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Abstract

Introduction and Objectives. Cystatin C is a reliable, alternative marker to creatinine in estimating glomerular filtra-
tion rate in patients with chronic kidney disease (CKD), even in those with kidney transplant. Also, cystatin C tends 
to be superior to serum creatinine in evaluating early stages of CKD in kidney recipients, which is critical to early 
detection of acute rejection. The aim of our study was to evaluate the correlation of serum cystatin C measured after 
transplantation with demographical, biological parameters and organ preservation time.

Materials and methods. We performed a prospective observational study on 44 consecutive kidney transplant re-
cipients, followed for 3 months after transplantation. Graft kidney function was evaluated with both serum creatinine 
and cystatin C and was estimated with CKD-EPI and Cystatin C formula. Cystatin C was analyzed on a latex enhanced 
immunoturbidimetric assay. 

Results. We found that cystatin C levels measured first time post-transplant was correlated with recipient age (r=0.39, 
p=0.008), cold ischemia time (r=0.56, p< 0.001) and warm ischemia time (r=0.35, p= 0.01). Results evaluated at 3 
months after transplantation showed that serum cystatin C was also correlated with recipient age (r=0.36, p=0.001) 
and cold ischemia time (r=0.32, p=0.003) and more than that, with pretransplant recipient weight (r=0.34, p=0.002), 
tryglicerides and haemoglobin levels (r=0.40, p= 0.008 and r= -0.36, p=0.01).

Conclusions. We showed that serum cystatin C measured early after kidney transplantation is correlated with demo-
graphic, biological parameters and ischemia times, in kidney transplant recipients.
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Introduction and Objectives
All nucleated cells produce cystatin C, which is a 

low molecular weight protein, at a constant rate.1 In 
comparison to creatinine, cystatin C is freely filtered by 
kidney. Serum levels of cystatin C could be influenced 
by dyslipidaemia, diabetes, obesity and smoking, but 
independent of muscle mass and gender. 2,3 Data 
from literature showed that cystatin C is more sensi-
tive than creatinine, as a reliable alternative marker in 
estimating glomerular filtration rate in patients with 
chronic kidney disease (CKD), and also in patients with 
kidney transplant.4,5,6 Furthermore, it can be used 
as a marker of inflammation, acute kidney injury, car-
diovascular morbidity and mortality.7,8 Cystatin C is a 
marker of mortality and long term graft outcomes, in 
kidney transplant and tends to be superior to serum 
creatinine in evaluating early stages of CKD in kidney 
recipients. This role is crucial in early detection of acute 
rejection9,10 Ischemic times are associated with de-
layed graft function and acute rejection in kidney re-
cipients11,12 but there is a lack of data regarding the 
impact of cold ischemia and warm ischemia time on 
graft function evaluated with cystatin C.

The aim of our study was to evaluate the correla-
tion of serum cystatin C measured after transplantation 
with demographical, biological parameters and organ 
preservation time.

Materials and Methods
Study population
We performed a prospective observational study 

on 44 consecutive kidney transplant patients from 
Fundeni Clinical Institute, Department of Uronephrolo-
gy and Renal Transplantation, between June 2017 and 
November 2017. Patients were followed for 3 months 
after transplantation. 

Measurements  
Data was collected prior to and after transplanta-

tion. Graft kidney function was evaluated with both 
creatinine and cystatin C and was estimated with CKD-
EPI and Cystatin C formula. For cystatin C evaluation, 
we obtained blood sample tests, which were centri-
fuged at 5000 rpm for 15 minutes and serum was ana-
lyzed on a latex enhanced immunoturbidimetric assay 
(EuroLyser).

Statistical analysis 
Statistical data was analyzed using IBM SPSS Soft-

ware 20 (Chicago, Illinois). Categorical variables were re-
ported as percentages, continuous parametric variables 
as mean ± SD and those continuous non-parametric as 

median + interquartile range. To evaluate the correlation 
between variables, we used Spearman correlation test. 
Statistical significance was considered as a p value <0.05.

Results
General data
In Table 1 are reported the main characteristics of 

the study population. Mean age of recipients at the 
time of kidney transplantation was 38.3±12.1 years. 
Donor type distribution in our group was approximate-
ly equal to 1:1 (cadaveric 52.3% vs living 47.7%). Fifteen 
(34.1%) out of 44 were females. The main underlying 
causes of CKD were glomerulonephritis (47.7%) fol-
lowed by autosomal dominant polycystic kidney dis-
ease (15.9%) and obstructive nephropathy (15.9%). 
Primary modality of renal function substitution was 
hemodialysis (77.3%) and the median pretransplant 
dialysis time was 10 months (IQR: 3 - 23.3). Mean BMI 
was 24.8±3.5 and 23 out of 44 (52.3%) had a BMI ≥ 25 
kg/m2. Thirty-three (75%) patients were hypertensive, 
2(4.5%) had diabetes and 14(31.8%) were current or 
past smokers. Regarding biological parameters, pre 
and post-transplant median values of glucose levels 
and triglycerides were in normal range. Also, pretrans-
plant and 3 months post-transplant mean values of to-
tal cholesterol was 186±5.6 and 174.9±39.3 respective-
ly. Mean pretransplant haemoglobin level was 11.6±1.4 
and 12.7±1.8 at 3 months post-transplant. Median cys-
tatin C analyzed latex enhanced immunoturbidimetric 
assay (EuroLyser) immediately after transplantation 
was 2.46 mg/l (IQR:1.8-3.7) and 1.5 mg/l (IQR:1.3-2) at 3 
months after transplantation. Kidney function evaluat-
ed with cystatin C formula was 24 ml/min/1.73m2 (IQR: 
12.5-39) at first measurement after transplant and 52 
ml/min/1.73m2 (IQR: 31.5-66) at 3 months after trans-
plantation. Donor graft parameters showed a mean 
graft weight of 187.7±46.8 grams and a mean graft 
length of 10.9±0.9 centimeters. We found a hot isch-
emia time of 30.5 minutes (IQR: 28.2-35) and median 
cold ischemia time of 375 minutes (IQR: 101.5 – 1000.5).

Table 1. Study population characteristics 

Variable Overall (N=44)

Recipient age (Mean, Years) 38.3 ± 12.1
Recipient gender (%) 
Female 15 (34.1%)
Male 29 (65.9%) 
Pretransplant weight (Mean, Kg) 74.9 ±12.9
Pretransplant BMI (Mean, Kg/m2) 24.8 ± 3.5
Hypertension (%) 33 (75%)
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Diabetes mellitus (%) 2 (4.5%)
Current/past smoker (%) 14 (31.8%)
HBV (%) 2 (4.5%)
History of tuberculosis (%) 1 (2.3%)
Hemodialysis (%) 34 (77.3%)
Peritoneal Dialysis (%) 4 (9.1%)
Preemptive transplant (%) 6 (13.6%)
Pretransplant dialysis duration  
(Median, Months) 10 (3 – 23.3)
Primary disease for CKD (%)  
Glomerulonephritis 21 (47.7%)
Diabetic Nephropathy 2 (4.5%)
ADPKD 7 (15.9%)
Obstructive Nephropathy 7 (15.9%)
Infectious Nephropathy 2 (4.5%)
Unknown disease 5 (11.4%)
Glucose level (mg/dl)  
Pretransplant (Median, mg/dl) 83.1 (75 – 91.7)
First time post-transplant 
Median, mg/dl) 92.2 (85 – 125)
Post-transplant at 3 months 
(Median, mg/dl) 86.6 (80.4 – 93)
Triglycerides (Median, mg/dl) 
Pretransplant 148.5 (110.2 – 221.1)
Post-transplant at 3 months  138 (101.9 – 165.8)
Total cholesterol (Mean, mg/dl) 
Pretransplant 186 ± 5.6
Post-transplant at 3 months 174.9 ± 39.3
Haemoglobin (Mean, g/dl)
Pretransplant 11.6 ±1.4
Post-transplant at 3 months  12.7 ± 1.8 
First Creatinine post-transplant 
(Median, mg/dl) 3.96(2.11-6.45)
Creatinine at 3 months  
post-transplant (Median, mg/dl) 1.62 (1.34-1.99)
eGFR CKD-EPI  
(Median, ml/min/1.73m2) 
First time post-transplant 16.5 (9.8 – 32.4)
3 months post-transplant 48.9 (39.5 – 69)
First Cystatin C post-transplant 
(Median, mg/dl) 2.46 (1.80-3.77)
Cystatin C 3 months post-transplant 1.5 (1.3-2.04)
eGFR Cystatin C  
(Median, ml/min/1.73m2) 
First time post-transplant 24 (12.5 – 39)
3 months post-transplant 52 (31.5 – 66)
Graft weight (Mean, grams) 187.7 ± 46.8
Graft length (Mean, cm) 10.9 ± 0.9
CIT (Median, mins) 375 (101.5- 1056)
WIT (Median, mins) 30.5 (28.2 - 35)
Donor Type- cadaveric (%) 23 (52.3%)
Hospital length of stay  
(Median, days) 28 (20 – 34.5)
BMI – body mass index; HBV – hepatitis B virus; CKD – chronic kidney 
disease; ADPKD – autosomal dominant polycystic kidney disease; eGFR 

– estimated glomerular filtration rate; CIT – cold ischemia time; WIT – 
warm ischemia time.

 Correlation between cystatin C and  
parameters of interest
Table 2 summarizes the correlation between se-

rum cystatin C and demographic, biological and graft 
parameters. We found that cystatin C values measured 
first time post-transplant was positively and mildly cor-
related with recipient age (r= 0.39, p=0.008) and warm 
ischemia time (r=0.35, p=0.01) and moderately cor-
related with cold ischemia time (r=0.56, p<0.001). Also, 
cystatin C values measured at 3 months post-trans-
plant were positively and moderately correlated with 
recipient age (r=0.36, p=0.001), cold ischemia time (r= 
0.32, p=0.003), pretransplant recipient weight (r= 0.34, 
p=0.002) triglycerides (r= 0.40, p=0.008) and was neg-
atively correlated with hemoglobin levels at 3 months 
post-transplant (r=-0.36, p=0.01). 

Table 2. Correlation between serum cystatin C and  
parameters of interest 

 First Cystatin C Cystatin C  
 post-transplant 3 months 
  post-transplant 

 r p value r p value

Recipient age 0.39 0.008 0.36 0.001
Weight recipient 
pretransplant 0.25 0.09 0.34 0.002
BMI pretransplant 0.05 0.72 0.14 0.33
Dialysis before 
transplantation -0.02 0.88 0.006 0.69
Graft weight -0.09 0.53 0.13 0.36
Graft length -0.11 0.45 0.21 0.16
CIT 0.56 <0.001 0.32 0.003
WIT 0.35 0.01 0.002 0.89
Hospital length of stay -0.12 0.31 0.007 0.62
Pretransplant  
glucose level 0.15 0.31 0.16 0.28
First post-transplant  
glucose level 0.24 0.11 0.27 0.07
Glucose level at 3 months 
post-transplant 0.12 0.42 -0.005 0.98
Triglycerides  
pretransplant 0.15 0.30 0.13 0.37
Triglycerides at 
3 months post-transplant 0.21 0.15 0.40 0.008
Total cholesterol  
pretransplant 0.15 0.31 -0.008 0.60
Total cholesterol at 
3 months post-transplant  0.20 0.18 0.20 0.18
Haemoglobin  
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pretransplant 0.18 0.24 0.03 0.80
Haemoglobin at 
3 months post-transplant -0.17 0.25 -0.36 0.01

BMI – body mass index; CIT – cold ischemia time; WIT – warm ischemia time.

The only variables that were associated with serum 
cystatin C immediately and at 3 months post-transplan-
tation were recipient age and CIT (Figure 1 and Figure 2).

Figure 1. Spearman correlation between cystatin C and recipient age 

In a subgroup analysis, we divided the study pop-
ulation by donor type and there can be observed that 
serum cystatin C measured first time and at 3 months 
post-transplant (3.97±2 vs 2.01±0.68 mg/l, p<0.001; 
1.87±0.71 vs 1.54±0.5 mg/l, p=0.09 respectively) and 
cold ischemia time (915±345.8 vs 90.38±46.6 minutes, 
p<0.001) were higher in the cadaveric donors subgroup 
(Figure 3). We also found that cystatin C was significant-
ly and moderately correlated with cold ischemia time in 
patients transplanted from cadaveric donors (Figure 3).

Figure 2. Spearman correlation between cystatin C and cold ischemia 
time

Figure 3. Distribution of cystatin C (A and B) and cold ischemia (C) time 
by donor type
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Discussions
According to our knowledge, this is the first study 

that evaluated the correlation between serum cystatin 
C and cold ischemia time in kidney transplant recipi-
ents. Studies that evaluated the importance of cysta-
tin C in kidney transplant recipients were limited.  We 
found a positive correlation between serum cystatin 
C and recipient age and cold ischemia time, immedi-
ately and at 3 months after kidney transplantation. 
Our results are in line with those obtained by Canney 
M. and al., who showed that cystatin C was associated 
with age13. Regarding ischemia time, cold ischemia 
may initiate a cascade of reactions that leads to inju-
ry and kidney damage that may impact the outcome 

after transplantation.14 Perez et al. showed that CIT is 
significantly correlated with recipient age and a longer 
CIT had a negative impact on recipient and graft out-
comes.15 In a study conducted by Parekh et al on 40 
patients was shown that 30–60 minutes of controlled 
clamp ischemia induced no increase in serum cystatin 
C and there was no correlation between CIT and cysta-
tin C.16 Other correlations obtained in our analysis were 
the positive  link between cystatin C and triglycerides 
level and the negative one between cystatin C and hae-
moglobin level measured at 3 months post-transplant. 
Similar to our results, but indirectly reported, Keddis et 
al. demonstrated on a group of 1139 kidney transplant 
recipients, followed more than 1 year, that glomeru-
lar filtration rate estimated with cystatin C is positive-
ly correlated with haemoglobin and negatively with 
triglycerides. The same study showed contrary to our 
findings, that there is a correlation between cystatin C 
and body mass index, while we pointed out that is an 
association between cystatin C and weight at 3 months 
after kidney transplantation.17 A study conducted by 
Witzel et al. concluded that triglycerides concentration 
could influence the correct measurement of cystatin C 
and should be seen as a potential confounder.18 

Regarding the clinical applicability of our results, se-
rum cystatin C could be used as a marker of graft injury 
early after kidney transplantation, but this parameter 
should be carefully interpreted in the presence of el-
derly, overweight or obese, dislypidaemic and anaemic 
patients. Moreover, cold ischemia time is associated 
with ischemia-reperfusion injury that leads to the de-
velopment of tubulointerstitial fibrosis and based on 
out correlation, cystatin C can also be a parameter of 
graft quality. Knowing the fact that cold ischemia time 
is higher in kidney recipients transplanted from ca-
daveric donors, we divided the study group by donor 
type and we found a significant association between 
cystatin C and ischemia time in the cadaveric donors 
subgroup, which can explain a more increased risk of 
graft damage than in the case of grafts provided by liv-
ing donors.  The strength of our study is its prospective 
design but we could point out some limitations: small 

Correlation between cystatin C and CIT in cadaveric donors Correlation between cystatin C and CIT in living donors

Cystatin C measured at  Cystatin C measured at Cystatin C measured at Cystatin C measured at 
first time post-transplant 3 months post-transplant first time post-transplant 3 months post-transplant 

 r= 0.42 p= 0.04 r= 0.46 p= 0.02 r= -0.02 p= 0.92 r= 0.12 p=0.59

Table 3. Correlation between cystatin C and cold ischemia time in cadaveric and living donors subgroups.
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group sample, and also the single center experience. 
Further studies are needed to explore the association 
between cystatin C and ischemia time. 

Conclusions
In conclusion, we showed that serum cystatin C 

measured early after kidney transplantation is correlat-
ed with demographic, biological parameters and isch-
emia times in kidney transplant recipients.
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