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	 Background:	 Living kidney donors may face health risks after donation. Age, sex, body mass index, comorbidities, and rela-
tionship to the recipient have an impact on lifetime living kidney donor risk. In view of a changing landscape 
in renal transplantation with increasing organ shortages, the selection criteria for potential donors may have 
changed over time.

	 Material/Methods:	 We investigated donor demographics and outcomes in a cohort of 760 living kidney donors who donated from 
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percentage of donors with a history of obesity, hypertension, smoking, and a family history of kidney disease 
enlarged to 18.6%, 36.1%, 37.0%, and 9.1%, respectively. De novo hypertension was a common problem in more 
than half of the donors at long-term follow-up, and donor renal function decreased about 30 mL/mi/1.73 m2.

	 Conclusions:	 This detailed analysis of living kidney donor demographics over the last 50 years detected an increased pro-
portion of donors with higher age and comorbidities today. Careful donor selection, regular follow-up visits, 
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Background

Living donor kidney transplantation remains the optimal treat-
ment option for patients with end-stage renal disease (ESRD), 
with excellent results in recipient and graft outcomes [1,2]. Due 
to organ shortage, the time on the transplant waiting list has 
increased in most countries, especially in Germany in the past 
years [3]. Living kidney donation is an opportunity to get early kid-
ney transplantation, with the possibility of excellent renal function.

In Germany, the first renal allograft donations were performed 
in the late 1960s and early 1970s. Since then, the landscape of 
living kidney donors has changed. Especially in times of organ 
shortage, the number of people willing to donate to a family 
member or close friend increases, and the number of poten-
tial donors with comorbidities can also increase [4].

Large cohort studies have suggested that the risks of living 
kidney donation are minor [5-8]. Age, sex, body mass index 
(BMI), relationship to the recipient, and pre-existing comor-
bidities significantly alter the risk of donation [8]. Therefore, 
careful donor selection is necessary, and special medical care 
must be provided for living kidney donors in the short and 
long term after donation.

In the present study, we investigated whether living donor de-
mographics at the time of donation has changed significant-
ly over the past 50 years in a German transplant center to de-
termine whether the proportion of donations from higher risk 
donors has changed.

Material and Methods

Patients

All living kidney donors from the Renal Transplant Center at 
the University Hospital of Heidelberg, Germany, from 1967 
to 2016 were enrolled in this cohort study. Through review-
ing published studies, we compared our patient cohort with 
that of other European transplant centers to determine if the 
characteristics of our cohort were representative of the those 
of donors from the other centers.

Study Objectives

The main objective of the study was to analyze the change in 
age of living kidney donors within the last 50 years. We hy-
pothesized that the mean age of recent donors is significant-
ly higher than that of donors before 1990, since several elder-
ly persons are willing to donate an organ to a family member 
or close friend. Secondary objectives were the shift in donor 
characteristics in regards to donor sex, BMI, blood pressure, 

hyperglycemia or prediabetes, albuminuria, hematuria, rela-
tionship to the recipient, and positive family history of renal 
disease or impaired renal function.

Study Design

Clinical data were obtained from the medical reports of yearly 
follow-up visits at the Department of Nephrology, Renal Center 
Heidelberg, Medical University Hospital of Heidelberg, Germany, 
as well as from outpatient clinic reports. Renal function was 
measured using serum creatinine levels and estimated glo-
merular filtration rates (eGFR), which were calculated by the 
Modification of Diet in Renal Disease (MDRD) or Chronic Kidney 
Disease Epidemiology Collaboration (CKDepi) formula [9,10].

The study was approved by the local institutional ethics re-
view board (reference number S-104/2011, Ethics Committee 
University Hospital Heidelberg, Germany). All patient-related 
information was captured in medical confidentiality and accord-
ing to the German Federal Data Protection Act. The study was 
conducted following the principles of the Declaration of Helsinki 
and in compliance with Good Clinical Practice guidelines.

Statistics

The statistical analysis was conducted using SPSS version 24 
(IBM Corp., Armonk, NY, USA), and R language version 3.5.3 
(R Foundation for Statistical Computing, Vienna, Austria). 
Descriptive measures of the variables of interest are reported 
as frequencies and percentages for categorical variables and 
mean±standard deviation for continuous variables. The normal-
ity assumption of the data was evaluated 2 ways: visually using 
histograms and quantile-quantile plots and with the Shapiro-
Wilk normality test. For the comparisons of mean and median 
values of variables across the different periods, when the nor-
mality assumption was met, the ANOVA test was used in cases 
of equal variances and the Welch test was used in cases of un-
equal variances. When the normality assumption was not met, 
the non-parametric Kruskal-Wallis test was used. For the anal-
ysis of categorical data, the chi-square test of independence 
was used. Additional post hoc analysis with Bonferroni correc-
tion was used for the pairwise comparison of proportions be-
tween the periods. To avoid losing important data, the maxi-
mum available number of observations per each analysis was 
utilized. In all hypothesis tests, a 5% significance level was used.

Results

Study Population

A total of 765 living kidney donations were performed from 
1967 to 2016. Altogether, 760 donors with available baseline 
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characteristics were analyzed. Data were analyzed for the whole 
study cohort and for 4 groups divided by the years (roughly, 
decades) of donation: 1967 through 1990, 1991 through 2000, 
2001 through 2010, and 2011 through 2016, including 51, 103, 
342, and 264 donors per period, respectively.

Comparison to Other Donor Cohorts

The main donor demographic characteristics in 2001 and 2016 
in our cohort were comparable to those of other cohorts in 
regards to sex distribution (60% female), median age of 50 
years, and BMI of about 25 kg/m2 (Table 1). Only a very low 

proportion of donors had an eGFR <70 mL/min/1.73 m2, across 
all study cohorts. Among all cohorts, a mean of 62% of donors 
were biologically related to recipients (ranging from 49.1% 
in the United States to 79.9% in Norway). The percentage of 
smokers in our study was similar to that of the other cohorts, 
but the prevalence of hypertension was significantly higher in 
the present study than in the other cohorts.

Patient Characteristics Over Time

As hypothesized, donor age increased significantly from the 
periods 1967-1990 to 2011-2016, from 34.9±11.5 years to 

Heidelberg 
(Germany)
2001-2016

N=606

Euro-
transplant
2011-2016
N=8.132
(ref. 23)

CRISTAL-
donneur
(France)

2007-2017
N=3.877
(ref. 13)

Oslo
(Norway)

1963-2007
N=2.268*
(ref. 6)

NHSBT data 
(UK)

2006-2017
N=11.651
(ref. 14)

ANZDATA 
(Australia)
2004-2013
N=3.253
(ref. 15)

SRTR data
Caucasian

(US)
2005-2017
N=57.992
(ref. 12)

Gender, Female, n (%) 355 
(58.6)

4765 
(58.6)

2415 
(62.3)

1122 
(59)

6217 
(53.4)

1859 
(57)

35871 
(61.9)

Age, median (IQR) 50.4
(43.0-58.7)

16-55: 4862# 
(59.8)

56-64: 2161 
(26.6)

65+: 1107
(13.6)

51
(42-59)

46.0
(11.5)&

nt 50
(42-58)

44
(32-54)

High age (years), 
n (%)

>65: 56 (9.2)
>70: 13 (2.1)

>64: 1107 
(13.6)

>56: 1190 
(30.7)

>70: 89
(3.9)

>60: 2006 
(17.2)

>70: 272 (2.3)

>65: 252
(7.7)

>50: 18675 
(32.2)

BMI (kg/m2), 
median (IQR)

25.7
(23.4-28.7)

nt 24.7
(22.3-27.6)

24.2 
(2.8)&

nt nt 26
(24-30)

BMI ³30 kg/m2, 
n (%)

104 
(17.2)

nt 426 (11.3) 125 
(5.5)

2029 
(18.1)

565 
(17)

11.808 
(20.4)

CKDepi eGFR 
(mL/min/1.73 m2), 
median (IQR) 

98
(88-107)

nt 96
(86-106)

105 
(14)&

nt nt 95
(82-108)

Low eGFR 
(mL/min/1.73 m2), 
n (%)

<80: 75 (12.4)
<70: 23 (3.8)

nt Low for age: 
3.4

<70: 41 
(1.8)

nt nt nt

Hypertension, 
n (%)

166 
(24.1)

nt nt 106 
(4.7)

nt 334 
(10.3)

1921 
(3.3)

Smoking, 
n (%)

190 
(31.4)

nt nt 571 
(41.5)

nt 1266 
(38.9)

15563 
(26.8)

Biologically related, 
n (%)

376 
(62.0)

4103 
(50.5)

62.1 1519 
(79.9)

6890 
(59.2)

nt 28488 
(49.1)

Table 1. Demographics of living kidney donors from different countries.

* 367 marginal donors were excluded; # age in categories, number (percentage); & mean and standard deviation; nt – not reported. 
ANZDATA – Australian and New Zealand Living Kidney Donor Registry; CKDepi – Chronic Kidney Disease Epidemiology Collaboration; 
eGFR – estimated glomerular filtration rate; NHSBT – National Health Service Blood And Transplant; IQR – interquartile range; 
n – number; SRTR – Scientific Registry of Transplant Recipients; UK – United Kingdom; US – United States.
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53.2±10.2 years (Table 2, Figure 1A). The percentage of do-
nors aged ³65 years increased from 0% in the 1967-1990 pe-
riod to 11.4% in the 2011-2016 period (P=0.01).

Altogether, 59.5% of donors were women, and the percentage 
of female donors decreased from 70.8% in the 1967-1990 pe-
riod to 56.3% in the 2011-2016 period (P<0.001).

BMI increased from 22.9±3.4 kg/m2 in 1967-1990 to 26.6±7.6 
kg/m2 in 2011-2016 (P<0.001). The percentage of donors with 
obesity rose from 0% in 1967-1990 to 18.6% in 2011-2016.

One donor was an active smoker in the years 1967-1990, where-
as 31% and 37% of donors were smokers during the periods 
of 2001-2010 and 2011-2016, respectively.

Regarding the donor-recipient relationship, most donations 
(about 70-80%) were to first-degree family members from 
1967 to 2000; thereafter, the number of spouses donating a 
kidney increased.

Donors with a family background of kidney disease increased 
from 0% in 1967-1990 to 9.1% in 2011-2016 (P<0.001). The 
percentage of foreign donors was stable, ranging from 5.1% 
in 1991-2000 to 10.2% in 2001-2010.

Renal Function

Renal function was assessed by serum creatinine levels and 
eGFR by MDRD or CKDepi. EGFR values increased significant-
ly from the first to last periods (1967-1990 to 2011-2016) 
(Table 3A, Figure 1B). About 27% of the donors had a CKDepi 
eGFR <80 mL/min/1.73 m2 in 1991-2000, compared with 12.2% 
in 2011-2016 (P=0.005). The number of donors with microal-
buminuria increased from 1.7% in the 1967-1990 period to 
8.7% in the 2011-2016 period.

There was no significant difference in the prevalence of mi-
crohematuria, and only a few donors had a kidney biopsy per-
formed before donation (1.7% in the 1967-1990 period to 4.8% 
in the 2001-2010 period).

Number of 
valid values 
(%760)

All
1967-2016 

1967-1990 1991-2000 2001-2010 2011-2016 p

Living donation, n (%) 	 760	 (100) 	 760	 (22.1) 	 51	 (5.2) 	 103	 (16.4) 	 342	 (31.5) 	 264	 (35.3) <0.001

Gender, female, n (%) 	 753	 (98.9) 	 449	 (59.5) 	 34	 (70.8) 	 60	 (60.0) 	 207	 (60.5) 	 148	 (56.3) 0.278

Age, mean (SD) 	 736	 (99.8) 	 59	 (11.4) 	 34.9	 (11.5) 	 46.1	 (10.1) 	 47.9	 (11.1) 	 53.2	 (10.2) <0.001

Age ³65 years, n (%) 	 736	 (99.8) 	 59	 (8) 	 0	 (0) 	 3	 (3.6) 	 26	 (7.6) 	 30	 (11.4) 0.016

BMI, mean (SD) 	 660	 (86.8) 	 26	 (4.1) 	 22.9	 (3.4) 	 24.3	 (3.4) 	 26.0	 (4.4) 	 26.6	 (3.7) <0.001

BMI ³30 kg/m2, n (%) 	 660	 (86.8) 	 107	 (16.2) 	 0	 (0) 	 3	 (5.4) 	 55	 (16.4) 	 49	 (18.6) 0.072

Smoker, n (%) 	 626	 (82.3) 	 206	 (32.9) 	 1	 (20) 	 15	 (27) 	 97	 (31) 	 93	 (37) 0.96

Family history of kidney 
disease or impaired renal 
function, n (%)

	 655	 (90.6) 	 40	 (6.1) 	 0	 (0.0) 	 1	 (1.9) 	 15	 (4.4) 	 24	 (9.1) <0.001

Relationship, n (%) 	 732	 (96.3) <0.001

	 Spouse 	 184	 (25.1) 	 1	 (2.6) 	 5	 (5.1) 	 85	 (25.5) 	 93	 (35.4)

	 Parent to child 	 330	 (45.1) 	 26	 (68.4) 	 77	 (78.6) 	 141	 (42.3) 	 86	 (32.7)

	 Child to parent 	 25	 (3.4) 	 0	 (0) 	 2	 (2.0) 	 7	 (2.1) 	 16	 (6.1)

	 Siblings 	 122	 (16.7) 	 11	 (28.9) 	 12	 (12.2) 	 66	 (19.8) 	 33	 (12.5)

	 Other, related 	 27	 (3.7) 	 0	 (0.0) 	 0	 (0.0) 	 15	 (4.5) 	 12	 (4.6)

	 Other, not related 	 44	 (6) 	 0	 (0) 	 2	 (2.0) 	 19	 (5.7) 	 23	 (8.7)

Place of residence outside 
Germany, n (%)

	 715	 (94) 	 61	 (8.5) 	 1	 (9.1) 	 5	 (5.1) 	 35	 (10.2) 	 20	 (7.6) 0.376

Table 2. Demographics of living kidney donors from 1967 to 2016.

BMI – body mass index; n – number; p – significance; SD – standard deviation.
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Hypertension and Metabolic Parameters

The prevalence of living kidney donors with hypertension be-
fore donation significantly within the last 50 years, from 0% 
in the 1967-1990 period to 36.1% in the 2011-2016 period 
(Table 3B). Correspondingly, blood pressure levels increased 
(Figure 1C). The number of antihypertensives taken also in-
creased significantly, with up to 10.7% of the donors taking at 
least 2 antihypertensives in the 2011-2016 period. Blood glu-
cose and cholesterol levels did not change significantly, with 
about 5.5% of the living donors having an impaired glucose 
tolerance test across all periods.

Outcome Data

The median length of follow-up was 106±77 months, depend-
ing on the year of donation. All patients had at least 24 months 
of follow-up. An increasing number of living kidney donors had 
regular follow-up visits at the transplant center, with 66.7% of 
donors having had external follow-up in the 1970s and 1980s, 
compared with 13.5% of donors in the last period of 2011-
2016 (P<0.001, Table 4).

Serum creatinine levels and eGFR at discharge were similar 
throughout all time periods. However, serum creatinine at the 
last follow-up increased and eGFR decreased from 2001-2010 to 
2011-2016 (Table 4, Figure 2). The percentage of living kidney 

70
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40
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Alter
BMI

MDRD GFR
GFR CKD epiAge and BMI

1967-1990
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22.6 (3.2)

1991-2000
46.1 (10.1)
24.9 (3.6)

2001-2010
47.9 (11.1)
25.9 (4.4)

2011-2016
53.2 (10.2)
26.7 (3.8)

M
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n ±
SD
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Blood pressure

1967-1990
118 (7)
75 (9)
90 (5)

44 (12)

1991-2000
121 (11)

77 (7)
93 (8)
4 (9)

2001-2010
127 (11)

80 (8)
96 (9)

47 (11)

2011-2016
130 (16)
81.3 (8)
97 (10)
49 (13)

M
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n ±
SD
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(ml/min/1.73 m2), mean (SD)
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78.7 (10.3)

90.0 (11.2)

1991-2000
82.4 (17.0)

90.9 (16.0)
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94.3 (20.7)

98.2 (15.4)

2011-2016
93.1 (19.1)

96.4 (13.5)

M
ea

n ±
SD

A
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B

Figure 1. �A shift in 3 main patient characteristics in living kidney donors from 1967 to 2016. (A) Age at donation; (B) renal function at 
donation (CKDepi eGFR); (C) patients with hypertension. CKDepi – Chronic Kidney Disease Epidemiology Collaboration; eGFR 
– estimated glomerular filtration rate; MDRD – Modification of Diet in Renal Disease.
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donors with stage 3 or 4 CKD was low and comparable among 
all time periods. No ESRD was observed.

In the long-term donor group who donated in the year 2000 
or earlier, up to 55.3% developed de novo hypertension. The 
mean HbA1c level was 5.59±0.42%, and the incidence of 
HbA1c ³6.5% ranged from 0% in the first period to 2.7% in 
the last time period.

The mean incidence of cardiovascular events varied signifi-
cantly, decreasing from 40% in the 1967-1990 period to 4.4% 
in the 2011-2016 period. The incidence of malignancy ranged 
from 4.8% in the 1967-1990 period to 11.9% in the 2011-
2016 period.

Altogether, 22 (2.9%) donor deaths were recorded in the total 
observational period from 1967 to 2016. Malignancy (n=10) 
and cardiovascular events (n=7) were the main causes of do-
nor deaths. All donor deaths are listed in Table 5.

Discussion

The present analysis provided comprehensive information on 
760 living kidney donors prior to donation and data on long-
term donor risk and death from a German transplant center. A 
significant increase in donor age has been observed over the 
past 50 years, with more than 11% of all donors today aged 
over 65 years at the time of donation. Our results showed that 
the percentage of patients with hypertension increased sig-
nificantly to 36.1%, and 10.7% of all the most recent donors 
were taking 2 or more antihypertensive drugs. An increase in 
BMI was found in donors, with 18.6% having obesity, with a 
BMI ³30 kg/m2 in the last period. Also, the prevalence of ac-
tive smoking and family history for renal disease or impaired 
renal function increased. The distribution of sex was consis-
tent among time periods, with women accounting for 60% of 
donors in all time periods. The number of donors with foreign 
residency was consistent, between 5.1% and 10.2%. In the 
last period, 8.7% of donors presented with microalbuminuria 
(about 10% had microhematuria, and 12.2% presented with 
a CKDepi eGFR <80 mL/min/1.73 m2).

(A)
Number of 
valid values 
(%760)

All
1967-2016

N=706

1967-1990
N=51

1991-2000
N=103

2001-2010
N=342

2011-2016
N=264

p

Creatinine (mg/dL), 
mean (SD)

735 
(96.6)

0.78 
(0.15)

0.88 
(0.10)

0.87 
(0.13)

0.77 
(0.16)

0.77 
(0.15)

<0.001

MDRD eGFR 
(mL/min/1.73 m2), 
mean (SD)

699 
(91.9)

92 
(20)

79 
(10)

82 
(17)

93 
(19)

92 
(20)

<0.001

CKDepi eGFR 
(mL/min/1.73 m2), 
mean (SD)

699 
(91.9)

96 
(15)

90 
(11)

91 
(16)

98 
(15)

96 
(13)

<0.001

Donors with CKDepi 
eGFR <80 mL/min/1.73 m2, 
n (%)

699 
(91.9)

100 
(14.3)

1 
(14.3)

24 
(27)

43 
(12.6)

32 
(12.2)

0.005

Albuminuria (mg/dL), 
mean (SD)

670 
(88.8)

17.03 
(17.2)

9.3 
(18.8)

4.4 
(12.4)

23.7 
(19.0)

12.1 
(11.5)

<0.001

Microalbuminuria 
>30 mg/g, n (%)

671 
(89)

163 
(24.3)

1 
(1.7)

3 
(4.3)

136 
(4.1)

23 
(8.7)

<0.001

Proteinuria (mg/g), 
mean (SD)

657 
(86.4)

0.030 
(0.060)

0 
(0.0)

0.330 
(0.050)

0.042 
(0.080)

0.024 
(0.042)

<0.001

Proteinuria >150 mg/d, 
n (%)

677 
(89.1)

7 
(1)

0 
(0.0)

1 
(1.4)

4 
(1.2)

2 
(0.8)

0.935

Microhaematuria, 
n (%)

659 
(86.7)

52 
(7.9)

1(14.3)
7 

(11.1)
18 

(5.5)
26 

(9.7)
0.142

Kidney biopsy before 
donation, n (%)

641 
(84.3)

23 
(3.6)

1 
(2.5)

1 
(1.7)

13 
(4.8)

8 
(3.1)

0.1

Table 3. (A) Renal function and (B) blood pressure and laboratory data of living kidney donors prior to donation from 1967 to 2016.

CKDepi – Chronic Kidney Disease Epidemiology Collaboration; eGFR – estimated glomerular filtration rate; MDRD – Modification of 
Diet in Renal Disease; n – number; p – significance; SD – standard deviation.
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Renal function at the long-term follow-up visit was slightly low-
er in the last period than in the earlier periods, but none of the 
patients had ESRD and 0.4% had stage 4 CKD. Cardiovascular 
events were identified in up to 40% of the early donors between 
1967 and 1990, but in only 21.7% of the donors between 1991 
and 2000, a period that had more detailed follow-up visits. 
At least 28 years after donation, 10% of donors had a malig-
nancy, and >50% had de novo hypertension. Altogether, 2.9% 
of donors died across all time periods, with 7.8% of donors to 
date having died from the 1967-1990 period. The main rea-
sons for death were cardiovascular diseases and malignancy. 
Fortunately, the quality of medical follow-up improved, with 
86.5% donors between 2011 and 2016 accepting at least year-
ly follow-up visits at the transplant center.

Even in the United States, with large donor programs and 
about 5500 individuals becoming living donors each year, the 
mean donor age increased over the last decades, with 3% of 

donors aged ³65 years and 32.2% of White donors aged >50 
years [11,12]. In addition to the challenges associated with in-
creased donor age, living kidney donation is challenged by co-
morbidities, as an increasing number of donors have hyperten-
sion, obesity, pre-existing cardiovascular diseases, and smoking 
habits. Similar to the results of our analysis, the number of 
donors at risk has also increased in the United States [11,12].

A similar trend in increased donor age was detected in a French 
study of their national database for living kidney donors, with 
3483 donors [13]. The mean age as well as the proportion of 
donors aged ³56 years increased significantly, from 24.8% in 
2007 to 33.1% in 2017. The proportion of donors with obesi-
ty was consistent, and the quality of follow-up improved sig-
nificantly, from 19.6% in 2007 to 42.5% of the donors in 2017 
having adequate follow-up visits. In contrast to the studies 
in the United States [11,12], the authors of this French study 
concluded that the recent increase of 16% in the living kidney 

(B)
Number of 
valid values 
(%760)

All
1967-2016

N=706

1967-1990
N=51

1991-2000
N=103

2001-2010
N=342

2011-2016
N=264

p

Systolic blood pressure 
(mmHg), mean (SD)

680 
(89.4)

128 
(15)

118 
(7)

121 
(11)

127 
(14)

130 
(16)

<0.001

Diastolic blood pressure 
(mmHg), mean (SD)

680 
(89.4)

80 
(8)

75 
(9)

77 
(7)

80 
(8)

81 
(8)

<0.001

Mean blood pressure 
(mmHg), mean (SD)

680 
(89.4)

96 
(9)

90 
(5)

93 
(8)

96 
(9)

97 
(10)

<0.001

Pulse pressure (mmHg), 
mean (SD)

680 
(89.4)

47 
(12)

44 
(12)

44 
(9)

47 
(11)

49 
(13)

0.03

24 h Systolic blood 
pressure (mmHg), 
mean (SD)

677 
(89)

126 
(12)

116 
(2)

122 
(9)

125 
(12)

128 
(12)

<0.001

24 h Diastolic blood 
Pressure (mmHg), 
mean (SD)

677 
(89)

79 
(82)

76 
(2)

82 
(8)

79 
(9)

80 
(9)

<0.001

24 h Mean pressure 
(mmHg), mean (SD)

677 
(89)

95 
(9)

89 
(2)

95 
(8)

94 
(9)

96 
(9)

0.02

Hypertension, n (%)
697 

(91.7)
176 

(25.3)
0 

(0)
7 

(8)
72 

(21.2)
97 

(36.1)
<0.001

Number of 
antihypertensives ³2, 
n (%)

697 
(91.7)

42 
(5.5)

0(0)
0 

(0)
14 

(4.1)
28 

(10.7)
<0.001

Impaired glucose tolerance 
test, n (%)

693 
(94.5)

38 
(5.5)

0 
(0.0)

4 
(4.7)

19 
(5.6)

15 
(5.7)

0.92

Blood glucose (fasting) 
mg/dL, mean (SD)

687 
(90.4)

92 
(16)

88 
(13)

90 
(13)

93 
(15)

91 
(17)

0.57

Hb1Ac (%), mean (SD)
543 

(71.3)
5.4 

(0.4)
No valid 
values

5.6 
(0.3)

5.4 
(0.4)

5.5 
(0.4)

0.03

Cholesterol, mean (SD)
626 

(82.3)
206 
(38)

235 
(38)

201 
(44)

208 
(38)

206 
(36)

0.425

N – number; p – significance; SD – standard deviation.
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Number of 
valid values 
(%760)

All
1967-2016

N=760

1967-1990
N=51

1991-2000
N=103

2001-2010
N=342

2011-2016
N=264

p

Time after donation 
(months), mean (SD)

606 
(79.7)

105.5 
(76.6)

379.2 
(68.0)

239.7 
(43.9)

112.1 
(34.2)

47.4 
(20.6)

<0.001

Age (years), mean (SD) 604 
(79.4)

59.3 
(11)

65.3 
(7.8)

66.4 
(9.2)

59.2 
(11.5)

57.1 
(10.2)

<0.001

External follow-up, n (%) 611 
(80.4)

214 
(35)

10 
(66.7)

47 
(65.3)

124 
(44.3)

33 
(13.5)

<0.001

Creatinine (mg/dL), mean 
(SD), time of discharge

646 
(85)

1.20 
(0.28)

No valid 
values

1.22 
(0.20)

1.20 
(0.26)

1.26 
(0.30)

0.833

CKDepi eGFR 
(mL/min/1.73m2), mean 
(SD), time of discharge

646 
(85)

60.5 
(15.7)

No valid 
values

61.5 
(16.0)

61.5 
(15.2)

59.5 
(15.6)

0.313

MDRD eGFR 
(mL/min/1.73 m2), mean 
(SD), time of discharge

646 
(85)

55.2 
(14.2)

No valid 
values

55.2 
(13)

56 
(15.0)

54.2 
(13.5)

0.482

Creatinine (mg/dL), 
mean (SD), year 1

532 
(70)

1.13 
(0.25)

No valid 
values

1.11 
(0.21)

1.13 
(0.24)

1.15 
(0.25)

0.755

CKDepi eGFR 
(mL/min/1.73 m2), 
mean (SD), year 1

532 
(70)

65.2 
(14.9)

No valid 
values

68.8 
(11.7)

65.6 
(14.2)

64.3 
(14.9)

0.595

MDRD eGFR 
(mL/min/1.73 m2), 
mean (SD), year 1

532 
(70)

60.0 
(12.3)

No valid 
values

63.2 
(18.1)

60.2 
(12.0)

59.4 
(12.7)

0.635

Creatinine (mg/dL), 
mean (SD), last visit

576 
(75.8)

1.06 
(0.24)

0.94 
(0.16)

0.99 
(0.20)

1.03 
(0.24)

1.11 
(0.24)

<0.001

CKDepi eGFR 
(mL/min/1.73 m2), mean 
(SD), last visit

568 
(74.7)

68.1 
(16.9)

70.4 
(14.2)

69.9 
(16.3)

69.6 
(17.9)

65.8 
(15.6)

0.005

MDRD eGFR 
(mL/min/1.73 m2), mean 
(SD), last visit 

568 
(74.7)

67.6 
(16.3)

70.5 
(13.4)

71.5 
(16.4)

69.2 
(17.9)

64.6 
(14.0)

0.061

CKD stage 3, 
n (%)*

568 
(74.7)

201 
(35.4)

1 
(11.1)

21 
(35.0)

87 
(33.3)

92 
(38.7)

0.271

CKD stage 4, 
n (%)**

568 
(74.7)

2.0 
(0.4)

0 
(0)

0 
(0)

1 
(0.4)

1 
(0.4)

–

ESRD 568 
(74.7)

0 0 0 0 0 –

Hemoglobin (g/dL), 
mean (SD)

554 
(72.8)

14.1 
(1.2)

14.2 
(0.9)

13.8 
(1.3)

14.1 
(1.3)

14.2 
(1.2)

0.469

Glucose (fasting) 
mg/dL, mean (SD)

517 
(68)

96 
(18)

88 
(9)

100 
(22)

94 
(19)

97 
(16)

0.027

HbA1c ³6.5%, 
n (%)

517 
(68)

13 
(2.5)

0 
(0)

4 
(8.2)

5 
(1.2)

4 
(2.7)

0.065

HbA1c%, 
mean (SD)

517 
(68)

5.59 
(0.42)

5.58
(0.3)

5.79 
(0.46)

5.60
(0.4)

5.53 
(0.42)

0.001

Table 4. Renal function and outcome data of living kidney donors from 1967 to 2016.
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donation rate in France does not seem to be associated with 
the selection of high-risk donors.

In a recent analysis from the United Kingdom, living kidney do-
nors’ baseline demographics were similar to those of our co-
hort [14]. An increase in donor age was limited to the White 
population. In addition, the proportion of donations to unre-
lated and non-partner recipients increased from 2006 to 2017. 

A small increase of donations to unrelated recipients was also 
observed in our cohort.

A somewhat different donor population profile was reported 
in a study from Norway [6], in which 2269 donors were regis-
tered from 1963 to 2007 at the living kidney transplantation 
center in Oslo, with 89 donors aged older than 70 years and 
6 donors aged younger than 20 years, resulting in a young-
er mean donor age of 46±11.5 years after exclusion of “mar-
ginal” donors. A BMI ³30 kg/m2 was observed in only 5.5% of 
the donors, and hypertension, identified as blood pressure > 
140/90 mmHg or use of blood pressure medication, in only 
4.7% of the donors. In total, 41 donors presented with an eGFR 
below 70 mL/min at the time of donation. The percentage of 
donors who were actively smoking was significantly higher at 
41.5% than in our cohort at 32.9%. In a median follow-up time 
of 24.9 (0.1-26) years, 224 donors died, with 30.4% of deaths 
due to cardiovascular events.

Recently, living kidney data from the Australian and New 
Zealand Living Kidney Donor Registry, including all 3253 do-
nors in Australia from 2004 to 2013 and in New Zealand from 
2004 to 2012, were published [15]. Donor characteristics were 
nearly the same as those of the living kidney donors from 2000 
to 2016 at our center, with 57% female donors and a median 
age at the time of donation of 50 (IQR 42-58) years, with 7.7% 
of donors ³65 years old. The number of patients with obesity 
was 17%, similar to the 17.2% of patients with obesity in the 
present study. However, 2% of the donors had impaired glucose 
tolerance at the time of transplantation and 3 donors had dia-
betes mellitus (<1%). Self-reported hypertension (10.3%) was 

Table 4 continuded. Renal function and outcome data of living kidney donors from 1967 to 2016.

Number of 
valid values 
(%760)

All
1967-2016

N=760

1967-1990
N=51

1991-2000
N=103

2001-2010
N=342

2011-2016
N=264

p

De novo hypertension, 
n (%) 

545 
(71.7)

124 
(22.7)

3 
(60.0)

26 
(59.1)

62 
(33.0)

33 
(22.6)

<0.001a

De novo diabetes mellitus, 
n (%)

478 
(62.8)

11 
(2.3)

0 
(0.0)

3 
(7.9)

4 
(1.9)

4 
(1.8)

0.0932b

Cardiovascular events, 
n (%)

523 
(69)

47 
(9)

4 
(40)

13 
(21.7)

20 
(8.9)

10 
(4.4)

0.00

Malignancy, 
n (%)

521 
(69)

33 
(6.3)

1 
(10)

7 
(11.9)

14 
(6.3)

11 
(4.8)

0.246

Donor deaths, 
n (%)

644 
(84.7)

22 
(2.9)

4 
(7.8)

6 
(5.8)

10 
(2.9)

2 
(0.8)

0.00

CKD – chronic kidney disease; CKDepi – Chronic Kidney Disease Epidemiology Collaboration; eGFR – estimated glomerular filtration 
rate; ESRD – end-stage renal disease; MDRD – Modification of Diet in Renal Disease; n – number; p – significance; SD – standard 
deviation. * CKD stage 3, CKDepi eGFR=30-60 mL/min/1.73 m2; ** CKD stage 4, CKDepi eGFR=15-30 mL/min/1.73 m2. a Post-hoc 
comparison of percentages between periods (de novo hypertension): 1991-2000 vs 2001-2010: p=0.0071; 1991-2000 vs 2011-2016: 
p<0.001; 2001-2010 vs 2011-2016: p=0.149. In the above post-hoc analysis, the Bonferroni correction was applied. b Post-hoc analysis 
is not needed for de novo diabetes mellitus since p=0.0932 (>0.05) but is helpful for hypertension since p<0.001.

MDRD eGFR
CKDepi GFR

90

80

70

60

50

CKDepi GFR,
(ml/min/1.73 m2)

MDRD eGFR,
(ml/min/1.73 m2)

Renal function at last follow-up

1967-1990
70.4 (14.2)

70.5 (13.4)

1991-2000
69.9 (16.3)

71.5 (16.4)

2001-2010
69.6 (17.9)

69.2 (17.9)

2011-2016
65.8 (15.6)

64.6 (13.9)

M
ea

n ±
SD

Figure 2. �Renal function (CKDepi, MDRD eGFR) at last follow-
up. CKDepi – Chronic Kidney Disease Epidemiology 
Collaboration; eGFR – estimated glomerular filtration 
rate; MDRD – Modification of Diet in Renal Disease.
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significantly lower than the rate of hypertension in the pres-
ent study; however, hypertension was diagnosed by 24-h blood 
pressure measurement and/or antihypertensive treatment in 
our study, whereas hypertension in the referenced study was 
self-reported. The percentage of active smokers was 39%, 
which was similar to the 37% of active smokers in our study 
in the last time period, from 2011 to 2016. These data show 

that donor characteristics are consistent across different re-
gions and contribute to donor risk and outcome.

The donor characteristics in this analysis at the Heidelberg 
transplant center were similar to those of the many German 
transplant centers that participated in the SOLKID study [16] 
and are therefore representative of most German transplant 

Age at 
donation 
(years)

Gender Year of death
Time after 
donation 
(years)

Age at death 
(years)

Cause of death
Renal function before 

death

1 45.0 Female 2006 25.0 70 Cardiovascular event No HD

2 49.7 Female Unknown Unknown Unknown Unknown Unknown*

3 47.6 Female 1987 4.0 51.6
Gallbladder 

cancer
No HD

4 52.9 Female 2017 17.0 69.9 Unknown No HD

5 52.0 Female 2012 24.5 76.4 Pancreatic cancer
eGFR 

86.4 mL/min/1.73 m2

6 42.7 Male 1999 6.0 48.7
Coronary heart 

disease
No HD

7 72.8 Female 2009 9.9 82.7
Coronary heart 

disease
No HD

8 58.6 Male 2016 18.6 77.2 Lung cancer No HD

9 63.6 Female 2008 8.8 72.4 Prostate cancer
eGFR 

57.9 mL/min/1.73 m2

10 42.5 Female 2016 16.5 59.0 Appendix cancer No HD

11 44.6 Male 2014 13.4 58.0 Unknown No HD

12 65.2 Female 2014 12.8 78.0 Cholangiosepsis
eGFR 

33.1 mL/min/1.73 m2

13 45.7 Male 2015 12.2 57.8 Unknown
eGFR 

72.4 mL/min/1.73 m2

14 67.3 Male 2014 8.8 76.2 Apoplexy
eGFR 

55.5 mL/min/1.73 m2

15 73.9 Male 2016 14.0 87.9 Prostate cancer No HD

16 54.0 Female 2012 9.0 63.0 Ovarian cancer No HD

17 63.6 Female 2013 8.6 72.1 Pancreatic cancer
eGFR 

95.2 mL/min/1.73 m2

18 64.7 Female 2013 6.3 71.0
Non-Hodgkin’s 

disease
eGFR 

26.1 mL/min/1.73 m2

19 47.4 Male 2010 4.0 51.4 Heart attack No HD

20 60.0 Male 2015 9.0 69.0 Apolexy No HD

21 70.5 Female 2015 3.0 73.5 Oesophageal cancer No HD

22 57.6 Female 2017 4.4 62.4 Heart attack No HD

Table 5. Description of donor deaths.

eGFR – estimated glomerular filtration rate; No HD – no haemodialysis reported before death. * Donation was in the year 1982, death 
was documented earlier than the year 2000, no detailed data available.
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centers. Increased donor age, BMI, and number of comorbidi-
ties indicated that donor risk needs to be evaluated carefully. 
Previous studies have shown the overall safety of living kid-
ney donors, even at an older age, but recovery of kidney func-
tion seems to occur more slowly for elderly donors [17,18].

The advantage of the present cohort study is that the compre-
hensive documentation of donor data and follow-up events was 
conducted in a mostly prospective method. Large donor regis-
tries have been established, such as the Organ Procurement 
and Transplantation Network database of the United Network 
of Organ Sharing (UNOS/OPTN National Registry). However, 
data sampling in registries is limited, and important or suffi-
cient details of donor characteristics are often missing. In ad-
dition, follow-up is mostly limited to a short time: 2 years after 
transplantation in the United States’ transplant programs and 3 
years in the current quality management program of Germany.

One of the main gaps in our knowledge of living donation is 
the ability to understand the long-term post-donation out-
comes for living donors as they relate to the decade of dona-
tion. Striking variation exists concerning the follow-up of liv-
ing donors. A study of donors with obesity in the United States 
showed that high-volume centers had the lowest probability 
of follow-up [19], with the acceptance of regular donor follow-
up visits being a matter of debate for the transplant centers 
and the donors themselves. A survey of the transplant cen-
ters in the United States reported that only 68% of centers 
believed that follow-up with living kidney donors has a high 
priority. Although 92% reported that their center informed do-
nors about the requirement for follow-up, only 67% had spe-
cific plans for achieving follow-up with donors [20]. Consensus 
conferences and recommendations have highlighted the impor-
tance of living donor follow-up to ensure donor safety [21,22]. 
In accordance with these recommendations, a follow-up rate 
of 86.5% was achieved at the Heidelberg transplant center in 
the last decade.

A national, or even international, registry for long-term mon-
itoring of living donors is desired for each country. Currently, 
such a registry is lacking in many countries, including Germany. 
Even the observations of the present long-term single-cen-
ter study strongly support the need for systematic renal and 
health monitoring and routine regular check-ups for living kid-
ney donors at least on a national, but preferably on an inter-
national basis.

Conclusions

In conclusion, the present analysis provides an in-depth look 
at the shift of living kidney donor demographics over the last 
50 years in a single German transplant center. Donor charac-
teristics seem to be similar among most of the German trans-
plant centers [23]. Age, BMI, and the number of comorbidities 
of living kidney donors have been increasing. Long-term kid-
ney function in donors decreased slightly, whereas the pro-
portion of donors with hypertension increased by more than 
50%. Cardiovascular events and malignancies showed com-
parable incidences over time, between 4% and 12%, and rep-
resent the main causes of death in donors. The living kidney 
donors in this study were not an entirely healthy population 
and the proportion of donors at risk increased over time; how-
ever, with careful evaluation and follow-up, donor outcomes 
may be improved.
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