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In-Depth Review

The Living Kidney Donor Evaluation: Focus on
Renal Issues
Ajay Kher and Didier A. Mandelbrot

Summary
Living kidney donor evaluations and follow-up have previously been addressed mostly by transplant physicians
and surgeons. However, this area is significantly informed by basic principles of renal physiology and is of
increasing clinical interest to general nephrologists. The general nephrology community is increasingly involved in
evaluating the suitability of potential donors and in following them after donation when questions are raised about
low GFR, hypertension, and other renal concerns. This article focuses on some of the most central and common
issues that arise in evaluating potential donors and attempts to provide guidance on the basis of our review of the
living donor literature, extrapolations from the general nephrology literature, and our own clinical experience.
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Introduction

The ﬁrst successful kidney transplant was performed
between identical twins in 1954. Since then, there has
been a substantial increase in living kidney transplants. Currently, more than 6000 are performed each
year in the United States alone. One factor underlying
this increase in living donor transplantation is the
belief that donors have minimal perioperative and
long-term risks from nephrectomy. A perioperative
mortality of 3 in 10,000 was assessed by a survey of
transplant centers in 1992 (1) and conﬁrmed recently
from Organ Procurement and Transplantation Network (OPTN) data combined with the Social Security
Death Master File (2). Perioperative morbidity from
an older single-center study shows rates of 0.2% and
8% for major and minor complications, respectively
(3), whereas newer data from Norway and US data
registries using standardized grading show rates of
3%–4% and 10%–18% for major and minor complications, respectively (4,5).
Minimal long-term risks of nephrectomy were
initially shown in World War II servicemen who
underwent uninephrectomy compared with nonnephrectomized servicemen (6), and also in donors
compared with nondonating siblings (1). More recent
studies have also shown excellent long-term outcomes
in donors compared with age-matched general populations (7,8). However, these studies were limited to
young, Caucasian donors, and current donors are increasingly older, obese and hypertensive (9). Medically complex donors form a signiﬁcant proportion
(24%, deﬁned as presence of hypertension, obesity,
or an eGFR ,60) (10) of current donors and an even
bigger fraction of those that are evaluated. There are
few data on the long-term effects of donation in this
population, and the few available studies are small,
with heterogeneous deﬁnitions (11,12). Currently,
most US transplant centers do not have long-term
www.cjasn.org Vol 7 February, 2012

donor follow-up beyond the immediate postoperative
period (13). Whether more medically complex donors
have similar outcomes remains unanswered. Lack of
long-term data makes it difﬁcult to make evidencebased recommendations about potentially higher-risk
subgroups. In such a setting, clinicians make individualized decisions and this leads to signiﬁcant variability
in the selection practices of centers across the United
States (10,14).
Because of the nature of living donation, there can
be no randomized controlled trials of living donors to
determine either the appropriate testing required to
evaluate donors or the absolute criteria for accepting a
donor. However, some general guidelines have been
published, including the results of the International
Forum for the Care of the Live Kidney Donor held in
Amsterdam in 2004 (15). The usual workup for donor
evaluation is summarized in Table 1. Absolute and
relative contraindications are summarized in Table 2.
Some of the key renal issues pertaining to the selection and risks for donors are discussed below. It is
important to remember that for all of the issues discussed below, the cut-offs should not be rigidly applied. The potential donor should be evaluated as a
whole, and risk due to a speciﬁc medical ﬁnding
should be assessed in the context of other potential
risk factors. For example, a 25-year-old AfricanAmerican man with a body mass index (BMI) of 30
and borderline BP has substantial lifetime risk of developing ESRD and would usually be excluded from
donation, even if none of his risk factors are individually an absolute contraindication. In contrast, a
65-year-old Caucasian with well controlled hypertension (no end organ damage) but who has no other risk
factors is likely at low lifetime risk of developing
ESRD and hence could be considered for donation.
The emotional relationship between donor and recipient may also be important. Given the high mortality
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of prolonged dialysis, some donors may wish to accept
higher risks than might typically be recommended. For
example, someone wishing to donate to a spouse might
accept higher than usual risk from donation to derive direct
beneﬁts from having a healthy spouse. In such a situation,
it may be reasonable to proceed with donation, after
thorough discussion of the risks and informed consent.
However, it is important to remember that the primary
responsibility of the donor physician is to “ﬁrst, do no
harm,” and hence to sometimes restrain motivated donors
from harming themselves.

Table 1. Evaluation of donors

Blood group, HLA typing and cross-match
Assessment of BP and body mass index
Complete physical examination
Complete blood count and coagulation proﬁle
Electrolytes and liver function tests
Fasting glucose and lipid proﬁle
HbA1c or glucose tolerance test if high risk for diabetes
Pregnancy test (if indicated)
Infection screen
hepatitis B and C
syphilis
HIV
cytomegalovirus and Epstein–Barr virus
screening for tuberculosis
if indicated: toxoplasma, strongyloides, trypanosoma, West
Ć Nile, malaria and others
Estimation of GFR by 24-h creatinine clearance or
measurement of GFR using iodinated or radioactive
isotopes
Urinalysis
Urine culture if indicated
Assessment of proteinuria: 24-h protein excretion or
spot protein/creatinine ratio
Chest radiograph
Electrocardiogram
Stress test and echocardiography as needed
Assessment of renal anatomy: Spiral computed
tomography or magnetic resonance angiography
Cancer screening: prostate-speciﬁc antigen,
colonoscopy, mammography, Pap smear as
recommended for the general population

Age
Although older donors are more likely to have complex
medical histories and lower GFRs, studies have shown
similar outcomes in selected older donors versus younger
donors for perioperative outcomes such as operative time,
blood loss, and length of stay (16–18). With regard to longterm risks, older donors with potential risk factors for kidney disease, such as hypertension, are less likely than
younger donors to have enough time for such risk factors
to lead to kidney disease or for any kidney disease that
develops to affect life expectancy (19). As a result, most US
transplant programs currently do not have an upper age
limit for accepting donors and are more ﬂexible in applying exclusion criteria for renal risk factors in older donors
(14). With respect to lower age limits, most programs do
not consider donors aged ,18 years and consider age of
18–21 years as a relative contraindication. Younger donors,
even if without risk factors for kidney disease at the time
of evaluation, may still develop diabetes, hypertension,
obesity, or other renal risk factors, and have more time
for these risk factors to progress to CKD and ultimately
ESRD. Support for this notion is provided by OPTN data,
which show that most of the donors that were placed on
the transplant waiting list had donated between the ages
of 18 and 34 years and developed ESRD .15 years after
donation (20). Younger potential donors with presence of
even borderline risk factors are likely at higher long-term
risk and we would recommend using the exclusion criteria
more stringently in this population.

GFR
A direct measure of GFR using iodinated or radioactive
isotopes is ideal for evaluating kidney function in donors.
However, most US centers do not have these measures
available and use 24-hour urine collections to calculate
creatinine clearance (14). These urine collections are subject
to patient error, but the adequacy of collections can usually be conﬁrmed if they contain 20–25 mg creatinine/kg
body weight for men and 15–20 mg/kg for women (21,22).
eGFR based on the Modiﬁcation of Diet in Renal Disease,
Chronic Kidney Disease Epidemiology Collaboration, and
other equations based on serum creatinine has been compared with measured GFR, although not with creatinine

Table 2. Absolute and relative contraindications

Absolute Contraindications

Relative Contraindications

Age ,18 yr
Mentally incapable of making informed decision
Uncontrolled hypertension or hypertension with end organ damage
Diabetes
BMI .35
Active malignancy or incompletely treated malignancy
Untreated psychiatric conditions
Nephrolithiasis with high likelihood of recurrence
Evidence of donor coercion
Persistent infection

Age 18–21 yr
Creatinine clearance ,2 SD below mean for age
Hypertension in non-Caucasian race
Hypertension in young donor
Prediabetes in young donor
BMI .30
Microalbuminuria or proteinuria
Bleeding disorder
History of thrombosis or embolism
Nephrolithiasis
History of malignancy, especially if metastatic
Signiﬁcant cardiovascular disease
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clearance, and is unreliable for evaluation of donors and
thus should be avoided (23,24). Although many programs
have reported using a lower limit for creatinine clearance
of 80 ml/min per 1.73 m2 (14), the use of a single cut-off
value does not take into account the well known decline in
the GFR with aging (23,25–27). Therefore, to identify potential donors at increased risk of developing ESRD, cutoffs should vary based on age. Unfortunately, there are
relatively few published data on kidney function in normal populations stratiﬁed by age. The best available creatinine clearance data comes from the Baltimore study in
1976, and is summarized in Table 3 (27). Creatinine clearance is usually 10%–20% higher than the GFR, and several
tables of GFRs stratiﬁed by age have been published. For
example, the Kidney Disease Outcomes Quality Initiative
guidelines (28) reproduce data from the Baltimore study in
1950, which used inulin clearance to measure the GFR (25).
However, these measures were on hospitalized patients
and included 12 or fewer participants in each age group,
and thus are not a good representation of the general population. More recent studies (23,29) reported iothalamate
GFRs in a large number of participants who donated kidneys. These data do not represent true cross-sections of the
population, but may help guide programs using measured
GFRs in potential donors.
Although various reports of normal kidney function
stratiﬁed by age differ somewhat, due to the technique
used and the proportion of patients with medical problems
that are included, the importance of using different cut-offs
depending on the age of the potential donor can be seen
from any of the reports. For example, Table 3 shows that a
creatinine clearance of 80 ml/min per 1.73 m2 would be of
relatively little concern for a 66-year-old donor, because
that value is within 2 SDs of the mean for that age and
there are relatively few years at risk during which that
donor might develop ESRD. In contrast, the same GFR
of 80 ml/min per 1.73 m2 in a 30-year-old donor is much
lower than 2 SDs below the mean for that age, and the
30-year-old donor has substantially more years at risk during which he or she will have declining kidney function
and might develop ESRD. By deﬁnition, excluding donors
with creatinine clearance or a GFR below the mean for age
2 2 SD would exclude the 2.2% of the population with the
lowest kidney function. Of note, males have a higher mean
GFR for age than females, but these sex differences disappear after correction for body surface area (23).
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No prospective study has determined what threshold
should be used for selecting donors for either measured
GFR, creatinine clearance, or creatinine-based equations. A
frequently cited study by Nordén et al. (30) showed that
transplants from living donors with a GFR ,80 ml/min
(not adjusted for body surface area) had graft survival
worse than living transplants with higher GFR and similar
to cadaveric transplants. This highlights the fact that the
evaluation of kidney function is important not only to protect the health of a donor, but also to ensure adequate function for the recipient. Based on the study by Nordén et al.
(30), 80 ml/min is a rough guide as to the minimum donor
GFR required for most recipients. However, there are cases in which accepting a lower GFR might be acceptable
for both donor and recipient. For example, a 70-year-old donor with a creatinine clearance of 78 ml/min per 1.73 m2 has
renal function that is within 2 SDs of the mean for his age,
and would likely provide adequate renal function for a
70-year-old recipient.

Racial Variation
It is well recognized that African Americans have a
higher incidence of ESRD than Caucasians (31,32). Similarly, the incidence of renal failure is higher in African
Americans after donation compared with other races.
Analysis of OPTN data reveals that African Americans
comprised only 14% of living kidney donors but were
43% of former donors who were listed for transplant
(20). Higher incidence of hypertension, diabetes, CKD,
and cardiovascular disease has been noted in AfricanAmerican former donors compared with Caucasians; however, this higher incidence is similar to that of African
Americans in the general population (National Health
and Nutrition Examination Survey data) (33). When AfricanAmerican donors were compared with their race-matched
NHANES controls in terms of post-donation mortality, the
African-American donors had a lower mortality, similar to
lower mortality seen in other donors compared with controls (2). Recent evidence suggests that the higher incidence
of FSGS and hypertension-related ESRD in African Americans is associated with speciﬁc polymorphisms in gene
APOL1 (34). Approximately 10% of African Americans
possess two risk alleles, whereas 49% lack risk alleles. A
recent study suggests that deceased donor kidneys with
two risk alleles are associated with earlier and higher rates

Table 3. Measured creatinine clearance according to age

Age (yr)

Mean Creatinine Clearance
(ml/min per 1.73 m2)

SD

Mean 2 SD

Mean 2 2 SD

17–24
25–34
35–44
45–54
55–64
65–74
75–84

140
140
133
127
120
110
97

12
21
20
17
16
16
16

128
119
113
110
104
94
81

116
98
93
93
88
78
65

Modiﬁed from Rowe et al. (27).
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of graft loss in recipients (35). Although there are currently
no data on the effect of risk allele testing on future outcomes in donors, if the predictive value of APOl1 is conﬁrmed in future studies, then it may allow for exclusion of
African Americans with these two risk alleles and allow
others to be safely accepted.

Hypertension

Table 4. Diagnosis of prediabetes and diabetes

Fasting plasma glucose
(mg/dl)
2-h plasma glucose
with 75-g oral
glucose tolerance test
HbA1C (%)

Prediabetes

Diabetes

100–125

$126

140–199

$200

5.7–6.4

$6.5

Donors should be screened for hypertension with two or
more properly measured, seated BP readings on two or
more visits (36). If BP is high and there is concern for
white-coat hypertension, then ambulatory BP monitoring
should be considered (36). The risks of donation in mild,
well controlled hypertension are not well documented.
This leads to substantial variability in inclusion and exclusion of such donors. Although 47% of US programs will
exclude potential donors taking any antihypertensive
medications, 41% of programs will accept patients with
well controlled hypertension taking a single agent and exclude donors taking more than one medication (14). Good
short-term outcomes have been shown in selected Caucasian donors with mild hypertension (37). In considering a
donor with hypertension, we suggest that evidence for end
organ damage (left ventricular hypertrophy and retinopathy) should be sought and used to exclude the candidate.
We agree with the Amsterdam forum recommendations that
candidates with BP .140/90 are not acceptable as donors
but some with easily controlled BP with certain other deﬁned criteria (e.g., age .50 years, GFR .80 ml/min, urine
albumin ,30 mg/d) may be considered low risk for developing kidney disease and hence acceptable as donors (15).
The safety of donation under such circumstances has predominantly been studied in Caucasians, and other races,
especially African Americans, are at an increased risk for
developing ESRD. Therefore it is reasonable to limit acceptance of hypertensive donors to well selected Caucasians.

for various diseases, those who were obese were dramatically more likely to develop proteinuria or renal dysfunction
(40). BMI .30 also increases minor wound-related surgical
complications from donor nephrectomy, although not major complications (41). A meta-analysis showed that most
studies following obese donors were heterogeneous and
had short follow-up, and that the two studies with somewhat longer follow-up (4 and 6 years) had conﬂicting results on GFR changes compared with nonobese donors
(12). A more recent study showed that obese donors
(BMI .30) are not at higher risk for reduced renal function
compared with nonobese donors at a mean follow-up of
11 years. The authors found a higher incidence of hypertension and cardiovascular risk factors in obese donors,
although this was similar to that found in a matched cohort
from the NHANES (42). BMI .35 is considered a contraindication to donating by most centers (14), but factors
such as muscle mass, body shape, and other risk factors
should be considered in assessing the BMI. Overweight
donors should be advised to lose weight before donating,
and the potential risks of being overweight should be carefully discussed.

Diabetes Mellitus

Proteinuria

Subjects with diabetes or prediabetes or those at high risk
for diabetes if living with single kidney may be at higher
risk for developing diabetic nephropathy and may have
faster progression of nephropathy. All donors should be
evaluated with fasting blood glucose. Even if fasting sugars
are not elevated, candidates with risk factors for diabetes—
such as a ﬁrst-degree relative with diabetes, gestational diabetes, or BMI .30—should undergo a glucose tolerance
test or HgbA1c test (Table 4). Recently revised American
Diabetes Association guidelines describe the use of these
tests to diagnose diabetes and prediabetes (38). Candidates
with prediabetes may not be appropriate for donation, especially in the presence of any other risk factors for diabetic
nephropathy, including obesity, hypertension, or proteinuria. In the absence of any other risk factors, careful
informed consent and adequate understanding by the candidate of potential risks must be conﬁrmed.

Obesity

There is increasing recognition of the fact that obesity is
associated with proteinuria and hypertension, and may lead
to ESRD (39). Praga et al. showed that after uninephrectomy

Reproduced with permission from the American Diabetes
Association (38).

Because proteinuria is potentially a sign of renal disease, a
person with signiﬁcant, persistent proteinuria should not be a
donor. The main exception is orthostatic proteinuria, which
can be diagnosed in those aged ,30 years using a split urine
collection (43). Transient proteinuria due to factors such as
intensive exercise can be shown to be nonpathologic by repeat collections. Most US programs measure proteinuria
using a 24-hour urine collection and use variable exclusion
criteria, ranging from 150 mg to 300 mg daily (14). Many
nephrologists advocate using albuminuria as an adjunct or
better measure of glomerular abnormality, and 30 mg daily
is a standard cut-off for albuminuria (44). Proteinuria .300
mg or albuminuria .30 mg would usually be an exclusion
to donation, especially in the presence of any other risk factor for kidney disease.

Hematuria
Isolated hematuria may be urological (including stones
or tumors) or glomerular. Imaging and cystoscopy address
urological causes. For glomerular hematuria, a renal biopsy
is required to distinguish IgA nephropathy and other
causes of renal disease from normal histology. In a recent
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study from Israel, asymptomatic, isolated, persistent microscopic hematuria in 16–25 year olds was associated
with a low but increased rate of progression to ESRD
(0.7% versus 0.045% in those without hematuria) over 20
years (45). Usually, a benign cause must be conﬁrmed before accepting a donor with hematuria.

Nephrolithiasis
Recurrent nephrolithiasis after donation is a concern
because it could lead to obstruction of the single kidney and
may contribute to future renal dysfunction. However, highresolution imaging performed on donors often identiﬁes
small, asymptomatic stones. A history of recurrent or
multiple stones is usually a contraindication to donation.
However, timed urine collections to look for metabolic
risk factors for recurrent stones can help assess the risk of
recurrent stones in borderline cases, such as those with
#2-mm calciﬁcations on imaging, a remote history of
stones or poor documentation that a prior episode of
pain was due to stones. Contraindications for donation
include struvite stones, cystinuria, and primary hyperoxaluria. Seventy-seven percent of US programs consider
accepting donors with a history of stones (46).

Inherited Renal Diseases
A complete family history of kidney diseases, especially
for the cause of renal failure in a genetically related recipient, is critical to the donor evaluation. For example, a strong
family history of diabetic nephropathy is usually a contraindication to donation, especially in a young potential
donor. In donors with a family history of polycystic kidney
disease, ultrasound or computed tomography is highly
sensitive in ruling out cystic disease, especially in those
aged .30 years (47). In younger donors, polycystic kidney
disease can only be ruled out by genetic testing; however,
it requires identiﬁcation of the speciﬁc mutation in the
recipient.
Selection of donors is a complex process, and with the
limited data available it is impossible to make exclusion
criteria that are applicable to all donors. Hence, it is important to evaluate donors in totality and use the exclusion
criteria in the context of other ﬁndings. Because younger
donors are more likely to have time for any renal risk factors
to lead to ESRD, we recommend being more stringent in
their selection but would be more willing to accept healthy
elderly donors with mild single abnormalities. Overall, the
currently available data are reassuring for the short-term
and long-term health of donors. However, there is a lack of
long-term data for medically complex donors and we believe
it is our responsibility to ensure that this gift is not to their
detriment and that we give them accurate information about
their risks. We support widespread and long-term follow-up
of all living donors.
Acknowledgment
This work was supported by the Julie Henry Fund of the Transplant Institute at the Beth Israel Deaconess Medical Center.
Disclosures
None.

Living Kidney Donor Evaluation, Kher and Mandelbrot

5

References
1. Najarian JS, Chavers BM, McHugh LE, Matas AJ: 20 years or more
of follow-up of living kidney donors. Lancet 340: 807–810, 1992
2. Segev DL, Muzaale AD, Caffo BS, Mehta SH, Singer AL, Taranto
SE, McBride MA, Montgomery RA: Perioperative mortality and
long-term survival following live kidney donation. JAMA 303:
959–966, 2010
3. Johnson EM, Remucal MJ, Gillingham KJ, Dahms RA, Najarian
JS, Matas AJ: Complications and risks of living donor nephrectomy. Transplantation 64: 1124–1128, 1997
4. Mjøen G, Øyen O, Holdaas H, Midtvedt K, Line PD: Morbidity and
mortality in 1022 consecutive living donor nephrectomies: Benefits
of a living donor registry. Transplantation 88: 1273–1279, 2009
5. Patel S, Cassuto J, Orloff M, Tsoulfas G, Zand M, Kashyap R, Jain
A, Bozorgzadeh A, Abt P: Minimizing morbidity of organ donation: Analysis of factors for perioperative complications after
living-donor nephrectomy in the United States. Transplantation
85: 561–565, 2008
6. Narkun-Burgess DM, Nolan CR, Norman JE, Page WF, Miller PL,
Meyer TW: Forty-five year follow-up after uninephrectomy.
Kidney Int 43: 1110–1115, 1993
7. Fehrman-Ekholm I, Elinder CG, Stenbeck M, Tydén G, Groth CG:
Kidney donors live longer. Transplantation 64: 976–978, 1997
8. Ibrahim HN, Foley R, Tan L, Rogers T, Bailey RF, Guo H, Gross
CR, Matas AJ: Long-term consequences of kidney donation.
N Engl J Med 360: 459–469, 2009
9. Davis CL, Cooper M: The state of U.S. living kidney donors. Clin J
Am Soc Nephrol 5: 1873–1880, 2010
10. Reese PP, Feldman HI, McBride MA, Anderson K, Asch DA,
Bloom RD: Substantial variation in the acceptance of medically
complex live kidney donors across US renal transplant centers.
Am J Transplant 8: 2062–2070, 2008
11. Ommen ES, Winston JA, Murphy B: Medical risks in living kidney
donors: Absence of proof is not proof of absence. Clin J Am Soc
Nephrol 1: 885–895, 2006
12. Young A, Storsley L, Garg AX, Treleaven D, Nguan CY, Cuerden
MS, Karpinski M: Health outcomes for living kidney donors with
isolated medical abnormalities: A systematic review. Am J
Transplant 8: 1878–1890, 2008
13. Mandelbrot DA, Pavlakis M, Karp SJ, Johnson SR, Hanto DW,
Rodrigue JR: Practices and barriers in long-term living kidney
donor follow-up: A survey of U.S. transplant centers. Transplantation 88: 855–860, 2009
14. Mandelbrot DA, Pavlakis M, Danovitch GM, Johnson SR, Karp SJ,
Khwaja K, Hanto DW, Rodrigue JR: The medical evaluation of
living kidney donors: A survey of US transplant centers. Am J
Transplant 7: 2333–2343, 2007
15. Delmonico F; Council of the Transplantation Society: A report of
the Amsterdam Forum on the Care of the Live Kidney Donor:
Data and medical guidelines. Transplantation 79[Suppl]: S53–
S66, 2005
16. Dols LF, Kok NF, Roodnat JI, Tran TC, Terkivatan T, Zuidema WC,
Weimar W, Ijzermans JN: Living kidney donors: Impact of age on
long-term safety. Am J Transplant 11: 737–742, 2011
17. Jacobs SC, Ramey JR, Sklar GN, Bartlett ST: Laparoscopic kidney
donation from patients older than 60 years. J Am Coll Surg 198:
892–897, 2004
18. Neipp M, Jackobs S, Jaeger M, Schwarz A, Lueck R, Gwinner W,
Becker T, Klempnauer J: Living kidney donors .60 years of age: Is
it acceptable for the donor and the recipient? Transpl Int 19: 213–
217, 2006
19. Steiner RW: ‘Normal for now’ or ‘at future risk’: A double standard for selecting young and older living kidney donors. Am J
Transplant 10: 737–741, 2010
20. Gibney EM, King AL, Maluf DG, Garg AX, Parikh CR: Living
kidney donors requiring transplantation: Focus on African
Americans. Transplantation 84: 647–649, 2007
21. Kampmann J, Siersbaek-Nielsen K, Kristensen M, Hansen JM:
Rapid evaluation of creatinine clearance. Acta Med Scand 196:
517–520, 1974
22. Folin O: Laws governing the chemical composition of urine. Am J
Physiol 13: 66–115, 1905
23. Rule AD, Gussak HM, Pond GR, Bergstralh EJ, Stegall MD, Cosio
FG, Larson TS: Measured and estimated GFR in healthy potential
kidney donors. Am J Kidney Dis 43: 112–119, 2004

6

Clinical Journal of the American Society of Nephrology

24. Tent H, Rook M, Stevens LA, van Son WJ, van Pelt LJ, Hofker HS,
Ploeg RJ, van der Heide JJ, Navis G: Renal function equations
before and after living kidney donation: A within-individual
comparison of performance at different levels of renal function.
Clin J Am Soc Nephrol 5: 1960–1968, 2010
25. Davies DF, Shock NW: Age changes in glomerular filtration rate,
effective renal plasma flow, and tubular excretory capacity in
adult males. J Clin Invest 29: 496–507, 1950
26. Gonwa TA, Atkins C, Zhang YA, Parker TF, Hunt JM, Lu CY, White
MG: Glomerular filtration rates in persons evaluated as livingrelated donors—are our standards too high? Transplantation 55:
983–985, 1993
27. Rowe JW, Andres R, Tobin JD, Norris AH, Shock NW: The effect of
age on creatinine clearance in men: A cross-sectional and longitudinal study. J Gerontol 31: 155–163, 1976
28. National Kidney Foundation: K/DOQI clinical practice guidelines for chronic kidney disease: Evaluation, classification, and
stratification. Am J Kidney Dis 39[Suppl 1]: S1–S266, 2002
29. Poggio ED, Rule AD, Tanchanco R, Arrigain S, Butler RS, Srinivas
T, Stephany BR, Meyer KH, Nurko S, Fatica RA, Shoskes DA,
Krishnamurthi V, Goldfarb DA, Gill I, Schreiber MJ Jr: Demographic and clinical characteristics associated with glomerular filtration rates in living kidney donors. Kidney Int 75: 1079–
1087, 2009
30. Nordén G, Lennerling A, Nyberg G: Low absolute glomerular
filtration rate in the living kidney donor: A risk factor for graft loss.
Transplantation 70: 1360–1362, 2000
31. US Renal Data System: USRDS 2011 Annual Data Report: Atlas
of Chronic Kidney Disease and End-Stage Renal Disease in the
United States, Bethesda, MD, National Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases,
2011
32. Byrne C, Nedelman J, Luke RG: Race, socioeconomic status, and
the development of end-stage renal disease. Am J Kidney Dis 23:
16–22, 1994
33. Lentine KL, Schnitzler MA, Xiao H, Saab G, Salvalaggio PR,
Axelrod D, Davis CL, Abbott KC, Brennan DC: Racial variation in
medical outcomes among living kidney donors. N Engl J Med
363: 724–732, 2010
34. Genovese G, Friedman DJ, Ross MD, Lecordier L, Uzureau P,
Freedman BI, Bowden DW, Langefeld CD, Oleksyk TK, Uscinski
Knob AL, Bernhardy AJ, Hicks PJ, Nelson GW, Vanhollebeke B,
Winkler CA, Kopp JB, Pays E, Pollak MR: Association of trypanolytic ApoL1 variants with kidney disease in African Americans.
Science 329: 841–845, 2010
35. Reeves-Daniel AM, DePalma JA, Bleyer AJ, Rocco MV, Murea M,
Adams PL, Langefeld CD, Bowden DW, Hicks PJ, Stratta RJ, Lin JJ,
Kiger DF, Gautreaux MD, Divers J, Freedman BI: The APOL1 gene
and allograft survival after kidney transplantation. Am J Transplant 11: 1025–1030, 2011
36. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA,
Izzo JL Jr, Jones DW, Materson BJ, Oparil S, Wright JT Jr, Roccella
EJ; National Heart, Lung, and Blood Institute Joint National

37.

38.
39.
40.

41.

42.

43.

44.

45.

46.

47.

Committee on Prevention, Detection, Evaluation, and Treatment
of High Blood PressureNational High Blood Pressure Education
Program Coordinating Committee: The Seventh Report of the
Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure: The JNC 7 report. JAMA
289: 2560–2572, 2003
Textor SC, Taler SJ, Driscoll N, Larson TS, Gloor J, Griffin M,
Cosio F, Schwab T, Prieto M, Nyberg S, Ishitani M, Stegall M:
Blood pressure and renal function after kidney donation from
hypertensive living donors. Transplantation 78: 276–282, 2004
American Diabetes Association: Standards of medical care in
diabetes—2011. Diabetes Care 34[Suppl 1]: S11–S61, 2011
Hsu CY, McCulloch CE, Iribarren C, Darbinian J, Go AS: Body
mass index and risk for end-stage renal disease. Ann Intern Med
144: 21–28, 2006
Praga M, Hernández E, Herrero JC, Morales E, Revilla Y,
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