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Summary 
Renal transplantation is associated with a large number of risk 
factors that can have an influence on early renal graft function 
(ERGF). One of these factors could be the increasing number of 
obese kidney donors. The mechanisms of reduced ERGF in obese 
kidney donors are still poorly understood. To that end, we 
compared ERGF in recipients with body mass index (BMI), 
perivascular fat and plasma inflammation markers of live kidney 
donors. We hypothesized that the BMI of donors would 
negatively correlate with an average increase of glomerular 
filtration rate (GFR) and that it would also be associated with 
increased perivascular and plasma inflammation markers in the 
first seven days after transplantation. Between January 2013 and 
December 2014, some 58 living kidney transplantation pairs were 
included in the study. Donor and recipient demographic data, 
preoperative BMI, blood C-reactive protein (CRP) and adiponectin 
levels, perivascular adipose tissue (PAT) samples and recipient 
blood creatinine levels were analyzed. The median CRP of donors 
was 0.68 mg/l (max: 8.66 mg/l, min: 0.33 mg/l), the median of 
M1 macrophages (CD14+CD16+) in one gram of PAT was 5940 
(max: 41 100, min: 248) and the median of adiponectin was 
411 930 pg/ml (max: 14 217 000, min: 167 300) in plasma. We 
did not find any association between early renal graft function 
and the percentage of M1 macrophages in donor perirenal 
adipose tissue (p=0.83, r=0.03, n=58), adiponectin (p=0.65, 
r=0.06, n=58) or CRP (p=0.16, r=0.2, n=58) in plasma. The 
obesity level of donors, expressed as BMI, did not correlate with 
early renal graft function in the first seven days after 
transplantation. The associations between ERGF and plasma and 
perivascular fat inflammation markers were not significant. We 
confirmed a negative correlation between the BMI of recipients 

and an average increase of GFR in the first seven days after 
transplantation (p<0.02, r=-0.325, N=58). We confirmed 
a negative correlation of adiponectin plasma concentration to the 
BMI of donors. 
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Introduction 
 

Kidney transplantation is the optimal treatment 
for many patients with end-stage renal disease. Due to 
a shortage of cadaver donor kidneys, some patients have 
to wait a long time for transplantation. A valid way of 
increasing the donor pool and reducing waiting times is 
through living donor kidney transplantation (De Groot 
et al. 2013). Excellent organ quality and ideal transplant 
conditions result in immediate function in the majority 
of living donor kidney transplantations. However, poor 
early graft function still occurs, although less frequently 
than after cadaver donor kidney transplantation. Renal 
transplantation is associated with a large number of risk 
factors that can have an influence on early renal 
function. One of the factors could be the increasing 
number of obese kidney donors (World Health 
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Organisation 2007). Obesity has long been recognized 
as a cause of proteinuria and glomerular disease. Studies 
of the general population have demonstrated an 
increased risk of chronic kidney disease (CKD) due to 
obesity even after adjustment for blood pressure and 
diabetes (Gelber et al. 2005). According to these 
studies, obese patients exhibit glomerular hyperfiltration 
(Chagnac et al. 2003). Little is known about outcomes 
for overweight and obese live kidney donors and their 
recipients. According to a recent study, delayed graft 
function was adjudged to be more common among 
recipients of kidneys from very obese donors. The 
mechanisms of delayed graft function from obese 
kidney donors are still poorly understood and a number 
of primary and secondary factors could be involved. 
One of the factors could be ectopic perivascular fat 
storage and its related paracrine function, local higher 
oxidative stress and inflammation (Reese et al. 2009). 
Obese kidney transplant recipients exhibit increased 
delayed graft function, increased immunologic graft 
loss, decreased graft survival, decreased patient survival 
and increased post-transplant complications (Howard et 
al. 2001). Diet-induced fat deposition in experimental 
models of obesity is not limited to subcutaneous fat and 
classical visceral depots; it also occurs along the major 
blood vessels (Dwyer et al. 1995). Perivascular adipose 
tissue (PAT) surrounds the blood vessels in varying 
amounts (Yudkin et al. 2005). It seems to be able to 
play an active role in regulating vascular tone (Tran et 
al. 2008). Increased perivascular fat depots around the 
major vessels enhance local inflammation, promote 
atherosclerosis (Gustafson et al. 2015) and may affect 
renal and cardiovascular function (Montani et al. 2004). 
It is well known that adipose tissue is an important 
endocrine organ and that it secretes a number of 
different molecules which can communicate with 
virtually every organ in the body (Schere et al. 2006). It 
has a central role in the development of obesity-
associated metabolic complications as well as in low-
grade systemic inflammation, and it increases the risk of 
atherosclerosis and cardiovascular disease (Gustafson et 
al. 2007). Adipose tissue contains large amounts of 
white line cells in addition to adipocytes. A certain 
proportion of monocytes/macrophages (MO/Mφ) is 
present within adipose tissue every time. The amount of 
these cells is increased in chronic over-nutrition when 
the normal physiological capacity of adipocytes is 
exceeded, resulting in unusually large amounts of 
adipocytes, which in turn leads to stress and cellular 

dysfunction. Atherosclerotic plaque macrophages reveal 
distinct phenotypes which are divided into M1 
(classically activated, pro-inflammatory) and M2 
(alternatively activated, anti-inflammatory) categories. 
The presence of proinflammatory monocytes/ 
macrophages co-expressing CD14 and CD16 marker 
(CD14+CD16+) in the circulation and inflamed tissue 
has been documented in several inflammation 
conditions, such as acute inflammation, bacterial sepsis 
(Fingerle et al. 1993), Crohn´s disease (Koch et al. 
2010), and coronary heart disease (Soltis et al. 1991). 
Also, this subset of cells exhibits a distinct cytokine 
secretion pattern with a high production of 
proinflammatory cytokines (Belge et al. 2002) and 
higher potency of phagocytosis and antigen presentation 
compared to classic CD14+CD16- blood monocytes 
(Zawada et al. 2011). Recent work goes so far as to 
propose that the ratio of M1/M2 macrophages might 
play a pivotal role in the most frequent pathologies and 
that it is able to influence average human life 
expectancy, cancer and atherosclerosis occurrence 
(Poledne et al. 2009). Based on our data (Kralova Lesna 
et al. 2015) CD14+16+ tissue macrophages could be 
considered to be of a proinflammatory phenotype 
and therefore (with some simplification) regarded as M1 
macrophages. Adipocytes are the main producers of 
subtypes of the cytokine family called adipokines 
(leptin, adiponectin, resistin, visfatin, etc.). Adiponectin 
is considered an anti-atherogenic adipokine and is 
produced in lower amounts in obese subjects. Levels of 
the hormone are inversely correlated with body fat 
percentages in adults. One marker of the pro-
inflammatory state is C-reactive protein (CRP). 
A number of studies have revealed that inflammatory 
markers, including CRP and pro-inflammatory 
cytokines, are strong predictors of atherosclerosis. 
Higher concentrations of CRP analyzed by high 
sensitivity kit (hsCRP) together with increasing body 
weight are related to visceral fat volume. The positive 
relation of hsCRP to BMI, waist circumference and 
triglyceride concentration has also been documented 
(Poledne et al. 2009). Our aim was to investigate early 
renal graft function in recipients of obese live kidney 
donors. We hypothesized that the obesity level of 
donors, expressed as BMI, would negatively correlate 
with an average increase of GFR in the first week after 
transplantation and that it would also be associated with 
increased levels of perivascular and plasma 
inflammation markers.  
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Methods 
 
Patients 

Donor and recipient characteristics, clinical data, 
and graft and patient survival statuses were retrieved 
from the hospital database. Laboratory data were 
collected retrospectively from the hospital’s electronic 
patient file. Some 58 pairs, over a period between January 
2013 and December 2014, were included in the study. 
Live donor inclusion criteria were: aged over 18 years, 
signature of informed consent. Recipient exclusion 
criteria were: aged under 18 years, biopsy-proven 
rejection of a graft. The design of the study was approved 
by the Ethics Committee of the Institute. All participants 
were fully informed about the study and signed informed 
consent forms.  

 
Kidney transplantation procedure 

All kidneys were procured using a hand-assisted 
retro-peritoneoscopic live donor nephrectomy technique. 
Briefly, gel-port for hands and 3 trocars were introduced 
at a pneumo-retroperitoneal pressure of 12 mm Hg. The 
renal artery, vein and ureter were divided, and the kidney 
was extracted via Pfannenstiel incision. Kidneys were 
implanted in the recipient’s iliac fossa using an extra-
peritoneal approach with vascular anastomoses to the 
external iliac vessels, after which uretero-neocystostomy 
was performed. 

All of the transplant grafts from our set exhibited 
immediate function after transplantation. We did not 
observe any poor or delayed graft function (DGF), nor 
slow graft function. All grafts were rejection-free. Our 
primary outcome was an average increase of GFR in the 
first seven days after transplantation. 

 
Immunosuppressive protocol 

All patients received intravenous methyl-
prednisolone administered in the operating room and 
monoclonal antibody induction (Thymoglobulin) if 
indicated. After the induction therapy, all patients were 
treated with standard, triple immunosuppressive therapy 
consisting of a calcineurin inhibitor, mycophenolate 
mofetil and steroids.  

 
Treatment of samples 

Samples of adipose tissue were collected during 
the operation, cooled and immediately transferred to the 
laboratory. Each tissue sample was then dissected into 
small samples, exposed to collagenase and repeatedly 

filtered and purified. Finally, the stromal vascular fraction 
(SVF) was eluted from the sample. SVF was analyzed on 
the same day using a flow cytometry analyzer. SVF was 
analyzed on the same day using a flow cytometry 
analyzer, CyAn (Beckman Coulter). Different 
monoclonal antibodies and fluorochromes (CD14 – 
Phycoerythrin-Cyanine 7, PC7, CD16 – Phycoerythrin – 
Texas Red-X, ECD) were used to define different subsets 
of monocytes/macrophages. The cells of the 
monocyte/macrophage lineage were identified as CD14+ 
mononuclear cells, and based on the co-expression of 
CD16, CD14+16+ subset (M1 macrophages) was 
identified. Flow cytometry data were analyzed Kaluza 
software (Beckman Coulter). CRP was measured by 
immunoturbidimetric assay using an autoanalyzer (Cobas 
Mira Plus, Roche, Basel, Switzerland). Adiponectin was 
analyzed by Luminex ® Assay kit (R&D Systems, 
Minneapolis, MN). 

 
Statistical analysis 

Donor data and graft survival analyses were 
processed using Spearman’s method. Categorical 
variables were given as absolute numbers of patients and 
percentages and were compared using Chi-square tests, 
p values <0.05 were considered significant. 
 
Results 
 
Comparison of the population of live kidney donors with 
the general Czech population 

A total of 58 living kidney transplantation pairs 
were included in the study. We compared a group of 
living kidney donors and recipients with a well-defined 
control group – the representative 1 % Czech population 
sample (25 to 64 years of age, n=3612) from the Post-
MONICA WHO Survey in 2007/2008 (Table 1). 

The average age of donors was 46±10 years 
(p=0.465) and the average age of recipients was 42±13 
years (p<0.001) compared with the 1 % Czech population 
sample control: 47.1±11.4 years. 

The average BMI of donors was 25.8±3.6 kg/m2 
(p=0.006) and the average BMI of recipients was 
25.4±4.5 kg/m2 (p=0.001) compared with the 1 % Czech 
population sample control: 27.8±5.5 kg/m2. It was 
evident that living kidney donors were healthier 
compared to the control population. However, the 
prevalence of overweight and obesity is rather high in the 
Czech population. The BMI level of living kidney donors 
was on the borderline between controls and overweight.  
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Table 1. Comparison of donor and recipient data with the control group – representative 1 % Czech population sample. 
 

Donor and recipient 
demographic data 

Age 
(years) 

BMI 
(kg/m2) 

Hypertension Dyslipidemia 
Diabetes 
mellitus 

Smoking 

Czech population  
sample (n=3612) 

47.1±11.4 27.8±5.5 43.50 % 69.80 % 8.00 % 27.00 % 

Donors (n=58) 46±10 25.8±3.6* 
18.9 %  

(11/58)* 
10.3 % 
(6/58)* 

0 % 
(0/58)* 

34.5 % 
(20/58)* 

Recipients (n=58) 42±13* 25.4±4.5* 
81 %  

(47/58)* 
38 % 

(22/58)* 
18.9 % 

(11/58)* 
34.5 % 

(20/58)* 
 
* p≤0.05. 
 

 
Hypertension was defined as a mean systolic 

blood pressure (SBP) ≥140 mm Hg and/or a mean 
diastolic blood pressure (DPB) ≥90 mm Hg, or according 
to ongoing treatment with antihypertensive drugs. The 
prevalence of hypertension was almost slightly below 
half of the control sample: 43.5 %. Hypertension in 
donors presented at 18.9 %; 11/58; (p<0.001) and, as 
expected, hypertension in the recipient group was more 
frequent than the control sample at 81 %; 47/58; 
(p<0.001). 

Dyslipidemia was defined as total cholesterol 
≥5 mmol/l, as HDL-cholesterol <1.1 mmol/l, or 
according to ongoing use of lipid-lowering drugs. The 
prevalence of dyslipidemia was 69.8 % in the control 
sample. Dyslipidemia in donors was determined at 
10.3 %; 6/58; (p<0.001) all of whom were treated using 
statins. Dyslipidemia in recipients was recorded at 38 %; 
22/58; (<0.001). 15 of these 22 recipients were treated 
using statins. 

The prevalence of diabetes mellitus was 8 % in 
the control sample. There were no donors with diabetes 
mellitus of 0 %; 0/58; (p=0.046). The presence of 
diabetes is a contraindication of live kidney donation. The 
prevalence of diabetes in recipients was 18.9 %; 11/58; 
(p=0.006). One was treated by diet only, one with oral 
anti-diabetic drugs and 9 with insulin. 

The overall proportion of smoking in the control 
group was 27 %. The prevalence of smoking was not 
different in both groups – 34.5 %; 20/58; (p=0.001) – but 
it was higher than the control sample. 

 
Influence of live kidney donor characteristics on early 
graft function 

The median CRP of donors was 0.68 mg/l  
(max: 8.66 mg/l, min: 0.33 mg/l), the median of M1 
macrophages marker (CD14+CD16+) in one gram of 

PAT was 5940 (max: 41 100, min: 248) and the median 
of adiponectin concentration was 411 930 pg/ml (max: 
14 217 000, min: 167 300) in plasma. 

Early renal graft function, measured as an 
average increase of GFR in the first seven days after 
transplantation, did not correlate with the BMI of donors 
(Fig. 1). 

 
 

 
 
Fig. 1. Correlation of donor BMI with average GFR in recipients. 

 
 
We did not find any association between early 

renal graft function and the percentage of M1 
macrophages in donor perirenal adipose tissue (p=0.83, 
r=0.03, n=58), adiponectin (p=0.65, r=0.06, n=58) or 
CRP (p=0.16, r=0.2, n=58) in plasma. 

We confirmed a negative correlation between 
the BMI of recipients and an average increase of GFR in 
the first seven days after transplantation (p<0.02, 
r=−0.325, N=58) (Fig. 2). 

We confirmed negative correlations of 
adiponectin plasma concentration with donor BMI, 
despite our group of patients being rather small (Fig. 3). 
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Fig. 2. Correlation of recipient BMI with average GFR in 
recipients. 
 

 
Fig. 3. Correlation of BMI with adiponectin concentrations. 

 
Discussion 
 

Living kidney donation is an ideal method for 
reducing waiting lists for cadaveric kidney 
transplantation (Uguz et al. 2015). The population of 
potential living kidney donors has become more obese, 
a trend observed in many countries (World Health 
Organisation 2007). The technique of hand-assisted 
retro-peritoneoscopic live donor nephrectomy is safe, 
both to the donor and to the kidney graft. Individuals who 
slightly exceed the recommended limits for hypertension, 
dyslipidemia and overweight are accepted (Uguz et al. 
2015). Obesity (with a cut-off value of BMI 30 kg/m2) is 
defined as an extended criterion for live donation in many 
studies. One meta-analysis, which examined outcomes 
for obese live donors, found that changes in GFR after 
nephrectomy were not greater than those among non-
obese donors (Espinoza et al. 2006). It is accepted that 
short-term allograft survival for recipients of kidneys 

from donors with elevated BMI do not differ from 
outcomes for recipients of kidneys from normal-weight 
live donors (Arita et al. 1999).  

Obesity does not seem to impose an undue risk 
for kidney transplantation, but it may predispose the 
recipient to DGF, particularly at the more extreme end  
of the spectrum (at a BMI greater than 35 kg/m2) 
(Armstrong et al. 2005).  

In our group of 58 living kidney donors, 8 were 
obese (13.8 %). However, it is worth noting that average 
BMI is in and around the borderline between normal and 
overweight.  

As we know from other studies, the recipients of 
organs from obese living donors display more frequent 
episodes of acute rejection in comparison to recipients 
from non-obese living donors (Espinoza et al. 2006). All 
recipients in this study had an early and sharp onset of 
renal graft function.  

We did not confirm our hypothesis that there 
would be a statistically significant negative correlation 
between the BMI of donors and an increase of GFR in the 
first seven days after transplantation, even within the 
range of normal early graft function.  

We did not find any correlation between early 
renal graft function and the percentage of M1 
macrophages in donor perirenal adipose tissue, 
adiponectin or CRP in plasma. This may have been due 
to the limitations of our study – a relatively low number 
of pairs enrolled and the fact that most of the donors were 
only mildly obese (BMI under 30 kg/m2). 

Although it is known that the obesity of 
recipients does not seem to be a risk factor for living 
kidney transplantation, we confirmed a negative 
correlation between the BMI of recipients and an average 
increase of GFR in the first seven days after 
transplantation. In the range of normal early graft 
function, differences were detected. 

In the group of living kidney donors, the 
decreasing effect of anti-inflammatory-influencing 
cytokine-adiponectin was proven and might be related to 
GFR.  
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