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Abstract During the last decades, there have been several
studies reporting the outcome after living kidney donation.
These studies have not shown any increase in mortality or
end-stage renal disease. This is reassuring for potential do-
nors. However, in these studies, kidney donors have been
compared with unselected general population controls. In
recent studies, kidney donors have been compared with se-
lected healthy controls designed to simulate the donor selec-
tion process and improve quantification of the attributable
impacts of donation. Also, recent studies describe donor co-
horts with a longer follow-up. One of these studies found
increased mortality risk, and several studies have found in-
creased risk of end-stage renal disease occurring several years
after donation. These findings have consequences for how we
evaluate and select living donors. Future studies on mortality
and end-stage renal disease in donors should focus on large
donor cohorts with a long follow-up and appropriate healthy
control groups. Cross sectional studies performed months or
years after donation should focus on comparisons with con-
trols who were healthy at the time of the donor`s evaluation.
Although recent studies have indicated attributable risks com-
pared with healthy controls, absolute event rates of end-stage
renal disease and/or mortality appear fairly low. Although
these studies have modified our assessment of donor risk,
we still promote living kidney donation.
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Introduction

Kidney transplantation is the best available treatment for end-
stage renal disease. Compared to dialysis, kidney transplanta-
tion offers better quality of life, improved long-term survival,
decreased morbidity, and is cost effective for society.

In 2013, 33.6 % of kidney transplants in the US and 27 %
of those in Europe were from living donors [1, 2]. Living
donation reduces waiting lists and provides shorter waiting
time for those who receive a kidney transplant from a de-
ceased donor.

Since the first living kidney donation in 1954 [3], safety of
the donor has been of high priority. A key issue is that in
general, structured lifelong donor follow-up has not been con-
sidered mandatory. Retrospective single-center studies of vary-
ing sizes have evaluated long-term survival and risk of end-
stage renal disease [4–13] for donors compared to the general
population. While event rates in the general population provide
one benchmark for framing donor outcomes, such comparisons
do not address attributable risk, becausemembers of the general
population may have coexisting medical conditions such as
cardiovascular disease, malignancy, diabetes, hypertension,
and chronic kidney disease that would have made them ineli-
gible for kidney donation. Lin et al. [14] wisely suggested that
living kidney donors should be compared with healthy control
subjects who do not have any chronic disease that would
exclude living kidney donation. Thus, conducting studies with
control groups from an unselected general population sample
makes it harder to detect possible attributable impacts of donor
nephrectomy on subsequent health.

In this review, we present themost recent literature on long-
term risk of end-stage renal disease (ESRD) and mortality in
kidney donors, and how this adds to previous knowledge.
Based on this, we discuss how long-term risks should be
interpreted, and important consequences for clinical practice
and future research.
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Results

In a landmark study from 2011, Segev et al. [15] found no
higher long-term mortality for live donors than for age-
matched and comorbidity-matched National Health and Nu-
trition Examination Survey 1988–1994 (NHANES III) partic-
ipants. This was the first study attempting to compare living
donors with a control group selected to satisfy living donor
health criteria at baseline. The study included 80,347 donors
donating in the period 1994–2009, with median follow-up of
6.3 years.Median follow-up was shorter (2.3 years) for donors
with available data on blood pressure and smoking. Median
age at donation was not stated, but 49 % of donors were
younger than 40 years of age. During the first year of fol-
low-up, there were 52 deaths. A control group was drawn
from 9,364 participants from NHANES III, using matching
with replacement. Potential limitations of this study were
possible confounding from different periods of inclusion
[16], and lack of power due to a combination of short
follow-up time and relatively young donors, resulting in few
events [17, 18]

A study by Garg et al. found a lower risk of mortality and
cardiovascular events in previous donors compared with a
healthy control group derived from provincial healthcare da-
tabases [19].

A total of 2,028 donors were followed for a median of
6.5 years (maximum 17.7 years). Median age was 43 years at
the time of donation. During follow-up, there were 26 major
cardiovascular events and 16 deaths. Due to relatively few
events, the primary outcome was a composite of time to death
or first major cardiovascular event. Matched non-donors were
selected from the healthiest segment of the general population.
Controls were matched to donors based on demographic data.
Based on information from large health administrative data-
bases, those with any known diseases that would preclude
donation were excluded. The risk of the primary outcome of
death and major cardiovascular events was lower in donors
than in non-donors (2.8 vs. 4.1 events per 1,000 person-years;
hazard ratio (HR) 0.66, 95 % confidence interval (CI) 0.48 to
0.90). Repeating analyses after sorting by gender, age, time of
donation, or relative with kidney disease, did not change the
results.

Our Norwegian study with long-term follow-up found
increased risks for all-cause mortality, cardiovascular mortal-
ity and end-stage renal disease [20]. The study included 1,901
kidney donors with a median age of 46 years, and a median
follow-up time of 15.1 years. A control group was obtained
from the HUNT1 study, a cross-sectional study performed in
the 1980s. Donors and controls both had available data on
blood pressure, smoking and body mass index in addition to
demographics, improving the selection of healthy controls.
Among living donors, there were 224 deaths and nine cases
of ESRD during follow-up. In relative terms, the risk of all-

cause mortality was increased at 1.30 (95 % CI 1.11–1.52) for
donors compared with controls, with a corresponding increase
in cardiovascular death. The relative risk of ESRDwas greatly
increased at 11.38 (4.37–29.6). Since the donors in this study
were predominantly Caucasians, and closely related to the
recipient (85 % biologically related, including 80 % first-
degree relatives), the results of this study may extrapolate less
well to non-whites and unrelated donors.

A recent study by Reese et al. evaluated mortality and
ESRD in donors over 55 years of age [21•, 22•]. Among 5,
152 donors, 3,368 were matched 1:1 against controls from the
Health and Retirement Study. Mean age was 59 years, and
median follow-up was 7.8 years. There was no significant
increase in mortality (p=0.21) [21•]. In a preliminary abstract,
the authors evaluated the risk of end-stage renal disease.
Based on Medicare claims, the risk of ESRD was higher in
previous donors (HR 7.4, 2.9–18.8) [22•]. However, this result
was not reported in the final study. Although median follow-
up was relatively short, this is of lesser importance since
donors were older. Enough events would be expected to occur
during observation to allow for sufficient power in statistical
analyses. However, there is uncertainty whether the control
group was healthy enough, since comorbidities were only
ascertained through interviews. An important limitation that
the authors themselves have pointed out was that controls had
not undergone any physical evaluation by a doctor, so that, for
example, blood pressure at time of inclusion was not known.
Accordingly, controls may have had higher blood pressure
than donors. This may have contributed to the relative risk in
controls, making it harder to discover a possible impact from
nephrectomy on mortality.

A paper by Muzaale et al. published in 2014 included 96,
217 kidney donors who donated a kidney in the time period
1994–2011. Median follow-up was 7.6 years. Donors were
compared with a matched control group consisting of partic-
ipants from the NHANES III survey, included in the period
1988–1994. Controls were matched for age, gender, smoking,
blood pressure and body mass index. During follow-up, 99
donors (0.10 %) developed end-stage renal disease, compared
to 36 ESRD events (0.04 %) in healthy matched non-donors.
Based on the reported event rates, we estimate there was an
approximately eight-fold increase in relative risk of end-stage
renal disease in those who had donated a kidney [23••].

In addition to finding a significantly increased risk of end-
stage renal disease in kidney donors, the authors found a
similar incidence of end-stage renal disease in both related
and unrelated donors, when comparing these two groups. This
is an important finding. It is well known that there is a familial
clustering of ESRD [24, 25]. Skrunes et al. found increased
mortality in first-degree relatives of patients with ESRD [26].
Differentiating potential effects of donation from hereditary
factors is a problem in donor studies, since most donors are
closely related with the recipient, and most studies do not
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include enough unrelated donors to perform separate analyses
in this group.

InMuzaale et al.’s study, the different incidence of end-stage
renal disease between groups was expressed only in terms of
absolute risks. An editorial in the Journal of the American
Medical Association (JAMA) highlighted that low absolute
risk should be reassuring to prospective donors [27]. Since
end-stage renal failure is extremely rare among most healthy
populations, any increase in absolute risk will inevitably be
quite small. However, in populations with a higher lifetime risk
of ESRD at baseline, this will not be the case [28]. A limitation
of the study by Muzaale et al. is the relatively short follow-up
time and lack of diagnoses regarding the cause of ESRD in the
donors. Also, some baseline variables, such as education and
smoking, were unevenly distributed between groups. Adjusting
for these variables may have influenced the estimates.

Hypertension, CKD and Proteinuria

Since the early 1970s, studies have been performed with the
aim of uncovering possible detrimental effects of living dona-
tion. Although all-cause mortality and risk of end-stage renal
disease are the most important outcomes in donor studies, the
surrogate outcomes of hypertension and proteinuria are also of
major importance, since these are modifiable risk factors.
Since donors have reduced renal mass after nephrectomy,
and reduced renal function is known to be associated with
hypertension and proteinuria in the general population, one
would suspect these conditions to be more prevalent among
donors. Both hypertension and proteinuria are known cardio-
vascular risk factors in the general population, and are impor-
tant indications for pharmacological treatment with the aim of
preventing cardiovascular disease and premature death. An-
other important question is whether there is further loss in
renal function beyond that anticipated from normal aging,
after the initial loss of renal function due to nephrectomy.

Blood Pressure

A meta-analysis by Boudville et al. published in 2006 con-
cluded that kidney donation was associated with a 5 mmHg
increase in blood pressure above that associated with normal
aging, 10 years after surgery [29]. This was in accordancewith
a previous meta-analysis [30]. Among 48 included studies,
Boudville et al. identified ten studies with a control group.
These studies formed the basis for the conclusion of the meta-
analysis. All studies were cross-sectional and performed some
years after donation. Controls were healthy volunteers or
individuals undergoing donor evaluation, and were selected
on basis of demographic data. Except for one study [31], all
controls were assembled at the time of study, and were not

included at the time of donor nephrectomy. The result of this
meta-analysis was, as stated by the authors, “inherently limit-
ed by the quality of the primary studies.” Donors with higher
blood pressure were more likely to receive follow-up, which
may have inflated the apparent risk in donors. On the other
hand, controls were assembled from the general population,
and obviously did not undergo the same rigorous testing that
donors face before surgery. A group from the U.S. and Canada
recently published 6-month data on 201 donors and matched
controls followed since nephrectomy [32]. Though there were
no differences in blood pressure, a longer follow-up time may
be needed. However, this study is still ongoing and of partic-
ular interest, since the control group is followed prospectively
from donation, and except for renal vascular imaging, was
thoroughly examined before inclusion.

Renal Function and Albuminuria

In a parallel effort to the paper by Boudville et al., Garg et al.
published a meta-analysis on the risk of proteinuria and re-
duced kidney function [33]. Proteinuria was higher in donors
than controls (147 mg/day vs. 83 mg/day), and became more
pronounced with time. After an initial decrease in renal func-
tion from nephrectomy, there was no further loss other than
that associated with normal aging. Out of 62 included studies,
11 studies included a control group for comparison. Analysis
of proteinuria was based on pooling three studies, with 129
donors altogether. Five studies reported having found no
association between renal function at the time of assessment
and time since nephrectomy, although meta-regression was
not performed. The authors also examined if renal function
was indeed lower after nephrectomy than in two kidney
controls, which it unsurprisingly was. As in the meta analysis
by Boudville et al., most of the primary studies included
control groups assembled at the time of study, as opposed to
the time when donor nephrectomy was performed.

Although we do not exactly know the consequences of
elevated blood pressure, albuminuria and reduced renal func-
tion in previous kidney donors, it is likely that these conse-
quences are comparable to those seen in the general popula-
tion. Inspired by what is known from the two above-
mentioned meta-analyses, Kiberd [34] tried to simulate the
impact of hypertension, reduced glomerular filtration rate and
albuminuria on life expectancy and end-stage renal disease in
kidney donors. The study was performed with a computer
simulation based on a US population chronic kidney disease
model. In a 40-year-old white male, kidney donation was
projected to reduce life expectancy by 0.83 years. Albumin-
uria was highly associated with life expectancy, while mild
increase in blood pressure seemed to have a more modest
impact on risk of premature death. Furthermore, kidney do-
nation was associatedwith a 0.89% increase in the cumulative
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risk of end-stage renal disease. Decrease in renal function was
most associated with this outcome, while again, the associa-
tion with blood pressure was modest. When comparing abso-
lute risk increases between different demographic groups, this
study found that older donors were predicted to lose less life
years and face lower cumulative risks of end-stage renal
disease than younger donors. This was true even if the older
donors had pre-existing hypertension.

The study by Kiberd is based on computer simulation
assuming two premises. Firstly, the study assumes that ne-
phrectomy increases blood pressure and albuminuria, and
leads to reduced renal function. Secondly, it assumes that
these changes have the same impact in kidney donors as in
the general population. However, these assumptions may be
associated with some degree of uncertainty.

Studies on blood pressure, albuminuria and renal function
after donation have several limitations. Furthermore, studies
from the general population estimating increases in mortality
in association with these risk factors include individuals who
are less healthy than kidney donors. They may have other co-
existing diseases associated with hypertension or kidney dis-
ease. Although there is little discrepancy between this study
and recent observational studies [20, 23••], one should inter-
pret the results of such a simulation in light of the limitations
inherently associated with such studies.

Interpreting Risks

Since recent studies have found increased risks in relation to
kidney donation, the interpretation of these risks are even more
relevant than previous conclusions from donors vs. general
population comparisons showing that living donors live longer.

In light of what is known from the general population, and
from studies in kidney donors, different donors will have
different long-term risks of ESRD and premature death based
on baseline age, gender, race or the occurrence of isolated
medical abnormalities. Such an abnormality could be mild
hypertension, low-normal renal function, microalbuminuria,
nephrourolithiasis, impaired glucose tolerance or obesity.
There are several aspects to consider when evaluating long-
term risk, as described by Steiner [35–41]. Firstly, the poten-
tial donor`s lifetime risk at baseline must be considered [37].
Secondly, the incremental risk incurred by donor nephrectomy
should be taken into consideration [39]. Diseases that may be
contracted later in life, such as diabetes, hypertension or
primary kidney disease, may worsen the remaining renal
function and lead to symptomatic renal disease at an earlier
time than in a similar individual with two kidneys [35].
Reduced renal function in the donor may be a risk factor for
other diseases, most importantly cardiovascular disease [20].
This association is known from studies in chronic kidney
disease populations [42].

Many diseases relevant to donors are developed after the
fifth or sixth decades. Accordingly, a normal donor evaluation
is more reassuring in an older donor than in a younger donor
[37]. Since older people in general tend to have more diseases
than younger individuals, an older donor with a normal eval-
uation is relatively healthier than a similar younger donor.
Many conditions such as diabetes or hypertension have yet
to occur in a younger donor. Finally, a younger donor will
spend more remaining years with only one kidney. When
evaluating long-term risks based on these facts, one may infer
that remaining cumulative lifetime risk is higher in a healthy
25-year-old male than in a 60-year-old otherwise healthy male
with mild hypertension [37, 38]. Likewise, basic demographic
factors of age and gender may have more impact on baseline
risk than the occurrence of isolated medical abnormalities,
e.g., mild hypertension [38]. Presenting risks to potential
donors could be performed by presenting rough estimates of
absolute baseline risks and absolute risk increases [40]. Many
authors emphasize the importance of absolute instead of rela-
tive risks [20, 23••]. This is especially important for the
outcome of end-stage renal disease, since this is a rare out-
come. In an individual with a low baseline lifetime risk, such
as a middle-age healthy white female donor, even a high
relative risk would be converted into a small absolute risk
increase, due to the rarity of the outcome. Some have stated
that the low absolute risk increase should be viewed as
reassuring for prospective donors [27]. However, in those
donors where remaining lifetime risk of ESRD is less than
negligible; for example, a young overweight blackmale with a
projected lifetime risk of ESRD at baseline as high as 2–3%, a
relative risk of approximately ten would perhaps not seem
reassuring. It is also important to educate donors regarding
how nephrectomy could impact their lives if they were to
develop chronic kidney disease later in life. Most likely, the
consequence of nephrectomy would be that the need for
dialysis would arise a few years earlier than with two kidneys
[35], rather than a question of whether they would develop
kidney disease or not. Also, in healthy populations with a low
mortality rate, a 30 % increase in all-cause mortality [20] in a
healthy 50-year-old kidney donor would translate into a 3-
year shorter life-span [43], or even less [34]. Whether hered-
itary factors affect the magnitude of risk is uncertain. Most
studies have only 20–30 % unrelated donors included in the
study population, precluding subgroup analyses. However, in
a study with adequate power for subgroup analyses, risks of
ESRD were similar for unrelated donors [23••].

Consequences for Donor Evaluation and Donor Selection

Acknowledgement by the transplant community that living
kidney donation is associated with long-term risks is likely to
have consequences for the evaluation and selection of future
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donors. Evaluation of donors is a thorough procedure. The
medical evaluation is extensive [44]. However, there are some
differences between centers regarding the assessment of renal
function. Most centers accept donors as long as they have
absolute measured glomerular filtration rate above a set limit
of 70 or 80 ml/ min [44]. Others have suggested that the focus
should be to predict the donor’s post-donation estimated glo-
merular filtration rate normalized for body surface area [45].
Also, there are differences in how donor renal function is
measured. Since post nephrectomy renal function seems to
be related to increased morbidity and mortality in donors, an
improvement in the precision of measuring pre-donation renal
function seems warranted. It is our view that isotope-
measured glomerular filtration rate should be mandatory. It
is especially important to discover young donors with low-
normal renal function, as these donors would have a higher
long-term risk for symptomatic renal disease, which would be
further increased by nephrectomy. Furthermore, transplant
centers should try to present the donor with rough risk esti-
mates based on recent literature, and should not inform donors
that their long-term survival is better than that of the back-
ground population, as this is an outdated comparison and
irrelevant for the donor`s decision making.

Donor selection is based on immunological fit, rela-
tion to the recipient and evaluation of donor risk. There
are many considerations to be taken, and although there
may be guidelines, each scenario is unique, relying on
the ethical and clinical judgment of the transplant team
of whether to proceed with the surgery. However, in
light of recent studies, nephrologists should, to a higher
degree than previously, inform about absolute donor risk
during the donor`s remaining lifespan. Older donors
with isolated medical abnormalities should not be ex-
cluded from donation without thorough consideration of
these absolute risks. One will find that in many cases,
the donor with the lowest absolute future risk is the
oldest. With a mean live transplant kidney survival of
around 20 years [46], a younger potential donor may be
given the opportunity to donate at a later date. In a time when
many populations in the western world have a high lifetime
risk of diabetes and cardiovascular disease, one or two de-
cades of observations before again being considered as a
donor will only be reassuring.

Consequences for Future Research

Recent findings of increased blood pressure, increased albu-
minuria, increased incidence of end-stage renal disease, and
increased mortality need corroboration in future studies. How-
ever, to add to existing knowledge, such studies should not be
underpowered. Ideally, they should include several thousand
donors who are followed for more than a decade. Adequately

selected control groups are indeed essential. Controls should
ideally be recruited from the same population as donors at the
time of donation, and should have undergone thorough phys-
ical and biochemical evaluation. Ideally, they should be
healthy enough themselves to donate a kidney. If the control
group is not healthy enough at baseline, this may decrease the
possibility of detecting short-term and long-term risks associ-
ated with donation. A well-selected control group is crucial
when performing studies of ESRD and mortality, but also
when performing cross-sectional studies on hypertension, re-
nal function and other biochemical parameters. In this type of
study, finding an appropriate control group is especially diffi-
cult. The control group should have been healthy at the time of
the donor`s evaluation and not necessarily at the time of study.
For example, if we were to conduct a cross-sectional study
evaluating blood pressure in a group of kidney donors who
donated in 2003, we would like to include controls who were
of similar health in 2003. Including controls who are healthy
today or controls from the unselected general population
would both introduce bias.

Conclusions

Recent literature has advanced the field of living kidney
donation. There is evidence indicating that donors face
increased risks of ESRD compared with healthy non-
donors. Data regarding donation-related risks of cardio-
vascular and all-cause mortality have been identified in
one recent study. Interpretation of the impact of these
studies is important, and may affect future donor eval-
uation, selection and follow-up after donation. There
may be more rationale for selecting older donors with
isolated medical abnormalities than previously thought.
All potential donors will need information regarding
possible long-term risks. Our summary of recent studies
has shown the importance of control groups selected for
baseline good health in efforts to quantify the risks
attributable to donation. There is a need for future
studies to corroborate the findings of donation-related
risks. These studies should be adequately powered and
should include highly selected control groups. Although the
climate has changed regarding risks after donation, we still
promote living donation.
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