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ABSTRACT
Studies of racial disparities in access to living donor kidney transplantation focus mainly on patient factors,
whereas donor factors remain largely unexamined. Here, data from the US Census Bureau were combined
with data on all African-American and white living kidney donors in the United States who were registered
in the United Network for Organ Sharing (UNOS) between 1998 and 2010 (N=57,896) to examine the
associations between living kidney donation (LKD) and donor median household income and race. The
relative incidence of LKD was determined in zip code quintiles ranked by median household income after
adjustment for age, sex, ESRD rate, and geography. The incidence of LKD was greater in higher-income
quintiles in both African-American and white populations. Notably, the total incidence of LKD was higher in
the African-American population than in the white population (incidence rate ratio [IRR], 1.20; 95% conﬁdence interval [95% CI], 1.17 to 1.24]), but ratios varied by income. The incidence of LKD was lower in the
African-American population than in the white population in the lowest income quintile (IRR, 0.84; 95% CI,
0.78 to 0.90), but higher in the African-American population in the three highest income quintiles, with IRRs
of 1.31 (95% CI, 1.22 to 1.41) in Q3, 1.50 (95% CI, 1.39 to 1.62) in Q4, and 1.87 (95% CI, 1.73 to 2.02) in Q5.
Thus, these data suggest that racial disparities in access to living donor transplantation are likely due to
socioeconomic factors rather than cultural differences in the acceptance of LKD.
J Am Soc Nephrol 24: 1872–1879, 2013. doi: 10.1681/ASN.2013010049

For patients with ESRD, living donor kidney transplantation is the preferred therapy because it allows
for timely transplantation and is associated with
superior outcomes compared with deceased donor
transplantation or dialysis.1,2 Living kidney donors
facilitate .5000 kidney transplants in the United
States per annum.1 By obviating the need for dialysis, each living donor provides an estimated health
care savings of $100,000.3 Living kidney donation
(LKD) expanded dramatically in the 1990s and
early 2000s; however, living donation rates have
plateaued and recently retracted in the last 8 years.1
Living donor transplantation is less frequent among
African Americans and it is assumed that this is due
in part to lower rates of kidney donation among African Americans.4,5 However, this association may be
confounded by lower socioeconomic status and a
higher prevalence of ESRD in the African-American
population compared with the white population. To
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inform new strategies to expand LKD, we examined
the association of median household income (as an
indicator of socioeconomic status) with LKD in the
African-American and white US populations.
RESULTS
Population Characteristics

Figure 1 outlines the selection of the study cohort
and Table 1 summarizes the characteristics of the
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African-American and white donors. Importantly, the vast majority of donors donated to recipients of the same race and
income category (Table 2). This remained
true even after exclusion of donor and recipient pairs residing in the same zip code
(data not shown).
Association of Median Household
Income with Living Donor Rate per
Million Population

Figure 1. Outline of cohort selection. All N577,741 living kidney donors reported to
OPTN/UNOS between 1998 and 2010 were identiﬁed. After excluding 8403 donors
with no recorded residential zip code in either OPTN/UNOS data or the US Census
and 11,442 donors with missing or non-white and non-African-American race, 57,896
living kidney donors were identiﬁed for study inclusion.

African-American and white populations in the United States
by zip code quintile of median household income. The majority of the African-American population is distributed in the
lowest three zip code quintiles, whereas the white population
is more evenly distributed across all quintiles. The rate of ESRD
was highest in the lower-income quintiles in both the AfricanAmerican and white populations. However, in all zip code
quintiles, ESRD rates were higher in the African-American population compared with the white population.
Donor Characteristics

Table 2 summarizes the characteristics of African-American
and white donors. Compared with white donors, AfricanAmerican donors were younger and were mostly related to
their recipients and this was consistent within each median
household income category. Higher-income donors were
older, were more likely to donate to spouses, and were more
likely to live in metropolitan regions compared with lowerincome donors, and these associations were consistent in both
J Am Soc Nephrol 24: 1872–1879, 2013

Figure 2 displays age and sex standardized
living donor rates per million population
(pmp) within each zip code quintile of median household income and shows lower
living donor rates in lower-income zip codes in both African-American and white
populations. However, this association
was more evident in the African-American
population; the absolute difference in the
living donor rate between the lowest and
highest income quintiles was 25 pmp compared with 8 pmp in the white population.
Overall, living donor rates were higher in
the African-American population; however, this difference was most evident in
the high-income zip codes. In a sensitivity
analysis using 2010 US Census data, these
associations between median household
income with age and sex standardized living donor rates persisted in both AfricanAmerican and white populations (data not
shown).
Adjusted Relative Incidence of LKD
by Median Household Income

Table 3 shows the fully adjusted incidence rate ratio (IRR) for
LKD in each zip code quintile of median household income
(Q2, Q3, Q4, and Q5) compared with the lowest income quintile (Q1) in the African-American and white populations. The
relative incidence of living donation was signiﬁcantly greater
in higher-income zip codes in both race groups. These incomerelated differences were larger in the African-American population (for Q5 versus Q1: IRR, 1.79; 95% conﬁdence interval
[CI], 1.63 to 1.95) than the white population (for Q5 versus Q1:
IRR, 1.19; 95% CI, 1.13 to 1.24). These ﬁndings were consistent
for both biologically related and unrelated (including spousal)
living donors (data not shown).
Adjusted Relative Incidence of LKD by Race

Table 4 shows the adjusted IRR of LKD in the African-American
population compared with the white population overall and
in each zip code quintile of median household income. Overall, the adjusted incidence of living donation was higher in
the African-American population (IRR, 1.20; 95% CI, 1.17 to
Race- and Income-Related Differences in Living Kidney Donation
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Table 1. Characteristics of the African-American and white populations in the United States by zip code quintile of median
household income
Median Household Income Quintiles
Characteristic
African-American population
Population (n)
Age (yr)
Age categories (yr)
18–39
40–59
$60
Female sex
Age and sex standardized
ESRD rate (pmp)
Residence
Metropolitan
Micropolitan
Rural residence
White population
Population (n)
Age (yr)
Age categories (yr)
18–39
40–59
$60
Female sex
Age and sex standardized
ESRD rate (pmp)
Residence
Metropolitan
Micropolitan
Rural

P Value

Q1
(,$30,962)

Q2
($30,962–$37,314)

Q3
($37,315–$44,723)

Q4
($44,724–$56,580)

Q5
(>$56,580)

14 million
34614

8 million
33611

6 million
32611

4 million
31610

3 million
31610

47
34
19
52
762

51
33
16
51
653

52
33
15
52
594

52
34
14
52
540

48
40
12
51
502

0.42
,0.001

84
7
9

86
8
6

94
5
1

98
1
1

99
1
0

,0.001
,0.001
,0.001

28 million
4964

39 million
4864

41 million
4863

44 million
4763

46 million
4664

,0.001
,0.001
,0.001

40
32
28
52
358

38
34
28
52
319

39
35
26
52
294

39
37
24
52
262

37
42
21
52
215

0.41
,0.001

49
20
31

54
23
23

73
16
11

91
5
4

99
1
0

,0.001
,0.001
,0.001

,0.001
,0.001

Data are presented as mean 6 SD or percentages, unless otherwise stated. Where not stated, missing values comprised ,5% of all values.

1.24). However, this effect varied by zip code quintile, with
IRRs of 0.84 for Q1 (95% CI, 0.78 to 0.90), 1.01 for Q2
(95% CI, 0.94 to 1.09), 1.31 for Q3 (95% CI, 1.22 to 1.41),
1.50 for Q4 (95% CI, 1.39 to 1.62), and 1.87 for Q5 (95% CI,
1.73 to 2.02).

DISCUSSION

There are currently .100,000 patients waiting for a kidney
transplant in the United States.1 Despite concerted efforts,
there has been only a modest increase in deceased donation
in the United States over the last decade1 and this has not kept
pace with the increasing demand for kidney transplantation.
Identifying and addressing barriers to LKD is essential to
reduce the gap between the supply of transplantable organs
and demand for kidney transplantation.
In this analysis, we demonstrate a strong association between
median household income and LKD in African-American and
white populations after adjustment for age-, sex-, and racerelated differences in ESRD, as well as geographical factors that
1874
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may affect the likelihood of living donation. We also directly
examined differences in living donation between the AfricanAmerican and white populations and found higher age- and
sex-adjusted rates of living donation in the African-American
population (Figure 2). The higher likelihood of donation in
African Americans persisted after adjustment for race-related
differences in the incidence of ESRD but varied by income
status (Table 4). The incidence of living donation was lower
in the African-American population compared with the white
population in zip codes with the lowest median household income (where the greatest numbers of African-American ESRD
patients and their prospective donors reside). Meanwhile living
donation was markedly higher among African Americans in
higher-income zip codes (Table 4).
Our ﬁndings demonstrate the complex relationship between race, income, and LKD. The results also dispel the notion
of a systematic cultural difference in the acceptance of LKD
among African Americans, and point to the higher concentration of African-American ESRD patients and their prospective donors in lower-income populations as the major
barrier to living donation in this group. These ﬁndings should
J Am Soc Nephrol 24: 1872–1879, 2013
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Table 2. Characteristics of African-American and white living kidney donors in the United States by zip code quintile of
median household income
Median Household Income Quintiles
Characteristic
African-American donors
Donors (n)
Age (yr)
Age categories (yr)
18–39
40–59
$60
Female sex
Donor type
Related
Spousal
Other unrelated
Recipient race
White
Black
Other
Recipient income
Q1 (,$30,962)
Q2 ($30,962–$37,314)
Q3 ($37,315–$44,723)
Q4 ($44,724–$56,580)
Q5 (.$56,580)
White donors
Donors (n)
Age (yr)
Age categories (yr)
18–39
40–59
$60
Female sex
Donor type
Related
Spousal
Other unrelated
Recipient race
White
Black
Other
Recipient income
Q1 (,$30,962)
Q2 ($30,962–$37,314)
Q3 ($37,315–$44,723)
Q4 ($44,724–$56,580)
Q5 (.$56,580)

Q1
(,$30,962)

Q2
($30,962–$37,314)

Q3
($37,315–$44,723)

Q4
($44,724–$56,580)

Q5
(>$56,580)

2590
36610

1790
36611

1743
36611

1741
37610

1466
37611

65
34
1
55

67
32
1
55

66
33
1
57

62
37
1
60

57
41
2
56

82
7
11

81
8
11

78
10
12

77
11
12

75
11
14

2
97
1

2
96
2

3
95
2

3
95
2

4
94
2

65
12
10
8
5

18
55
11
9
7

14
13
53
12
8

14
10
13
52
11

11
9
12
13
55

5413
40611

8418
41611

9880
41611

11,713
42611

13,142
43611

48
48
4
58

46
50
4
60

45
51
4
60

43
53
4
59

37
58
5
59

66
12
22

63
12
25

64
11
25

62
13
25

62
15
23

94
1
5

95
2
3

96
2
2

95
2
3

94
3
3

58
13
10
10
9

9
56
13
13
9

6
13
53
15
13

5
9
13
55
18

3
7
10
16
64

P Value

,0.001
,0.001

0.01
,0.001

,0.001

,0.001

,0.001
,0.001

0.01
,0.001

,0.001

,0.001

Data are presented as mean 6 SD or percentages, unless otherwise stated. Where not stated, missing values comprised ,5% of all values.

inform new strategies to increase living donation among both
the African-American and white populations.
There are a number of potential factors that may contribute
to a lower likelihood of living donation among lower-income
populations. Individuals lose the equivalent of 1 month’s salary
to donate a kidney, including time away from work to
J Am Soc Nephrol 24: 1872–1879, 2013

complete the pretransplant evaluation, hospitalization, and
postsurgical convalescence.6 In addition to lost income, there
are signiﬁcant out-of-pocket expenses, including travel, lodging, and childcare, that are borne by kidney donors.7 Therefore, low-income potential donors may simply not be able to
afford the costs of kidney donation.
Race- and Income-Related Differences in Living Kidney Donation
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identiﬁed during the work-up of a potential living donor is typically not covered by
the recipient’s insurance. Similarly, postdonation medical claims deemed unrelated to
the donor surgery may not be covered by
the recipient’s insurance. Therefore, due to
concerns that uninsured donors may not
be able to access future medical care, 16
some US transplant programs may refuse
to accept uninsured potential donors.5 It is
unknown what proportion of potential living donors from low-income populations
fail to donate because of lack of health
insurance. Unfortunately, information regarding donor health insurance is incompletely recorded in Organ Procurement
and Transplantation Network/United Network of Organ Sharing (OPTN/UNOS)
data and we did not adjust for this in our
analysis.15 Finally, the willingness of both
Figure 2. Age and sex standardized living donor rates per million population by ESRD patients and their prospective doquintile of median household income in African-American and white populations.
nors to participate in living donor transplantation may be lower in low-income
populations. Mistrust of the health care
Table 3. Adjusted relative incidence of LKD by zip code quintile of median
system and a lack of knowledge about the
household income in African-American and white populationsa
safety of living donation have been associIncome Quintile
African-American Population
White Population
ated with a reduced willingness to consider
LKD17,18 and may be more prevalent in
Q1 (,$30,962)
1.00
1.00
Q2 ($30,962–$37,314)
1.09 (1.02 to 1.17)
1.05 (1.01 to 1.07)
low-income populations.
Q3 ($37,315–$44,723)
1.26 (1.17 to 1.35)
1.11 (1.07 to 1.15)
Although most of the information reQ4 ($44,724–$56,580)
1.53 (1.41 to 1.65)
1.15 (1.11 to 1.20)
garding disparities in access to kidney
Q5 (.$56,580)
1.79 (1.63 to 1.95)
1.19 (1.13 to 1.24)
transplantation in African Americans has
Data are presented as the IRR (95% CI). Multilevel Poisson regression model adjusted for donor age and
focused on deceased donation,19–23 recent
sex, population age and sex, ESRD rate standardized for age and sex, and geography (RUCA and state
studies have shown that African Americans
of residence).
a
have a 46% lower odds of living donor
P,0.001 for interaction of race and income in the combined model.
transplantation.24 Patient-, system-, and
donor-related factors may all contribute
to the lower likelihood of living donor transplantation in
Household income is an important socioeconomic deAfrican-American ESRD patients, but available studies have
terminant of health, with several studies outlining inferior
primarily focused on patient-level factors, many of which overhealth outcomes in lower-income groups, including a higher
lap with determinants of living donor transplantation in lowrisk of diabetes, coronary artery disease, obesity, psychiatric
income populations.25–29 More recently, attention has shifted
illness, and, importantly, ESRD.8–14 Furthermore, high-risk
behaviors, such as tobacco and substance abuse, are more
to transplant center–level practices that affect LKD.22 However,
common in lower-income populations and social support netthere has been less emphasis on donor-related factors in the
works may be poorer in these groups.12,14 As a result, propublished literature, and most of the available studies actually
spective donors from low-income populations may frequently address recipient-related factors contributing to decreased
identiﬁcation of potential living donors in ethnic minority
be found medically unsuitable to donate a kidney. Although
groups.30–32 Consistent with previous reports,5,6 we found
we were unable to adjust for individual comorbidities in this
population-level analysis, we did adjust for population-level that most living donations involve donors and recipients of
ESRD rates to account for the higher prevalence of ESRD in
the same race and income. Therefore, our results likely
lower-income and African-American populations. Although
reﬂect a markedly reduced ability of lower-income Africandonor medical costs are covered by the transplant recipient’s
American ESRD patients to successfully pursue living donor
insurance, health insurance coverage is limited to medical
transplantation within their social networks. However, it is unclaims that are directly related to donation.6,15 Therefore,
clear whether this is driven by recipient factors (such as a reduced willingness to seek out potential donors), donor factors,
the cost of investigating and managing a medical problem
1876
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Table 4. Adjusted relative incidence of LKD in AfricanAmerican populations compared with white populations,
stratiﬁed by zip code quintile of median household incomea
Income Quintile

IRR for Living Donation in
African Americans versus Whites

Total population
Q1 (,$30,962)
Q2 ($30,962–$37,314)
Q3 ($37,315–$44,723)
Q4 ($44,724–$56,580)
Q5 (.$56,580)

1.20 (1.17 to 1.24)
0.84 (0.78 to 0.90)
1.01 (0.94 to 1.09)
1.31 (1.22 to 1.41)
1.50 (1.39 to 1.62)
1.87 (1.73 to 2.02)

Data are presented as the IRR (95% CI). Multilevel Poisson regression model
adjusted for donor age and sex, population age and sex, ESRD rate standardized for age and sex, and geography (RUCA and state of residence).
a
P,0.001 for interaction of race and income in the combined model.

or both. Efforts to decrease disparities in living donor transplantation among African Americans therefore must consider
both patient- and donor-related factors.
Readers of this study should consider the strengths and
limitations of this analysis. The study included all reported
living kidney donors in the United States and included
adjustment for most known confounders, including racespeciﬁc ESRD rates. All analyses were conducted at the population level and may not be applicable to individual donors.
Non-African-American and non-white donors were excluded
from this analysis; therefore, the results may not be directly
applicable to those populations. The use of zip codes to determine
median household income is frequent in the medical literature
and assumes the same income for individuals living in a given zip
code. This assumption may be incorrect, especially in metropolitan areas. Furthermore, median household income is only
one of many indicators of socioeconomic status and may not
directly relate to the ﬁnancial status of an individual. The data on
living donors spanned from 1998 to 2010, but we utilized 2000
Census data to assign median household income and determine
population ﬁgures, not accounting for changes in the population
over time. To examine the effect that this may have, a sensitivity
analysis was conducted for the primary association of median
household income and living donation rates using data from the
2010 Census, which revealed results consistent with our ﬁndings
using the 2000 Census. Over 8000 donors were excluded from the
analysis due to missing zip code data. Missing donors included a
smaller proportion of white donors compared with the donors
included in the analysis and we were unable to reliably capture
other surrogates for income in these donors. Therefore, it is
possible that these missing donors may have been skewed in
terms of median household income. Within each race category,
however, basic demographic characteristics of these donors were
similar to the donors included in the analysis.
In conclusion, we found that median household income
strongly associates with LKD in the United States, particularly
in the African-American population. Furthermore, our ﬁndings dispel the notion of cultural resistance to living donation
among African Americans, and instead suggest that socioeconomic factors underlie disparities in access to living donor
J Am Soc Nephrol 24: 1872–1879, 2013
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transplantation among African-American patients with renal
failure. Strategies to overcome socioeconomic barriers to LKD
in lower-income populations may reduce racial disparities in
access to living donor kidney transplantation.

CONCISE METHODS
This study was performed with the approval of our local hospital
research ethics board.

Data Source and Study Population
Figure 1 outlines the selection of the cohort. All living kidney donors
in the United States reported to the OPTN/UNOS between 1998 and
2010 were identiﬁed (N=77,741). Race is self-reported in OPTN/
UNOS data and race categories are identical to those recorded in
the 2000 US Census. However, the US Census includes the Hispanic
population within the white and African-American race categories,
whereas OPTN/UNOS categorizes Hispanic ethnicity as separate
from African-American or white race. For the purposes of this study,
we restricted the analysis to non-Hispanic African-American donors
and non-Hispanic white donors. After excluding 8403 donors with
no recorded residential zip code and 11,442 donors with non-white
and non-African-American race, 57,896 living kidney donors were
identiﬁed for study inclusion. Non-African-American and non-white
donors were excluded because many ethnic groups were represented,
making it difﬁcult to make inferences about any single ethnic group.

Population and Donor Characteristics
All 33,178 zip codes in the US Census were ranked by median
household income and categorized into quintiles. For example, the
lowest quintile (Q1) included all zip codes with median household
incomes in the bottom 20% of all zip codes in the country (,$30,962).
The characteristics of the US population and living kidney donors
were compared across zip code quintiles in both African-American and
white populations. Continuous variables were reported as the mean 6
SD or median (25th percentile, 75th percentile), whereas categorical
variables were described using proportions. Group differences were determined using t tests, ANOVA, or the chi-squared test as appropriate.

Calculation of Living Donor Rate per Million Population
Using the total number of living donors in each zip code, we
determined the living donor rate per million population within each
zip code quintile after adjustment for age (categorized as 18–39,
40–59, and $60 years) and sex using the direct method1 (see the
Supplemental Appendix for details). Separate living donor rates
were determined for African-American and white populations within
each zip code quintile.

Calculation of Adjusted IRRs for LKD by Median
Household Income
Multilevel Poisson regression models were used to determine the ageand sex-adjusted relative incidence of living donation in each zip code
quintile (Q2, Q3, Q4, and Q5) compared with the lowest quintile Q1
(IRR). To account for the possibility that income- and race-related
Race- and Income-Related Differences in Living Kidney Donation
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differences in ESRD may affect living donation, IRRs were adjusted by
the race-speciﬁc ESRD rate standardized for age and sex (see the
Supplemental Appendix for detailed methods on calculation of standardized ESRD rates). Finally, to account for known and unknown
geographical factors that may affect the likelihood of living donation,
our analyses were clustered by state of residence and were adjusted by
the rural-urban commuting area (RUCA) code.33,34 RUCA codes are
assigned to each US zip code based on markers of population density
and were classiﬁed into the following groups: metropolitan (cities
with a population of .50,000 and their associated suburban areas;
RUCA, 1.0–3.9); micropolitan (towns or cities with a population of
10,000–50,000; RUCA, 4.0–6.0); and rural (towns with a population
of ,10,000; RUCA, .6.0). Separate analyses were performed in
African-American and white populations. In addition, the interaction
between race and median household income with the outcome of
living donation was tested in a combined model.

Calculation of Adjusted IRR for LKD in AfricanAmerican versus White Populations
Additional multilevel Poisson regression models were used to
compare the incidence of living donation (IRR) in African-American
versus white populations in each zip code quintile of median household income. These analyses were fully adjusted as described above.
All analyses were performed using StataMP 11 software (StataCorp,
College Station, TX).
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