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Abstract
Living donor kidney transplantation is the optimal treatment for end-stage kidney disease (ESKD) but confers a risk upon the
donor, both in the short term andmany years after donation.While perioperative mortality is low and longevity does not appear to
be adversely affected, there are small increases in the risk of other important morbidities. The overall risk of ESKD among donors
is low but appears to be three- to five-fold higher than among healthy non-donors, and this relative risk is even higher among
donors of African ancestry. For these individuals, apolipoprotein L1 genotyping may be helpful. Kidney donors also have an
increased risk of developing hypertension post-donation and a modestly increased risk of developing gout. Living kidney
donation also increases the risk of gestational hypertension and preeclampsia while not affecting other important pregnancy
outcomes. As our understanding of donor risk grows, it is important to counsel prospective donors according to their individual
risk and so obtain better informed donor consent. As knowledge advances, it is also important that all clinicians who manage
kidney transplant candidates have an up to date understanding of donor risk to inform shared decision making.

Keywords Kidney transplant . Donor risk . Long-term outcomes . End-stage kidney disease . Morbidity . APOL1 . Shared
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What are the risks of kidney donation?

Living donor kidney transplantation is the best treatment for
most people with end-stage kidney disease (ESKD), resulting
in superior graft survival, reducing the size of the deceased
donor kidney waiting list and facilitating early, even pre-
emptive, transplantation [1]. Since the first living donor kid-
ney transplant in 1954 [2], living kidney donation has expand-
ed worldwide and now accounts for around a third of the UK
kidney transplant program [3]. This has led to growing con-
cern about donor risk, particularly in the longer term. This is
difficult to predict, particularly in younger donors who have a
long length of life remaining to them. Most published work
reports short-term outcomes, which may or may not be appro-
priately extrapolated into the longer term. In this article, we
present an up to date appraisal of the literature on the risks of
kidney donation.

Peri-operative complications

Lentine et al. studied peri-operative complications of living
donor nephrectomy performed between 2008 and 2012 by
linking the US transplant registry with records from a large
consortium of hospitals [4]. Within a cohort of close to 15,000
donor nephrectomies, they observed perioperative complica-
tions in 16.8%, most commonly gastrointestinal (4.4%),
followed by bleeding (3%), respiratory (2.5%) and surgical/
anaesthesia-related injuries (2.4%). Only 2.5% of donors had
a major (Clavien grade IV or higher) complication.
Interestingly, in comparison with white donors, black donors
had a 26% increased risk of having any complication and a
56% increased risk ofmajor complication, after adjustment for
demographic, clinical, procedure and centre factors. Obesity,
haematological disorders, psychiatric conditions and robotic
nephrectomy were also associated with a higher risk of major
complications. High volume centres (> 50 donor nephrecto-
mies per annum) reported a lower risk of complications.

Kortram et al. undertook a meta-analysis of short-term
complications of minimally invasive donor nephrectomy [5].
The overall risk of an intraoperative complication was 2.3%,
mainly bleeding (1.5%). The rate of post-operative

* Rachel M. Hilton
rachel.hilton@gstt.nhs.uk

1 Guy’s and Saint Thomas’ NHS Foundation Trust, London, UK

Pediatric Nephrology
https://doi.org/10.1007/s00467-019-04456-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s00467-019-04456-8&domain=pdf
http://orcid.org/0000-0001-5118-2017
mailto:rachel.hilton@gstt.nhs.uk


complication was 7.3%, including infectious complications
(2.6%) and bleeding (1%). Conversion to open nephrectomy
was required in only 1.1% of cases.

Short- and long-term mortality

Death following donor nephrectomy is generally agreed to be
rare, although most studies report a relatively short-term fol-
low-up. For example, in the meta-analysis undertaken by
Kortram et al. [5], the 30-day mortality rate was 0.01%. In a
US registry study of over 80,000 live donor nephrectomies
carried out between 1994 and 2009, Segev et al. observed
25 deaths within 90 days, giving a surgical mortality of 3.1
in 10,000 [6]. This is lower than the reported mortality for
comparable surgical procedures, such as laparoscopic chole-
cystectomy (18 per 10,000 cases) [7] and non-donor nephrec-
tomy (260 per 10,000 cases) [8]. This was one of the first
studies to assess longer-term post-donation mortality. After a
median follow-up of 6.3 years, there was no significant differ-
ence in mortality between the donor population and over 9000
age- and comorbidity-matched controls.

A large Canadian study assessed the risk of death among
2028 kidney donors who donated between 1992 and 2009 com-
pared with 20,280 healthy matched controls [9]. After a median
follow-up of 6.5 years, they observed a lower risk of death and
major cardiovascular events in the donor group in comparison
with the non-donors (2.8 vs. 4.1 events per 1000 person years;
hazard ratio (HR) 0.66, 95% confidence interval (95%CI) 0.48–
0.90). Other studies assessing longer-term post-donation mortal-
ity have likewise reported a similar or lower risk of death in
comparison with controls. For example, among 481 Japanese
donors who donated a kidney between 1970 and 2006, the sur-
vival rate at up to 30 years was superior to survival in an age- and
gender-matched cohort from the general population [10].

However, in a study of 1901 Norwegian donors who do-
nated a kidney between 1963 and 2007 with a median follow-
up of 15.1 years, in comparison with 32,621 controls who
were potentially eligible to be kidney donors and followed
up for 24.9 years, the risk of all-cause mortality was similar
in the first decade after donation but increased in 25 years after
donation by which time the donor group had a cumulative all-
cause mortality of 18% compared with 13% in the non-donor
group (adjusted hazard ratio (aHR) 1.3, 95% CI 1.1–1.5,
p < 0.001) [11]. This was perhaps because the controls were
selected from a rural county where life expectancy exceeds
that of the general Norwegian population, whereas the donor
population was more diverse. Reassuringly, in a recent sys-
tematic review and meta-analysis of 52 studies comprising
118,426 living kidney donors and 117,656 non-donor con-
trols, with average follow-up between 1 and 24 years, 6 stud-
ies reported on all-cause mortality and found no difference
between donors and controls [12].

End-stage kidney disease

It is perhaps intuitive to imagine that giving up 50% of kidney
function might lead to an increased risk of kidney failure in
kidney donors. Many studies have attempted to estimate the
post-donation risk of ESKD, but to do so accurately is chal-
lenging as it requires not only long-term follow-up of donors
but also identification of an appropriate control population.
Many studies have compared the risk of ESKD in kidney
donors with that of the general population, which is unfair,
as proceeding kidney donors are generally healthier than the
general population with fewer risk factors for developing kid-
ney disease.

In the Norwegian study previously mentioned [11], the
incidence of ESKD among donors was 302 per million
person-years in comparison with 100 per million person-
years in the controls. The hazard ratio for ESKD in the donor
group was 11.38 (4.37–29.63, p < 0.001). This study
prompted much discussion, particularly regarding its applica-
bility to other populations. Importantly, of the nine donors
who developed ESKD, all were blood relatives of their recip-
ients and causes of kidney failure weremostly immunological,
possibly reflecting a genetic predisposition. Furthermore, the
control group came from a single rural county whereas the
donors came from all over Norway. Hence, there was potential
bias in environmental factors affecting the donors in compar-
ison with the controls.

A US study compared the risk of ESKD among 96,217
kidney donors between 1994 and 2011 with a median
follow-up of 7.6 years, with a control population of 20,024
individuals with follow-up of 15 years [13]. In total, 99 donors
developed ESKD in comparison with 36 controls equating to
a 15-year estimated risk of ESKD of 30.8 per 10,000 popula-
tion in the donors and 3.9 per 10,000 in the controls
(p < 0.001). This difference was observed in both black and
white individuals. Although the risk of ESKD was increased
in the donor group, the overall risk was low; the estimated
lifetime risk of ESKD was 90 per 10,000 donors, 326 per
10,000 unscreened non-donors from the general population
and 14 per 10,000 healthy non-donors. It is worth noting that
the control group was drawn from individuals enrolled into a
research survey between 1988 and 1994 whereas the study
group had donated between 1994 and 2011. It is therefore
possible that the higher incidence of ESKD in donors was in
part due to increased recognition of kidney disease and more
aggressive screening for conditions such as high blood pres-
sure and diabetes during this later time period. Nevertheless,
potential kidney donors are and always have been highly
screened and are unlikely to harbour significant risk factors
for conditions that predispose to ESKD.

Recently, KDIGO in collaboration with the Chronic
Kidney Disease Prognosis Consortium has conducted a
meta-analysis of seven general population cohorts to estimate
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ESKD risk based on ten demographic and health characteris-
tics [14]. They compared the 15-year projected ESKD risk in
this cohort of 4,933,314 participants followed for a median of
4 to 16 years with the observed risk in 52,998 US living
kidney donors. The factors that influenced ESKD risk includ-
ed younger age, black race, male gender, lower glomerular
filtration rate (GFR), smoking history and the presence of
hypertension, albuminuria, obesity or diabetes. The highest
risk of ESKD was in young black donors. On average, the
15-year risk of ESKD was 3.5 to 5.3 times higher in the do-
nors compared with non-donors. Based on these data, an on-
line risk assessment tool has been developed that can be used
to estimate an individual’s risk of ESKD based on key base-
line characteristics (http://www.transplantmodels.com/
esrdrisk/). As this tool is based on US population data, it is
not validated for other populations or racial groups, nor does it
take into consideration the genetic donor-recipient relation-
ship that can negatively impact upon donor risk [15]. Steiner
argues that the tool may underestimate the risk of ESKD in
younger donors, as important risk factors such as hypertension
and diabetes have not yet developed; hence, it is difficult to
accurately predict the long-term consequences of kidney do-
nation for younger individuals [16].

Hypertension and cardiovascular risk

Reduction in nephron mass is associated with increased blood
pressure [17]. Considering that kidney donation is associated
with a 50% reduction in kidney tissue, it is plausible to imag-
ine that this could be associated with an increase in blood
pressure. Several studies have compared the prevalence of
hypertension in kidney donors in comparison with the general
population. Among 3700 normotensive US kidney donors
who donated between 1963 and 2014, followed up for a mean
of 16.6 years, Sanchez et al. noted that over a quarter of the
study population developed hypertension [18]. As in the gen-
eral population, a higher risk of incident hypertension was
associated with older age, family history of hypertension,
higher BMI, higher fasting serum glucose, higher systolic
and diastolic blood pressure, hyperlipidemia and being a
smoker. Although the majority (90%) of this donor population
were white, it was noted that white donors had a 30% lower
risk of developing hypertension.

In a prospective study, 1214 normotensive Swiss kidney
donors were followed for a mean period of 31.6 months to
assess the 1- and 5-year occurrence of hypertension [19].
Using the Framingham risk calculator, the predicted risk of
hypertension at 1-year post-kidney donation was increased by
3.64 (95% CI 3.52–3.76; p < 0.001). Interestingly, among
those who remained normotensive 1 year post-donation, the
risk of hypertension was no higher than in the healthy
Framingham population. In all donors, the prevalence of

microalbuminuria increased from 4.8 to 10.4% and hyperten-
sion was the main driver for this. Whether this increased risk
of hypertension and/or microalbuminuria translates into renal
dysfunction or other morbidities or mortality post-donation
remains to be seen. In a different 3-year prospective follow-
up of 182 kidney donors and 173 healthy controls, blood
pressure was not different between the two groups at each
follow-up visit (at 6, 12, 24 and 36 months) and 24-h blood
pressure monitoring results were similar in 135 donors and
126 controls (mean (SD) systolic blood pressure, 120.7 ±
9.7 mmHg vs. 120.0 ± 11.2 (p = 0.6)) [20].

To assess whether the risk of hypertension is higher in black
kidney donors, Doshi et al. [21] studied 103 African American
donors who donated a kidney between 1993 and 2006 in com-
parison with 235 matched healthy controls from the Coronary
Artery Risk Development in Young Adults (CARDIA) pro-
spective cohort study. The follow-up period was 6.8 ± 2.3 years
after donation and 6.4 ± 2.2 years after cohort entry. The donors
were found to have an increased risk of hypertension (42/103
(40.8%) versus 42/235 (17.9%)), absolute risk difference
22.9% (95%CI 12.2–33.6%) and relative risk 2.4 (95%CI
1.7–3.4).Worryingly, more than half of the hypertensive donors
were untreated for their hypertension, which highlights the im-
portance of proper follow-up in this group.

To analyse the association between GFR and cardiovascu-
lar risk, Moody et al. [22] prospectively studied 124 living
kidney donors and healthy controls looking at factors such
as left ventricular mass (using cardiac MRI), left ventricular
function and aortic stiffness. They found that 12 months post-
donation, donors had a reduction in isotopic GFR of 30 ±
12 ml/min/1.73 m2 compared with controls. Donors also had
a significant increase in left ventricular mass (+ 7 ± 10 vs. − 3
± 8 g; p < 0.001) and reduced aortic distensibility (− 0.29 ±
1.38 vs. + 0.28 ± 0.79 × 10−3 mmHg−1; p = 0.03). Donors
had greater risk of developing detectable highly sensitive tro-
ponin T (odds ratio, 16.2 (95%CI 2.6–100.1), p < 0.01) and
microalbuminuria (odds ratio, 3.8 (95%CI, 1.1–12.8), p =
0.04). Serum uric acid, parathyroid hormone, fibroblast
growth factor-23 (FGF-23) and high-sensitivity C-reactive
protein all increased significantly. There were no changes in
ambulatory blood pressure. These findings suggest that re-
duced GFR should be regarded as an independent causative
cardiovascular risk factor. However, Garg et al. [9] compared
the risk of cardiovascular events including myocardial infarc-
tion, coronary angioplasty, coronary bypass surgery, stroke,
carotid endarterectomy, repair of abdominal aortic aneurysm
or peripheral vascular bypass surgery in 2028 kidney donors
in comparison with 20,280 matched non-donor controls
followed for a median of 6.5 years (maximum 17.7 years).
There was no difference in the rate of cardiovascular events
between the two groups. These studies highlight the impor-
tance of longer-term donor follow-up to ensure optimal med-
ical management.
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Gout

A decrease in GFR leads to reduced uric acid excretion, an
increase in serum uric acid, and is a known risk factor for gout
[23]. It is therefore plausible to predict an increased incidence of
gout in living kidney donors. In a study of 201 kidney donors
and 198 controls, Kasiske et al. [24] showed that kidney donors
had a 28% lower GFR at 6 months (94.6 ± 15.1 (SD) vs. 67.6 ±
10.1 ml/min/1.73 m2; p < 0.001) and a 8.2% increase in uric
acid level (4.9 ± 1.2 vs. 5.3 ± 1.1 mg/dl; p < 0.001).

In a retrospective study of 1988 Canadian living kidney do-
nors who donated a kidney between 1992 and 2010, compared
with 19,880 matched non-donor controls, with a median of 8.4-
year follow-up (maximum 20.8 years), Lam et al. [25] found that
donors were more likely than non-donors to be given a diagnosis
of gout (3.5 vs. 2.1 events/1000 person-years; HR 1.6; 95%CI
1.2–2.1; p < 0.001) and were more likely to be given a prescrip-
tion for allopurinol or colchicine (odds ratio 3.2, 95%CI 1.5–6.7,
p = 0.002). There was, however, only a modest increase in the
absolute incidence of gout among donors in comparison with
controls (6.8% vs. 4.9% at 20 years post-donation).

Using a unique database that integrates national registry
identifiers of US living kidney donors between 1987 and
2007 with billing claims from a private health insurer between
2000 and 2007, Lam et al. [26] identified the risk factors for
gout in 4650 kidney donors, 13.1% of whom were African
American. By 7 years, African Americans were almost twice
as likely to develop gout as Caucasian donors (4.4% vs. 2.4%;
aHR 1.8, 95%CI 1.0–3.2). Older age (aHR per year 1.05) and
male gender (aHR 2.80) were also associated with an in-
creased risk of gout. Male gender and African ancestry are
known to be risk factors for gout in the general population
[27, 28]. In this study, gout rates were similar in donors and
age- and sex-matched general population non-donors.

Metabolic bone disease

The reduction in GFR in kidney donors raises the question of a
possible impact on bone metabolism in this population.
Several studies report a rise in parathyroid hormone and
FGF-23 levels and a reduction in serum phosphate following
donation [22, 24, 29]. The ALTOLD study (Assessing Long
Term Outcomes in Living Kidney Donors) [24] also noted a
reduction in 1,25-dihydroxyvitamin D3 concentration in do-
nors compared with normocalcaemic controls. It is not clear
whether these changes in bone biomarkers have any long-term
clinical consequence. In a retrospective cohort study to assess
lower and upper-extremity fragility fractures, Garg et al. [9]
reviewed the medical records of 2015 Canadian donors who
donated between 1992 and 2009, in comparison with 20,150
healthy matched controls randomly selected from the general
population. After a median follow-up of 6.6 years (maximum

17.7 years), they saw no difference in the rate of fragility
fractures in donors compared with controls (16.4 vs. 18.7
events/10,000 person-years; rate ratio, 0.88; 95%CI, 0.58–
1.32). Hence, there is no evidence of increased fragility frac-
ture risk in living kidney donors.

Psychological outcomes

Living kidney donation is a complex process that inevitably
influences the psychosocial well-being of donors, and the ex-
pansion in living donor numbers has prompted investigation
into this issue. The main aims of studies to date have been to
identify potential risks to the psychological well-being of donors
in order to facilitate better informed consent and to develop
preventative measures. However, these avenues of enquiry are
in their infancy andmost studies to date have been single-centre,
retrospective and with only short-term follow-up.

In a systematic review and meta-analysis investigating the
course and predictors of physical and psychological health-
related quality of life (HRQoL) post-donation, Wirken et al.
[30] assessed 34 prospective studies published between 2002
and 2014, where at least one pre-donation and one post-
donation assessment had been carried out. They found that
shortly after donation, donors have a lower HRQoL, particu-
larly in the physical domain, reflecting the effect of major
surgery in a previously healthy individual. Between 3 and
12 months post-donation, the HRQoL was almost back to
pre-donation levels, other than for fatigue, although this was
similar to that observed in the general population. A limited
number of studies have examined risk factors for impaired
HRQoL, low psychological functioning before donation be-
ing the most consistent predictor.

The Renal and Lung Living Donors Evaluation study
(RELIVE) evaluated the medical and HRQoL among kidney
donors from three large US transplant centres [31], including
2455 kidney donors who donated between 1963 and 2005
with a mean follow-up of 17 years (range: 5–48 years). Over
the long term, the majority of living kidney donors had an
average or above average HRQoL. However, approximately
9% of donors had significantly reduced physical HRQoL,
principally difficulty working or pain or other chronic condi-
tions, and 9% had significantly impaired mental HRQoL, in-
cluding symptoms of anxiety and depression. Obesity, history
of psychiatric difficulty and non-white race were risk factors
for reduced physical HRQoL (although 93% of the donors in
this study were white); history of psychiatric difficulties was a
risk factor for impaired mental HRQoL. Education, older do-
nation age and being a first-degree relation to the recipient
were protective factors. The fact that many transplant centres
now accept donors with higher BMI makes this a noteworthy
study. Enhanced pre-donation counselling and education,
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particularly weight loss counselling, and post-donation moni-
toring could improve outcomes for these donors.

When parents are assessed as kidney donors for their chil-
dren it is important to consider the potential impact on family
relationships. One Swedish study surveyed by questionnaire
76 donating and non-donating parents of kidney transplant
recipients aged below 16 [32]. Interestingly, the non-
donating parents reported more stress and anxiety than the
donating parents. The donating parents reported improved re-
lations with their recipients and better self-esteem after dona-
tion. There was no consistent change in relations between the
donating parent and their partner, and relations between the
donating parent and siblings of the recipient were unaffected.
Most donors reported worse post-operative pain than expected
and a third were dissatisfied with the level of peri-operative
psychosocial support. A subgroup of the study population was
interviewed a few years later and most continued to report
positive psychosocial family dynamics and good relations
with the recipient. However, several also reported psycholog-
ical distress partly arising from unemployment as a result of
the need to look after the child. This is important because
living kidney donation is generally regarded as optimal treat-
ment for children with ESKD; hence, parents may feel under
an obligation to donate and some may find this stressful [33].

Two systematic reviews [34, 35] also found that most donors
to paediatric recipients have a positive experience of donation.
However, some studies raise the concern that the recipient may
feel under obligation to reciprocate the received gift, which may
burden them. Furthermore, where the donor has specific expec-
tations of the recipient and their lifestyle, this may strain the
relationship. It should be noted that these studies are based on
interviews, mostly retrospective, with an inherent risk of
reporting bias, as donors who have had a negative experience
may be more reluctant to share this. There is thus a need for
prospective studies of donor parents and their recipient children
with longer-term assessment of physical and psychological well-
being following donation. It is important for transplant units to
enable parents to make a free decision about kidney donation,
with no sense of obligation, and also to provide psychological
support for them throughout the process. Maintaining realistic
expectations also impacts significantly on perceived outcomes.

Special considerations

Donors with kidney stones

Incidental kidney stones are found in between 4 and
15% of potential kidney donors [36, 37] and it is im-
portant to understand the risk that this confers on both
donor and recipient. Mayo Clinic reported one of the
largest series in which, among 1957 kidney donors, 53
(2.7%) reported previous symptomatic kidney stones and

210 (11%) had computed tomography (CT) evidence of
current kidney stones [38]. Interestingly, in this cohort,
the presence of asymptomatic stones was not associated
with common risk factors seen in patients with symp-
tomatic stone disease, such as metabolic syndrome, obe-
sity, hypertension and male gender.

In a retrospective analysis of 377 CT angiograms of poten-
tial kidney donors between October 2004 and May 2007,
Olsburgh et al. found asymptomatic kidney stones in 55
(5%) patients, of whom 20 donated their kidney, and 17
underwent ex vivo ureteroscopy (stone size 2–12 mm, non-
obstructing). After a mean follow-up of 10 months, there was
no stone-related complication in the recipient and no stone
recurrence in the donors [39]. A similar US study of 325
potential kidney donors between 2000 and 2005 found inci-
dental non-obstructing kidney stones in 24 (7.4%) [40]. The
median stone size was 2 mm (range 1–9 mm). Sixteen patients
proceeded to donation, 11 donating the stone-containing kid-
ney and 5 the stone-free kidney. Only one recipient developed
symptomatic kidney stone disease and was found to have
hyperoxaluria. No other recipient and no donor had any com-
plications related to kidney stones after a year of follow-up. It
is important to note that in both of the above studies, the
donors had no evidence of a metabolic stone-forming
tendency.

To investigate whether kidney donors have a higher
incidence of kidney stone formation, or require more
frequent surgical intervention if they do develop a
stone, Thomas et al. assessed a cohort of 2019
Canadian patients who had donated a kidney between
1992 and 2009 and compared them with a control group
of 20,190 healthy non-donors [41]. Reassuringly, after a
median follow-up of 8.4 years, they saw no significant
difference in the rate of kidney stones requiring surgical
intervention or hospital attendance for kidney stones be-
tween the two groups.

Cl in ica l prac t ice guidel ines f rom the Br i t i sh
Transplantation Society and the American Transplant
Society suggest that kidney donors with small asymptomatic
stones and without metabolic disease may be considered for
kidney donation [42, 43]. Appropriate donor and recipient
counselling and availability of follow-up are important
considerations.

Obese donors

Worldwide, the proportion of adults with a BMI of ≥ 25 kg/m2

rose between 1980 and 2013 from 29 to 37% in men and from
30 to 38% in women [44]. This increased rate of obesity in the
general population is inevitably mirrored in the kidney donor
population. The risk of hypertension, diabetes, metabolic syn-
drome, ESKD, morbidity and mortality are all increased in
overweight and obese individuals [45–47]. Currently, there
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is significant centre variation in the BMI cut-off for living
kidney donation. It is therefore important to know whether
obesity adversely affects kidney donors.

From the surgical perspective, there have been concerns
about increased complications in overweight and obese do-
nors. Heimbach et al. reported on 553 kidney donors who
underwent laparoscopic donor nephrectomy between 1999
and 2003 [48]. A total of 114 had a BMI between 30 and
34.9 kg/m2 and 58 had a BMI ≥ 35 kg/m2. They found no
significant difference in the rate of conversion from laparo-
scopic to open nephrectomy between the two groups.
Operating time was slightly longer in the high BMI group.
Wound complications such as infections and seromas were
more common in obese (9–10%) compared with non-obese
donors (2–4%). Overall peri-operative risk was not signifi-
cantly higher in the obese group compared with non-obese
donors.

Unger et al. reported short-term outcomes following donor
nephrectomy in obese versus non-obese donors [49]. In a ret-
rospective analysis of 289 Austrian kidney donors who
underwent nephrectomy between 2006 and 2015, 126 donors
had a BMI ≤ 25 kg/m2, 120 had a BMI between 25 and 30 kg/
m2 and 43 had a BMI ≥ 30 kg/m2. They observed no signifi-
cant difference between the groups in the conversion rate from
laparoscopic to open surgery or in the rate of post-operative
complications, such as wound or systemic infection. They
noted, however, that both male sex and higher BMI were
associated with a statistically significant short-term decline
in eGFR during the first post-operative week. The longer-
term significance of this observation remains unclear.

In a single centre study of 3752 living kidney donors who
underwent nephrectomy between 1975 and 2014, 656
(17.5%) were obese with a BMI ≥ 30 kg/m2 [50]. Obese do-
nors were more likely to be older, to be black and to have a
higher eGFR at donation. There was no significant difference
in intra- or post-operative complications between the obese
and non-obese donors, but operating time and length of hos-
pital stay were longer in the obese group. Reassuringly, there
was no significant difference in eGFR and risk of ESKD be-
tween the two groups after 20 years (p = 0.71). Diabetes and
hypertension were more common (for diabetes: aHR 3.14;
p < 0.001 and for hypertension: aHR 1.75; p < 0.001) and oc-
curred earlier in obese donors (diabetes mellitus: 12 vs.
18 years post nephrectomy; hypertension: 11 vs. 15 years).

Bellini et al., in a single centre UK study, reported the mean
eGFR at 6 months and up to 60 months in 889 living kidney
donors between 2000 and 2017. Twenty-six percent of the
donors had a BMI ≥ 30 kg/m2 pre-donation. The authors
found no significant difference in eGFR pre- or post-
donation between obese and non-obese donors [51]. This is
similar to the findings of Rees et al. who studied 5304 donors,
of whom 2108 (40%) were overweight (BMI 25–30 kg/m2),
944 (17.8%) were obese (BMI 30–35 kg/m2) and 250 (4.7%)

were very obese (BMI ≥ 35 kg/m2). There was no difference
in re-admission or reoperation rate across the BMI groups and
no significant difference between BMI groups with respect to
decline in eGFR at 6 months [52]. Although the donors with
higher BMI had higher blood pressure pre-donation and at
6 months post-donation, the change in blood pressure in each
BMI group was similar. Holscher et al. have studied the risk of
developing hypertension or diabetes after kidney donation in
41,260 donors who underwent nephrectomy between 2008
and 2014 [53]. A total of 74, 162 and 310 cases per 10,000
developed hypertension at 6 months, 1 and 2 years, respec-
tively. The incidence of hypertension was higher in donors
with a higher BMI (relative risk 1.29 per 5 units, 95%CI,
1.17–1.43). Very few donors developed diabetes including 2,
6 and 15 cases per 10,000 donors after 6, 12 and 24 months.
The risk of developing diabetes was higher in donors with
higher BMI (adjusted incidence rate ratio 1.52 per 5 units;
95%CI, 1.04–2.21). The low incidence of diabetes is most
likely related to the short follow-up time. These results again
highlight the importance of long-term follow-up for kidney
donors.

In a very large study of 119,769 living kidney donors in the
US with a maximum of 20-year follow-up, Locke et al. stud-
ied the association between BMI and development of ESKD
[54]. After adjustment for age, sex, ethnicity, blood pressure
and baseline GFR, they found the incidence of ESKD to be
1.9 times higher in obese donors (BMI ≥ 30) compared with
non-obese donors (BMI ≤ 30). At 20 years post-donation, the
estimated incidence of ESKD was 93.9 per 10,000 in the
obese group and 39.7 per 10,000 in the non-obese kidney
donors. Obese donors were more likely to be male, black
and to have higher blood pressure. Interestingly, they noted
a 7% increase in the risk of ESKD for each unit increase in
BMI above 27 kg/m2, although below this threshold, there
was no significant increase in risk.

More recently, the same group has reported the risk of
mortality in the same kidney donor population [55]. They
found the estimated risk of mortality in obese donors to be
304 per 10,000 and 209 per 10,000 in non-obese living kidney
donors. After adjustment for variables such as age, sex, race,
eGFR, blood pressure and smoking, the obese kidney donors
had a 30% increased risk of long-term mortality compared
with the non-obese group (aHR 1.32, 95% CI: 1.09–1.60,
p = 0.006). It is likely that this increased risk of ESKD and
mortality is related to obesity rather than to kidney donation
per se.

Most transplant guidelines support kidney donation in oth-
erwise healthy donors with a BMI below 30 kg/m2. Donors
with a BMI between 30 and 35 kg/m2 must be counselled
regarding their long-term risk of cardiovascular and kidney
disease and should be encouraged to lose weight. As long-
term safety data is not available for donors with a BMI greater
than 35 kg/m2, donation in this population is discouraged.
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Donors of African ancestry

Although donors of African descent represent a minority in
most studies of kidney donation, this subgroup frequently
demonstrates a higher risk of adverse outcomes, both peri-
operatively [56] and in the longer term.

Using data linkage between the Organ Procurement and
Transplantation Network (OTPN) between 1987 and 2007
and billing claims from a private health insurer between
2000 and 2007, Lentine et al. [57] investigated the rates of
hypertension and kidney disease in 4650 living kidney do-
nors, of whom 13.1% were African American. In comparison
with white donors, black donors had an increased risk of hy-
pertension (aHR 1.52; 95%CI, 1.23–1.88) and chronic kidney
disease (aHR 2.32; 95% CI, 1.48–3.62). Using data from the
same study [56], Lentine et al. also noted that 7 years after
donation and after adjustment for age and gender, the African
American donors had a higher incidence of kidney-related
conditions, including CKD (12.6% vs. 5.6%; aHR 2.32,
95% CI 1.48–3.62), proteinuria (5.7% vs. 2.6%; aHR 2.27,
95%CI 1.32–3.89), nephrotic syndrome (1.3% vs. 0.1%; aHR
15.7, 95% CI 2.97–83.0) and any renal diagnosis (14.9% vs.
9%; aHR 1.71, 95% CI 1.23–2.41).

In the previously mentioned study [13], Muzaale compared
the incidence of ESKD in 96,217 donors with 20,024matched
healthy non-donor controls and noted that after an average
follow-up of 7.6 years, African American donors had a higher
risk of ESKD in comparison with white and Hispanic donors,
and also with black healthy controls. At 15 years after dona-
tion, the absolute risk of ESKD in black donors was 74.7 per
10,000 versus 23.9 per 10,000 in black non-donors
(p < 0.001). The absolute risk increase was 50.8 per 10,000
in African-Americans, 25.9 per 10,000 in Hispanics and 22.7
per 10,000 in white donors.

Although some of this increased risk may be attributable to
the increased prevalence of hypertension as well as to socio-
economic factors, there is increasing evidence that variants in
the gene encoding apolipoprotein L1 (APOL1) might play a
contributory role.

Two common protein-changing alleles in the APOL1 gene
are associated with the observed increased risk of ESKD in
African Americans [57]. Given that the majority of donors
donate to family members [58], it has been proposed that the
presence of these genetic variants may alter the course of post-
donation kidney function in black donors. To address this,
Doshi et al. [59] examined the effect of APOL1 risk alleles
on outcomes in black living kidney donors. Among 136 black
donors, 19 (14%) carried two risk alleles (high-risk group) and
the remaining 117 carried one or zero risk alleles (low-risk
group). The high-risk group had lower pre-donation and
post-donation eGFR and at a median of 12-year follow-up
showed a more rapid decline in kidney function. Two donors
in the high-risk group developed ESKD. They also matched

115 black donors with 115 black non-donor controls; interest-
ingly, the rate of decline in eGFR was similar in both groups
irrespective of APOL1 genotype. Thus, live kidney donation
per se does not amplify the risk associated with APOL1-relat-
ed kidney disease. There was no difference in the prevalence
of hypertension between donors on the basis of the APOL1
genotype, although the donors were more likely to develop
hypertension than non-donors, even after matching for family
history of ESKD and APOL1 genotype.

Currently, there is insufficient evidence to recommend
screening all black donors for the presence of the high-risk
APOL1 genotype. However, the NIH-funded APOL1 Long-
term Kidney Transplantation Outcomes Network (APOLLO)
[60], which prospectively assesses the effects of APOL1 var-
iants on kidney outcomes for black living donors and the
recipients of their kidneys, could potentially determine the risk
of kidney donation in individuals carrying the high-risk gene.

Future pregnancy

Over half of living kidney donors are female and a significant
proportion are of child-bearing age. Given that kidney dona-
tion and pregnancy both lead to kidney hyperfiltration, there
have been concerns that kidney donation may lead to hyper-
tension during pregnancy with or without pre-eclampsia. A
large Norwegian study [61] analysed registry data regarding
kidney donors between 1967 and 2002 and identified 726
pregnancies in 326 donors. Of these, 106 pregnancies in 69
donors occurred after donation. The incidence of gestational
hypertension and pre-eclampsia was compared between this
group and a random sample of 21,000 pregnancies from the
medical birth registry. In adjusted analysis, the risk of pre-
eclampsia was higher in pregnancies post-donation than in
pregnancies pre-donation (5.7% vs. 2.6%, p = 0.026). There
was no difference between the groups in foetal outcomes such
as low birth weight or preterm delivery. A different study by
Ibrahim et al. [62] analysed data from 3213 pregnancies in
1085 US donors and compared the incidence of pre-
eclampsia pre- and post-donation. They noted an increased
risk of gestational hypertension (5.7% vs. 0.6%, p < 0.0001),
proteinuria (4.3% vs. 1.1%, p < 0.0001) and pre-eclampsia
(5.5% vs. 0.8%, p < 0.0001) in pregnancies after donation.
They also found a lower likelihood of full-term delivery in
post-donation pregnancies (73.7% vs. 84.6%, p = 0.0004)
and a higher likelihood of foetal loss (19.2% vs. 11.3%,
p < 0.0001). However, foetal and maternal outcomes after do-
nation remained comparable to the general population.

In a more recent study [63], Garg et al. retrospectively
assessed the incidence of gestational hypertension and pre-
eclampsia in Canadian kidney donors between 1992 and
2009. Over a mean follow-up period of 11 years (maximum
20 years), 131 pregnancies in 85 donors were compared with
788 pregnancies in 510 healthy non-donors. After matching

Pediatr Nephrol



for several criteria, they noted that gestational hypertension
and pre-eclampsia were more common in kidney donors than
in non-donors (11% vs. 5%; odds ratio 2.4; p = 0.01).
Reassuringly, the incidence of low birth weight and preterm
birth was the same in both groups.

It is important to note that in the above studies, donors were
slim (BMI < 30) and normotensive. With increasing accep-
tance of donors with higher BMI and treated hypertension,
together with increasing maternal age, it is important to con-
tinue surveillance of pregnancy outcomes in past donors.
Although the absolute risk of pre-eclampsia remains low,
young female donors must be informed of the increased risk.

Older and younger donors

The increasing need for kidney transplantation coupled with
growing confidence regarding the superior outcomes from
living kidney transplantation has resulted in increasing uptake
in kidney donation from older living donors. Hence, the safety
and efficacy of such donations has come under scrutiny. There
is no agreed threshold for what constitutes an older donor and
different studies have used different thresholds to define older
living kidney donors.

To assess the risk of cardiovascular disease and mortality in
older donors, Reese et al. [64] matched 3368 individuals older
than 55 years who had donated a kidney between 1996 and
2006 with the same number of healthy non-donors selected
from a health and retirement study database. The mean age in
both groups was 59 years. After a median follow-up of
7.8 years, they noted no significant difference in mortality
(4.9 vs. 5.6 deaths per 1000 person-years, HR 0.90, 95%CI
0.71–1.15, p = 0.21) or in a composite cardiovascular out-
come including ischaemic heart disease, congestive heart fail-
ure, stroke, peripheral vascular disease or death (HR 1.02,
95%CI 0.87–1.20, p = 0.7).

Another study of 219 healthy US adult kidney donors older
than 70 years [65] showed that mortality in this group was
lower than in healthy matched controls from the National
Health and Nutrition Examination Survey (HR 0.37, 95%CI
0.21–0.65, p < 0.001). This was perhaps due to stringent do-
nor selection criteria in this age group. However, graft loss
from older donors was noted to be higher than that from youn-
ger living donors aged between 50 and 59 (subhazard ratio
(SHR) 1.62, 95%CI 1.16–2.28, p = 0.005) and closer to out-
comes for kidney transplants from matched 50–59-year-old
deceased donors (SHR 1.19, 95%CI 0.87–1.63, p = 0.3).

Given that older living donors have a lower pre-donation
GFR, the inevitable reduction in GFR post-donation is another
important concern. Dols et al. [66] have assessed long-term
kidney function in 539 living kidney donors who donated
between 1994 and 2006. A total of 422 of this group were less
than 60 years of age and 117 were more than 60 years old. The
older group had a lower pre-donation GFR (80 vs. 96 ml/min,

p < 0.001). After a median of 5.5 years of follow-up, the rate
of GFR decline was similar in both groups (38 ± 9%). At
5 years after donation, more of the older donors had a GFR
below 60ml/min (80% vs. 31%, p < 0.001) but no donor had a
GFR below 30 ml/min. Interestingly, in this study, recipient
outcome did not differ between older and younger donors.
Given the shorter life expectancy of older donors, it may be
reasonable to accept a lower post-donation eGFR in this
group. This is reflected in the GFR thresholds for living kid-
ney donation in the British Transplantation Society Clinical
Practice Guidelines [42].

In the previously cited US registry study by Muzaale et al.
[13], although the cumulative incidence of ESKD per 10,000
was low among living kidney donors overall, there was sig-
nificant variation with donor age, being 29.4 in donors aged
between 18 and 39, 17.4 in donors aged between 40 and 49,
54.6 in those aged between 50 to 59 and 70.2 in those older
than 60 years.

There is also heightened concern about accepting very
young individuals as kidney donors [16]. Younger people
have a long length of life ahead of them, and, as life expec-
tancy increases and lifestyles change, it is increasingly diffi-
cult to make accurate predictions about the degree and nature
of risk that a young person may encounter during their life-
time. Long-term prospective studies will improve our under-
standing about these risks, but in the meantime, it is important
to communicate this lack of certainty to younger potential
donors.

Conclusion

Living donor kidney transplantation is widely regarded as the
gold standard treatment for patients with ESKD. Yet, clini-
cians have an obligation to accurately inform potential donors
about short- and long-term health concerns that may arise as a
consequence of kidney donation and to protect them from
excessive risk (Table 1). Accurate estimation of donor risk is
challenging, partly because kidney failure and other compli-
cations such as hypertension and cardiovascular disease often
manifest slowly, so very long follow-up of large and demo-
graphically diverse donor cohorts is necessary. Furthermore,
kidney donors are generally fitter and healthier than the gen-
eral public and have undergone extensive health screening, so
for a study to be meaningful appropriate controls must be
identified.

Importantly, the landscape of donation has changed in re-
cent years so that donors who are older, those with higher BMI
and those with controlled hypertension are increasingly likely
to be accepted for donation, and this may well impact upon
long-term donor outcomes. It is important to acknowledge that
there is uncertainty about longer-term consequences of living
kidney donation in higher-risk donors and to discuss this
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openly with donor candidates. Furthermore, the risk of dona-
tion must be balanced against the benefit for the potential
recipient.

Finally, improvements in technology, wider availability
and lower cost of investigations such as genotyping and in-
creasing use of digital health records now allow prospective
collection of donor data of increasing granularity. This will
enable more accurate risk assessment that can be tailored to
the individual donor and facilitate more informative pre-
donation discussion and counselling.
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