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Introduction

The first renal transplantation from a living donor was

Summary

Knowledge of the very long-term consequences of kidney donors has not been
previously reported extensively. The 398 persons who had donated a kidney
between 1952 and 2008 at Necker hospital were contacted. Among the 310
donors who were located, the survival probabilities for this population were
similar to those of the general population and end stage renal disease incidence
was 581 per million population per year. All located donors still alive were
asked to complete a medico-psychosocial questionnaire and give samples for
serum creatinine and urinary albumin assays. Among the 204 donors who
responded to the questionnaire, mean eGFR was 64.4 * 14.6 ml/min per
1.73 m* and mean microalbuminuria was 27.0 + 83 mg/g. Most donors never
regretted the donation and consider that it has no impact on their professional
or social lives. Among the 59 donors who gave a kidney more than 30 years
ago (mean 40.2 years, range 30-48 years) had a mean eGFR of
67.5 £ 17.4 pmol/l, a mean microalbuminuria level of 44.8 £ 123.2 mg/g and
none was dialyzed. In conclusion, living kidney donation does not impact sur-
vival, kidney function, medical condition or psychological or social status over
the very long-term.

Because of the stringency of the donor selection process
in terms of medical conditions, most kidney donors were
relatively young [4]. Consequently, such donors will

performed during Christmas night 1952 at Necker hospi-
tal [1]. This ethical and medical revolution generated pas-
sionate debates. The birth of transplant immunology and
knowledge of the concept of immunosuppression
prompted the initiation of the living donation program at
this hospital. Since then, progress in surgical techniques
resulted in kidney donation becoming a universally recog-
nized method of transplantation, which yields superior
results than cadaveric donation [2]. Currently, living kid-
ney donation programs constitute the most promising
means of compensating for organ shortage and is pro-
moted by many organizations [3].
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spend most of their lives with one kidney, but will remain
exposed to the same classical kidney disease risk factors as
their age-matched peers. Although it is widely accepted
that kidney donation is safe in terms of kidney function
and patient survival, these data are based on studies both
limited by the length of the follow-up period and number
of subjects studied [5-7]. A very long-term follow-up of
large cohorts of patents is therefore helpful to better
reflect the consequences of kidney donation in terms of
kidney function and survival. Furthermore, the long-term
consequences of kidney donation have been evaluated
in terms of global health change and quality of life, but
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specific psychological and social impacts remain to be
established. The particularly long time that elapsed since
the earliest living kidney donation at our institution
offered the opportunity to report on living kidney donors
for a longer follow-up than previously published.

The study presented here analyzed survival, kidney
function, and incidence of end stage renal disease
(ESRD), as well as the medical, social, and psychological
status of a cohort of persons who have donated their kid-
ney between 1952 and 2008 and compared them to the
general population. We also focused on the 59 donors
who have donated a kidney more than 30 years ago, the
oldest donors population analyzed to date.

Patients and methods

Study population

From December 1952 to January 2008, 398 kidney trans-
plantations with a living donor were performed in the
Transplant Unit at Necker hospital in Paris (Supplemental
table 1). In January 2008, we attempted to contact all per-
sons who had donated a kidney at Necker Hospital since
1952. We consulted telephone directories and asked recipi-
ents for their specific donor’s contact information. ESRD
and vital status were ascertained for all located donors
through reports from the subjects themselves or from their
families. We also asked for them to complete a medico-

Table 1. Characteristics of the 204 subjects who responded to the
questionnaire. Continuous variables are expressed as means + SD, cat-
egorical variables are expressed as n (%).

Donors characteristics n =204
Male gender 85 (42%)
Age at donation (years) 41.4 (13.0)
Family ties
Sibling 120 (58.9%)
Ancestor 60 (29.4%)
Spouse 20 (9.8%)
Other 4 (2%)
Follow-up time (years) 16.8 £ 16.1
Pregnancy 19 (16.0%)
Diabetes 9 (4.4%)
Dyslipidemia 40 (19.6%)
Cardiovascular diseases 3 (6.4%)
Hypertension 7 (18.1%)
Pain 3(11.3%)
Dialysis O
Weight (kg) 714 £ 142
Systolic blood pressure (mmHg) 128.1 £ 12.1
Diastolic blood pressure (mmHg) 76.1 + 10.8
Serum creatinine (umol/l) 99.6 +21.7
eGFR (MDRD) 64.4 + 14.6
Proteinuria (g/g creatinine) 0.1+0.3
Microalbuminuria (mg/g creatinine) 27.0 £ 83.4
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psychosocial questionnaire and to report results, if available,
of urinalysis and serum creatinine testing. Eighty-eight sub-
jects, most of them were living abroad, could not be
located. Overall, 310 donors or their families were located.
Of these, 44 were dead and 266 were still alive as of January
2008. Of the 266 living donors, 255 agreed to complete a
medical and psychosocial questionnaire (Tables 1 and 2),
and 204 donors did return the questionnaire (Fig. 1).

Table 2. Answers to the psychosocial questionnaire in 204 donors.

Donors characteristics n =204
1. Did the donation drive you to change 6 (3%)
your job? (yes)
2. Did you change your habits because of 9 (14%)
the donation? (yes)
3. How do you characterize your health status?
Very good 9 (34%)
Good 2 (40%)
Rather good 3 (21%)
Pretty bad 8 (4%)
No answer 2 (1%)

4. Did you ever think that your current health status was partly the
consequence of your donation?

Never 161 (79%)
Sometimes 30 (15%)
Quite often 3 (1.5%)
Often 1(0.5%)
No answer 9 (4%)
5. Did the recipient present with medical problems since
transplantation?
No problem 0 (29%)
Some problems 9 (29%)
Several problems 0 (10%)
Many problems 4 (12%)
The recipient is dead 3 (16%)
No answer 8 (4%)
6. Did the recipient present with psychosocial difficulties since
transplantation?
No problem 123 (60%)
Some problems 3 (11%)
Several problems 0 (5%)
Many problems 4 (2%)
The recipient is dead 31 (17%)
No answer 13 (6%)
7. Did you ever regret your donation?
Never 197 (96.5%)
Sometimes 4 (2%)
Quite often 2 (1%)
No answer 1(0.5%)
8. Did the donation exert a beneficial impact on your personal and
social life?
This kidney donation changed my life 2 (16%)
Much impact 8 (19%)
Average impact 7 (13%)
Low impact 0 (10%)
No impact 78 (38%)
No answer 9 (4%)

© 2012 The Authors
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Donors n = 398
1952 - 2008

Lost of follow-up
n=388

Located
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n=

French residents|

Foreigners
n=64 n=24

Figure 1 Flow chart of 398 kidney donors.

Instead of using a validated health-related quality of life
questionnaire as SF-12 and SF-36 [8,9], which would have
brought only generic data, we chose to evaluate how donors
perceive the consequences of this experience over the time.
Because no validated questionnaire exists on this theme, a
psychosocial questionnaire has been created for this
study by an expert psychologist in the field of the psychoso-
cial evaluation of living donors and their recipients (http://
www.agence-biomedecine.fr/professionnels/donneur-vivant.
html). This questionnaire (Table 2) included eight items
(questions with ‘yes’ or ‘no’ answers for items 1 and 2 and
‘open’ questions with graduate answers for items 3, 4, 5, 6,
7, and 8).

Age, gender, family ties with the recipient, pregnancy,
diabetes, dyslipidemia, cardiovascular disease, hyperten-
sion, renal disease, dialysis, and weight were recorded in
the medical part of the questionnaire. Estimated Glomer-
ular Filtration Rate (eGFR) was estimated using the Mod-
ification of Diet in Renal Disease (MDRD) study
equation [10]. Urinary albumin excretion rate was calcu-
lated according to the albumin to creatinine ratio in an
early-morning urine sample.

Statistical analysis

Categorical variables are presented as percentages and con-
tinuous variables as mean + SD. Survival probabilities for
kidney donors were compared with those of the general
population using life tables (http://www.mortality.org).
These tables provided the yearly probability of dying
according to each year of age, each year of follow-up and
by gender. The survival of the general population was cal-
culated using the Ederer II method using the 1952-2008
follow-up period [11]. According to this method, the
expected survival was estimated until the end of follow-up.
For a given subject, we thus provided his/her expected
mortality by year of follow-up for a given year. The rate of
ESRD in the French population was obtained from the

© 2012 The Authors
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2009 annual data report REIN (www.soc-nephrologie.org/
REIN/index.htm) and in the US population from the 2010
annual data report of the United States Renal Data System
[2]. The R statistics packages were used for all analyses
(http://www.r-project.org).

Results

Survival and ESRD incidence in located kidney donors
As of January 1, 2008, a total of 266 (67%) donors were
alive and 44 (11%) were documented as having died. The
mean age of donors at the time of death was 69.9 +
15 years with a M/F ratio of 24/20. Death occurred
29.6 + 12.7 years after donation. The cause of death
remain unknown for 17 donors; among the remaining 27,
cardiovascular disease accounted for 16% of all deaths,
cancer for 14% and dementia for 14%. Other causes were
accidents (12%) and infections (7%). Donor survival was
not different from the survival of the general population
(Fig. 2). The ESRD occurred in three donors: two dialyzed
donors died and one is still alive, but did not respond to
the medico-psychosocial questionnaire. The estimated
incidence of ESRD in these donors was 567 per million
population per year, compared with an incidence adjusted
for age and region of 450 per million population per year
in France (www.soc-nephrologie.org/REIN/index.htm).

Kidney function and psychological assessment
in the 204 patients who responded to the psychosocial
questionnaire

The characteristics of the 204 donors who responded to
the medico-psychosocial questionnaire are detailed in
Table 1. Most of the donors are Caucasian in this center.
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Figure 2 Survival of kidney donors compared with controls from the
general population. The survival of the general population was calcu-
lated using Ederer Il method using the 1952-2008 follow-up period [11],
and survival probabilities for kidney donors were compared with those
of the general population using life tables (http:/Awww.mortality.org).
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Of note, donors who responded to the questionnaire were
older than those who did not (mean age £ SD: 57.5 £ 13
vs. 50.1 £ 15, P =0.001). Otherwise, the groups were
similar. From the time of donation, an average of
16.8 + 16.1 years has elapsed. Biological data were avail-
able for 93% of the 204 patients who responded to the
questionnaire. Mean serum creatinine level at the time of
the study was 99.6 + 21.7 umol/l, and eGFR was
64.4 + 14.6 ml/min  per 173 m>. Proteinuria  was
0.1 £0.3 g/g of creatinine and microalbuminuria was
27.0 + 83.4 mg/g of creatinine. At the time of the study,
37 patients (18%) had hypertension, and 9 patients
(4.4%) were diabetic.

The assessment of the long-term psychosocial conse-
quences of kidney donation showed that most of the sub-
jects felt that the donation did not impact their habits,
jobs or quality of life (Table 2). Indeed, only 3% changed
their job, 14% their habits, and 4% of them perceive their
current health status as ‘pretty bad’. The great majority
(79%) of the donors considered that donation had no
direct consequences on their current health status. Most
of kidney donors who completed the questionnaire (97%)
never regretted the donation and many of them perceived
a beneficial impact of this experience (16% ‘changed my
life’; 19% ‘much impact’; 13% ‘average’).

Kidney function more than 30 years after donation

Among the 68 subjects who donated their kidney more
than 30 years ago, 59 responded to the questionnaire.
The mean follow-up duration was 40.2 £ 3.9 years, mean
age of donors was 71 + 9 years at the time of eGFR mea-
surement, and 50.7% of them were female (Table 3). The
mean serum creatinine level was 93.2 + 22.5 umol/l and
the eGFR was 67.5 + 17.4 ml/min per 1.73 m”>. Mean
albuminuria was 44.8 + 123.2 mg/l. No patient had an
eGFR that was less than 30 ml/min per 1.73 m® and
ESRD did not occur. Twenty-one (36%) were hyperten-
sive and 4 (7%) were diabetic, less than observed in the
general population [12, see also www.who.int/diabetes/facts/
en/diabcare0504.pdf]. Fifty-four (91%) donors considered

Table 3. Kidney function of the 59 subjects 30 years after donation.

Donors characteristics n=>59

Male gender 29 (49.3%)
Age (years) 71+9
Follow-up time (years) 0.2+39
Hypertension 21 (36%)
Diabetes 4 (7%)
Serum creatinine (umol/l) 93.2 +225
eGFR MDRD (ml/min/1.73 m?) 67.5+17.4
Proteinuria (g/g creatinine) 0.1+03
Microalbuminuria (mg/g creatinine) 44.8 + 123.2

Fournier et al.

that donation had no direct consequences on their cur-
rent health status, 56 (97%) never regretted the donation
and 46 (77%) of them perceived a beneficial impact of
this experience. These results suggest in the oldest donors
population ever described that kidney function and medi-
cal status remain satisfactory.

Discussion

The results presented here show that long-term medical
and psychological costs of kidney donation are limited.
Donors’ survival was similar to that of the general popu-
lation, and their kidney function remained excellent. In
addition, the psychosocial impacts of kidney donation
were limited. We also characterized the renal function of
kidney donors who had donated more than 30 years ago.
This constitutes the oldest donor population described to
date.

We found that relatively few donors had moderate
decrease in eGFR and no one had severe decrease of
eGFR. Our results support the notion that kidney dona-
tion does not negatively impact medical condition, even
in the very long-term. These good results could be
explained, at least in part, by the fact that kidney donors
constitute a highly selected population at baseline not
representative of the age-matched general population.
Moreover, kidney donation may influence habits and may
make donors more attentive to the management of their
risk factors, even if most of them answered that donation
has no impact on their habits in this study. Conversely,
the comparison of kidney donors with the general popu-
lation may have some caveats as these two populations
have not been selected with the same criteria. Criteria for
retaining living kidney donors might have changed over
time as illustrated by a 2007 survey of U.S. transplanta-
tion centers [13]. It reported that, compared with data
from 1995, centers were accepting an increased number
of potential donors who were older or presented with
hypertension. However, in our cohort the survival was
not impacted by such a phenomenon.

Overall, our findings confirm recently published data
indicating that kidney donors can expect a normal life
span and health status without excessive risk of ESRD
[14, 15]. Regarding eGFR, our results are close to those
of Ibrahim et al., who found that the mean eGFR in 255
kidney donors was 63.7 + 11.3 ml/min per 1.73 m® com-
pared with 64.4 + 14.6 ml/min per 1.73 m?® in our popu-
lation of donors [14]. Moreover, eGFR of kidney donors
was 65 + 17.6 ml/min per 1.73 m> more than 30 years
after donation, suggesting that eGFR remains stable, even
over the very long-term. These results are similar to the
estimated age-matched GFRs of the National Health and
Nutrition  Examination  Surveys (NHANES) III

© 2012 The Authors
388 Transplant International © 2012 European Society for Organ Transplantation 25 (2012) 385-390



Fournier et al.

(www.cdc.gov/nchs/nhanes/nh3data.htm). Of note, donors
eGFR decline paralleled normal, age-related, mGFR
decline (51Cr-EDTA measured GFR) in a French cohort
(Dr Marc Froissard, personal communication, and http://
www.rein-eform.org/data/FlashConfs/2009/97/Media/
index.htm). GFR were estimated using the MDRD study
equation, which could constitute a potential caveat, as
measuring tracer clearance is a more accurate method
than creatinine-based equations [16]. However, the
respective performances of eGFR and mGFR in the kid-
ney donor population, especially when the individual’s
GFR is >60 ml/min per 1.73 m’, remains to be estab-
lished. Therefore, the use of the MDRD study equation
remains the best method to estimate the GFR based on
serum creatinine levels [17]. Interestingly, the results
reported by Ibrahim et al. suggest that estimating kidney
donor GFR with the MDRD formula could underestimate
the GFR when compared with the mGFR measured via
iohexol® clearance [14]. Taken together, these data sug-
gest that eGFR using the MDRD study equation is an
acceptable method for estimating GFR in healthy subjects
who donated a kidney. Importantly, creatinine was mea-
sured in a centralized lab.

In addition, kidney donation had a very limited impact
on the professional and social life of the donors, and
most of them had beneficial consequences and never
regretted their donation. These data are of importance
because information regarding very long-term psychologi-
cal and social consequences of kidney donation is lacking
[18]. Although both physical health and mental health
summary scores have been shown to be excellent in a
large population of kidney donors [14], they only indi-
rectly reflect the social and psychological impact of kid-
ney donation over the long-term. Validated scores, such
as the SF-12 and SF-36 scores, are useful methods for
comparing the quality of life regarding physical and men-
tal health status between various medical conditions,
including kidney donation [19], but do not specifically
address questions related to living kidney donation [8,9].
Even though the questionnaire used in our study is not
validated, it integrates univocal and critical questions
regarding the psychological and social consequences of
kidney donation, which relate closely to each donor. A
small proportion of the donors did not respond to the
questionnaire and the reasons why remain unknown. We
cannot exclude that donors did not respond to the ques-
tionnaire for psychological reasons, as they are not doing
well, that could slightly influence our conclusions. The
findings that donors never regretted their donation and
that donation did not impact their social or psychological
well-being is an extremely important information that
should be conveyed to the potential donors to promote
organ donation.

© 2012 The Authors

Living kidney donors in the very long term

The principal limitation of our study is the response
bias that is inherent to its nature. Sixty-five percent (204
of 310) of the located donors responded to the question-
naire. Although this is an acceptable proportion of nonre-
sponse, the reasons for this were not analyzed and we
cannot exclude medical or psychological reasons related
to the donation. Overall, taking into account loss of fol-
low-up and nonresponse to the questionnaire, we ana-
lyzed 51% of all of the subjects who had donated a
kidney at our institution since 1952, which is an impor-
tant proportion with regard to other retrospective studies
[14] and representative of the initial population of kidney
donors. Another limitation is related to the ethnicity of
the population we studied, which is predominantly of
Caucasian origin. Therefore, our results may not be appli-
cable to all ethnic groups including African-Americans.

In conclusion, we surveyed the largest and oldest popu-
lation of living kidney donors to date and found that
their life span and kidney function is similar to that of
the general population. Very long-term psychosocial con-
sequences of donation appeared limited, and the great
majority of donors did not regret their donation.
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