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A prospective study of living kidney donors: 6 years follow-up 
from a cardiovascular disease risk perspective
Meral Mese1* , Elif Ari2

INTRODUCTION
Living donor kidney transplantation is the preferred treatment 
for end-stage kidney disease (ESKD), mainly because it improves 
graft and patient survival and quality of life when compared 
with the transplantation from a deceased donor and waiting list 
patients who remain on dialysis1. Turkey is among the countries 
with the most living donor transplants per million population. 
According to the 2020 Turkey Registry System Report, 2250 
(90%) of 2500 kidney transplantations performed in 2020 are 
living donor transplantations2. Each year, over 27,000 people 
around the world become kidney donors, and this number is 
increasing in response to a shortage of kidneys for transplantation 
from deceased donors3. However, the mid- and long-term car-
diovascular and metabolic risks among donors remain uncertain.

A number of studies suggest that the risk of developing 
ESKD in donors is similar to that of the general population4 
Some studies have suggested that there are small but measur-
able increases in the risk of HT, proteinuria, preeclampsia, gout, 
acute dialysis, and ESKD after donor nephrectomy, in addition 
to the risks of surgery5,6. These factors are associated with an 

increased risk for cardiovascular and all-cause mortality in the 
general population. Multiple studies have shown no evidence 
of reduced survival among living kidney donors as compared 
with the general population. In contrast, Mjoen et al. evaluated 
the long-term kidney function and cardiovascular and all-cause 
mortality over a 15-year follow-up period and found that all-
cause death, cardiovascular death, and ESKD were significantly 
increased in donors after about 10 years7.

In this study, we aimed to demonstrate the renal conse-
quences of donation and the evidence of the effects of donation 
on the cardiovascular system in 93 living kidney donors after 6 
years from donation and in 54 age- and sex-matched controls.

METHODS

Patients
We performed a type 2 cohort study to collect the data on the 
health status of kidney donors who had the transplantation 
operation in Kartal Training Hospital. Between January 2011 
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SUMMARY
OBJECTIVE: The purpose of this prospective study was to evaluate the clinical, laboratory, and donation-specific outcomes of living kidney donors 

6 years after donation.

METHODS: We included a total of 93 kidney donors and 54 age- and sex-matched individuals as control group through a type 2 cohort consecutive 

recruitment. We detected kidney function abnormalities and the presence of hypertension, diabetes, and cardiovascular events during the 6 years 

follow-up period.

RESULTS: The mean serum creatinine levels were higher (p<0.001), and the estimated glomerular filtration rate levels were lower (p<0.001) in living 

kidney donors 6 years after donation when compared with controls. The protein/creatinine ratio of the study population was also higher (p=0.014). 

There was no difference in outcomes between the groups for end-stage kidney disease and cardiovascular mortality. A higher rate of new-onset 

hypertension (6.4 vs. 32.9%), diabetes mellitus (0.0 vs. 4.3%), chronic kidney disease (0.0 vs. 2.1%), and cardiovascular disease (0.0 vs. 2.1%) was 

demonstrated among donors 6 years after donation (p<0.001, respectively).

CONCLUSION: Our data have demonstrated that the reduction in Glomerular filtration rate induced by kidney donation might cause an increase 

in adverse renal and cardiovascular events.
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and August 2014, a total of 157 living donor nephrectomy was 
performed in our transplantation center. We made phone calls 
to invite kidney donors to participate in the study. We could 
not make contact with 30 donors, and 93 of the remaining 127 
donors accepted to participate in the study. The demographic 
characteristics of the study population at the time of donation 
were extracted from the medical records, which also included 
a detailed medical history. After 6 years of follow-up, demo-
graphic, clinical, and laboratory characteristics of kidney donors 
were updated. In addition, a control group was formed with 54 
age- and sex-matched individuals who were selected based on 
self-reported medical history to fit the donor demographic and 
baseline characteristics. Clinical and laboratory characteristics 
of controls were also updated after 6 years from their baseline.

Definitions

Hypertension
Kidney donors and controls were defined as hypertensive if 
they had a previously known diagnosis of HT (treated or not) 
or if the office BP was measured >140/90 mmHg8.

Diabetes
Diabetes was defined as fasting plasma glucose levels >126 mg/
dL (7.0 mmol/L) or hemoglobin A1c (HbA1c) level >6.5% (48 
mmol/mol) or in a patient with classic symptoms of hypergly-
cemia, a random plasma glucose ≥200 mg/dL (11.1 mmol/L)9.

All analyses of the donors were performed at the time of dona-
tion and 6 years after donation, and all analyses of the control 
group were performed at baseline and after 6 years of follow-up in 
the biochemistry laboratory of Kartal Training Hospital. Chronic 
disease was defined as the presence of HT, DM, coronary artery 
disease (CAD) (defined as myocardial infarction, percutaneous 
coronary intervention, and coronary artery bypass surgery), CKD 
(GFR <60 mL/min/1.73 m2), and ESKD.

Laboratory data
The blood examinations including serum creatinine, urea, 
glucose, HbA1c, lipid fractions, uric acid, ferritin, and para-
thormone (PTH) were conducted following overnight fast-
ing. Microalbuminuria was defined as the presence of 30–300 
mg/g of creatinine, and proteinuria was defined as the pres-
ence of >300 mg/g of creatinine10. Urine albumin and protein 
excretions were determined in the first-morning urine sample.

Statistical analysis
Descriptive data were presented as mean ± standard deviation 
(SD), median and interquartile range (IQR) for the continuous 

variables, and frequency and percentages (%) for the categor-
ical variables. Continuous variables were evaluated for nor-
mality distribution using the Shapiro-Wilk test. T-test for 
normally distributed variables and Mann-Whitney U test for 
non-normally distributed variables were used in comparison 
with 2 independent groups. Categorical variables were com-
pared by using the chi-square or Fisher’s exact test for propor-
tion. All significance tests were two-tailed, and p-values <0.05 
were considered statistically significant. All statistical analyses 
were performed by the SPSS software version 21 (Chicago, 
IL). Reporting of the study conforms to the STROBE state-
ment along with references to the STROBE statement and the 
broader EQUATOR guidelines11.

Ethics
Ethics committee approval for the study was obtained from the 
Ethical Review Board of Kartal Training Hospital (514/193/5-
01.13.2021). All procedures were performed in accordance with 
the ethical standards of the Declaration of Helsinki. All partic-
ipants gave written informed consent for the study.

RESULTS

Demographic and clinical characteristics
The study population consisted of 93 kidney donors and 54 
age- and sex-matched controls. Demographic and clinical char-
acteristics of the patient and control groups are given in Table 1. 

Table 1. General characteristics of the study population and controls 
at baseline.

Kidney donors 
(n=93)

Controls  
(n=53)

p-value

Age, years 53.37 [27–68] 55.44 [28–68] 0.403

Gender (male/
female), n (%)

34 (37)/58 (63) 26 (49)/27 (51) 0.278

Body mass 
index, kg/m2 26.5 [17.9–34.4] 27.3 [17.1–38.7] 0.594

Waist 
circumference, 
cm

98 [73–131] 93 [77–143] 0.378

Hypertension 
(yes/no), n (%)

6 (6.4)/87 (93.5) 4(7.6)/49(92.4)

Diabetes 
mellitus, n (%)

NA NA NA

Coronary 
artery disease

NA NA NA

NA: not applicable. Normally distributed data are presented as mean±standard 
deviation. Non-normally distributed data are presented as median and 
interquartile range (IQR).
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Participants’ mean age was 53.37 [27–68] years, with 58 female 
(63%) and 34 male (37%). Similar to the control group, kid-
ney donors were generally female and middle-aged. In total, 
39 (41.9%) donors were spouses, 33 (35.4%) donors were sons 
or daughters, 16 (17.3%) donors were parents or siblings, and 
the remaining 5 (5.4%) donors were other relatives. The mean 
duration following transplantation was 78.03±41.09 months. 
None of the participants developed major surgical complica-
tions after donor nephrectomy.

Primary outcomes
The biochemical parameters of the study population are shown 
in Table 2. In the donor population, the median eGFR 6 years 
after donation was 81.24 [67.36–88.62] mL/min/1.73 m2 and 
was significantly lower in the donor group than that in the con-
trol group after 6 years of follow-up period (p<0.001). Serum 
creatinine was 0.93 [0.80–1.80] mg/dL 6 years after donation 
and significantly higher when compared with non-donors 
(p<0.001). While there was no significant difference between 
the two groups in the albumin–creatinine ratio in the spot 

urine (7.40 [3.70–15.50] vs. 7.22 [5.04–14.40] mg/g creati-
nine, p=0.431), the protein-creatinine ratio in the spot urine 
was found to be significantly higher in the donor group when 
compared with controls (85.52 [65.26–116.04] vs. 67.94 
[56.12–87.80] mg/g creatinine, p=0.014).

Mean levels of ferritin were lower in the donor group 6 
years after donation, when compared with controls (p<0.001) 
(Table 2). Mean levels of uric acid and parathyroid hormone 
(PTH) were significantly higher in the donor group, 6 years 
after donation, when compared with controls (p<0.001, and 
p=0.049, respectively) (Table 2). There was no significant dif-
ference between the two groups in terms of fasting blood glu-
cose, HbA1c, low-density lipoprotein (LDL), albumin, and 
hemoglobin values.

Secondary outcomes
As shown in Table 3, 32.9% of the donors (n=31) have HT, 
2.1% (n=2) of the donors have CAD, 2.1% (n=2) of the donors 
have CKD, and 4.3% (n=4) of the donors have diabetes 6 
years after donation. Of the kidney donors, 6.4% (n=6) of the 

Table 2. Laboratory parameters of the kidney donors and controls at baseline and after 6 years.

Kidney donors at 
donation(n=93)

Kidney donors 6 years 
after donation(n=93)

Controls at 
baseline(n=54)

Controls after 6 
years(n=54)

p-value

Urea (mg/dL)
27.50

[23.00–33.00]
35.00

[29.00–39.00]
28.00

[24.00–33.25]
27.00

[22.00–32.30]
<0.001*

Creatinine (mg/dL)
0.75

[0.65–0.84]
0.93

[0.80–1.80]
0.67

[0.59–0.74]
0.70

[0.62–0.80]
<0.001*

GFR (mL/min/1.73 m2)
101.0

[92.58–109.36]
81.24

[67.36–88.62]
109.0

[101.75–117.0]
102.0

[94.9–109.1]
<0.001*

Albumin/creatinine (mg/g creatinine)
5.50

[3.00–10.00]
7.40

[3.70–15.50]
7.05

[4.95–14.43]
7.22

[5.04–14.40]
0.431

Protein/creatinine (mg/g creatinine)
85.20

[66.85–109.90]
85.52

[65.26–116.04]
67.93

[56.29–87.79]
67.94

[56.12–87.80]
0.014*

Hemoglobin (gr/dL) 13.45±1.70 13.61±1.57 13.60±1.48 13.87±1.51 0.325

Ferritin (ng/mL)
33.00

[14.25–59.79]
36.40

[19.90-64.90]
33.50

[14.65–81.95]
75.25

[31.40–112.70]
<0.001*

Total cholesterol (mg/dL) 198.10±45.68 186.38±38.45 209.69±46.86 165.66±34.67 0.094

LDL cholesterol (mg/dL) 120.00±31.76 122.28±47.90 134.53±45.74 123.88±34.12 0.868

Albumin (mg/dL) 5.69±9.59 4.26±0.27 4.34±0.23 4.47±0.25 0.165

Glucose (mg/dL)
95.00

[89.6–101.0]
92.00

[85.00–106.00]
98.00

[89.50–105.25]
95.00

[86.00–108.00]
0.508

HbA1c (%)
5.50

[5.20–5.70]
5.72

[5.48–6.96]
5.40

[5.30–5.70]
5.70

[5.60–5.90]
0.717

Uric acid (mg/dL) 5.04±1.21 5.62±1.18 4.53±0.81 4.43±0.99 <0.001*

PTH (pg/mL)
52.35

[40.7–67.72]
57.52

[40.70–76.55]
48.25

[35.58–68.63]
51.00

[36.80–65.30]
0.049*

GFR: glomerular filtration rate; LDL: low-density lipoprotein; HbA1c: hemoglobin A1c; PTH: parathyroid hormone. Normally distributed data are presented 
as mean±standard deviation and non-normally distributed data are presented as median (IQR). Bold values indicate statistical significance at the p<0.05 level. 
*Kidney donors 6 years after donation vs. controls after 6 years.
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donors have HT at the time of donation. The rate of hyperten-
sive kidney donor increased after 6 years when compared with 
the baseline (6.4 vs. 32.9%, p<0.001) (Table 3).

Similarly, 7.6% (n=4) of the control group have HT at 
baseline. As reported in the methods section, the control group 
was formed with age- and sex-matched individuals who were 
selected based on self-reported medical history to fit the donor 
demographic and baseline clinical characteristics. There were no 
other chronic diseases such as diabetes, CAD, CKD, and ESKD 
in the control subjects at baseline. When clinical characteristics 
of controls were updated after 6 years from their baseline, we 
found that 11.1% (n=6) of the control group have HT, 1.8% 
(n=1) have diabetes, and 1.8% (n=1) have CAD.

DISCUSSION
In this type 2 cohort study, we showed that not only the kid-
ney function abnormalities were higher in the study popula-
tion when compared with controls but also the incidence of 
new-onset HT was higher among kidney donors when com-
pared with age- and sex-matched individuals. Furthermore, 
incidences of diabetes, CAD, and CKD were higher in the 
kidney donor group compared with their baseline.

According to our results, the mean eGFR was significantly 
lower in the donor group 6 years after donation compared with 
the control group (p<0.001) (Table 2). Also, the mean serum 
creatinine was significantly higher compared with non-donors 
(p<0.001). Our findings are in accordance with the current lit-
erature. Ibrahim et al reported that in an average of 12 years 
following donation, 15% of kidney donors had a GFR<60 mL/
min/1.73 m2 12. Similarly, Liboria et al reported that 29% of 
donors had an eGFR<60 mL/min/1.73 m2 5 years after dona-
tion13. Karahan et al recently reported that 3 years after dona-
tion, 11% of the kidney donors had GFR<60 mL/min/1.73 
m2 14. We found that the mean eGFR was 81.2 mL/min/1.73 
m2 6 years after donation, and 2.1% (n=2) of donors had an 

eGFR<60 mL/min/1.73 m2 in our study population. We inter-
preted that reduced renal function of kidney donors could be 
due to the reduction of kidney mass.

We also found that the mean levels of ferritin (36.40 
[19.90–64.90] vs. 75.25 [31.40–112.70], p<0.001) were 
lower; the mean levels of uric acid (5.62±1.18 vs. 4.43±0.99, 
p<0.001) and PTH (57.52 [40.70–76.55] vs. 51.00 [36.80–
65.30], p=0.049) were higher among kidney donors compared 
with controls. Kasiske et al reported that the GFR decreased 
1.47±5.02 mL/min/1.73 m2 per year in kidney donors between 
6 and 36 months. The authors also reported that serum PTH, 
uric acid, homocysteine, and potassium levels were higher in 
kidney donors. The mean levels of PTH and uric acid in our 
study population were in line with Kasiske et al15. We found 
that kidney donors manifest several consequences of mild 
CKD in the long term. Yildirim et al reported that living kid-
ney donors exhibit slightly reduced kidney function, increased 
oxidative stress, and decreased antioxidant activity16. It could 
be speculated that oxidant/antioxidant system imbalance may 
facilitate the development of kidney function abnormalities.

In addition, the protein–creatinine ratio of the kidney donors 
is significantly higher compared with controls (p=0.014). We 
also found that 6.4% (n=6) of donors have controlled HT at 
the time of donation and 32.9% (n=31) of donors have HT 
6 years after donation. A meta-analysis of 48 studies showed 
a clinically insignificant increased risk for the development 
of HT or proteinuria in a long-term follow-up among kid-
ney donors when compared with the age-matched controls6. 
Ibrahim et al reported that 7.5% of donors developed HT and 
12% of donors developed albuminuria12. According to our 
results, 25% of donors developed new-onset HT, and none 
of the donors developed albuminuria and/or significant pro-
teinuria 6 years after donation. Thiel et al showed that kidney 
donation triples the short-term risk of developing HT and 
that after nephrectomy, HT becomes the main risk factor for 
albuminuria. Thiel et al also reported that among the initially 

Table 3. Target organ damage status of kidney donors 6 years after donation.

Kidney donors at 
donation (n=93)

Kidney donors 6 years 
after donation (n=93)

Controls at 
baseline (n=54)

Controls after 6 
years(n=54)

p-value

Hypertension (n, %) 6 (6.4) 31 (32.9) 4 (7.6) 6 (11.1) <0.001*

Diabetes mellitus (n, %) NA 4 (4.3) NA 1 (1.8) <0.001*

Cardiovascular morbidity (n, %) NA 2 (2.1) NA 1 (1.8) <0.001*

Cardiovascular mortality (n, %) NA NA NA NA NA

Chronic kidney disease (n %) NA 2 (2.1) NA NA <0.001*

End-stage kidney disease (n %) NA NA NA NA NA

NA: not applicable. *Kidney donors at donation vs. 6 years after donation. Bold values indicate statistical significance at the p<0.05 level.
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normotensive donors, 43% of donors developed HT diagnosed 
by ambulatory blood pressure monitoring within the 10-year 
follow-up period17. We reported that hypertensives comprise 
30% of our donor population within 6 years of donation. We 
could speculate that kidney donation leads to reduced kidney 
function and is associated with an increase in clinically insig-
nificant proteinuria, as well as a rise in blood pressure greater 
than attributable to normal aging. Increased risk of develop-
ing HT may have important implications for the long-term 
cardiovascular health of kidney donors. We suggest that our 
data are critical for improving our understanding of the conse-
quences of nephrectomy. Further prospective, controlled stud-
ies are needed to determine the incidence of HT, target organ 
damage, and possible complications of HT among donors.

Multiple studies have shown no evidence of reduced sur-
vival among living kidney donors as compared with the general 
population. Contrarily, Mjoen et al recently evaluated long-
term cardiovascular and all-cause mortality among 1900 liv-
ing kidney donors compared with a control group of 32,000 
individuals who would have been eligible for donation over 
a 15-year follow-up period and found that the hazard ratios 
for all-cause death and cardiovascular death were significantly 
increased in donors after about 10 years. They also reported 
that living kidney donors have a 1.4-fold increased risk for car-
diovascular morbidity compared with non-donor individuals 
eligible for donation7. According to our results, 4.30% (n=4) 
of kidney donors have new-onset diabetes and 2.1% (n=2) of 
donors have new-onset CAD 6 years after donation. Although 
there was no cardiovascular mortality in our study popula-
tion; the incidence of HT, diabetes, and CAD is higher in the 

donor group compared with controls. It is still not possible 
to understand the pathophysiological effects of kidney dona-
tion on hemodynamic and vascular system among donors. We 
interpreted that it is impossible to exclude that donation may 
lead to an increase in adverse cardiovascular events. Potential 
donors should be informed of increased possible cardiovascu-
lar risk, at least new-onset HT and diabetes, associated with 
donation in the long term.

The findings of this study have to be seen in light of some 
limitations. First, in our follow-up, 25% of our donors could 
not be reached and their follow-up is not available. Second, 
our study was conducted with a relatively small population. 
Therefore, the study results may not reflect the general kidney 
donor population. Third, due to the design of the study, we 
could collect the data of the control group observationally. It 
would be interesting to assess the evolution of cardiovascular 
morbidity not only among kidney donors but also among age- 
and sex-matched individuals in a long-term follow-up study.

In conclusion, we detected a high incidence of HT, diabe-
tes, CKD, and cardiovascular morbidity among kidney donors 
6 years after donation. Further studies with larger populations 
are needed for the estimation of long-term risks associated with 
donation among living kidney donors.
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