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Abstract: Recent studies from the United States and Norway have
suggested an unexpected 8- to 11-fold relative risk of ESRD after kidney
donation, but a low long-term absolute risk. Abundant renal
epidemiologic data predict that these studies have underestimated long-
term risk. The 1% lifetime post-donation risk in the US study requires
medical screening to predict ESRD in 96 of 100 candidates. This is
particularly unlikely in the 30–35% of candidates under age 35, half of
whose lifetime ESRD will occur after age 64. Many experts have
attributed the increased relative risks in these studies to loss of GFR at
donation, which ultimately means that high–normal pre-donation GFRs
will reduce absolute post-donation risks. The 8- to 11-fold relative risks
predict implausible risks of uninephrectomy in the general population,
but lower estimates still result in very high risks for black donors. Young
vs. older age, low vs. high–normal pre-donation GFRs, black race, and
an increased relative risk of donation all predict highly variable
individual risks, not a single “low” or “1%” risk as these studies suggest.
A uniform, ethically defensible donor selection protocol would accept
older donors with many minor medical abnormalities but protect from
donation many currently acceptable younger, black, and/or low GFR
candidates.
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Two recent studies have suggested an increased
risk for end-stage renal disease (ESRD) attributa-
ble to living kidney donation. These findings con-
cerned transplant specialists, who had good
reason to believe that risk was not increased by
donation (1–3). In US kidney donors (the “US
study”), the incidence of ESRD over a median
post-donation interval of 7.6 yr was compared to
new-onset ESRD in well-matched, two-kidney
controls (4). A second study (the “Norwegian
study”) performed a similar analysis in Norwe-
gian donors over a median 15.1-yr post-donation
interval (5). The US study found a post-donation
incidence of ESRD that was about eight times
that of controls, and the Norwegian study found
an 11-fold relative risk of donation. The US
study estimated a 1% post-donation lifetime risk
of ESRD for kidney donors. The Norwegian
study did not offer a lifetime risk. The authors of
both studies advocated that we largely continue

current donor selection practices, because the
overall incidence of ESRD in their donors was
very low. Editorial comment and a lively corre-
spondence criticized the statistical methods and
the control groups, which were defended by the
authors (6–15). The profession and a wider press
have largely endorsed their estimates of very low
long-term absolute ESRD risk for kidney donors
and accepted an increase in relative risk that
these studies may or may not have precisely
defined (6–25). At bottom, these important reg-
istry studies have determined ESRD rates in
donors and controls over given intervals; they
provide associations, not conclusions. Part of the
interpretation of their data requires an awareness
of the natural histories of the kidney diseases
that these studies seek to capture. This perspec-
tive provides several insights into the strengths
and limitations of these studies and the risks of
living kidney donors.
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During these studies, donors and controls will

develop more kidney diseases than they will ESRD

Both studies tracked ESRD rates over finite study
intervals in donors and well-matched healthy con-
trols. But a large cohort of initially normal individ-
uals will not bifurcate into those who quickly
develop ESRD and others who remain entirely
normal. A certain number of kidney diseases will
begin at various intervals after donation, and they
will progress at various rates (26–30). Abundant
data confirm that ESRD will be “the thin edge of
the wedge,” accompanied by a larger array of new-
onset renal risk factors and kidney diseases that
will not reach ESRD during the study interval. The
majority of proteinuric diseases, for example, do
not lose GFR at more than a few mL/min/
1.73 m2/year (27, 30). In the general population,
the low ratio of new-onset ESRD to the prevalence
of moderate to severe kidney diseases illustrates
this point. For individuals aged 30–64 who develop
ESRD each year, there are about 5- to 6-fold more
with a GFR <30 mL/min/1.73 m2 and 10–15 fold
more with a GFR <45 mL/min/1.73 m2 (26).

The US and Norwegian studies do not capture the

long-term post-donation risks of ESRD

The 1% lifetime risk for ESRD in kidney donors
in the US study was substantially lower than the
approximate 3% lifetime risk of unselected individ-
uals in the general population. The “lifetime risk”
of ESRD is formally defined as the chance of being
diagnosed with ESRD during one’s lifetime (31). It
is the ratio of ESRD deaths to total deaths each
year in the general population, with death usually
occurring at some point after starting dialysis or
after transplantation. It does not predict the age at
which ESRD will be diagnosed or how long one
will live afterward, although those data are known.
For the general population, several independent
studies have divided lifetime risk into about 2.5–
3% for non-blacks and 7–8% for blacks (27, 28,
31). As kidney diseases progress, very low GFRs
appear to increase mortality across diagnoses and
racial groups (32–35). The high probability of
dying at this stage makes lifetime risks of near
ESRD (e.g., CKD stage 4) higher than those for
ESRD. Patients with diabetes often have non-renal
comorbidities that further increase pre-ESRD
mortality (32, 33). Paradoxically, patients with
lower mortality risks will have higher lifetime rates
of ESRD because they more often will live to see
it.

The US study did not attempt to calculate a life-
time risk of ESRD by following its donors and

controls until they died. To attempt to capture
ESRD that occurred after its 7.6-yr study period
ended, it derived a composite absolute lifetime risk
by “splicing together” ESRD rates in subcohorts
of successively older donors, beginning at age 20,
to attempt to total ESRD rates over a hypothetical
80-yr lifespan. Thus, if an individual who was
40 yr old at donation developed glomerulonephri-
tis 4 yr later and reached ESRD outside the study
interval at age 55, 15 yr after donation, this was
intended to be reflected by the ESRD rates in other
55 yr olds who were still within their study inter-
vals, for example, those who donated at ages 48–54
and were followed for 7.6 yr. However, surrogates
for donors or controls who did not reach ESRD
during the study interval, but only developed
hematuria at 2 yr, diabetes at 3 yr, 2 + proteinuria
at 4 yr, or a serum creatinine of 2 mg/dL at 5 yr
would not be included in the successively older
subcohorts, because those cohorts by definition
had to start out normal. As kidney diseases always
had to occur de novo after donation, the ESRD
they produced within the study interval would be a
fraction of lifetime ESRD in the donor cohort.
Younger donors would have 40–50 yr for these
untracked kidney diseases to produce uncaptured
ESRD. The Norwegian study would have the same
problem and would also miss all ESRD that arose
from kidney diseases that began outside its study
interval. A 25-yr-old donor, for example, might
stay normal within a 15-yr study interval, develop
a kidney disease at age 45, and reach ESRD at age
60. This is also a problem with our previous out-
come studies (2, 3) and disproportionately underes-
timates the risks of young donors in the United
States, because half of their lifetime ESRD will
occur after age 64 (36).
The US and Norwegian studies captured only

ESRD from rapidly progressing kidney diseases.
That may be the reason that seven of nine ill-fated
Norwegian donors had glomerular diseases, which
are capable of rapid progression. But such rapid
progression is distinctly uncommon. Most
glomerular and other kidney diseases progress
slowly. In one study, only about 25% of 5627 indi-
viduals with 1+ to 4+ proteinuria who were unse-
lected for GFR at screening reached dialysis by
17 yr (30). It may seem counter-intuitive to call 8-
to 15-yr studies “short term,” but it is the donors
who are followed for 8–15 yr, not the diseases. The
average interval from donation to ESRD in the US
study was 8.6 � 3.6 yr, and most kidney diseases
would not have begun immediately after donation.
Others have also been concerned that the low inci-
dence of ESRD in the US and Norwegian studies
was only temporary (9, 10, 37). The ESRD rates in
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both studies indeed seemed reassuringly low. In the
US study, 96 217 donors produced only 99 cases
of ESRD, and 1901 donors in the Norwegian study
produced only nine cases. But low initial rates are
consistent with significant long-term risks. For
example, the unselected, two-kidney US popula-
tion under age 44, at full lifetime risk, produces
ESRD at a rate of only 8/10 0000/yr. But almost
90% of lifetime ESRD lies ahead.
Diabetes merits special attention because it is

such an important cause of ESRD and advanced
lifetime CKD. Neither the US study, the Norwe-
gian study, nor our older outcome studies allow
time for long-lived donors to develop diabetic
ESRD. Diabetic ESRD has a well-characterized
pathogenesis and epidemiology (38–42); type II
diabetes accounts for about half of all ESRD in
the United States (36), and its prevalence increases
markedly from ages 30 to 40 (38). Donor screening
seems not to markedly reduce its risk (2, 43, 44), so
its prevalence will likely increase with time after
donation. Despite improved medical therapies, the
prevalence of diabetic nephropathy in the general
population is increasing and may be underdiag-
nosed (40–42). In a sense, diabetic nephropathy
does not tangibly “progress” at all during the first
15 yr of diabetes. It is only then that dipstick-posi-
tive proteinuria and/or progressive loss of GFR
occurs. On the average, ESRD will ensue in
another 10–15 yr (39–41), far too late to register in
either the US or Norwegian studies. The renal con-
sequences of diabetes that arose in younger donors
would not be reflected in older “spliced” cohorts,
as diabetes would always have been screened out
at entry. However, if the same young individuals
were followed as they aged, diabetic ESRD would
appear at increasing rates. Just as most young
donors with kidney diseases would take decades to
reach ESRD, so would older donors. But because
of their limited life expectancy, the low ESRD rates
in both studies would be closer to the real lifetime
risks of older candidates. As discussed below,
screening is more effective in older candidates,
which also lowers their risks.

The risk estimates in the US study place an

impossible burden on medical screening of donor

candidates

The US study concluded that although kidney
donation increased ESRD risks about eightfold,
the lifetime post-donation risk of ESRD was a low
1%, about a third of the 3% risk for the general
population. The reduction of pre-donation risk by
donor screening that is needed to satisfy those
two conditions can be calculated algebraically to

be 1/24th of an unselected individual’s lifetime risk
of ESRD. This would mean that 96 of 100 candi-
dates who were fated to develop ESRD in their
lifetimes would have to be excluded at the time of
donation to achieve these low risks. Most certainly
in young candidates, we cannot expect screening to
be this effective. The inability of current screening
protocols to exclude post-donation diabetes (2, 43,
44) would by itself prevent a substantial reduction
in long-term risks. Diabetes aside, in the United
States, if donor screening improbably excluded all
the 25-yr-old candidates who would develop
ESRD just in their next 20 years, almost 90% of
lifetime ESRD would remain (37). A recent Swed-
ish study found strong 20- to 30-yr predictors for
ESRD only in a small minority of military age ado-
lescents (45). The Organ and Procurement Trans-
plantation Network currently advises that the
donor medical evaluation will not predict the life-
time risks of young candidates, most certainly not
96 of 100 of them (46). Underestimation of abso-
lute long-term risk in the US and the Norwegian
studies would seem greatest for the 30–35% of
individuals who are below age 35 at donation (47).

Black donor risks are high, even with more

plausible relative risk estimates

For young black candidates at an “unselected” 7%
lifetime ESRD risk to have the US study’s eight-
fold relative risk and a post-donation 1% absolute
lifetime risk, screening would need to exclude 550
of 560 candidates who were fated to develop
ESRD, again suggesting that the 1% absolute
post-donation risk that was estimated in the US
study is implausibly low and difficult to meaning-
fully apply in donor counseling or selection. More-
over, another straightforward application suggests
that the 8- to 11-fold relative risk of nephrectomy
in the US and Norwegian studies is overestimated.
With a 10-fold relative risk, uninephrectomy in
unselected young black individuals at full lifetime
risk would increase a “two-kidney” 7% risk of
ESRD to 70%. It would increase the 2.5% lifetime
ESRD risk of a similar non-black individual to
25%. As lifetime ESRD risks for the general popu-
lation are so well established, these implausible
results are attributable to overestimation of rela-
tive risk, suggesting that we have more to learn
about deriving and applying them. However, if rel-
ative risks were increased only fivefold and medical
screening reduced pre-donation 7–8% population-
based risks by as much as half, lifetime ESRD risks
for young black donors would still be 15–20%.
These high risks would be consistent with the high
ESRD rates currently observed in black donors
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(3–5). As discussed below, current acceptance of
young black donors creates ethical problems when
other candidates at lower risk are denied because
they are “too risky.”

Each study demonstrates an increased relative

risk associated with loss of GFR at donation

Most critics acknowledged that the US and Nor-
wegian studies demonstrated an increased relative
risk associated with donation, although the preci-
sion of their estimates was questioned (6–11).
Donors may have had undiagnosed familial dis-
eases that could have reached ESRD relatively
rapidly (6). Over a longer time, as more common,
non-familial ESRD accumulated in both cohorts,
differences might narrow. But differences did not
narrow: The Norwegian study followed donors
twice as long as the US study and showed no less a
relative risk of donation, and in the US study, an
effect of familial diseases was unlikely (4). In nei-
ther study would “virtual” screening of controls
have been as effective as actual screening of donors.
The 22 control subjects who developed ESRD in
the Norwegian study were not afforded a formal
history, a physical examination, a urinalysis, or
even an estimation of GFR. For example, five cases
of congenital cystic disease might have been
excluded with renal imaging, which would have
increased the relative risks of donors even more.

What is most certain is that in a well-controlled
study, the 30% loss of GFR at donation would be
the major difference between donors and controls,
a difference that could account for more donors
reaching ESRD at any point than their two-kidney
comparators. For more donors to reach ESRD,
they would not need to develop more kidney dis-
eases than controls, and their diseases would not
have to progress more rapidly. Simply because of
donation, their GFRs would be lower at the point
that further, disease-driven losses of GFR began,
and more of them would reach ESRD during the
study interval. Several experts have cited this
reduced “renal reserve” to explain the relative risks
suggested by these studies (6–8).

Loss of GFR at donation would change what
would have been advanced lifetime CKD without
donation to lifetime ESRD. As an example, a 25-yr
non-donor with a GFR of 110 mL/min/1.73 m2

may lose 40 mL/min/1.73 m2 over his lifetime with
normal aging and another 40 mL/min/1.73 m2

after a kidney disease begins in later life, making
his end of life GFR 30 mL/min/1.73 m2. Lifetime
CKD of this severity is about threefold more likely
than lifetime ESRD (28). But were he to donate at
age 25, all else equal, his immediate post-donation

GFR would be 70 mL/min/1.73 m2, and he would
reach ESRD before he died. This makes diabetes
even more important as a donor risk factor,
because in the two-kidney population, it produces
much more lifetime advanced CKD than ESRD.
In the macroalbuminuric phase, diabetes causes
about 40 mL/min/1.73 m2 of GFR to be lost per
decade (27). Assuming that mortality was not
increased, if donation sacrificed 40 mL/min/
1.73 m2 of GFR, diabetic ESRD would occur
10 yr earlier in a donor’s life. With more slowly
progressing kidney diseases, donation would result
in even more life-yr with ESRD. This would partic-
ularly impact donors with long life expectancies
who developed slowly progressive diseases shortly
after donation. Very rapidly progressing diseases
that began after donation (i.e., the ones captured
by the US and Norwegian studies) would involve
only small increases in life-years with ESRD. This
analysis assumes that a donor’s life will not be
shortened when advanced CKD and ESRD occur
at an earlier age. It also assumes that kidney dis-
eases will progress at the same rates after donation
as they do without it. This question is not entirely
settled, but another broad consequence of the US
and Norwegian studies is that donor nephrectomy
does not protect against progression of kidney dis-
eases. Importantly, GFR-related risks of donation
would decrease over time if donors who have not
yet acquired kidney diseases lose only 3–4 mL/
min/1.73 of GFR per decade (2, 48, 49), as com-
pared to normal control age-related losses of 7–
10 mL/min/1.73 m2 per decade (27, 50).

The US and Norwegian studies suggest that donor

candidates with higher pre-donation GFRs will

have lower absolute lifetime risks

As discussed above, the 30% loss of GFR at
nephrectomy can explain the increased relative risk
of donation, because it would result in more new-
onset, progressive kidney diseases reaching ESRD
during any study interval. Restated, this means
that the absolute post-donation GFR—before dis-
ease begins – is an important donor risk factor.
But this is directly determined by pre-donation
GFR, which makes pre-donation GFR the funda-
mental risk factor. To explain this point in more
detail, the range of currently acceptable pre-
donation GFRs is quite wide (51–53). Some candi-
dates will have predonation GFRs that are so high
that their post-nephrectomy GFRs will be compar-
able to the average GFRs in non-donor control
groups. Even allowing for a significant relative risk
of donation, these candidates with high- normal
pre-donation GFRs would have relatively low
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absolute postdonation risks that were similar to
the average risks of non-donor controls. In this
way, a high–normal pre-donation GFR will miti-
gate the effects of donation on absolute risk. The
US and Norwegian studies therefore indirectly sug-
gest that pre-donation kidney function throughout
the normal range is a powerful but underappreci-
ated determinant of long-term ESRD risk. Cur-
rently, 25-yr-old candidates with GFRs or
creatinine clearances that differ by 40 mL/min are
treated similarly (51–54), even though the pre-
donation GFR of one will approximate the post-
donation GFR of the other. However, candidates
are routinely refused for hypertension or microal-
buminuria (51–53), which predict far less GFR loss
over several decades (27, 55). Besides being intu-
itively valid, low GFR has been shown to be an
ESRD risk factor in many population studies (27,
29). GFR-related risks of course involve more that
defining a cutoff of 80–90 mL/min, below which
donation is refused (54). Rather the point is that
currently acceptable young candidates with low–
normal GFRs will be at long-term risk that is par-
ticularly high and may merit exclusion from dona-
tion (56).

The individual lifetime risk of ESRD will vary

significantly among normal candidates

Donors and the transplant community have cus-
tomarily been presented with “the” risk of living
kidney donation, whether it is said to be “very
low” or “1%” as estimated in the US study. Older
outcome studies express “it” as ESRD/patient/year
(2, 3). But lifetime risk of ESRD will depend on a
number of donor characteristics, including race,
pre-donation GFR, and age, and cannot be
expressed that way. Older candidates will have
their ESRD risks markedly reduced by current
screening protocols. In the general population, ill-
fated individuals will typically exhibit long pre-
ESRD “prodromes,” reaching ESRD at a median
age of about 64 (36). Those 55 yr olds with such
“prodromes” as diabetes, dipstick-positive protein-
uria, and/or gradually rising serum creatinine val-
ues will be excluded from donation, leaving
acceptable donor candidates at well below the
average ESRD risk for the unselected population.
The current practice of excluding GFRs or crea-
tinine clearances below 80 mL/min/1.73 m2 (50–
54) allows virtually the entire normal range in
young donors, but excludes the lowest third of
normal GFRs in 55 yr olds (56). The lower
GFR-related risks of the acceptable older candi-
dates will further reduce their lifetime ESRD risks,
even below those of normal individuals in the

general population. Differences in pre-donation
risk between young and middle-aged candidates
may be small, for example, 2% vs. 0.5% in non-
blacks (56, 57), but the newly described relative
risks make them more important. A 2% pre-dona-
tion risk in a normal young donor and a hypo-
thetical relative risk multiple of 5 would produce
a 10% lifetime risk. Risks for many black candi-
dates will be higher, and some may well merit
exclusion from donation (56). At the same time, it
is not clear that these newly formulated, individu-
alized risks have to be extremely low to be accept-
able, as long as donors understand them and the
transplant community can countenance them.
Many of us, for example, might want to take a
5% or even a 10% risk of ESRD later in life to
help a loved one, but an ethically defensible
threshold for unacceptable risk can be determined
by consensus. The standard for exclusion must be
uniform: We cannot responsibly refuse a candidate
as “too risky” and then accept another who is at
the same or higher risk. A reasonably inclusive,
uniform standard would allow many minor medi-
cal risk factors when present in older, high GFR,
and/or non-black candidates (55–57). Responsibly
denying donor candidates is in its own way as
important an ethical issue as accepting them (58).

Studies that focus on the ESRD risks of donors

must be designed differently

The risk of ESRD from common, post-donation
kidney diseases is distinctly different from the risks
of hyperfiltration itself or so-called uremia from
loss of GFR with nephrectomy. These possible
risks may well be meaningfully addressed in smal-
ler cohorts over shorter intervals. Recent well-done
studies that address these risks are reassuring (48,
49, 59), but out of an abundance of caution, they
should be continued. But the risks of common kid-
ney diseases are an entirely different matter. We do
not need longer studies out of an abundance of
caution; studies that follow donors for 8–15 yr are
inherently unable to capture their long-term risks
for ESRD. That is because such studies cannot
capture the risks of delayed onset and/or typically
slowly progressing kidney diseases, particularly in
young individuals.

“Definitive” prospective studies that focus
specifically on post-donation kidney diseases
would take decades to fill and would need to
extend for decades more. Over the course of these
studies, medical practices and demographic risks
of obesity and diabetes would change. Many
donors would be lost to follow-up, and confidence
limits would be wide; risk specialists would not be
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satisfied. The well-done US and Norwegian studies
have encountered similar criticisms, even of their
analyses of relative risk, which is their strongest
feature. These studies have also clearly
distinguished the concepts of pre-donation “base-
line” risks from relative risks and post-donation
absolute risks. To address these risks, we can apply
a different methodology rooted in the abundant
epidemiologic data that we currently have. We can
focus on risks of lifetime ESRD and near-ESRD
risks in the general population and how they are
reduced by donor exclusion protocols and
increased by nephrectomy (56, 57). Saying that we
have “no idea of risk” and continuing business as
usual is wrong for two reasons. First, we do in fact
know a great deal about risk and need to apply it.
Second, if we truly have no idea of risk, living kid-
ney donation becomes a phase one study, that is,
having the highest possible risks. To protect the
donor when we are truly uncertain about donor
risk, the default position has never been to proceed
(60). Advocates of the status quo must convinc-
ingly defend it, or donor selection practices must
change. We must always be open to examining and
revising risk estimates, so that we do not inappro-
priately counsel, deny, or accept donor candidates.

Conclusions

1. The recent Norwegian and US studies cannot
capture long-term ESRD risks in living kidney
donors, because most donors will predictably
reach ESRD outside of their study intervals.
Both studies demonstrate an increased relative
risk of donation, which they are best designed
to capture.

2. Both studies indirectly suggest that high–normal
pre-donation GFR is an important, heretofore-
unappreciated factor that will mitigate an
increased absolute risk of post-donation ESRD.

3. Low–normal pre-donation GFR, young age,
and black race determine sometimes high long-
term individual risks, not a single “low” or
“1%” risk of donation as these studies suggest.
A uniform, ethically defensible donor selection
protocol should allow donation to older candi-
dates with many minor medical abnormalities
and protect –by exclusion from donation–
younger, low GFR, and/or black candidates at
high lifetime risk.
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