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Abstract

The number of live kidney donors has declined since 2005. This decline parallels the evolving
knowledge of risk for biologically related, black, and younger donors. To responsibly promote
donation, we sought to identify declining low-risk donor subgroups that might serve as targets for
future interventions. We analyzed a national registry of 77,427 donors and quantified the change in
number of donors per 5-year increment from 2005-2017 using Poisson regression stratified by
donor/recipient relationship and race/ethnicity. Among related donors aged <35, 35-49, and =50
years, white donors declined by 21%, 29%, and 3%; black donors declined by 30%, 31%, and
12%; Hispanic donors <35 and 35-49 declined by 18% and 15%; those =50 increased by 10%.
Conversely, among unrelated donors <35, 35-49, and =50, white donors increased by 12%, 4%,
24%; black donors <35 and 35-49 did not change but those =50 increased by 34%; Hispanic

Correspondence.: Abimereki D. Muzaale, amuzaall@jhmi.edu.

AUTHOR CONTRIBUTIONS

Dr. Al Ammary had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the
data analysis.

Study concept and design: Al Ammary, Bowring, Massie, Muzaale. Acquisition of data: Al Ammary, Massie, Segev. Analysis and
interpretation of data: Al Ammary, Bowring, Massie, Yu, Thomas, Segev, Muzaale. Drafting of the manuscript: Al Ammary, Bowring,
Massie, Yu, Segev, Muzaale. Critical revision of the manuscript for important intellectual content: Al Ammary, Bowring, Massie, Yu,
Waldram, Garonzik-Wang, Holscher, Qadi, Henderson, Thomas, Gralla, Wiseman, Brennan, Segev, Muzaale. Statistical analysis: Al
Ammary, Bowring, Yu, Muzaale, Massie, Segev. Obtained funding: Segev. Administrative, technical, and material support: Massie.
Study supervision: Segev.

DISCLOSURE

The other authors have no conflicts of interest to disclose.

DATA AVAILABILITY STATEMENT

The data reported here have been supplied by the Minneapolis Medical Research Foundation (MMRF) as the contractor for the
Scientific Registry of Transplant Recipients (SRTR).

SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ammary et al. Page 2

donors increased by 16%, 21%, and 46%. Unlike unrelated donors, related donors were less likely
to donate in recent years across race/ethnicity. While this decline might be understandable for
related younger donors, it is less understandable for lower-risk related older donors (=50 years).
Biologically related older individuals are potential targets for interventions to promote donation.

INTRODUCTION

The annual number of live kidney donors in the United States declined from a peak of 6648
donors in 2004 to 5612 in 2012, a 16% drop that has not recovered since despite a two-fold
increase in the size of the kidney transplant waiting list over the same period.! This decline
was especially marked among donors who were biologically related to the recipient, those
who were black, and the young.12 These observed trends might be explained by the
evolving knowledge about the familial risk of end-stage renal disease (ESRD), race-specific
high-risk genotypes, and the lifetime risk of ESRD for younger donors.3-19 As such, the
decline in high-risk subgroups of donors might be justifiable.

What remains unknown is whether there has been a decline in low-risk subgroups of donors,
which would be less justified. Unrelated donors may be viewed as lower risk than
biologically related donors, and the practice of accepting unrelated donors is now medically
and ethically justifiable.20 Subgroups of black donors may not have high-risk genes for
kidney disease; for example, some black donors with a family history of ESRD might not
have two high-risk APOL1 alleles since 87% of black individuals in the general US
population do not carry this high-risk genotype.2! And healthy older black donors who have
been screened for kidney disease might be considered low-risk as they have passed the peak
age-at-risk for familial and genetic kidney disease. Given uncertainty about the lifetime risk
of ESRD in younger donors, and the aging US population of which 32.1% is over 50 years
old,22 the transplant community has increasingly accepted older donors for live kidney
donation. Older donors are a potentially lower-risk group despite comorbidities such as
hypertension and obesity.23-27 Indeed, the Kidney Disease: Improving Global Outcomes
(KDIGO) Clinical Practice Guideline on the Evaluation and Care of Living Kidney Donors
endorsed increased permissiveness for older donors and less permissiveness for younger
donors.28

We hypothesized that we might identify low-risk subgroups of donors with significant
declines in donation to serve as potential targets for future interventions. We used a stratified
regression framework to identify the characteristics of donors — jointly defined by donor/
recipient relationship, race/ethnicity, and donor age — that are associated with the decline in
live kidney donation from 2005 to 2017.

METHODS

Data Source and Study Population

This study used data from the Scientific Registry of Transplant Recipients (SRTR) external
release made available in June 2018. The SRTR data system includes data on all donors,
waitlist candidates, and transplant recipients in the United States, submitted by members of

Am J Transplant. Author manuscript; available in PMC 2020 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ammary et al.

Outcomes

Page 3

Organ Procurement and Transplantation Network (OPTN), and has been previously
described.29:30 The Health Resources and Services Administration under the US Department
of Health and Human Services provides federal government oversight to the activities of the
OPTN and SRTR contractors. To characterize neighborhood socioeconomic status (SES) of
donors, we linked donor residential ZIP codes to the Agency for Healthcare Research and
Quality (AHRQ) SES index (range: 0-100), based on the 2010 US Census.431

The study population included 77,427 live kidney donors between January 1, 2005, and
December 31, 2017.

The outcome of interest was the change in live kidney donation over time. A priori, we
stratified the analyses by donor/recipient relationship (biologically related and unrelated)
and donor race (white/others, black, and Hispanic) because of the evolving knowledge of
risks for specific donor subgroups, including those associated with family history of ESRD
and APOL1 high-risk genotypes.11:15.16 By extension, the results were stratified by donor/
recipient relationship and race. Age was categorized as <35, 35-49, and =50 years to reflect
younger, typical, and older donors.

Change in Number of Donors from 2005 to 2017

We used Poisson regression to estimate the change in number of donors per 5-year
increment (incidence rate ratio, IRR). The IRR indicates the proportional decline or increase
in the number of donors per 5 years. A decline in donor number was initially observed in
2005. Thus data from January 1, 2005 to December 31, 2017 were used for this study
analysis. In one sensitivity analysis, we restricted the study population to those who donated
to a first-time kidney transplant recipient. A concern was that second-time transplant
candidates may have “used up” the only donor available to them, explaining the observed
decline in biologically related donors. In a second sensitivity analysis, we excluded pediatric
(<18-year-old) recipients. The concern here was that pediatric transplant candidates have
received priority for high-quality deceased donor kidneys since 2005,32 potentially
explaining the decline in biologically related donors.

We also explored multivariable logistic regression as an alternative framework to compare
the odds of live kidney donation in 2012—-2017 vs. 2005-2011. While less intuitive than
Poisson regression (odds of donation vs. change in number of donors), logistic regression
allowed us to adjust for donor demographic and health characteristics including age, sex,
renal reserve (estimated glomerular filtration, eGFR), hypertension, obesity (BMI=30),
smoking history, education level, and neighborhood SES index. Poisson regression on the
number of donors per year was based on aggregated data and, as such, did not permit
adjustment for individual-level demographic and health characteristics. It did, however,
estimate the change in number of live donors over time within each stratum of donor type
(relationship with recipient, race, and age).
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Statistical analysis

All analyses were performed using Stata 14.0/MP for Windows (College Station, Texas).
The median and interquartile range (IQR) were used to describe continuous variables.
Confidence intervals are reported as per the method of Louis and Zeger.33 We used a 2-sided
a of 0.05 to indicate a statistically significant difference.

RESULTS

Study Population

A total of 77,427 live kidney donors were identified within the SRTR between January 1,
2005, and December 31, 2017. In this population, 54% (N=41,494) of donors were
biologically related to the recipient (39% were full sibling, 29% were offspring, 16.5% were
parents, and 15.5% were non first-degree relative donors) (Supplementary Appendix, Figure
S1). Among the remaining 46% (N= 35,933) unrelated donors, 80% were directed donors,
15% were paired donation donors, and 5% were non-directed donors (referred to as
anonymous, or altruistic). Compared with unrelated donors, biologically related donors were
more likely to be male. Among biologically related donors, 69% were white, 14% were
black, and 17% were Hispanic/Latino. Among unrelated donors, 82% were white, 8% were
black, and 10% were Hispanic. Overall, black and Hispanic donors were more likely to be
younger, have less education, and live in a neighborhood with lower SES index (<50) than
white donors (Table 1).

Observed Number of Live Kidney Donors Over the Entire Study Period

Among biologically related donors from 2005 to 2017, the total number of white donors
declined from 891 to 536 for ages under 35 (40% decline), from 1396 to 677 for ages 35-50
(52% decline), and from 598 to 566 for ages over 50 (5% decline). The total number of
black donors declined from 321 to 139 for ages under 35 (57% decline), from 276 to 107 for
ages 35-49 (61% decline), and from 70 to 49 for ages over 50 (30% decline). The total
number of Hispanic donors declined from 321 to 193 for ages under 35 (40% decline), from
273 to 184 for ages 35-49 (33% decline), but increased from 60 to 90 for ages over 50 (50%
increase) (Figure 1 and Supplementary Appendix, Figure S2).

Among unrelated donors from 2005 to 2017, the total number of white donors increased
from 391 to 544 for ages under 35 (39% increase), from 959 to 1052 for ages 3549 (10%
increase), from 611 to 1129 for ages over 50 (85% increase). The total number of black
donors declined from 83 to 55 for ages under 35 (34% decline) and increased from 105 to
108 for ages 35-49 (3% increase), and from 25 to 55 for ages over 50 (120% increase). The
total number of Hispanic increased from 72 to 100 for ages under 35 (39% increase), from
96 to 153 for ages 35-49 (59% increase), and from 25 to 83 for Hispanic (232% increase)
(Figure 1). These observed trends were consistent across the organ procurement organization
(OPO) geographic regions (Figure 2A-B).

Incident Rate Ratio of Live Kidney Donation From 2005 to 2017

The annual number of biologically related donors declined across all race/ethnicity
subgroups. For every 5-year increment, the number of biologically related white donors
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declined by 21% for ages under 35 (IRR 770.799.81), 29% for ages 35-49 (IRR

0.700.710 73), and 3% for ages over 50 (IRR (.940.971 og). The number of biologically related
black donors declined by 30% for ages under 35 (IRR ¢ 70.70q.74), 31% for ages 35-49
(IRR .650.69¢ 73), and 12% for ages over 50 (IRR ¢ .gg0.887.9¢). The humber of biologically
related Hispanic donors declined by 18% for ages under 35 (IRR ¢.750.82¢ gg), 15% for ages
35-49 (IRR ¢ 810.85¢ gg), but increased by 10% for ages over 50 (IRR 1 ¢11.101 2g) (Figure
3A).

Conversely, the annual number of unrelated donors increased across all race/ethnicity
subgroups. For every 5-year increment, the number of unrelated white donors increased by
12% for ages under 35 (IRR 1g1.121 1¢), 4% for ages 35-49 (IRR 1 21.041 ¢7), and 24%
for ages over 50 (IRR 1.211.244 »g). The number of unrelated black donors did not increase
significantly for ages under 35 (IRR (g50.921 o1) and ages 35-49 (IRR  971.041 11), and
increased by 34% for ages over 50 (IRR 1.291.341 50). The number of unrelated Hispanic
donors increased by 16% for ages under 35 (IRR 1 9g1.161 25), 21% for ages 35-49 (IRR
1.141.211 30), and 46% for ages over 50 (IRR 1 321.461 g2) (Figure 3B). Our inferences
remained unchanged when we restricted the analysis to those who donated to first-time
kidney transplant recipients. The inferences also remained unchanged when we excluded
those who donated to pediatric recipients. Similarly, when we used the multivariable logistic
regression framework to compare the odds of donation in 2012-2017 vs. 2005-2011, the
inferences were consistent with those from Poisson regression.

DISCUSSION

In this national study of live kidney donors from 2005 to 2017, we observed an overall
decline in the number of biologically related donors across race/ethnicity. Conversely, we
observed an overall increase in the number of unrelated donors across race/ethnicity during
that same period. The exceptions to these patterns were an increase in biologically related
Hispanic donors over 50 years old and no significant change for unrelated black donors
under 50 years old. The net effect of these trends in the landscape of live kidney donation
was a decline in the number of live donors in the US since the majority of donors were
historically biologically related. These trends have paralleled the evolving knowledge of risk
for biologically related, black, and younger donors;11:12:34 however, this evolving
knowledge may not explain the decline that was observed as early as 2005.

Unlike previous studies that have shown significant declines separately among biologically
related donors, black donors, and younger donors,12 herein we have demonstrated the
interaction among these factors. Our study reaffirms the decline among biologically related
donors, but it also reveals growth in donation by unrelated donors of all races. Our study not
only reaffirms the reported decline in black donors, but it also reveals significant declines in
donation among white and Hispanic donors who are biologically related to the recipient.
Furthermore, our study reaffirms the reported decline in younger donors, but also
demonstrates a significant decline in older biologically related donors. In other words, the
trends we observed were similar across race/ethnicity but differed by donor/recipient
relationship.

Am J Transplant. Author manuscript; available in PMC 2020 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ammary et al.

Page 6

Our study highlights the fact that declines in donation are mostly restricted to high-risk
donor subgroups such as biologically related, black, and younger donors.4:10.11,16,17,34
Biologically related donors have familial risk of ESRD that might be two to several orders of
magnitude higher than unrelated donors.15:16 Relatives of black individuals with non-
diabetes ESRD are enriched for APOL1 high-risk variants,® and black donors with the sickle
cell trait may be at increased risk of ESRD independent of APOL1 risk variants,13:18
Younger donors have a higher residual lifetime risk of ESRD when compared with older
donors.3* Moreover, younger donors might develop diseases that could cause ESRD in later
life, which might not be present during screening evaluation.243% Whether or not the decline
in biologically related donors reflects evolving knowledge of long-term risks faced by
younger donors, the decline in high-risk subgroups of donors might be justifiable. By
extension, the decline in low-risk older donors, who are thought to be beyond the riskiest
years in which familial ESRD manifests, is worrisome.23-27 Since the transplant community
is looking for opportunities to expand the live kidney donor poor safely,36 older donor

candidates might safely be encouraged to donate regardless of their family history of ESRD.
23-27

Key strengths of our study include the use of a national registry to capture the entire
population of donors and isolate the interdependence among age, race, and biological
relationship in the decline in living kidney donation. That said, our study does have several
limitations. First, the data available to us cannot explain why the decline in live kidney
donation started in 2005 and not in any period earlier or later. Second, we were unable to
stratify by health insurance, individual-level socioeconomic status, or genetic risks such as
APOL1 high-risk genotypes, which were not reported to the registry but might be associated
with decreases in living kidney donation. However, in the secondary analysis where we used
an alternative framework accounting for donor demographic and health characteristics
including socioeconomic status, we reached similar inferences.3”-40 Third, the SRTR
database does not have data on donor candidates that were considered ineligible based on
risk factors such as obesity, so we cannot investigate this issue. However, we have
emphasized the novel lessons from our study: decline in donation is restricted mostly to
biologically related donors across race/ethnicity; prior literature describes the decline as a
global phenomenon that includes unrelated donors. Thus, importantly, our analysis
potentially directs future interventions specifically towards low-risk subgroups with
significant declines in living kidney donation. We have identified biologically related older
donor-candidates as potential targets.

In conclusion, unlike unrelated donors, biologically related donors were less likely to donate
in recent years across race/ethnicity. This decline might be understandable for younger
biologically related donors given the uncertainty of their long-term risk. However, it is less
understandable for biologically related older donors, a group with lower-risk comparable to
unrelated older donors. Our findings call for programs that promote donation by biologically
related older individuals.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Page 13

Baseline Characteristics of Live Kidney Donors Between January 1, 2005 and December 31, 2017, Stratified
by Donor/Recipient Relationship and Race.

Biologically related (N= 41,494)

Unrelated (N= 35,933)

Characteristi 1 White (n= Black (n= Hispanic (n= White (n= Black (n= Hispanic (n=
aracteristic 28,488) 5,932) 7,074) 29,504) 2,825) 3,604)
Age, y median (IQR) 42 (32, 50) 35 (27, 44) 36 (28, 44) 46 (36, 54) 40 (32, 47) 39 (31, 48)
<34 8622 (30%) 2835 (48%) 3277 (46%) 6102 (21%) 929 (33%) 1248 (35%)
35-49 12203 (43%) 2350 (40%) 2878 (41%) 12390 (42%) 1352 (48%) 1647 (46%)
>50 7663 (27%) 747 (13%) 919 (13%) 11012 (37%) 544 (19%) 709 (20%)
Male sex 11752 (41%) 2566 (43%) 2945 (42%) 10369 (35%) 1036 (37%) 1292 (36%)
BMIZ median (IQR) 26 (24, 29) 28 (25, 31) 27 (25, 30) 26 (24, 29) 28 (25, 31) 27 (25, 30)
<24 7873 (29%) 1192 (21%) 1439 (21%) 8297 (29%) 517 (19%) 721 (20%)
25-29 13762 (50%) 2758 (49%) 3637 (53%) 14556 (51%) 1367 (50%) 1853 (52%)
>30 5888 (21%) 1736 (31%) 1824 (26%) 5920 (21%) 863 (31%) 965 (27%)

Hypertension? 853 (3%) 95 (2%) 87 (1%) 1068 (4%) 63 (2%) 60 (2%)

Hiistory of smoking? 7841 (28%) 1167 (20%) 1249 (18%) 7722 (27%) 495 (18%) 656 (18%)
6

ﬁbe;t)mme » median 0.8 (0.7, 1.0) 0.9 (0.8, 1.1) 0.8(0.7,0.9) 0.8(0.7,0.9) 0.9 (0.8, 1.0) 0.8(0.7,0.9)

¢GFR® median (IQR) 97 (84, 108) 109 (93, 124) 108 (95, 118) 94 (82, 106) 105 (92, 121) 105 (93, 115)

Highest level of
.7
education

High School or less

Attended college/
Technical school

College/Post-Secondary

6990 (28%)

6601 (26%)

1688 (33%)

1738 (34%)

3066 (50%)

1725 (28%)

6387 (24%)

7119 (27%)

717 (29%)

812 (32%)

1587 (48%)

913 (28%)

school 11332 (45%) 1681 (33%) 1386 (22%) 12951 (49%) 973 (39%) 775 (24%)
. 8 .

a%SRl)ndex » median 63 (58, 68) 59 (53, 65) 59 (53, 65) 63 (58, 68) 60 (54, 66) 60 (54, 65)

Low SES? 1001 (4%) 764 (14%) 888 (14%) 933 (3%) 318 (12%) 444 (14%)

Abbreviations: IQR, Interquartile Range; BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; eGFR,
estimated glomerular filtration rate. SES, Socioeconomic Status

Characteristics at the time of donation (2005-2017) are shown; age, sex, and race/ethnicity, biological relationship to the recipient were available
throughout the study period (0% missing).

The category of “White” included Caucasian, Asian, American Indian or Alaskan Native, Native Hawaiian or other Pacific Islander, and

multiracial.
3

BMI (4.8% missing between 2005-2011; 0.5% missing between 2012-2017)

Am J Transplant. Author manuscript; available in PMC 2020 September 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Ammary et al. Page 14
4Hypertension was defined as predonation documented use of antihypertensive therapy/history of hypertension (3.8% missing between 2005-2011;
0.1% missing 2012-2017)

5Smoking status (3.4% between 2005-2011; 0% missing 2012-2017)

6Creatinine/eGFR (1.7% missing 2005-2011; 0.1% missing 2012-2017)

7Educati0n (17.6% missing between 2005-2011; 4.0% missing 2012-2017)

3Socioeconomic index (SES) based on the 2010 census (4.0% missing 2005-2011; 3.9% missing 2012-2016; 46.1% missing in Jan-Aug 2017;
unavailable after Aug 2017)

gLow SES index was defined as SES less than 50
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