. Gore, J.L., Pham, P.T., Danovitch, G.M. Obesity and outcomes following renal-

transplantation.  Am J Transplant. 2006:6:357-363 

21. Karabicak, I., Aytug, S., Lewis, S. Long-term kidney transplant outcome in obese 

patients in a predominantly African American population.  Clinical Transplantation. 

2011; 25 (3):E264-270 

22. Gusukuma, L.W., Harada, K.M., Baptista, A.P., Alencar, M.R., de Sandes-Freitas, T.V., 

Tedesco-Silva, H. (2014). Outcomes in obese kidney transplant recipients. 

Transplantation Proceedings, 46(10), 3416-3419. 

23. Zrim, S., Furlong, T., Grace, B. S., Meade, A. (2012). Body mass index and 

postoperative complications in kidney transplant recipients. Nephrology. 17(6), 582-587. 

24. Moreira, T.R., Bassani, T., de Souza, G., Manfro, R.C., Goncalves, L.F. (2013). Obesity 

in kidney transplant recipients: Association with decline in glomerular filtration 

rate. Renal Failure, 35(9), 1199-1203. 

25. Patel, S., Pankewycz, O., Kohli, R., Said, M., Alnimri, M., Feng, L. (2011). Obesity in 

renal transplantation: The role of induction therapy on long-term 

outcomes. Transplantation Proceedings, 43(2), 469-471. 

26. Friedman, A.N. (2013). Obesity in patients undergoing dialysis and kidney 

transplantation. Advances in Chronic Kidney Disease, 20(2), 128-134. 



40 
 

 

27. Bennett, W.M., McEvoy, K.M., Henell, K.R., Pidikiti, S., Douzdjian, V., & Batiuk, T. 

(2011). Kidney transplantation in the morbidly obese: Complicated but still better than 

dialysis. Clinical Transplantation, 25(3), 401-405. 

28. Pieloch, D., Mann, R., Dombrovskiy, V., DebRoy, M., Osband, A.J., Mondal, Z. (2014). 

The impact of morbid obesity on hospital length of stay in kidney transplant 

recipients. Journal of Renal Nutrition: The Official Journal of the Council on Renal 

Nutrition of the National Kidney Foundation, 24(6), 411-416. 

29. Vincenti F, Friman S, Scheuermann E. (2007). DIRECT Investigators. Results of an 

international, randomized trial comparing glucose metabolism disorders and outcome 

with cyclosporine versus tacrolimus.  American Journal of Transplant;7:1506–1514 

30. Ghisdal, L., Van Laecke, S., Abramowicz, M.J., Vanholder, R. Abramowicz, D. (2012). 

New Onset Diabetes After Renal Transplantation. Diabetes Care. 35. 1181-1188. 

31. Tobin, G.S., Klein, C.L., Brennan, D.C. (2015). New-onset diabetes after transplant 

(NODAT) in renal transplant recipients.  UpToDate. 

32. Bonato, V., Barni, R., Cataldo, D., Collini, A., Ruggieri, G., De Bartolomeis, C., Dotta, 

F., Carmellini, M. (2008). Analysis of posttransplant diabetes mellitus prevalence in a 

population of kidney transplant recipients. Transplant Protocol. 40(6), 1880-1890. 

33. Cosio, F.G., Kudva, Y., van der Velde, M., Larson, T.S., Textor, S.C., Griffin, M.D., 

Stegall, M.D. (2005). Kidney International, 67 (6), 2415-2421.  

34. First, M.R. (2004). New-onset diabetes after transplantation. Transplantation. 77(7). 

1128-1129.  

35. Friedman, A.N. (2013). Obesity in patients undergoing dialysis and kidney 

transplantation. Advances in Chronic Kidney Disease, 20(2), 128-134. 

36. Stenholm, S., Harris, T.B., Rantanen, T., Visser, M., Kritchevsky, S.B., Ferrucci, L. 

(2008). Sarcopenic obesity - definition, etiology and consequences. Current Opinion in 

Clinical Nutrition and Metabolic Care, 11(6), 693–700.  

http://care.diabetesjournals.org/content/35/1/181.full
http://www.ncbi.nlm.nih.gov/pubmed/18675080/
http://www.ncbi.nlm.nih.gov/pubmed/18675080/
http://www.ncbi.nlm.nih.gov/pubmed/18675080/


41 
 

 

37. Mjoen, G., Oyen, O., Midtvedt, K., Dahle, D. O., Norby, G., Holdaas, H. (2011). Age, 

gender, and body mass index are associated with renal function after kidney 

donation. Clinical Transplantation, 25(6), E579-83. 

38. Bamgbade, O.A., Rutter, T.W., Naflu, O.O., Dorje, P. (2007). World Journal of Surgery.  

31 (3), 556-560.  

39. Lentine, K.L., Delos Santos, R., Axelrod, D., Schnitzler, M.A., Brennan, D.C., Tuttle-

Newhall, J.E. (2012). Obesity and kidney transplant candidates: How big is too big for 

transplantation? American Journal of Nephrology, 36(6), 575-586. 

40. Obesity Action. (2015). Obesity's role in the development of type 2 diabetes. 

http://www.obesityaction.org/educational-resources/resource-articles-2/obesity-related-

diseases/obesity-and-type-2-diabetesNational Kidney Foundation. (2015). Clinical 

practice guidelines for nutrition in chronic renal failure. 

http://www2.kidney.org/professionals/KDOQI/guidelines_nutrition/nut_a03.html 

41. Cuppari, L. (2013). Diagnosis of obesity in chronic kidney disease: BMI or body 

fat? Nephrology, Dialysis, Transplantation: Official Publication of the European Dialysis 

and Transplant Association - European Renal Association,28 Suppl 4, iv119-21. 

42. Deetman, P.E., Sanders, J.S., Seelen, M.A., Gans, R.O., Navis, G., Bakker, S.J. (2015). 

Uncovering of body mass index as a risk factor for poor long-term outcome after renal 

transplantation. Transplantation, 99(1), e5-6. 

43. Huml, A.M., & Sehgal, A.R. (2014). BMI, sex, and access to transplantation. Clinical 

Journal of the American Society of Nephrology, 9(5), 843-844. 

44. Johansen, K.L. (2013). Obesity and body composition for transplant wait-list candidacy-

challenging or maintaining the BMI limits? Journal of Renal Nutrition: The Official 

Journal of the Council on Renal Nutrition of the National Kidney Foundation, 23(3), 

207-209. 

http://www.ncbi.nlm.nih.gov/pubmed/16957821
http://www.ncbi.nlm.nih.gov/pubmed/16957821


42 
 

 

45. Khwaja, A., El-Nahas, M. (2012). Transplantation in the obese: Separating myth from 

reality. Nephrology, Dialysis, Transplantation: Official Publication of the European 

Dialysis and Transplant Association - European Renal Association, 27(10), 3732-3735. 

46. Lentine, K.L., Axelrod, D., Abbott, K.C. (2011). Interpreting body composition in kidney 

transplantation: Weighing candidate selection, prognostication, and interventional 

strategies to optimize health. Clinical Journal of the American Society of 

Nephrology, 6(6), 1238-1240. 

47. Macauley, R. (2012). Weighing potential candidates for kidney transplant: The ethics of 

exclusion for elevated body mass index. Progress in Transplantation (Aliso Viejo, 

Calif.), 22(4), 369-373. 

48. Stenvinkel, P., Ikizler, T.A., Mallamaci, F., Zoccali, C. (2013). Obesity and nephrology: 

Results of a knowledge and practice pattern survey. Nephrology, Dialysis, 

Transplantation: Official Publication of the European Dialysis and Transplant 

Association - European Renal Association, 28 Suppl 4, iv99-104. 

49. Wang, H.H., Lin, K.J., Liu, K.L., Chu, S.H., Hsieh, C.Y., Chiang, Y.J. (2012). Size does 

matter-donor-to-recipient body mass index difference may affect renal graft 

outcome. Transplantation Proceedings, 44(1), 267-269. 

50. Pham, P.T.T., Pham, P.M.T., Pham, S.V., Pham, P.A.T., Pham, P.C.T. (2011). New onset 

diabetes after transplantation (NODAT): an overview. Diabetes, Metabolic Syndrome 

and Obesity: Targets and Therapy, 4, 175–186. http://doi.org/10.2147/DMSO.S19027 

51. Bennett, W.M., McEvoy, K.M., Henell, K.R., Valente, J.F. (2014). Morbid obesity does 

not preclude successful renal transplantation. Clinical Transplantation. 2004. 

189/24/201589-93. 

52. Bennett, W.M., McEvoy, K.M., Henell, K.R., Pidikiti, S.; Douzdjian, V., Batiuk, T. 

(2011). Kidney transplantation in the morbidly obese: complicated but still better than 

dialysis. Clinical Transplantation. 25(3): 401-405. 



43 
 

 

53. Classroom connection. Kidney 

Anatomy.  https://classconnection.s3.amazonaws.com/999/flashcards/386999/jpg/glomeru

lus1332392855749.jpg 

54. Navaneethan, S. D., Yehnert, H., Moustarah, F., Schreiber, M. J., Schauer, P. R., & 

Beddhu, S. (2009). Weight loss interventions in chronic kidney disease: A systematic 

review and meta-analysis. Clinical Journal of the American Society of 

Nephrology: 4(10), 1565-1574. 

55. Molnar, M. Z., Streja, E., Kovesdy, C. P., Bunnapradist, S., Sampaio, M. S., Jing, J. 

(2011). Associations of body mass index and weight loss with mortality in transplant-

waitlisted maintenance hemodialysis patients. American Journal of Transplantation: 

Official Journal of the American Society of Transplantation and the American Society of 

Transplant Surgeons, 11(4), 725-736. 

56. Galindo Sacristan, P., Perez Marfil, A., Osorio Moratalla, J. M., de Gracia Guindo, C., 

Ruiz Fuentes, C., Castilla Barbosa, Y. A. (2013). Predictive factors of infection in the 

first year after kidney transplantation. Transplantation Proceedings, 45(10), 3620-3623. 

57. Carney, E. F. (2013). Transplantation: Increased recipient BMI is associated with adverse 

outcomes after kidney transplantation. Nature Reviews.Nephrology,9(11), 627. 

58. Agnani, S., Vachharajani, V. T., Gupta, R., Atray, N. K., & Vachharajani, T. J. (2005). 

Does treating obesity stabilize chronic kidney disease? BMC Nephrology, 6, 7. 


	The Effect of Body Mass Index on Graft Function and Kidney Transplant Outcomes
	Recommended Citation

	tmp.1448246045.pdf.01NM5

