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Abstract

Background: Over the last years, living kidney donation (LKD) has been established for patients with endstage
renal failure as an alternative to post mortem donation, which is limited by organ scarcity and long lasting waiting
periods. From an ethical perspective, the increase in LKD requires that donors’ physical, psychological, and social
harm has to be minimized as much as possible and the risk should not exceed the generally expected
consequences of nephrectomy. Despite of numerous, mainly retrospective studies about the postoperative
outcome of LKD over the last years from different countries, it becomes apparent that there is a lack of
comprehensive prospective multicenter research in this field worldwide. Therefore, the main aim of the study is to
examine the physical and psychosocial outcome of living kidney donors in a prospective design before and after
transplantation in an interdisciplinary approach (surgery, nephrology, psychosocial medicine).

Methods/design: The goal of the study is to investigate such aspects as the impact of gender- and age-specific
factors on LKD outcome, donor outcome in correlation to the health status of the recipient, the medical and
psychosocial risk of a healthy subject undergoing the LKD procedure. The study is carried out as a nationwide
multicenter study. All adult living kidney donors with sufficient knowledge in the German, Russian, or Turkish
language, informed consent, and place of residence in Germany are included. In a naturalistic design (cohort study),
clinical data and self-report measures (questionnaires) of 320 donors are collected before and 8 weeks, 6 and
12 months after donation. Primary outcome parameters are the kidney function (estimated GFR) and the quality of
life (SF-36) of the donor. Secondary outcome parameters are data about physical (e.g., wound healing, blood
pressure) and psychosocial (fatigue, depression, anxiety, somatization) outcome after donation.

Discussion: Previous studies on the postoperative outcome of living kidney donors have methodological
limitations and/or were carried out in countries with different healthcare systems, e.g. United States, Norway,
Canada, United Kingdom. Thus, results cannot be generalized and are not particularly applicable to the risks of
mainly caucasian living kidney donors in the German healthcare system. The study design overcomes these
disadvantages in that it provides a prospective multicenter design.

Trial registration: German Clinical Trials Register DRKS00006552 (22 September 2014).
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Background
For patients with endstage renal disease (ESRD), trans-
plantation is currently the only treatment to regain an
adequate renal function. Post mortem donation normally
requires a long waiting time for the transplant recipient,
due to the limited availability of organs. The actual
waiting time in Germany is 6–7 years according to the
German Organ Transplantation Foundation (Deutsche
Stiftung Organtransplantation, https://www.dso.de/).
Therefore, LKD has become an established alternative in
recent years, which has many advantages for the kidney
recipient. The transplantation can be done preemptively
and is associated with a better rate of survival of the
transplanted kidney as well as the organ recipient [1, 2].
Quality of life (QoL) and life expectancy of the kidney
recipient are improved and the occurrence of cardiovas-
cular complications is reduced [3, 4]. Furthermore, a fas-
ter rehabilitation and a better reintegration into the daily
activities and the occupational life contribute to reduce
healthcare costs by € 280.000 compared to continuing
dialysis treatment [5]. Worldwide the percentage of
LKDs among all kidney transplantations varies widely
due to the scarcity of organs from post mortem do-
nors (KDIGO Guideline Evidence Report) [6]. In
Germany, approximately 30% (living donors n = 645 /
post mortem n = 1550) of all performed kidney trans-
plantations were done with a living donor organ in
2015 (statistics.eurotransplant.org).
The German transplantation law requires that living

donors should not be put at excessive risks due to the
operation or its consequences. Relatively few published
studies examined the surgical, general health, and psy-
chosocial risks of donors following donation, most being
retrospective in design. Older studies did not find an in-
creased risk of advanced renal failure or of a relevant de-
cline in glomerular filtration rate (GFR) in kidney
donors compared to the general population [7–10]. In
contrast, recent publications from registers in the US
and in Norway reported a less favorable renal outcome
among living kidney donors compared to a control
group of potential donors from the healthy population
[11, 12]. The position paper of the European Committee
on Organ Transplantation (CD-P-TO) criticized these
studies because of their methodological limitations and
listed a series of evidence, which contradict the results
of both studies [13]. With relation to comorbidities,
studies examining other outcomes, such as the impact of
hypertension [14–16] or obesity [17] are scarce and also
report conflicting results.
There are no prospective randomized multicenter

studies on the psychosocial long-term risks and conse-
quences for donors. Frade et al. examined QoL in do-
nors before and after (18,8+/− 12,8 months) donation
and found only one significant improvement after

donation of social functioning scores (from 79.1 to 89.8).
The other SF-36 subscales remained unchanged [18].
Another study showed that living kidney donors after
donation (on average 32 months) scored significantly
better among the SF-36 scales “social functioning,” “bod-
ily pain,” and “vitality” compared to the controls (healthy
population) or to patients with renal tumors [19]. Some
other studies, however, found that QoL was significantly
reduced in the areas of physical [20–25] or mental
health related [26, 27] components of QoL within the
first post-operative period (up to 6 months). Most of
these reductions were no longer found, however, at later
measurement points. Some studies showed increased
pain and fatigue within the first weeks after surgery and
a higher incidence of mental disorders during the first
12 months postoperatively [20, 26, 28]. Important limita-
tions of prior prospective studies included small sample
sizes, monocentric conduction and the neglecting of the
health status of the recipient as possibly influencing the
donor’s well-being. Further limitations include a lack of
gender-specific aspects [29, 30] and the problem of lim-
ited transferability of results to other countries due to
differences in the healthcare systems.
Aim of the SoLKiD study (“Safety of Living Kidney

Donors”) is to examine physical and psychosocial out-
comes of living kidney donors based on a prospective
multicenter design, an integration of relevant disciplines
(surgery, urology, internal medicine, nephrology, psycho-
social medicine), a detailed assessment of the psycho-
social status at several time points, and additionally
taking the recipient’s health status into account.

Methods/design
Study centers
The study is carried out at 20 transplant centers in
Germany. Participating centers are the University Hospitals
of RWTH Aachen, Campus Charité Berlin Mitte, Campus
Charité Berlin Virchow, Dresden, Düsseldorf, Essen,
Frankfurt, Giessen, Hamburg-Eppendorf, Heidelberg,
Halle (Saale), Schleswig-Holstein Campus Kiel,
Schleswig-Holstein Campus Lübeck, Köln, Mainz,
Mannheim, Münster, Würzburg, Westpfalz-Klinikum
Campus Kaiserslautern, and Hannover Medical
School. Donor-recipient pairs are recruited in the re-
spective outpatient departments of the hospitals after
signing informed consent. Study coordination is done
at the University Hospital of Münster. The study is
performed in accordance with the declaration of
Helsinki and with the local ethics committees of all
participating centers.

Participants
Inclusion and exclusion criteria for living kidney donors
are listed in Table 1.
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As a common consensus between the participating
centers, the Russian-speaking and Turkish-speaking
donors are included in the study in addition to
German-speaking donors, as they constitute a repre-
sentative part of the population in Germany and be-
cause validated questionnaires in Turkish and Russian
language are available. The study started in 2014 and
included 320 donors for the baseline assessment prior
to transplantation, corresponding to approximately
50% of the annually conducted living donations in
Germany. With an expected follow-up rate of > 80%,
approximately 260 participants can be followed up to
1 year after donation.

Measurement time points
Living kidney donors and the associated organ recip-
ients are examined at four time points (T0, T1, T2,
T3) before donation and during the regular follow-
up visits required by the transplant centers. All data
for the baseline assessment (T0) is collected immedi-
ately (1–2 days) before the donation in order to
avoid in the case of the earlier baseline assessment
(e.g. during the preparation process for the donation)
the possible donors’ concern that they might be con-
sidered as not suitable for donation because of their
answers. The data collection for all time points cor-
responds with the clinical routine process and is im-
bedded into the usual care practice of LKD. The
time points of measurement of the study are shown
in Fig. 1.

Study measures: Primary and secondary outcome
variables
Data are collected by the transplant centers within
the usual donor and recipient preparation and care.
They include laboratory values (serum creatinine,
eGFR, proteinuria, blood sugar levels), and clinical
data (blood pressure, weight, surgical complications).
In addition, further information, in particular psy-
chosocial status variables, are collected by means of
questionnaires at four time points. Questionnaires
used in the study are listed in Table 2.
Estimated GFR (eGFR) using the CKD-EPI creatinine

equation [31] of the donor and the physical and mental
summary scores of the SF-36 are defined as primary out-
come variables. All other outcomes of the physical and
mental health status of the donor are used as secondary
outcomes.
Psychosocial consequences for a donor can either

be assessed as a reduction in the mental health score
of the SF-36, or as an increase in depression or anx-
iety scores, or as an increase in scores for
somatization (PHQ-D), change in psychosocial func-
tioning and increased stress (PSS-10) or fatigue
(MFI). Additionally, at baseline different components
of a habitual cognitive emotion regulation scale
(CERQ) are assessed, enabling a control of the rela-
tionship between the present ability of adequate emo-
tion regulation and postoperative psychosocial
consequences in donors.
Psychosocial variables which reflect the current

mental state of donors additionally include the sub-
jective attitude towards donation and the assessment
of donor-specific relationship aspects to the recipi-
ent. This includes, for example, if a donor would do-
nate again, or if he/she felt him/herself to be pushed
towards donation by others. All questionnaires are
offered either in German, Russian or Turkish
validated versions. Information is collected inde-
pendently from donor and from recipient to avoid a
two-way influence during the assessment. The stan-
dardized assessment form with the clinical data of
donors and recipients plus the donor questionnaires
are sent in a pseudonymized manner to the data
management center in Münster at all four time
points.

Table 1 Inclusion and exclusion criteria of the SoLKiD study for
living kidney donors

Inclusion criteria • Living kidney donors before
upcoming nephrectomy

• Age > 17 years

• Informed consent

• Native language German, Turkish, Russian

Exclusion criteria • Refusal to participate

• Not living in Germany

• Lack of reading comprehension in the
native language

Fig. 1 Time points of measurement in the SoLKiD study
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Statistical analysis
Statistical analyses will be performed according to the
principles of the ICH-guideline E9 “Statistical Princi-
ples for Clinical Trials” using standard statistical
software.
A detailed description of the study population will be

given using summary statistics such as mean and stand-
ard deviation, median and quartiles, or absolute and
relative frequencies, as appropriate.
Each of the three co-primary outcomes, i.e. the do-

nors’ eGFR and QoL according to the SF-36 “physical
health” and “mental health” summary score will be
analyzed using a Mixed Linear Model. This method is
chosen in order to account for repeated measure-
ments of individual donors’ outcomes over time (lon-
gitudinal data). One important advantage of the
Mixed Model approach is that missing values in out-
comes are handled in a way that prevents biased
results. In the established models, all relevant inde-
pendent variables will be included that impact the re-
spective outcome, first of all the baseline values of
the respective outcomes. Furthermore prognostic fac-
tors as gender, age, and education will be included in
the model in order to adjust for confounding. Basic
model assumptions such as the Gaussian distribution
of model residuals will be checked using graphical
methods, including histograms and quantile-quantile
plots. If necessary, outcome variables will be trans-
formed appropriately, applying square-root, logarith-
mic or Box-Cox transformations. Models will be fitted
using Restricted Maximum Likelihood methods. Model
selection will be performed using stepwise variable se-
lection methods based on Akaike’s information criter-
ion. Final models will be validated by diagnostic
checks including the calculation of goodness of fit
statistics and the examination of the randomness of
model residuals. The model’s predictive performance
will be checked using cross-validation.
In the primary statistical analysis, the following hy-

pothesis test problems are established in an analogous
manner in case of each of the three co-primary out-
comes eGFR, SF-36 “physical health” and “mental
health” summary score. Denote μi (i = 1,2,3) the ex-
pected values of the respective outcome at three con-
secutive follow-up visits T1, T2, and T3. The global null
hypothesis H0:μ1 = μ2 = μ3 is established and tested
against the alternative H1:∃(i,j)∈{1,2,3}: μi ≠ μj in order to
detect any kind of mean changes over time. Beyond the
global null hypothesis, pairwise comparisons of expected
values μi (i = 1,2,3) are performed by testing the null hy-
potheses H0

(12): μ1 = μ2, H0
(13): μ1 = μ3 und H0

(23): μ2 = μ3
against the corresponding two-sided alternatives. The
overall multiple significance level across the three co-
primary outcomes is set to α = 0.05. In order to keep this

significance level, Bonferroni adjustment is applied. Each
of the three co-primary outcomes is assigned the local
significance level αloc = 0.05/3 = 0.0167, i.e., αloc

eGFR =
0.0167, αloc

SF36phys = 0.0167 and αloc
SF36mental = 0.0167. Within

each of the three co-primary outcomes, the following
multiple testing strategy is applied, that is derived
from the closed test principle. Denote the calculated
p-values of the pairwise null hypotheses H0

(ij): μi = μj
(i,j∈{1,2,3}) pij and the p-value of the global null hy-
pothesis H0:μ1 = μ2 = μ3 p123. Any specific pairwise
null hypothesis H0

(ij) is rejected if and only if both
pij ≤ 0.0167 and p123 ≤ 0.0167. This multiple testing
strategy provides strong control of the family-wise
type I error rate αloc = 0.0167. Each of the above null
hypotheses will be tested using Wald type tests of the
respective contrasts in the final established Mixed
Linear Model. Point estimators of all contrasts will be
supplemented by (two-sided) confidence intervals.
The primary efficacy analysis provides confirmatory
statistical evidence. Secondary outcomes will be ana-
lyzed using descriptive and inferential statistical
methods. Appropriate tests will be applied for pre-
specified hypotheses. Point estimates and associated
95% confidence intervals will be provided.
Further exploratory and safety analyses will be per-

formed. In exploratory and safety analyses, no correction
for multiplicity will be applied. An overall or multiple
significance level is not determined and cannot be calcu-
lated. Results are regarded noticeable in case p ≤ 0.05,
and are interpreted, accounting for the relatively low
level of scientific evidence.

Sample size calculation
The necessary number of study participants follows
from the anticipated effects in the three co-primary
outcomes. In Gossmann et al. [7], the observed mean
eGFR was 92 mL/min/1.73m2 before and 71 mL/min/
1.73m2 after donation (relative difference |Δrel| ≈
23%), each with a standard deviation of 15–20 mL/
min/1.73m2. Similar results were obtained in the
study by Ibrahim et al. [9]. In Kroencke et al. [21],
average SF-36 “physical health” summary scores were
observed at successive measurement time points, that
vary between 51 and 56 units (|Δrel| ≈ 10%), each
with a standard deviation of up to 8 units. The SF-36
“mental health” summary score amounted to around
53 units and relatively stable in time, with standard
deviations of 6.3, 8.9 and 7.7 units at the three con-
secutive measurement time points. Similar results
were obtained in the retrospective study of
Wiedebusch et al. [32], who reported SF-36 summary
scores of 51–52 units with a standard deviation of
9 units 6 months after surgery. In case of all out-
comes, measures obtained from an individual study
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participant at successive measurement time points are
assumed to be positively correlated. A total number
of 320 pairs of kidney donors and recipients will be
included in the study, resulting in 2 × 320 = 640 study
participants. A number of 200 pairs of kidney donors
and recipients is expected to provide evaluable data.
With this sample size, the above reported differences
in the co-primary outcomes eGFR and SF-36 “phys-
ical health” summary score can be detected with a
power of > 90% in the primary statistical analysis. For
the third co-primary outcome SF-36 “mental health”
summary score, possible mean differences between
successive measurement time points in the order of
3 units (|Δrel| ≈ 6%) can be detected with a power of
> 85%. Power calculations were performed using the
SAS software.

Discussion
The aim of the SoLKiD study is to investigate the phys-
ical and psychosocial outcomes of living kidney donors
during a 12-months course after donor nephrectomy in
a prospective multicenter design. It aims to answer the
question, which health risks might arise from the elect-
ive removal of one kidney from a healthy donor. The
interdisciplinary approach enables the assessment of a
broad number of physical and psychosocial health status
outcomes in order to provide a comprehensive overview
of the consequences and the natural course after LKD.
Studies on the physical consequences of LKD show di-
vergent results. They reported, on the one hand, an age-
dependent decrease of the eGFR of up to 30% within
10 years after donation especially in female donors [7–
10]. On the other hand, they did not find a higher rate
of renal insufficiency, compared to the general popula-
tion [9]. However, these studies were mostly based on
young and healthy donors. Register studies in the US
and Norway showed reduced life expectancy and higher
rates of ESRD than in the healthy population basically
able to donate [11, 12]. Regarding arterial hypertension
as the most important risk factor in the general popula-
tion for cardiovascular morbidity and mortality, about
15% of donors develop it after kidney donation (in
Germany up to 10%) [14, 33]. Data from the Norwegian
health registers showed a prevalence of hypertension
5 years after donation of about 27% [15]. In contrast, an-
other study did not find an increased prevalence of
hypertension in donors compared to their non-
nephrectomized twins [16]. Such differing results could
be explained by varying observation times, in the study
by Mjoen et al. 5 years after LKD, in the study by Najar-
ian et al. 20 years after LKD [15, 16]. Some studies found
an increased cardiovascular mortality especially in the
subgroup of older donors with declining eGFR [34, 35].
Generally speaking, findings about the increased

mortality in living kidney donors reported above cannot
be maintained because of their methodological limita-
tions, such as age difference between donors and con-
trols, lack of matching of age [36], or selected donor
population (donors and recipients with immune-
mediated kidney disease are biologically related or Afri-
can Americans) [13]. Furthermore, a matched cohort
study of Reese et al. with a sample of 5152 donors aged
> 55 years old showed that there are no differences re-
garding mortality between older kidney donors and
healthy participants [37]. Whether a donor with pre-
existing and treated hypertension can be accepted for
donation must be considered carefully. One single center
study with a low number of older and obese donors
demonstrated worse renal function compared to non-
obese donors [38]. Especially older donors seem to have
an increased obesity-associated risk for hypertension,
which cannot be attributed to nephrectomy alone [39,
40]. There are also no data regarding gender-specific
consequences of donation. In the US, a trend already in-
dicates that donors are increasingly older, medically
complex ill, overweight, and often hypertensive or even
have pre-diabetes [39, 41]. Thus, more donors with so-
called “isolated medical abnormalities” are accepted.
Studies on the QoL of donors after LKD found

similar or slightly higher scores compared to the gen-
eral population [18, 19, 42]. High QoL is associated
with a positive attitude towards the provided donation
[9, 29, 32, 42–44], but little is known about risk fac-
tors for adverse psychosocial outcomes. Because pre-
vious studies were mostly conducted retrospectively, a
large variation in the follow-up time after donation
(up to 48 years) exists, introducing a potential for re-
call bias. Many studies were cross-sectional in design
allowing no conclusion on the change in QoL after
donation. Thus, because of methodological limitations
in several prior studies, their results cannot be gener-
alized. The SoLKiD study with its prospective, multi-
center design will add to the outcome data of living
kidney donors. In view of an ongoing controversial
debate about transplantation medicine in Germany,
which is likely to further reduce the post mortem
organ availability, and also because of the debate on
the allowable scope of living donation, the SoLKiD re-
sults can provide a valuable database for transplant
professionals to facilitate the discussion about poten-
tial risks, as well as for patients and their families to
help them reach an informed decision about the
donation.
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