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Abstract

One in 10 people die awaiting transplantation from donor shortage. Only half of Americans
register as organ donors. In this cross-sectional study, we evaluated population-level associations
of neighborhood socioeconomic deprivation and racial segregation on organ donor registration
rates. We analyzed state identification card demographic and organ donor registration data from
five states to estimate the association between a neighborhood socioeconomic deprivation index
(range [0,1]; higher values indicate more deprivation) and a racial index of concentration at the
extreme (ICE) (range [-1,1]; lower values indicate predominantly black neighborhoods, higher
values indicate predominantly white neighborhoods) on organ donor registration rates within a
specified geography (census tract or ZIP code tabulation area [ZCTA]). Among 26,720,738
registrants, 32% of the sample were registered organ donors. At the census tract level, with each
0.1 decrease in the deprivation index, the organ donor registration rate increased by 6.8% (95%Cl:
6.6%, 7.0%). With each 0.1 increase in the racial ICE, the rate increased by 1.5% (95%Cl: 1.5%,
1.6%). These associations held true at the ZCTA level. Areas with less socioeconomic deprivation
and a higher concentration of white residents have higher organ donor registration rates. Public
health initiatives should consider neighborhood context and novel data sources in designing
optimal intervention strategies.

BACKGROUND

Currently, 114,411 people await life-saving organ transplants. In 2017, 12,093 people died
or were removed from the waitlist for being too sick for transplantation, representing 11% of
those waitlisted.! There continue to be geographic,? socioeconomic,3 and racial disparities?
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among those who die. Disparities in organ allocation may contribute to disparities in
outcomes. While organ donation rates have increased, demand continues to exceed supply.®
In the United States, approximately 70% of the population are willing to donate their organs,
6.7 yet only 56% of eligible adults register as organ donors on their state driver’s license or
identification card.>:82 Without clearly demarcated donor status, only half of families
approached at the time of a potential donor’s death consent to donating their loved one’s
organs.® Identifying subgroups with low rates of organ donor registration may enable
tailored public health initiatives to increase registration rates.10

At an individual level, those with lower socioeconomic status and African Americans are
less likely to register as organ donors.”11:12 Community-based interventions have been
heralded as important tools for increasing organ donor registration,13-14 yet links between
neighborhood contextual characteristics, enumerated using area-level data, and registration
have been minimally explored.1>-17 Ladin, et al.16 found that lower area-level social capital
(i.e. “features of social organization, such as networks, norms, and trust, that facilitate
coordination and cooperation for mutual benefit”18) and educational attainment were both
associated with lower donor registration rates across Massachusetts. However, no other
studies have evaluated the association between registration rates and additional ecological
factors like socioeconomic deprivation and racial segregation, relevant characteristics at an
individual level.

Geospatial methods, and area-level data, are routinely employed to target public health
interventions to the correct demographic.19-24 They provide an opportunity to advance our
understanding of how organ donor registration rates vary across populations. Building on the
work of Ladin, et al.,16 and using data on ~27 million people from five state Bureau of
Motor Vehicle (BMV) registries, we examined relationships between area-based rates of
organ donor registration and area-level measures of socioeconomic deprivation and racial
segregation. We hypothesized that areas with less deprivation and lower concentrations of
African Americans would have higher registration rates.

METHODS

Study Design and Data Source

We conducted a cross-sectional study using data from driver’s license and state identification
cardholders (N=27,077,020) from New York, Oregon, Tennessee, Vermont, and Wisconsin
BMVs. We selected these states because they were geographically distributed across the
country and had established mechanisms for sharing data with the research team. In all but
one state (New York), we obtained cardholders’ residential address, age, sex, and organ
donor registration status. New York did not release street addresses due to privacy concerns;
however, they provided cardholders’ ZIP code, age, sex, and organ donor registration status.
Across included states, data were discarded if cardholder’s listed age was >100 years or <16
years (N=356,282; 1.3%)—Ileaving 26,720,738 complete records.

The Cincinnati Children’s Hospital Institutional Review Board approved this study.
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Street addresses and/or ZIP codes were geocoded into their containing census tract or ZIP
code tabulation area (ZCTA) using DeGAUSS.2® Participants were excluded if their
addresses could not be geocoded with enough precision to locate the address within a street
or street segment (highest levels of precision) or if their matching score was less than 0.5.25
Census tracts are generally thought to be a better spatial resolution than ZIP codes for
population-level health studies because of their officially-defined geographic boundaries and
sociodemographic homogeneity.26 However, because New York only released ZIP codes, we
could not identify census tracts for their cardholders. Instead, we matched ZIP codes to
ZCTAs which provide geographical features to ZIP codes and enable connection to relevant
U.S. Census Bureau data.2’

Our primary outcome was the percentage of organ donor registrants within a census tract
and/or ZCTA. We calculated this by dividing the total number of organ donor registrants in a
census tract/ZCTA by the total number of individuals who had registered with the BMV
within that census tract/ZCTA, respectively.

Our exposures were ecological measures of socioeconomic deprivation and racial
segregation. They were measured via an index of area-based socioeconomic deprivation28-30
and a racial index of concentration at the extreme3! (ICE); both available at census tract and
ZCTA levels. The socioeconomic deprivation index is composed of six measures from the
U.S. Census Bureau’s 2015 5-year American Community Survey (ACS): median household
income, and fraction of the population below the federal poverty level, adults with a high
school education, households receiving public assistance, population with no health
insurance, and housing units that are vacant.28 The index has a range of [0,1]; values closer
to 1 indicate areas with more socioeconomic deprivation. The racial ICE assesses area-based
racial heterogeneity. This measure, first conceived by Krieger, et al.1® was designed to
measure health inequities within a specified geography by quantifying the relative
composition of the most and least privileged groups across a specified social construct. In
line with previous work by Krieger, et al.,3! “we conceptualized race as a social construct
arising from inequitable race relations” that are different than socioeconomic class
differences. The formula for determining the racial ICE within a specified geography is: the
difference between the number of white non-Hispanic residents and the number of black
non-Hispanic residents divided by the total number of white or black non-Hispanic
residents. These two races were chosen because they are at the extremes of racial privilege
across the U.S. and allow for monitoring inequities on the basis of race relations.31:32 The
racial ICE has a range of [-1,1]. Values closer to —1 indicate areas that are predominantly
black, and values closer to 1 indicate areas that are predominantly white, while values closer
to zero represent areas that either have similar numbers of white and black residents or have
mostly residents that are neither white nor black. Incorporating more than two races into a
statistical model further complicates the interpretation of such models. Therefore, this
measure does not capture Hispanic ethnicity, however, it provides important insight into
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health outcome gradients across different racial groups. Both the deprivation index and
racial ICE were calculated at the census tract level using estimates from the 2015 5-year
ACS. We calculated the ZCTA-level deprivation index by averaging values from all census
tracts overlapping with that ZCTA. We derived ZCTA-level racial ICE directly from ZCTA-
level data.

Statistical Analyses

RESULTS

We used descriptive statistics to characterize outcome and exposure variables. We used
scatter plots to visualize relationships between outcomes and exposures at both spatial
resolutions. To assess the relationship between organ donor rate and both deprivation index
and racial ICE, we fit mixed-effects linear regression models with a random intercept for
each state to account for state-level variation. We excluded New York from census tract-level
analyses since we only had access to ZIP codes. All states were included in the ZCTA-level
analyses.

Because we were unable to obtain street addresses from New York, we sought to determine
if relationships between outcomes and exposures were different across spatial resolutions
(i.e. census tract vs. ZCTA level) rather than because of inherent differences specific to New
York. Therefore, as a sensitivity analysis, we assessed relationships at both the census tract
and ZCTA levels for Oregon, Tennessee, Vermont, and Wisconsin.

Findings were considered significant with a p<0.05 and all hypothesis testing was 2-sided.
We performed all analyses in R (v3.6.2; R Foundation for Statistical Computing). Mixed
effects models were fit using the Ime4 package (v1.1-21).

Roughly half the sample were female (50.6%) and the mean age was 47.7 years (SD: 18.7)
(Table 1). About 32% of the sample were registered organ donors. New York had the lowest
organ donor registration rate (22.7%), and Oregon the highest (56.7%). Across Oregon,
Tennessee, Vermont, and Wisconsin, the mean census tract deprivation index was 0.38 (SD:
0.12) and racial ICE was 0.68 (SD: 0.44). Across all five states, the mean ZCTA deprivation
index was 0.36 (SD: 0.09) and racial ICE was 0.80 (SD: 0.31).

Census tract analyses

We geocoded 10,364,020 (94.8%) of available addresses from Oregon, Tennessee, \Vermont,
and Wisconsin to a census tract with valid deprivation index and racial ICE measures. This
represents >95% of street addresses available from Oregon, Tennessee, and Wisconsin but
just 83.1% of those from Vermont. Of Vermont records not geocoded, 89% were matched to
Post Office boxes, which are not representative of a residential location.

Figure 1 depicts organ donor registration rates by census tract-level socioeconomic
deprivation. For each 0.1 decrease in the deprivation index (i.e., 10% decrease in index-
defined socioeconomic deprivation), the rate of organ donor registration increased by 6.8%
(95%CI: 6.6%, 7.0%), adjusting for state. In other words, each 1 SD (i.e. 0.12) decrease in

Am J Transplant. Author manuscript; available in PMC 2022 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wadhwani et al.

Page 5

the deprivation index was associated with a 7.9% increase in the rate of organ donor
registration. That is, less deprivation was associated with higher registration rates.

Figure 2 depicts organ donor registration rates by census tract-level racial ICE. For each 0.1
increase in racial ICE, the adjusted organ donor registration rate increased by 1.5% (95%(ClI:
1.5%, 1.6%), adjusting for state. By extension, each 1 SD (i.e. 0.44) increase in the racial
ICE was associated with a 6.7% increase in the rate of organ donor registration, illustrating
that areas with predominately white residents had higher registration rates.

When both socioeconomic deprivation and racial ICE were included in the same state-
adjusted model, each 0.1 decrease in socioeconomic deprivation was associated with a 5.2%
(95%CI: 5.0%, 5.4%), and each 0.1 increase in racial ICE a 0.7% (95%CI: 0.7%, 0.8%),
increase in organ donor registration, adjusting for state. In other words, each 1 SD (i.e. 0.12)
decrease in the deprivation index was associated with a 6.2% increase in organ donor
registration and each 1 SD (i.e. 0.44) increase in the racial ICE was associated with a 3.1%
increase in organ donor registration.

ZCTA Analyses

Using data from all five states, we matched 26,372,285 (98.7%) of available ZIP codes to
corresponding ZCTAs with valid deprivation index and racial ICE measures. Figure 3
depicts organ donor registration rates by ZCTA-level socioeconomic deprivation. Now
including New York, we found that for each 0.1 decrease in the deprivation index, the organ
donor registration rate increased by 3.8% (95%CI: 3.5%, 4.1%), adjusting for state. Thus,
each 1 SD (i.e. 0.09) decrease in the deprivation index was associated with a 3.3% increase
in the rate of organ donor registration.

Similarly, Figure 4 depicts organ donor registration rates by racial ICE. Here, for each 0.1
increase in ZCTA-level racial ICE, the organ donor registration rate increased by 1.0%
(95%Cl: 1.0%, 1.1%), adjusting for state. Each 1 SD (i.e. 0.31) increase in the racial ICE
was associated with a 3.2% increase in the rate of organ donor registration.

When socioeconomic deprivation and racial ICE were both included in the ZCTA-level
model, each 0.1 decrease in socioeconomic deprivation was associated with a 3.0% (95%Cl:
2.7%, 3.3%), and each 0.1 increase in racial ICE a 0.8% (95%CI: 0.7%, 0.9%), increase in
organ donor registration, adjusting for state. By extension, each 1 SD (i.e. 0.09) decrease in
the deprivation index was associated with a 2.7% increase in organ donor registration; each 1
SD (i.e. 0.31) increase in the racial ICE was associated with a 3.1% increase in organ donor
registration.

Sensitivity analyses

We repeated the above analyses at the ZCTA level for just Oregon, Tennessee, Vermont, and
Wisconsin—excluding New York. In these state-adjusted models, our ZCTA- and census
tract-level findings were quite similar. Indeed, we found that for each 0.1 decrease in the
ZCTA-level socioeconomic deprivation index, the organ donor registration rate increased by
7.0% (95%Cl: 6.6%, 7.5%). For each 0.1 increase in racial ICE, the registration rate
increased by 0.9% (95%Cl: 0.7%, 1.0%). Finally, when both socioeconomic deprivation and
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racial ICE were included in the same model, each 0.1 decrease in socioeconomic deprivation
was associated with a 6.7% (95%Cl: 6.3%, 7.1%), and each 0.1 increase in racial ICE a
0.3% (95%CI: 0.2%, 0.5%), increase in organ donor registration.

DISCUSSION

This is the first study to examine the relationship between ecological measures of
socioeconomic deprivation and racial segregation on organ donor registration. Areas of
lower socioeconomic deprivation and higher concentrations of white residents have higher
rates of organ donor registration. Of note, in our multivariable analyses that included both
the socioeconomic deprivation index and the racial ICE, the effect of racial ICE was
decreased; suggesting that the effect of racial ICE on organ donor registration may be
mediated, in part, by socioeconomic deprivation. While most previous studies focused on
individual determinants of organ donor registration,®7:12:33 these data add to our limited
understanding of contextual, geospatial determinants of organ donor registration.15-17

If registration rates were equal to the top quartile ZCTAs in our sample, there would be an
extra 2.4 million registered donors from these five states alone—representing a 28% increase
in available donors across these states. Nationally, a 28% increase in organ donor
registration rates would result in 42 million additional registered donors.8 Such an increase
could begin to fill the substantial gap between organ need and supply. This possibility
highlights an opportunity: increasing rates in low registration areas may lead to efficient
increases in organ availability.

As we consider these public health-oriented implications, we acknowledge state-level
variation in the relationship between socioeconomic deprivation and organ donor registration
could exist given their relatively different socioeconomic and racial compositions. Since our
findings using only Oregon, Tennessee, Vermont, and Wisconsin at both the tract- and
ZCTA-level were not meaningfully different from one another, we conclude that the
difference in findings after including New York was not due to differing spatial resolutions
or ecological bias but might reflect inherent differences between New York and other states.
Specifically, New York had lower rates of registration across all degrees of socioeconomic
deprivation. Ladin, et al.18 demonstrated that decreased social capital partly explains
geospatial variation in organ donor registration rates in Massachusetts. Thus, it is possible
that differences in social capital across the states in our study could partially explain
differences observed between models with and without New York. Indeed, in a recent report
by the U.S. Congress Joint Economic Committee,3* Tennessee and New York had lower
rates of social capital than Oregon, Vermont, and Wisconsin. In our sample, we observe that
residents of Tennessee and New York had the lowest rates of organ donor registration. We
posit that measures of area socioeconomic deprivation and social capital capture distinct but
overlapping neighborhood characteristics.

Our findings align, in some ways, with those reported by Sasson, et al.3> who demonstrated
that bystanders are less likely to initiate cardio-pulmonary resuscitation in poor, black
neighborhoods compared to wealthy, white neighborhoods. Our findings may be driven by
similar root causes, reasons that are likely multi-factorial and may include diminished trust
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in the healthcare system, misperceptions about organ donation,” and alienation from the
society to which they are donating.38 Indeed, in a qualitative study, African Americans
expressed distrust in organ donation and the healthcare system writ large.” Future studies
evaluating why people from more deprived, segregated neighborhoods are less likely to
register for organ donation may identify opportunities for interventions to improve
registration rates. If we are to seek increased registration rates for organ donation that extend
across populations, we must also demand that the health system build trust with and unravel
generations of inequities felt by marginalized groups.37-3%

Legislative policies and public health initiatives could be employed to increase registration
rates across populations. One strategy could be to adopt ‘opt out’ legislation, the concept of
registering all individuals as organ donors unless they explicitly decline.#? Alternatively,
neighborhood context and geospatial data could inform tailored public health strategies to
increase registration across communities. Prior research demonstrated that community-based
organ donor registration interventions utilizing trusted community members and providing
immediate opportunities to register have high rates of success.!3 Still, such interventions
require investment in training community leaders, and the cost-effectiveness of such
investments is unclear.#? Such data may allow stakeholders (e.g., policy makers, local health
departments, and DonateL.ife) to design public health campaigns to target segments of the
population less likely to register as donors. Just as geospatial strategies are used by local
public health officials to monitor chronic disease prevalence and morbidity locally,*2 we
suggest they could also be used to bolster organ donation rates. As we seek to improve organ
availability, more granular and transparent public health data may inform targeted efforts to
improve registration rates. Such public health interventions have successfully been applied
to infectious disease and cancer surveillance.*3-4° Previous studies utilizing state BMV data
have only been single state11:15-17.46 and may not be generalizable. That this study
identified population-level metrics strongly associated with organ donor registration across
multiple, diverse states is a step closer towards implementing similar though novel strategies
to improve organ availability. In line with precision public health (i.e., delivering the right
intervention to the right population at the right time),1 geospatial-informed initiatives could
realize meaningful increases in the number of organ donors, and transplantable organs, in the
U.S., ultimately improving outcomes for those awaiting organ transplantation.

This study has several strengths. First, we utilized data from five geographically diverse
states, making this, to our knowledge, the largest accrued dataset examining the geospatial
distribution of organ donor registration rates. This allowed us to enumerate variation in
organ donor registration across states and evaluate associations with underlying contextual
factors. Previous work by Reibel, Olmo, Andrada, and Koertzen*® identified clusters of
socio-cultural characteristics associated with areas with low rates of organ donors. While
this study enumerated several important factors, including socioeconomic and racial
measures, the authors acknowledged that their findings may not be generalizable to the rest
of the U.S. Our study utilized indices available for every census tract in the United States
and our use of mixed-effects regression models further strengthen the generalizability of our
study. Second, many studies on organ donor registration use subjective assessments of
‘intent to register.” Our study is strengthened by the use of an objective, legally binding
indicator of donor status physically present on drivers’ licenses or state identification cards.
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Third, across four states, we were able to use geocoded street addresses to obtain census
tract data, an ideal geospatial resolution to conduct area-based studies.26:47

Despite these strengths, we acknowledge limitations. First, we only included data from five
states, and it is possible these findings may not generalize. That said, the included states are
diverse geographically and demographically; the sample includes ~8% of the U.S.
population. Furthermore, our models incorporate the random effect of state to account for
state-level variation, providing further evidence that our results will extrapolate past these
five states. Second, the BMVs in the included states do not provide data on an individual’s
income, race, or ethnicity. Therefore, we cannot determine if the area-based socioeconomic
deprivation index and the racial ICE are surrogate measures of individual/household
characteristics (socioeconomic status and race, respectively) or if these findings are
indicative of geospatial factors that affect organ donor registration. We posit that the
deprivation index and racial ICE serve both as surrogates for individual/household
characteristics while also providing data that contextualize the neighborhoods for BMV
registrants.#’ This study lays the groundwork for future studies that explore how both
individual- and area-based measures influence organ donor registration. Third, our measure
of racial ICE only includes non-Hispanic white and black residents. Admittedly, this
measure does not incorporate Hispanic residents and may not adequately capture the effect
of Hispanic enclaves on organ donor registration rates. Since we were primarily interested in
the influence of race--as a social construct--on organ donor rates, our use of the two groups
at the extremes of racial privilege provides powerful evidence that inequitable race relations
contribute to variation in organ donor registration. Clearly, further investigation into the
intersection of ethnicity and organ donor registration is necessary. Fourth, we were unable to
obtain street addresses for New York BMV registrants. In sensitivity analyses, the results at
the census tract and ZCTA levels for the other four states were similar; suggesting that the
ZCTA analyses provide important insights into organ donor registration behaviors across
states that may not have easily accessible address data. Fifth, we sought to determine if the
differences by racial ICE were, in part, mediated by socioeconomic deprivation. However,
these two constructs are closely related, therefore, these models may violate positivity
assumptions. Supplemental Figure 1 depicts the relationship between socioeconomic
deprivation and racial ICE for our sample. Sixth, it is possible that individuals may not
register for organ donation at their state BMV but subsequently register through an alternate
mechanism. Since the BMV is the most common source of new organ donor registration,*8
we believe data on those alternative registration strategies would not fundamentally alter our
findings.

Our data provide evidence that neighborhood socioeconomic deprivation and racial
segregation influence the decision to register as an organ donor. Further work to characterize
reasons for disparate rates of organ donor registration across areas may elucidate targets for
intervention. Policies and public health initiatives aimed at increasing the number of donors
should consider neighborhood context and seek tailored strategies to increase registration
across populations.
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Figure 1. Organ donor registration by socioeconomic deprivation at the censustract level
OR: Oregon; TN: Tennessee; VT: Vermont; WI: Wisconsin

There was a 6.8% (95%CIl: 6.6%, 7.0%) increase in the rate of organ donor registration with
each 0.1 decrease in the deprivation index, adjusting for the random effect of state. That is,
with decreasing socioeconomic deprivation, organ donor registration rates increased.
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Figure 2. Organ donor registration by racial index of concentration at the extreme at the census
tract level

OR: Oregon; TN: Tennessee; VT: Vermont; WI: Wisconsin; ICE: Index of Concentration at
the Extreme

There was a 1.5% (95%CI: 1.5%, 1.6%) increase in the rate of organ donor registration with
each 0.1 increase in the racial ICE, adjusting for the random effect of state. That is, with
increasing proportions of white residents, organ donor registration rates increased.
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Figure 3. Organ donor registration by socioeconomic deprivation at the ZCTA level
NY: New York; OR: Oregon; TN: Tennessee; VT: Vermont; WI: Wisconsin; ZCTA: ZIP

code tabulation area

There was a 3.8% (95%CI: 3.5%, 4.1%) increase in the rate of organ donor registration with
each 0.1 decrease in the deprivation index, adjusting for the random effect of state. That is,
with decreasing socioeconomic deprivation, organ donor registration rates increased. When
New York was excluded (to compare ZCTA analyses to census tract analyses), there was a
7.0% (95%Cl: 6.6%, 7.5%) increase in the rate of organ donor registration with each 0.1
decrease in the deprivation index, adjusting for the random effect of state.
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Figure 4. Organ donor registration by racial index of concentration at the extreme at the ZIP
code level

NY: New York; OR: Oregon; TN: Tennessee; VT: Vermont; WI: Wisconsin; ICE: Index of
Concentration at the Extreme

There was a 1.0% (95%CI: 1.0%, 1.1%) increase in the rate of organ donor registration with
each 0.1 increase in the racial ICE, adjusting for the random effect of state. That is, with
increasing proportions of white residents, organ donor registration rates increased. When
New York was excluded (to compare ZCTA analyses to census tract analyses), there was a
0.9% (95%CI: 0.7%, 1.0%) increase in the rate of organ donor registration with each 0.1
increase in the racial ICE, adjusting for the random effect of state.
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