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Results of the prospective multicenter SoLKiD
cohort study indicate bio-psycho-social outcome
risks to kidney donors 12 months after donation
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The outcome after living kidney donation was assumed to
be comparable to that of the general population. However,
recent register studies reveal negative changes in kidney
function, quality of life and fatigue. Avoiding
methodological issues of previous studies, the Safety of the
Living Kidney Donor (SoLKiD) cohort study analyzed the
outcome of donors in a multicenter and interdisciplinary
fashion. Donor data were collected pre-donation and two-,
six- and 12-months post-donation in 20 German
transplantation centers. Primary parameters were kidney
function, quality of life, and fatigue. Secondary endpoints
were blood pressure, hemoglobin, hemoglobin A1c, body
mass index, depression and somatization. Parameters were
analyzed with non-parametric statistical tests and a mixed
model regression for changes in time, their clinical
relevance and interaction encompassing 336 donors with
mean age of 52 years. Most of the physical secondary
parameters, depression, and quality of life showed little or
no changes and regained their pre-donation level. Kidney
function decreased signiﬁcantly with a 37% loss of
glomerular ﬁltration rate and an increase of donors with
chronic kidney disease stage 3 from 1.5% pre-donation to
about 50%. Donors consistently showed increased fatigue
and somatization. Mental fatigue increased from 10.6% to
28.1%. The main inﬂuencing factors for decreased kidney
function and increased fatigue were their respective predonation levels, and donor age for kidney function and
subject stress level in fatigue. Thus, our study showed that
a signiﬁcant number of donors developed clinically
relevant changes in physical and mental health and
emphasizes the urgent need to inform potential donors
about these risks.
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idney transplantation is the only medical approach to
regain renal function, improve quality of life (QoL),
and enhance life expectancy in patients with end-stage
renal disease (ESRD). Because of persistent organ shortage,
living kidney donation (LKD) has attained considerable
importance over the last few years in most health systems.1,2
Besides the obvious beneﬁts for the recipient, for example,
preemptive transplantation, there is a major obligation to
protect the physical and psychosocial health of donors. Until
recently, the long-term health of donors was assumed to be
comparable to or even better than that of the general population.3,4 Because these results are mostly based on retrospective, monocentric, and monodisciplinary data, the informed
consent procedure of the donor must be reviewed critically.
To underline such skepticism, recent retrospective register
studies found a higher incidence of ESRD5,6 and decrease in
QoL or increased fatigue in donors.7 Furthermore, the correlation of physical and mental factors inﬂuencing the outcome
after LKD is sparse and shows conﬂicting results. We hypothesized that the development of fatigue after LKD has been
underestimated. Therefore, it is very important to investigate
the outcome of donors in a prospective, multicenter, and
interdisciplinary designed study. This cohort study will aim
at the detection of clinically relevant changes in kidney function, QoL, or fatigue and underlying inﬂuencing factors after
donation if such conditions are noticed and lasting. Therefore, the SoLKiD (Safety of the Living Kidney Donor) study
examined the physical and psychosocial outcome of living donors in relation to their predonation health status.
METHODS
SoLKiD is a large prospective, multicenter, and multidisciplinary
cohort study of the comprehensive outcome for living donors
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conducted over a period of 12 months in Germany. The study
protocol of SoLKiD has been described in detail.8 Of 38 German
transplantation centers (TCs) performing LKD, 20 participated in
SoLKiD. Donors were recruited after verbal and written informed
consent on a voluntary basis. The study was performed in accordance to the Declaration of Helsinki and in agreement with the
ethics commissions of all TCs (Medical Faculty of the University of
Münster and Westphalian Chamber of Physicians, 2013-587-f-S).
Inclusion criteria were scheduled LKD, age $ 18 years, and native
language of German, Turkish, or Russian. Exclusion criteria included
refusal to participate, donor not living in Germany, and inability to
speak in 1 of the 3 languages listed above. Baseline recruitment was
done between January 2014 and November 2017 with regular followups in the ﬁrst year. A total of 336 donors were included corresponding to about one-third of eligible donations in 20 German TCs
during the 45-month recruitment period.
Donors were examined and data were collected predonation
(T0), 2 (T1), 6 (T2), and 12 months (T3) postdonation at the
regular aftercare visits. Because the answers of the donors could be
inﬂuenced by concerns of the potential donor not to be considered
suitable for donation, all data were collected after the deﬁnite
donation decision. Data were documented in a case report form
and centrally analyzed at the coordination center (Münster University). This included results from routine laboratory testing for
serum creatinine (S-crea), hemoglobin, hemoglobin A1c, and
plasma glucose. Renal function of donors was analyzed following
the local practice of each TC. S-crea and estimated glomerular
ﬁltration rate (eGFR; calculated by the Chronic Kidney Disease
Epidemiology Collaboration formula according to consensus
guidelines) were documented.9 Blood pressure, mean arterial
pressure (MAP), body height, weight, body mass index, antihypertensive medication, smoking status, and self-perceived health
status were documented.
All participants ﬁlled out paper-based questionnaires to assess
psychosocial factors and QoL. For QoL, the short-form 36-Item
Health Survey (SF-36) was used. The instruments’ summary and 8
dimensions scores were calculated using the German standard. The
Multidimensional Fatigue Inventory (MFI-20) is a standardized selfassessment tool, which measures perceived tiredness (fatigue) in
extent, nature, and intensity. The 5 dimensions of the MFI-20—
general fatigue, physical fatigue, mental fatigue, reduced activation,
and reduced motivation—were interpreted separately. The Patient
Health Questionnaire (PHQ) was developed to facilitate the detection of the most common mental disorders. Severity ratings for
depression (PHQ-9) and somatization (PHQ-15) were used. Psychosocial negative consequences for a donor can be either a reduction in the mental health scores of SF-36 (reduction in QoL), an
increase in the severity of depressive symptoms (PHQ-9) or somatization (PHQ-15), or an increase in fatigue (MFI-20). Donors were
asked about their stress level during the last 2 weeks before the time
points T0 to T3 by using the Perceived Stress Scale as a potential
inﬂuential factor on the psychosocial variables. Detailed information
on the questionnaires, subdimensions, and references can be found
in Supplementary Table S1.
Statistical analyses
Primary outcome parameters were as follows: eGFR, SF-36 summary
scores (physical component [Physical Component Scale] score and
mental component [Mental Component Scale] score), and fatigue
(MFI-20 subdimension). Secondary end points were systolic and
diastolic blood pressure, MAP, hemoglobin, body mass index,
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hemoglobin A1c, SF-36 scores (its 8-dimension scores), depression
(PHQ-9), and somatization (PHQ-15). Sample size and power calculations are given in Supplementary Methods SI1.
Stepwise analyses of the outcome variables were performed:
(i) Data of each parameter were reported at each time point.
Because all outcome variables were not normally distributed,
the results are presented as median and 25% to 75% percentile.
(ii) Differences in each parameter between the time points were
tested using the Friedman test (c2) and controlled for type I
errors with a Bonferroni-corrected P value (P # 0.05/25 ¼
0.002). If a signiﬁcant change was detected, the effect size was
calculated with Kendall’s W.
(iii) For each parameter showing deviations in the time course, the
difference between T0 and T3 was tested using the Wilcoxon test
(Z) for paired samples and controlled for type I errors with a
Bonferroni-corrected P value (P # 0.05/25 ¼ 0.002). Effect sizes
(r ¼ Z/ON) were calculated if a change was signiﬁcant.
(iv) For each variable showing a signiﬁcant change during the time
course after donation (analyses 2 and 3) and an at least
moderate effect size of $0.30 according to Cohen,10 the
clinical relevance of changes was analyzed. To determine the
number of LKDs that showed clinically relevant impairment,
variable-speciﬁc cutoff scores were used. eGFR < 60 to 45 ml/
min per 1.73 m2 represents clinically relevant decreased renal
function (chronic kidney disease [CKD] stage 3a or worse).9 A
PHQ-9 or PHQ-15 score of $10 is deﬁned as a cut point for
clinically relevant symptoms of depression or somatization.11
For the other psychosocial variables for which no valid cutoff score exists, scores lower (SF-36) or higher (MFI) than
1SD of the mean of the German normal populations were
deﬁned as clinically relevant.12,13 The McNemar test (c2) was
used to compare frequencies of patients above and below the
cutoff values between T0 and T3. Bonferroni-corrected P
values were used (P # 0.05/18 ¼ 0.003). Effect sizes (r ¼
O(c2/N)) were calculated if a signiﬁcant change in a variable
was detected.
(v) To assess the effect of multivariate factors on changes during the
time course postdonation, a multivariate linear mixed model
regression with repeated measures over time, an unstructured
covariance matrix for the residual, and a random intercept for
the center were constructed for each of the signiﬁcant parameters (see step 4). For each target variable, the following parameters were considered as potentially inﬂuential: time course
T1 to T3, age, sex, the interaction between age and sex, education, TC, surgical technique (open vs. minimal open), body
mass index, smoking, hemoglobin, hemoglobin A1c, MAP,
number of antihypertensives, stress level, donor’s appraisal of
recipients health status, and among psychosocial variables eGFR
as well. Final models were established using backward variable
elimination, keeping the variables time and the target variable
predonation as ﬁxed inﬂuential variables in the mixed model.
Statistical analyses were performed with SPSS version 25 (IBM)
and SAS version 9.4 (SAS Institute).
RESULTS
Participants

A total of 336 living donors with a mean age of 52 years were
included in the study. The majority of all participants had a
vocational training, were full-time or part-time employed,
and were female (Table 1).
Kidney International (2022) 101, 597–606
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Table 1 | Characteristics of the participating living kidney
donors

S-crea signiﬁcantly increased from a median value of 0.8 to
1.1 mg/dl (T3), and eGFR decreased from 96 ml/min (T0)
to 60 ml/min (T1) and remained decreased at T3
(Figure 1). The total loss of eGFR was 32  12 ml/min
(38%) from T0 to T1 and 30  10 ml/min (37%) from T0
to T3. Table 4 presents the distribution of eGFR according
to the Kidney Disease: Improving Global Outcomes CKD
classiﬁcation.9 From T1 to T3, more than half the donors
showed a decreased CKD stage 3. There was no CKD stage
5 in the entire cohort.
Donors showed a signiﬁcant decline in Physical
Component Scale scores (T1), which did not fully recover
during the subsequent follow-up visit. Mental Component
Scale scores were nearly unaffected. With regard to SF-36
dimension scores, a decline was observed for bodily function, physical role, pain, general health, and vitality at T1,
which also did not fully recover. Particularly, vitality was
notably impaired after 12 months. At T3, donors had a slight
but signiﬁcant increase in depressive symptoms (PHQ-9;
median score 1.00–2.00; P < 0.001; Cohen’s r ¼ 0.26) but a
larger increase in somatization (PHQ-15; median 3.00–4.00;
P < 0.001; Cohen’s r ¼ 0.51). An increase in fatigue was
detectable 8 weeks postdonation and remained at an
increased level in 4 of the 5 domains (general fatigue,
physical fatigue, mental fatigue, and reduced activity) of the
MFI (Table 3). Kidney function (S-crea and eGFR), SF-36
QoL (vitality), PHQ-15, and general and mental fatigue
showed signiﬁcant (P # 0.002; effect size > 0.3) changes
during 12 months postdonation and were considered for the
following analyses.

Variable

Mean ± SD/n

Range/%

Age (yr) (n ¼ 336)
Male
Female
Sex (n ¼ 336)
Male
Female
Donor-recipient relation (n ¼ 318)
Related
Nonrelated
Donor-recipient living situation (n ¼ 330)
Same household
Separate household
Years school attended (n ¼ 315)
School education (n ¼ 317)
No degree
Elementary/secondary school
Middle school
High school
Other
Job education (n ¼ 307)
No degree
Professional training
Advanced professional training
College degree
School of applied sciences/university
Other
Employment status (n ¼ 314)
Full-time
Part-time (>15 h/wk)
Unregular (<15 h/wk)
Not employed

52.30  9.68
51.10  10.13
53.03  9.34

24–77
27–75
24–77

135
201

40.2
59.8

147
171

46
54

268
52
11.04  2.15

83.8
16.2
4–25

3
92
119
97
6

0.9
29.0
37.5
30.6
1.9

20
185
21
3
54
24

6.5
60.3
6.8
1.0
17.6
7.8

166
54
12
82

52.9
17.2
3.8
26.1

Physical and psychosocial situation predonation

MAP values were in the normal range before LKD. Seventy-ﬁve
percent of donors had no antihypertensive medication, 16%
took 1, 6% took 2, and 3% took >2 antihypertensives. Donors
had a median hemoglobin A1c value of 5.50% and normal
values of hemoglobin and kidney function (eGFR > 90 ml/min
per 1.73 m2), but in 5 donors predonation, eGFR was <60 ml/
min (Figure 1).9 Body mass index indicated slight overweight
at T0 (Table 2). The SF-36 physical (median Physical
Component Scale score 58.26) and mental (median Mental
Component Scale score 55.36) component scores showed
levels in the upper range of the standard normal population.
The PHQ showed no major depressive (PHQ-9 score 1.00) or
somatization (PHQ-15 score 3.00) symptoms (Table 3). Even
in a situation where no clinical cut point in fatigue exists, our
cohort showed no increased fatigue levels predonation
compared with the healthy population (Figure 2).14–16
Physical and psychosocial situation postdonation

During follow-up, most of the physical variables, except
eGFR, showed little or no change after LKD and regained
their predonation level (Table 2). The number of donors on
antihypertensive medication did not increase signiﬁcantly
(25.1%–26.3%, T0 vs. T3).
Kidney function decreased signiﬁcantly after nephrectomy and remained decreased during follow-up (Table 2).
Kidney International (2022) 101, 597–606
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The only change in somatic outcome was decreased kidney
function. Because of the correlation between S-crea and
eGFR, only eGFR was analyzed. The proportion of donors
with decreased eGFR CKD stage 3 increased from 1.5%
predonation to w50%, but none showed ESRD (Tables 4 and
5). The proportion of donors with impaired vitality (vitality
score <42.55) increased and remained increased at T3. The
percentage of donors with clinically relevant somatization
(PHQ-15 score >10) increased from 3.8% to 12.9%.
The percentage of donors with clinically relevant fatigue
changed from 6.3% to 18.4% for general fatigue (general
fatigue score >12.2) and from 10.6% to 28.1% for mental
fatigue (mental fatigue score >10.9). From T0 to T3, 36
donors (12.7%) showed no change in mental fatigue, 215
(75.9%) showed an increase in mental fatigue (mean 3.5 
2.3; range 0.7–12), and 32 (11.3%) showed a decline in
mental fatigue (mean ‒2.1  2.5; range ‒1 to ‒12). In donors
with increased fatigue, the extent of fatigue at T3 was about 2
times greater than that at T0 (mean 1.8  0.5; range 1.1–4.0).
Of these physical and psychosocial variables with signiﬁcant
changes of clinical relevance, only changes in eGFR and
mental fatigue showed moderate ($0.30) effect sizes
(Table 5). Therefore, the multifactorial effects on the postdonation course were analyzed for these 2 variables only.
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Figure 1 | Course of kidney function before and 12 months after kidney donation. The box plots show the development of estimated
glomerular ﬁltration rate (eGFR) in 336 donors before living kidney donation at time point predonation (T0) and after nephrectomy at time
points 2 (T1), 6 (T2), and 12 (T3) months postdonation of follow-up in relation to grade 3 Kidney Disease: Improving Global Outcomes chronic
kidney disease (KDIGO CKD). The red line represents CKD grade 3 with an eGFR of <60 ml/min.9 The eGFR decrease from T0 to T3 was
statistically signiﬁcant (Wilcoxon test, P < 0.001). *Percentage of donors with eGFR < 60 ml/min at T0 vs. T3. CKD-EPI, Chronic Kidney Disease
Epidemiology Collaboration.

Factors inﬂuencing the health status after LKD

According to the results of the multivariate linear mixed
model regression, kidney function (after decreasing between
T0 and T1) continually increased from T1 to T3 (P ¼
0.0167) with higher eGFR at T2 (estimates 1.03 ml/min;
95% CI –0.25 to 2.31 ml/min; P ¼ 0.1138) and at T3 (estimates 1.83 ml/min; 95% CI 0.57–3.08 ml/min; P ¼
0.0044) than at T1. Higher eGFR at T0 results in higher
eGFR at follow-up (estimates 6.61 per 10 ml/min at T0;
95% CI 5.74–7.48 per 10 ml/min; P < 0.0001). Older age at
baseline results in a lower eGFR during follow-up (P <
0.0001), with a decrease of 0.31 ml/min per year of life (95%
CI –0.44 to –0.19 ml/min per year of life). Higher hemoglobin before nephrectomy was associated with a lower
eGFR of –1.05 ml/min per unit of hemoglobin (95% CI

–1.67 to –0.43 ml/min per unit of hemoglobin; P ¼ 0.0010).
Sex, smoking status, MAP, or number of antihypertensives
(Table 6) did not inﬂuence the course of renal function. The
classical patient on risk as a living kidney donor is a patient
who is relatively old and has a low predonation eGFR
(Supplementary Table S2).
According to the results of the multivariate linear mixed
model regression, higher mental fatigue predonation results
in higher mental fatigue postdonation (þ0.21 per unit increase in baseline mental fatigue; 95% CI 0.14–0.27 per unit
increase in baseline mental fatigue; P < 0.0001). After the
signiﬁcant increase in mental fatigue postdonation, mental
fatigue did not change signiﬁcantly at T1 versus T3 (Table 7).
Higher stress (Perceived Stress Scale) results in higher mental
fatigue (0.16 per unit increase in Perceived Stress Scale score;

Table 2 | Course of physical variables during 12 mo of follow-up
Friedman
test

Median (25%–75% percentile)
Variable

T0

Kidney function
0.79 (0.70–0.90)
Creatinine (mg/dl; n ¼ 244a)
eGFR (ml/min; n ¼ 244)
95.83 (82.62–102.26)
Hemoglobin (g/dl; n ¼ 220)
14.00 (13.03–14.88)
HbA1c (%; n ¼ 118)
5.50 (5.30–5.73)
Blood pressure
Systolic (mm Hg; n ¼ 145)
130.00 (122–140)
Diastolic (mm Hg, n ¼ 144)
80 (75–90)
MAP (mm Hg; n ¼ 144)
96.67 (90.67–106.67)
25.85 (23.74–29.01)
BMI (kg/m2; n ¼ 216)

T1

T2
1.15
59.88
13.60
5.50

(1.00–1.30)
(52.64–68.29)
(13.06–14.50)
(5.20–5.70)

P

T3
1.13
60.33
13.75
5.45

(1.00–1.29)
(53.53–69.68)
(13.00–14.68)
(5.30–5.70)

W

T0 vs. T3
P

r

<0.001 0.61 <0.001 0.68
<0.001 0.61 <0.001 0.68
<0.001 0.17
NS
NA
NS
NA
NS
NA

1.17
59.50
13.30
5.40

(1.00–1.32)
(51.52–69.26)
(12.60–14.10)
(5.20–5.70)

126
80
96.67
25.78

(119–135)
129 (120–138)
130 (120–138)
<0.001 0.04
(75–89)
80 (75–90)
80 (75–89)
NS
NA
(90.00–103.67) 96.67 (90.83–104.00) 96.67 (91.08–104.25)
NS
NA
(23.25–28.33) 25.87 (23.67–28.49) 25.86 (23.30–28.96) <0.001 0.03

NS
NS
NS
NS

NA
NA
NA
NA

BMI, body mass index; eGFR, estimated glomerular ﬁltration rate; HbA1c, hemoglobin A1c; MAP, mean arterial pressure; NA, not applicable; NS, not signiﬁcant (P > 0.002); r,
effect size for the Wilcoxon test; T0, predonation; T1, 2 months postdonation; T2, 6 months postdonation; T3, 12 months postdonation; W, effect size for the Friedman test
(Kendall’s W).
a
Number of subjects with complete data from T0 to T3.
Note: Effect sizes are shown in bold if $0.3.
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Table 3 | Course of psychosocial variables during 12 mo of follow-up
Friedman
test

Median (25%–75% percentile)
Variable
Quality of life (SF-36)
PCS (n ¼ 256a)
MCS (n ¼ 256)
PF (n ¼ 257)
RP (n ¼ 255)
BP (n ¼ 257)
GH (n ¼ 259)
VT (n ¼ 258)
SF (n ¼ 258)
RE (n ¼ 256)
MH (n ¼ 258)
Mental health
PHQ-9 (n ¼ 256)
PHQ-15 (n ¼ 254)
Fatigue (MFI-20)
GenFat (n ¼ 255)
PhysFat (n ¼ 252)
MenFat (n ¼ 245)
RedAct (n ¼ 231)
RedMot (n ¼ 230)

T0
58.26
55.36
100.00
100.00
100.00
82.00
75.00
100.00
100.00
84.00

T1

(56.22–59.81)
46.81 (39.08–53.19)
(51.33–58.13)
56.50 (51.23–59.56)
(95.00–100.00)
85.00 (70.00–94.22)
(100.00–100.00) 50.00 (0.00–100.00)
(100.00–100.00) 62.00 (42.00–84.00)
(72.00–92.00)
77.00 (65.00–87.00)
(65.00–85.00)
65.00 (50.00–80.00)
(87.50–100.00) 100.00 (75.00–100.00)
(100.00–100.00) 100.00 (100.00–100.00)
(76.00–90.50)
84.00 (72.00–92.00)

T2
55.69
55.93
95.00
100.00
100.00
82.00
70.00
100.00
100.00
84.00

(50.73–58.67)
(50.83–58.17)
(85.00–100.00)
(75.00–100.00)
(74.00–100.00)
(67.00–92.00)
(60.00–80.00)
(87.50–100.00)
(100.00–100.00)
(76.00–92.00)

T3
57.19
55.23
95.00
100.00
100.00
82.00
70.00
100.00
100.00
84.00

(52.23–59.15)
(50.08–57.65)
(85.00–100.00)
(100.00–100.00)
(74.00–100.00)
(67.00–92.00)
(60.00–80.00)
(87.50–100.00)
(100.00–100.00)
(72.00–88.00)

T0 vs. T3

P

W

P

r

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
NS

0.35
0.03
0.35
0.42
0.31
0.03
0.12
0.06
0.03
NA

<0.001
NS
<0.001
<0.001
<0.001
0.001
<0.001
NS
0.002
NS

0.23
NA
0.24
0.24
0.23
0.15
0.32
NA
0.14
NA

1.00 (0.00–3.00)
3.00 (1.07–5.00)

2.00 (0.00–4.00)
5.00 (2.11–7.50)

2.00 (0.00–4.00)
4.00 (2.00–6.43)

2.00 (0.00–4.00)
4.14 (2.00–7.00)

<0.001 0.04 <0.001 0.26
<0.001 0.10 <0.001 0.38

7.00
6.00
6.00
6.00
6.50

9.00
9.00
8.00
8.00
7.00

8.00
7.00
8.00
7.00
6.00

8.00
7.00
9.00
7.00
6.00

<0.001
<0.001
<0.001
<0.001
NS

(4.00–9.00)
(5.00–9.00)
(4.00–8.00)
(5.00–8.00)
(5.00–8.00)

(6.00–12.00)
(6.00–12.00)
(8.00–11.00)
(6.00–10.00)
(5.00–9.00)

(5.00–12.00)
(5.00–9.00)
(8.00–11.00)
(5.00–9.00)
(5.00–8.00)

(5.00–11.00)
(5.00–9.83)
(8.00–11.00)
(5.00–9.00)
(5.00–8.00)

0.07
0.11
0.31
0.05
NA

<0.001
<0.001
<0.001
<0.001
NS

0.31
0.16
0.51
0.17
NA

BP, bodily pain; GenFat, general fatigue; GH, general health; MCS, Mental Component Scale, MenFat, mental fatigue; MFI-20, Multidimensional Fatigue Inventory; MH, mental
health; NA, not applicable; NS, not signiﬁcant (P > 0.002); PCS, Physical Component Scale; PF, physical functioning; PHQ, Patient Health Questionnaire; PhysFat, physical
fatigue; r, effect size for the Wilcoxon test; RE, role emotional; RedAct, reduced activity; RedMot, reduced motivation; RP, role physical; SF, social functioning; SF-36, short-form
36-Item Health Survey; T0, predonation; T1, 2 months postdonation; T2, 6 months postdonation; T3, 12 months postdonation; VT, vitality; W, effect size for the Friedman test
(Kendall’s W).
a
Number of subjects with complete data from T0 to T3.
Note: Effect sizes are shown in bold if $0.3.

95% CI 0.14–0.19 per unit increase in Perceived Stress Scale
score; P < 0.0001).
The classical patient on risk as a living kidney donor is a
patient who has a relatively high predonation mental fatigue
and stress level (Perceived Stress Scale; Supplementary
Table S3). Of the 257 donors who had a mental fatigue
score below the threshold of clinical signiﬁcance at predonation, 22% showed clinically relevant fatigue at T3. Of the

26 donors who showed relevant fatigue at T0, 53.8%
remained at a relevant fatigue level at T3 (Figure 3).
DISCUSSION

The aim of the largest prospective study by far on the safety
of LKD was to comprehensively investigate, for the ﬁrst time,
the combined physical and psychosocial outcome of LKD in
a multidisciplinary approach. The results over a period of

Figure 2 | Development of the mental fatigue score before and after living donor nephrectomy. The box plots show the development
of general and mental fatigue in donors before and after living kidney donation, with representation of mean scores of general fatigue and
mental fatigue in chronic oncological or nononcological patients. The orange dotted line represents the mean score of cancer survivors14; the
green line represents the mean score of patients with chronic critical illness 3 months after the transfer from the intensive care unit15; and the
red line represents the mean score of patients in palliative cancer care.16 MFI-20, Multidimensional Fatigue Inventory; T0, predonation; T1, 2
months postdonation; T2, 6 months postdonation; T3, 12 months postdonation.
Kidney International (2022) 101, 597–606
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Table 4 | Distribution of eGFR in donors according to 2012 KDIGO CKD classiﬁcation
na (%)
T0

CKD stage (eGFR)
G1–2 (>60 ml/min)
G3a (45–59.99 ml/min)
G3b (30–44.99 ml/min)
G4 (<30.00 ml/min)

331
4
1
0

T1

(98.5)
(1.2)
(0.3)
(0)

147
133
27
1

T2

(47.7)
(43.2)
(8.8)
(0.3)

127
111
22
0

T3

(48.8)
(42.7)
(8.5)
(0)

149
132
19
0

(49.7)
(44.0)
(6.3)
(0)

CKD, chronic kidney disease; eGFR, estimated glomerular ﬁltration rate; KDIGO, Kidney Disease: Improving Global Outcomes; T0, predonation; T1, 2 months postdonation; T2, 6
months postdonation; T3, 12 months postdonation.
a
Number of subjects with complete data.

12 months show that most of the documented physical and
psychosocial factors exhibit an initial impairment within the
ﬁrst weeks of donation, followed by a regain of the initial
level. However, kidney function remained moderately
impaired. It is noteworthy that health-related QoL was
impaired. Fatigue and somatization were increased, whereas
depression did not change. The most prominent result was
the impairment in mental fatigue, which did not resolve
after 12 months and was independent of decreased renal
function or physical changes. Even the amount of fatigue
mostly remained in the range of the normal population, but
in a signiﬁcant number of subjects, the increase in fatigue
was clinically relevant. It is important to note that some
donors already at inclusion showed clinically relevant
decreased kidney function and signs of depression, somatization, or fatigue. The course after donation was mainly
inﬂuenced by variable levels at baseline, donor’s age in case
of kidney function, and subject’s stress level in fatigue. These
novel ﬁndings will be discussed in detail according to the
speciﬁc variable.
Alteration in kidney function after LKD

Previous studies on the physical consequences of LKD
showed divergent results regarding the age-dependent
decrease in the eGFR of 30% within 10 years of donation.
In contrast, older studies did not ﬁnd an increased risk in
impaired kidney function compared to the nonselected

normal population.2,1719 However, these studies were based
on younger and healthier donors. More recent studies20
conclude a 25% to 30% loss of GFR in 6 months and 9
years of follow-up. They also found an increase in eGFR of 1.5
ml/min/yr in donors but a decline of 0.4 ml/min/yr in a
control group of a healthy normal population. The United
States and Norway register studies compared donors with a
cohort of healthy potential donors and found higher rates of
ESRD in donors, and even reduced life expectancy.5,6 These
studies, however, have some limitations because of their
methodological approach.
A recent and more detailed analysis reveals that the mostly
biologically related donors with presumably similar immunological diseases as the recipients have a higher risk of ESRD.
Among others, genetic and racial factors are responsible for a
worse renal outcome.21,22 Donors in the present Caucasian
study cohort were mostly unrelated to their recipients, of
older age, and slightly overweight, indicating the trend of
accepting increasingly older donors.23,24 We found a greater
decline in eGFR than expected after 12 months (37%). A
minority of the TCs accepted donors with eGFR < 60 ml/
min (1.5% of cases). Fenton et al. show that a signiﬁcant
proportion of healthy persons older than 60 years have
eGFR < 60 ml/min. They therefore suggest implementing an
age-related threshold for the acceptance of donors.25 In the
present study, 1 year after LKD, 50% of donors had persistent
CKD stage 3. Higher donor age had a signiﬁcant impact on

Table 5 | Distribution of donors with clinically relevant impairment in physical or psychosocial functioning at different time
points
Number of cases/no cases (%)
Variable (cutoff)
Kidney function
eGFR (<60 ml/min)
Quality of life (SF-36)
VT (<42.55)
Mental health (PHQ)
PHQ-15 ($10)
Fatigue (MFI-20)
GenFat (>12.2)
MenFat (>10.9)

T0 vs. T3

T0

T1

T2

T3

P

r

5/331 (1.5)

161/147 (51.9)

133/127 (51.2)

151/149 (50.3)

<0.001

0.70

9/314 (2.8)

47/270 (14.8)

32/260 (11.0)

37/258 (12.5)

<0.001

0.24

12/307 (3.8)

43/270 (13.7)

31/261 (10.6)

38/257 (12.9)

<0.001

0.26

20/300 (6.3)
34/286 (10.6)

57/259 (17.2)
95/217 (30.4)

50/240 (17.2)
78/207 (27.4)

54/240 (18.4)
81/207 (28.1)

<0.001
<0.001

0.28
0.34

eGFR, estimated glomerular ﬁltration rate; GenFat, general fatigue; MenFat, mental fatigue; MFI-20, Multidimensional Fatigue Inventory; PHQ, Patient Health Questionnaire; r,
effect size for the McNemar test; SF-36, short-form 36-Item Health Survey; T0, predonation; T1, 2 months postdonation; T2, 6 months postdonation; T3, 12 months postdonation; VT, vitality.
Note: Effect sizes are shown in bold if $0.3.
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Table 6 | Multivariate regression analysis of renal function
(eGFR)
Variable
Intercept
eGFR at T0
þ10 ml/min
Time point of measurement
T1 vs. T2 vs. T3
T2 vs. T1
T3 vs. T1
Age at baseline
þ1 yr
Hemoglobin at baseline
þ1 g/dl
HbA1c at baseline
þ1%

Estimate
(ml/min)

95% CI
(ml/min)

30.89

13.64 to 48.14

6.61

5.74 to 7.48

<0.0001

1.03
1.83

0.25 to 2.31
0.57 to 3.08

0.0167
0.1138
0.0044

P
0.0015

0.31

0.44 to 0.19

<0.0001

1.05

1.67 to 0.43

0.0010

0.18

0.42 to 0.05

0.1235

CI, conﬁdence interval; eGFR, estimated glomerular ﬁltration rate; HbA1c, hemoglobin A1c; T0, predonation; T1, 2 months postdonation; T2, 6 months postdonation;
T3, 12 months postdonation.

decreasing kidney function. However, a patient who is young
at the time of donation might have a larger lifetime risk than
does an elderly donor. A limitation of our study is that it does
not address a living kidney donor’s lifetime risk of an adverse
outcome >12 months postdonation. For now, it is not
possible to conclude whether the loss of kidney function is
permanent or will improve over time. Furthermore, it is
questionable whether this, in the absence of renal pathology,
should be regarded as a risk factor for CKD progression and
increased lifetime risk of adverse health outcome.9 Limited
data are available on the course of kidney function in older
healthy donors like in our cohort. As the rate of decline is
widely variable across individuals of the general population,

Table 7 | Multivariate regression analysis of the psychosocial
outcome (MFI-20, mental fatigue)
Variable
Intercept
Mental fatigue at baseline
þ1 unit
Time point of measurement
T2 vs. T1
T3 vs. T1
Age at baseline
þ1 yr
School education
High school vs. other
Middle school vs. other
Elementary/secondary school vs.
other
No degree vs. other
Duration of education (school)
þ1 yr
Smoker
No vs. yes
PSS-10 at baseline
þ1 unit

Estimate

95% CI

P

7.49

5.11 to 9.88

<0.0001

0.21

0.14 to 0.27

<0.0001

0.16
0.27

0.46 to 0.14
0.58 to 0.05

0.2899
0.0954

0.01

0.01 to 0.03

0.2784

1.62
1.17
1.30

3.45 to 0.22
2.98 to 0.64
3.10 to 0.50

0.0838
0.2037
0.1563

0.56

2.77 to 1.65

0.6186

0.02

0.04 to 0.01

0.1463

0.38

0.79 to 0.04

0.0733

0.16

0.14 to 0.19

<0.0001

CI, conﬁdence interval; MFI-20, Multidimensional Fatigue Inventory; PSS-10,
Perceived Stress Scale; T0, predonation; T1, 2 months postdonation; T2, 6 months
postdonation; T3, 12 months postdonation.
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the characterization of age-dependent eGFR loss requires a
larger cohort.26,27
Increased fatigue after LKD

The SoLKiD study shows a signiﬁcant increase in all fatigue
dimensions except reduced motivation. The number of donors showing an extent of fatigue higher than 1SD of that in
the general German population increased from 6% to 18%
for general fatigue and from 11% to 28% for mental fatigue.
Because no cutoff exists, the clinical relevance of changes in
the individual level is difﬁcult to evaluate. It is problematic to
determine the level of fatigue causing a clinically relevant
burden for a donor. The mean level of mental fatigue before
donation was lower than that in the German general population.13 This is in line with several studies showing that living
donors normally represent a very healthy population. Twelve
months after donation, the mean score of mental fatigue
increased (mean score 9.34) and was within the range for
cancer survivors (mean score 8.19),14 patients after intensive
care unit discharge (mean score 8.9),15 outpatients awaiting
surgery16 (mean score 8.7), and patients receiving radiotherapy16 (mean score 10.2; Figure 4). These “control” groups
were w10 years older, and a sound comparison with fatigue
scores of SoLKiD donors is not possible. The increase in
mental fatigue after LKD must be stated as clinically relevant.
Our data show that even upon a small change in mental fatigue (3.45 score points), our very healthy donor cohort
changed into a group of chronically ill patients with regard to
mental fatigue. Because a relatively healthy donor cohort was
selected, the reported ﬁndings are rather an underestimation
of mental health outcomes. Consequently, our results may be
generalized only to individuals with similar backgrounds as
those included in our study.
Data on fatigue as a complication of LKD are rare. A
retrospective study (“Giessen Subjective Complaints List”)
reports 7% of fatigue up to 226 months after donation in an
extent worse than that in the average population.28 Kok
et al.29 show increased fatigue (MFI-20) in several domains,
which did not recover completely within 5 years of donation.30 Even after 10 years, most fatigue dimensions remained
high. The mean increase fell in the range of 0.1 (mental fatigue) to 2.2 (general fatigue) but was rated clinically irrelevant because the predeﬁned MFI limit of 10 points was not
reached.31 From our perspective, this conclusion is questionable. The maximum MFI score range is 16 points,
showing that it is almost impossible to reach a clinically
relevant change if a change of 10 points is requested. For
example, if a donor experiences an increase in mental fatigue
level from 5 predonation to 14, he or she would show a fatigue level as high as in oncological patients receiving radiotherapy or palliative care but in the authors’ view31 does not
reﬂect a clinically relevant change. Irrespective of this controversy, whether an increase in fatigue is clinically relevant or
not, our analysis shows that donors with signs of fatigue
before LKD have a higher risk of increased fatigue 12 months
postdonation. Because of the negative impact of fatigue on the
603
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Figure 3 | Course of mental fatigue (Multidimensional Fatigue Inventory [MFI-20]) from predonation (T0) to 12 months postdonation
(T3) in donors under (left) and above (right) a clinically relevant score level at baseline. (a) The spaghetti plot shows the course of MFI-20
during follow-up from T0 to T3 of donors who had a fatigue score under a clinically relevant level before living kidney donation (LKD). (b) The
spaghetti plot shows the course of MFI-20 from T0 to T3 of donors who had a signiﬁcantly higher fatigue score above a clinically relevant level
already before LKD.

QoL of donors, future studies should focus on the psychophysical etiology of fatigue after LKD and on preventive
strategies.
Conclusion

This large prospective study on physical and psychosocial
outcomes of donors shows that although LKD seems to be a
safe procedure, impairment in kidney function and increased
fatigue occurs in a signiﬁcant number of donors. Our study
underlines the need to inform future donors about these
potential medical and psychosocial risks of LKD. Noteworthy,
half of the donors developed renal impairment, but this was
not correlated to changes in QoL. At this time, it is not
possible to conclude whether impaired kidney function will

improve or might inﬂuence the morbidity and mortality of
donors. Special attention should be given to the evaluation of
elderly donors because renal outcome is mainly inﬂuenced by
donor age and baseline GFR. Our data show an increased risk
of fatigue in subjects with signs of fatigue and stress predonation. Because it is not known a priori which donor will
experience relevant fatigue, we should feel obliged to inform
donors about the postdonation risk of fatigue, which might
inﬂuence their QoL. If we could characterize the risk of
negative consequences for each donor, we might be able to
provide individually tailored risk information and prevention
strategies for donors on risk. More work on the individual
risk of a negative physical and psychosocial health outcome in
living donors should be the focus of future studies.

Figure 4 | Mental fatigue (Multidimensional Fatigue Inventory [MFI-20]) scores in different patient populations and in the study
living donor cohort. The ﬁgure depicts the level of mental fatigue in the general population,13 hospital staff,16 and different patient
populations as patients 1 week after intensive care unit (ICU) discharge,15 cancer survivors,14 outpatients awaiting general surgery,
oncological patients receiving radiotherapy, and oncological patients in palliative care.16 Living donors showed a mental fatigue score lower
than the score of the general population before donation. But 12 months postdonation, donors had an MFI-20 score as high as that of
patients after ICU discharge or those awaiting surgery and almost in the range of oncological patients. This ﬁgure gives a clinical impression
about the relevance of the increase in mental fatigue in our cohort. The group-speciﬁc scores were represented as mean (dot) and 1SD. LKD,
living kidney donation; T0, predonation; T3, 12 months postdonation.
604

Kidney International (2022) 101, 597–606

clinical investigation

B Suwelack et al.: Living donor outcome in kidney transplantation

APPENDIX
Members of the SoLKid study group
Martina Koch, MD, Department of Hepatobiliary Surgery and Transplantation,
University Medical Centre Hamburg-Eppendorf, Hamburg, Germany; Sylvia
Kröncke, MD, Department of Medical Psychology, University Medical Centre
Hamburg-Eppendorf, Hamburg, Germany; Rolf Weimer, MD, and Lucy Rainer,
MD, Department of Internal Medicine, University of Giessen, Germany; Claudia
Sommerer, MD, and Martin Zeier, MD, Department of Nephrology, University
Hospital Heidelberg, Heidelberg, Germany; Klemens Budde, MD, and Fabian
Halleck, MD, Department Nephrology and Medical Intensive Care, Charité –
University Berlin/Campus Mitte, Berlin, Germany; Katrin Ivens, MD, and Anita
Hansen, MD, Department of Internal Medicine/Nephrology, University Hospital
Heinrich-Heine-University Düsseldorf, Düsseldorf, Germany; Petra Reinke, MD,
Berlin-Brandenburg Centre for Regenerative Therapies (BCRT), Charité – University Berlin, Berlin, Germany; Andreas Pascher, MD, Department of Surgery,
Charité – University Berlin, Berlin, Germany, and Department of General and
Visceral Surgery University Hospital of Münster, Westphalian Wilhelm’s University Münster, Münster, Germany; Anja Mühlfeld, MD, and Jürgen Floege, MD,
Division of Nephrology and Immunology, University Hospital RWTH Aachen,
Aachen, Germany; Roger Wahba, MD, Department of General, Visceral, Cancer
and Transplant Surgery, University Hospital Cologne, Cologne, Germany; Frank
Vitinius, MD, Department of Psychosomatics and Psychotherapy, University
Hospital Cologne, University of Cologne, Cologne, Germany; Andreas Kribben,
MD, and Ute Eisenberger, MD, Department of Nephrology, University Hospital
Essen, University of Duisburg-Essen, Essen, Germany; Christian Hugo, MD, and
Carmen Quick, MD, Clinic for Internal Medicine III, University Hospital Carl
Gustav Carus, Dresden, Germany; Martin Nitschke, MD, and Inge Derad, MD,
Department of Internal Medicine I, University Hospital of Lübeck, University
Medical Center Schleswig-Holstein, Lübeck, Germany; Thomas Rath, MD,
Department for Nephrology and Transplantation, Westpfalz Hospital GmbH,
Kaiserslautern, Germany; Christian Mönch, MD, Department of General, Visceral
and Transplantation Surgery, Westpfalz Hospital GmbH, Kaiserslautern, Germany; Mario Schiffer, MD, and Faikal Güler, MD, Department of Nephrology,
Hannover Medical School, Hannover, Germany; Bernd Krüger, MD, and
Roderich Bönnighoff, MD, Department for Nephrology and Transplantation,
Medical Faculty Mannheim of the University of Heidelberg, Mannheim, Germany; Ingeborg Hauser, MD, and Steffen Platschek, MD, Department of
Nephrology/Medical Clinic III, Goethe University Hospital Frankfurt, Frankfurt,
Germany; Kai Lopau, MD, Division of Nephrology, Medical Clinic I, Transplant
Center, University Hospital Würzburg, Julius-Maximillians-Universität Würzburg,
Würzburg, Germany; Ulrich Pein, MD, Department of Nephrology, University
Hospital Halle, Martin-Luther-Universität Halle-Wittenberg, Halle, Germany; Karl
Weigand, MD, Department of Urology, University Hospital Halle, Martin-LutherUniversität Halle-Wittenberg, Halle, Germany; Thorsten Feldkamp, MD, and
Ulrich Kunzendorf, MD, Department of Nephrology and Hypertension, University Medical Center Schleswig-Holstein, Christian-Albrechts University, Kiel,
Germany.

DISCLOSURE
All the authors declared no competing interests.

ACKNOWLEDGMENTS
The authors gratefully acknowledge the ﬁnancial support of the
study, funded by the German Ministry of Education and Research
(Bundesministerium für Bildung und Forschung), Berlin, Germany
(support code: 01 GY1321).
AUTHOR CONTRIBUTIONS
BS, HW, KBe, and MB designed the Safety of the Living Kidney Donor
(SoLKiD) study. JWOG, EB, BS, and MB performed statistical analyses
and interpretation. BS, MB, and VW comprised the data analysis and
writing team and received input from Klemens Budde (Member of the
Charite Berlin, SoLKiD Study Group), MK, and the SoLKiD study group.
BS and MB were recruiters. MK, SK, RW, LR, CS, MZ, Klemens Budde
(Member of the Charite Berlin, SoLKiD Study Group), FH, KI, AH, PR,
AP, AM, UF, and RW were the members of the SoLKiD study group.
The manuscript was drafted by BS, MB, and JWOG and reviewed by all
authors. All authors provided signiﬁcant intellectual contributions to
the manuscript and approved the ﬁnal and revised version.
Kidney International (2022) 101, 597–606

SUPPLEMENTARY MATERIAL
Supplementary File (Word)
Supplementary Methods.
Table S1. Detailed information about questionnaires and outcome
variables.
Table S2. Exemplary patients with predicted estimated glomerular
ﬁltration rate (eGFR) 12 months post-donation (T3).
Table S3. Exemplary patients with predicted psychosocial outcome
(Multidimensional Fatigue Inventory, mental fatigue) 12 months postdonation (T3).
Supplementary Information SI1. Sample size and power
calculations.
Supplementary References.
REFERENCES
1. U.S. Department of Health & Human Services. Organ Procurement and
Transplantation Network: National data. Accessed October 28, 2021.
https://optn.transplant.hrsa.gov/data/view-data-reports/national-data/#
2. Eurotransplant International Foundation. Kidney transplants in all ET, by
year, by donor type, by organ combination: 2052P_All ET_kidney.
Accessed October 14, 2021. https://statistics.eurotransplant.org/index.
php?search_type¼transplantsþ%28livingþdonor%29&search_organ¼
&search_region¼AllþET&search_period¼byþyear&search_characteristic¼
&search_text¼
3. Ibrahim HN, Foley R, Tan L, et al. Long-term consequences of kidney
donation. N Engl J Med. 2009;360:459–469.
4. Fehrman-Ekholm I, Elinder CG, Stenbeck M, et al. Kidney donors live
longer. Transplantation. 1997;64:976–978.
5. Muzaale AD, Massie AB, Wang MC, et al. Risk of end-stage renal disease
following live kidney donation. JAMA. 2014;311:579–586.
6. Mjoen G, Hallan S, Hartmann A, et al. Long-term risks for kidney donors.
Kidney Int. 2014;86:162–167.
7. Klop KWJ, Timman R, Busschbach JJ, et al. Multivariate analysis of healthrelated quality of life in donors after live kidney donation. Transplant
Proc. 2018;50:42–47.
8. Suwelack B, Wormann V, Berger K, et al. Investigation of the physical and
psychosocial outcomes after living kidney donation—a multicentre
cohort study (SoLKiD – Safety of Living Kidney Donors). BMC Nephrol.
2018;19:83.
9. Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work
Group. KDIGO 2012 clinical practice guideline for the evaluation
and management of chronic kidney disease. Kidney Int Suppl.
2013;3:5–14.
10. Cohen J. Statistical Power Analysis for the Behavioral Sciences. Lawrence
Erlbaum; 1988.
11. Kroenke K, Spitzer RL, Williams JBW, et al. The Patient Health
Questionnaire somatic, anxiety, and depressive symptom scales: a
systematic review. Gen Hosp Psychiatry. 2010;32:345–359.
12. Bullinger M, Kirchberger I, Ware J. The German SF-36 health survey translation
and psychometric testing of a generic instrument for the assessment of
health-related quality of life. Z Gesundheitswiss. 1995;3:21–36.
13. Schwarz R, Krauss O, Hinz A. Fatigue in the general population.
Onkologie. 2003;26:140–144.
14. Kuhnt S, Ernst J, Singer S, et al. Fatigue in cancer survivors—prevalence
and correlates. Onkologie. 2009;32:312–317.
15. Wintermann GB, Rosendahl J, Weidner K, et al. Fatigue in chronically
critically ill patients following intensive care—reliability and validity of
the Multidimensional Fatigue Inventory (MFI-20). Health Qual Life
Outcomes. 2018;16:37.
16. Hagelin CL, Wengstrom Y, Runesdotter S, et al. The psychometric
properties of the Swedish Multidimensional Fatigue Inventory MFI-20 in
four different populations. Acta Oncol. 2007;46:97–104.
17. Gossmann J, Wilhelm A, Kachel HG, et al. Long-term consequences of
live kidney donation follow-up in 93% of living kidney donors in a single
transplant centre. Am J Transplant. 2005;5, 2417–2244.
18. Hoerger TJ, Wittenborn JS, Segel JE, et al. A health policy model of CKD:
1. Model construction, assumptions, and validation of health
consequences. Am J Kidney Dis. 2010;55:452–462.
19. Poggio ED, Braun WE, Davis C. The science of stewardship: due diligence
for kidney donors and kidney function in living kidney donation—
evaluation, determinants, and implications for outcomes. Clin J Am Soc
Nephrol. 2009;4:1677–1684.

605

clinical investigation

20. Kasiske BL, Anderson-Haag TL, Duprez DA, et al. A prospective controlled
study of metabolic and physiologic effects of kidney donation suggests
that donors retain stable kidney function over the ﬁrst nine years. Kidney
Int. 2020;98:168–175.
21. Wainright JL, Robinson AM, Wilk AR, et al. Risk of ESRD in prior living
kidney donors. Am J Transplant. 2018;18:1129–1139.
22. Biancone L, Cozzi E, Lopez-Fraga M, et al. Long-term outcome of living kidney
donation: position paper of the European Committee on Organ
Transplantation (CD-P-TO), Council of Europe. Transpl Int. 2016;29:129–131.
23. Taler SJ, Messersmith EE, Leichtman AB, et al. Demographic, metabolic,
and blood pressure characteristics of living kidney donors spanning ﬁve
decades. Am J Transplant. 2013;13:390–398.
24. Young A, Storsley L, Garg AX, et al. Health outcomes for living kidney
donors with isolated medical abnormalities: a systematic review. Am J
Transplant. 2008;8:1878–1890.
25. Fenton A, Montgomery E, Nightingale P, et al. Glomerular ﬁltration rate:
new age- and gender-speciﬁc reference ranges and thresholds for living
kidney donation. BMC Nephrol. 2018;19:336.

606

B Suwelack et al.: Living donor outcome in kidney transplantation

26. Grams ME, Sang Y, Levey AS, et al. Kidney-failure risk projection for the
living kidney-donor candidate. N Engl J Med. 2016;374:411–421.
27. Massie AB, Muzaale AD, Luo X, et al. Quantifying post-donation risk
of ESRD in living kidney donors. J Am Soc Nephrol. 2017;28:2749–
2755.
28. Giessing M, Reuter S, Schonberger B, et al. Quality of life of living kidney
donors in Germany: a survey with the Validated Short Form-36 and
Giessen Subjective Complaints List-24 questionnaires. Transplantation.
2004;78:864–872.
29. Kok NF, Alwayn IP, Tran KT. Psychosocial and physical impairment after
mini-incision open and laparoscopic donor nephrectomy: a prospective
study. Transplantation. 2006;82:1291–1297.
30. Dols LF, Ijzermans JN, Wentink N, et al. Long-term follow-up of a
randomized trial comparing laparoscopic and mini-incision open live
donor nephrectomy. Am J Transplant. 2010;10:2481–2487.
31. Janki S, Klop KW, Dooper IM, et al. More than a decade after live donor
nephrectomy: a prospective cohort study. Transpl Int. 2015;28:1268–
1275.

Kidney International (2022) 101, 597–606

