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Abstract

The choice of deprivation index can influence conclusions drawn regarding the extent of
deprivation within a community and the identification of the most deprived communities in the
United States. This study aimed to determine the degree of correlation among deprivation indices
commonly used to characterize transplant populations. We used a retrospective cohort consisting
of adults listed for liver or kidney transplants between 2008 and 2018 to compare 4 deprivation
indices: neighborhood deprivation index, social deprivation index (SDI), area deprivation index,
and social vulnerability index. Pairwise correlation between deprivation indices by transplant
referral regions was measured using Spearman correlations of population-weighted medians and
upper quartiles. In total, 52 individual variables were used among the 4 deprivation indices with
25% overlap. For both organs, the correlation between the population-weighted 75th percentile
of the deprivation indices by transplant referral region was highest between SDI and social
vulnerability index (liver and kidney, 0.93) and lowest between area deprivation index and

SDI (liver, 0.19 and kidney, 0.15). The choice of deprivation index affects the applicability

of research findings across studies examining the relationship between social risk and clinical
outcomes. Appropriate application of these measures to transplant populations requires careful
index selection based on the intended use and included variable relevance.
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1. Introduction

Social determinants of health (SDOH) include a range of factors that reflect conditions

in the environments where people are born and live.1= It is well established that SDOH
mediate both access to and outcomes after organ transplant, but specific causal mechanisms
remain elusive.5~2 Community deprivation is an important component of SDOH, particularly
in transplant, which requires stable health status over prolonged waiting time and lifelong
care after the transplant. Deprivation is influenced by several interrelated factors, including
civic infrastructure and resources and neighborhood physical conditions, and community
members’ socioeconomic characteristics, which all manifest in influencing public policies
and structural inequities. The measurement and incorporation of each individual factor is
challenging, and as such, deprivation indices are being used more commonly by health
equity researchers across a wide range of medical and surgical specialties, including end-
stage organ disease and transplantation.3:4.10-23

Deprivation indices are composite measures developed to provide a summative measure

of population demographics and socioeconomic conditions, facilitate comparison across
studies and disciplines, and improve understanding of how a patient’s community resources
influence health outcomes.24:25 Deprivation indices aggregate relevant SDOH to produce

a composite score meant to summarize the social, economic, and ecologic deprivation in

a given geographic area.26:27 There are multiple well-known deprivation indices, but no
universally accepted metric to capture the social-contextual risk factors across geographic
areas in the United States (US).2° As such, the choice of deprivation index is context-
dependent, and the applicability of research findings across studies is imprecise. Accurate
and precise measurement of SDOH will facilitate standardizing measurement across studies
or regions. This can help guide centers and policymakers regarding how SDOH can be
addressed in clinical care, research, and aid efforts to ensure that interventions are applied
appropriately.

The purpose of this study was to assess the degree of correlation among 4 commonly

used deprivation indices: area deprivation index (ADI), social deprivation index (SDI),
neighborhood deprivation index (NDI), and social vulnerability index (SVI). We calculated
the degree of deprivation among the general population living within liver or kidney
transplant referral regions (TRRs) over a 10-year period. We hypothe-sized that the choice
of deprivation index would influence both the extent of deprivation within a TRR and the
identification of the most deprived subpopulation within a TRR.
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2. Materials and methods

2.1. Data sources

Waitlist, patient, and transplant facility datasets, as well as cross-references to link facility
identifiers to 4-letter Organ Transplantation Center codes, were obtained from the US
Renal Database System (USRDS, www.usrds.org) for kidney and the Scientific Registry
of Transplant Recipients www.srtr.org) for the liver. In addition, location data and global
positioning system (GPS) coordinates of currently active transplant centers were obtained
from the Health Resources Services Administration database of these centers.28 Other
spatial data included shape files of hospital referral regions (HRRs),2? a cross-reference
to link zone improvement plan (ZIP) codes to HRRs,3? and Topologically Integrated
Geographic Encoding and Referencing system (TIGER)/line shape files for census tracts
and block groups from the 2010 decennial census.31:32 The total population counts in each
census tract were obtained from the American Community Survey (ACS) dataset for the
5-year period ending in 2018.33 A census tract is defined as a statistical subdivision of a
county containing between 1200 and 8000 people.

2.2. Deprivation indices

The deprivation indices included in the study were ADI (data beginning from 2018),34 SDI
(data beginning from 2015),3% NDI (data beginning from 2017),36 and SVI (data beginning
from 2018).37 All indices use the US Census estimates from the 5-year period ending in
the respective years. NDI ranges from —2.5 to +1.9, with higher values indicating more
neighborhood deprivation, whereas ADI, SDI, and SVI consist of national percentiles that
range from 1 to 100, with higher numbers indicating a higher level of disadvantage.

2.3. TRR derivation

TRRs for kidney and liver transplants were derived using the methodology described by
Ross-Driscoll et al.38 In total, 59 TRRs were derived for 70 unique single or combined liver
transplant centers, and 102 TRRs were derived for 114 single or combined kidney transplant
centers using the following process:

1 Using GPS coordinates of each transplant center, all pairwise great-circle
distances were calculated, and centers that were located within 10 miles of each
other were combined.

2. Each waitlist entry was uniquely linked to an HRR via the waitlisted patient’s
home ZIP code using the ZIP-to-HRR cross-reference.

3. HRRs were assigned to the center with the greatest number of waitlist entries
during the study period.
4, HRRs assigned to the same transplant center were spatially combined (dissolved)

to define a TRR catchment area for that center.3® TRRs that consisted of
discontinuous regions were retained.
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2.4. Study period and cohort definitions

The study period was from January 1, 2008 to December 31, 2018. Adult waitlist entries
for kidney transplantation that met the following criteria were included: (1) occurred at a
USRDS facility that performed at least 1 transplant during the study period, (2) USRDS
patient identifier, transplant center identifier, interval start date, and patient date of birth
were not missing, (3) at least 1 day of the interval on the waitlist period occurred during the
study period, and (4) the waitlist interval start date was not missing and did not occur after
the recorded interval end date.

Adult waitlist entries for liver transplantation that met the following criteria were included:
(1) unique person identifier, date of activation on the kidney transplant waitlist, transplant
center identifier, and patient age at listing were not missing, (2) waitlist interval contained
at least 1 day during which patient was listed as active in the study period, (3) date of
activation on the kidney transplant waitlist did not occur after removal date, (4) removal
code was not missing, and (5) listing date was not missing and not the same date as removal
date.

For the liver cohort, overlapping waitlist intervals at the same facility were collapsed into a
single interval, and portions of waitlist intervals that occurred after a known transplant were
dropped to closely approximate the approach to the USRDS data for the kidney transplant
cohort.#% The waitlist intervals that contained missing end dates were assumed to represent
patients who were active on the waitlist as of the creation of the dataset. All intervals were
administratively right-censored on the last day of the study period and left-censored using
each patient’s date of 18th birthday.

2.5. Linking deprivation indices to TRRs

In order to link census tracts and associated deprivation indices to TRRs, we used a direct
spatial intersection method in which all pairwise spatial intersections between each TRR and
census tract were found, and the area of the intersection was computed; each census tract
was then assigned to the TRR with which the area of the intersection was greatest.39:41:42
Portions or entire census tracts that were not included in HRR boundaries were excluded
during this step.

All deprivation indices are published at the census tract spatial scale except for ADI, for
which the native spatial scale is the smaller census block group. In order to compare indices
at a common spatial scale, ADI was aggregated from census block groups to census tracts by
calculating population-weighted median ADI values for each census tract from constituent
census block groups using the total population count data from the corresponding 5-year
ACS dataset as weights.

2.6. Aggregating deprivation index data

Aggregation from census tract to TRR was performed separately for each deprivation index

by calculating both population-weighted median and 75th percentiles from the raw values of
each index for each TRR; total population count data from the 5-year ACS dataset ending in
2018 were used as weights. For ADI specifically, the TRR-level weighted medians and 75th
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percentiles were calculated using the derived census tract-level weighted medians described
above.

2.7. Correlation analysis

Pairwise correlation between deprivation indices for population-weighted medians and 75th
percentiles were examined at 2 spatial scales, TRR and census tract, using Spearman
nonparametric rank correlation. Pairwise complete observations were used such that for

a given pair of indices, observations for which either of the 2 indices had a missing value
were dropped.

2.8. Correlation of indices within the institutional TRR

To examine the correlation among indices at a small spatial scale for a geographic area of
interest, the top 10th percentile of deprived census tracts within our institutional kidney and
liver TRRs were calculated for each deprivation index. For each census tract, the number of
indices assigning it among the top 10th percentile of deprived were counted. The counts for
census tracts within our regional area were visually examined using a choropleth map, and
correlation was tabulated by census tract.

2.9. Sensitivity analyses

A sensitivity analysis was performed to examine if spatial scale influenced the degree of
correlation by reaggregating ADI from the census block group to the census tract using

3 additional metrics and then reexamining the correlation with the other indices based

on population-weighted mean, unweighted median, and unweighted mean. An additional
sensitivity analysis was performed to examine the effect of using population estimates
sourced from corresponding time periods for each deprivation index as opposed to common
population weights from the 5-year period ending in 2018.

All data management and statistical and spatial analyses were performed using the R project
for statistical computing and relevant packages via the R Studio software (RStudio, Inc).43

3. Results

3.1. Variables included in deprivation indices

In total, 52 individual variables were used among the 4 deprivation indices, 13 in the NDI,

7 in the SDI, 17 in the ADI, and 15 in the SVI (Table 1). In all, 13 (25%) of variables

were used in >1 index: 2 variables (unemployment and poverty) were used in all 4 indices, 6
variables (lower education, lack of vehicle, income, single-parent household, crowding, and
owner-occupied housing) were used in 3 indices, and 5 variables (lack of telephone, home
value, lack of plumbing, employment, and higher education) were used in 2 indices.

3.2. Correlation of deprivation indices

SDI and SVI showed the highest pairwise correlation (0.88), whereas ADI and SDI
exhibited the lowest pairwise correlation (0.51) at the census tract scale (Fig. 1). ADI
showed the lowest correlation among all 4 indices considered. Spearman correlation
between the population-weighted 75th percentile of the deprivation indices at the TRR scale
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was highest between SDI and SVI (liver and kidney, 0.93) and lowest between ADI and
SDI (liver, 0.19 and kidney: 0.15) (Fig. 2). Sensitivity analyses performed with the ADI
reaggregated from the census block group to the census tract using 3 additional metrics

did not change our results, nor did using population estimates sourced from corresponding
time periods for each deprivation index as opposed to common population weights from the
5-year period ending in 2018.

4. Correlation of indices in the institutional TRR

4.1.

There was generally a low correlation among the indices in identifying the top 10th
percentile of deprived census tracts within our institutional TRR for both kidneys (Fig.

7) and liver (Fig. 8). There was only a single census tract within the regional area for which
all 4 deprivation indices agreed was among the top 10th percentile of deprived census tracts
in the institutional TRR, representing only 3.8% and 5.9% of the 26 and 17 census tracts
identified as among the top 10th percentile for at least 1 of the indices in kidney and liver
TRRs, respectively (Supplementary Table). Conversely, 50% and 41.2% of the 26 and 17
census tracts considered as among the top 10th percentile for at least 1 of the indices in
kidney and liver TRRs, respectively, were identified as such by a single deprivation index.

Extent of deprivation among TRRs

Among the liver TRRs, median and interquartile ranges (IQR) of population-weighted
median deprivation levels for the 4 indices were: NDI, 0.04 (0.3); SDI, 49.0 (16.5); ADI,
51.1 (23.2); and SVI, 46.1 (18.9) (Fig. 3a—d). Medians (IQR) of population-weighted 75th
percentiles of deprivation levels for the 4 indices were: NDI, 0.5 (0.3); SDI, 72.0 (11.0);
ADI, 68.2 (26.4); and SVI, 68.3 (15.1) (Fig. 4a—d).

Among kidney TRRs, medians (IQR) of population-weighted median deprivation levels for

the 4 indices were: NDI, 0.04 (0.3); SDI, 45.2 (16.0); ADI, 51.4 (22.8); and SVI, 44.4 (17.6)
(Fig. 5a—d). Medians (IQR) of population-weighted 75th percentiles of deprivation level for
the 4 indices were: NDI, 0.4 (0.3); SDI, 70.2 (13.4); ADI, 67.8 (24.5); and SVI, 67.2 (16.8)

(Fig. 6a—d).

5. Discussion

Deprivation indices have recently gained attention in organ transplant and are being used
with increasing frequency to investigate inequities in transplant access and outcomes.16:44-47
Understanding the extent of social deprivation within a TRR may also inform the center’s
prioritization of resources for policy initiatives, community outreach, social support, and
clinical care. In this study, we sought to assess the degree of correlation among 4 commonly
used deprivation indices: ADI, SDI, NDI, and SVI. We found wide variability in the degree
of correlation between indices, with Spearman correlation coefficients ranging from 0.19

t0 0.95 in the liver TRRs and 0.15 to 0.93 in the kidney TRRs. We also found substantial
variability among the 4 studied indices in identifying the most (75th percentile) deprived
areas in the US, as well as identification of the 10th percentile deprived areas within a single
TRR.
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No prior studies have compared varying SDOH area-level measures in terms of their
association with key transplant outcomes and choice of index. Among the 4 deprivation
indices we examined, SDI and SVI demonstrated the highest correlation, whereas ADI and
SDI demonstrated the lowest correlation. This variation may be because of the intended

use of or source data used to inform each index. SDI and SVI are likely highly correlated
because of the 86% correlation between variables included in each index; they are also

more inclined toward measuring the available resources and property characteristics through
similar variables (ie, vehicle ownership, presence of crowding, and single-parent household)
compared with those of other indices (ie, type of occupation and higher level education).
ADI had the lowest overall correlation with the other 3 indices (SDI, 0.51; SVI, 0.54; and
NDI, 0.69). The ADI includes several unique variables related to the household conditions
within a geographic area and includes data on the financial strain with a higher degree of
specificity (e.g., years of education, age in employment/unemployment, and 150% poverty
threshold). The ADI also does not include the percent of minoritized individual or any
component addressing language ability within a community. The difference in source data
is not necessarily a marker of index quality but may be because of the differences in the
intended use. ADI, NDI, and SDI have similar reasons for intended use, which is to quantify
the level of disadvantage in a given community by exploring the variations of socioeconomic
status.34-36 The intended use of SVI varies slightly in that it specifically aims to identify
low-resourced communities to support them in case of a hazardous event.3”

In applying the deprivation indices to patients listed for an organ transplant, all 4 indices
identified a wide range of extent of deprivation across the US. However, the TRRs identified
as the most deprived (75th percentile) in the US differed by choice of index. ADI identified
clusters of severe deprivation in the Central Coast/Sierra Nevada regions and New England/
Mid-Atlantic regions. These regions were similarly located to those indicated by NDI;
however, the SDI and SVI similarly recognized clusters of moderate-to-severe deprivation in
the Rocky Mountains, Great Plains/Midwest, and New England/Mid-Atlantic regions. This
discordance likely stems from the varying emphasis each index places on socioeconomic
factors, which may or may not be appropriate in a given geographic context. For example,
ADI uniquely considers the presence of income disparity, median gross rent, and median
monthly mortgage. Within a single TRR (Duke Transplant Center), we examined the
correlation between indices to illustrate how the choice of the index may influence which
communities are identified as the most deprived within a small geographic area. A total of
26 and 17 census tracts in kidney and liver TRRs, respectively, were identified as among

the top 10th percentile by at least 1 deprivation index. However, only a single census tract
was among the top 10th percentile of deprived census tracts in our institutional TRR by all 4
deprivation indices.*8

Community deprivation serves as an independent predictor of health distinct from
individuals’ socioeconomic status. Deprivation indices can facilitate applications of research
findings between similar communities and inform interventions to mitigate barriers to care
that stem from the physical conditions and community resources.4%->1 Several research
groups have used deprivation indices to understand how community deprivation mediates
inequities in access to and outcomes after organ transplant. Wadhwani et all® have linked
community deprivation with pediatric liver transplant waitlist outcomes and short and long-
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term outcomes after pediatric liver transplant and organ donation rates.1214.15 Killian et

al®2 and Carter et al®3 have similarly associated SV with access to living donor kidney
transplant. In Canada and Europe, regional-specific deprivation indices have been similarly
tied to transplant access and outcomes.11:1354.55 These studies vary in their descriptions

of the choice of deprivation index. Inclusion of this rationale, including specific variables
within an index that inform the research hypothesis, will facilitate accelerated progress
toward defined causal pathways between social risk, built environment, and transplant-
relevant outcomes. At a population level, the variation by choice of deprivation index is
significant because different conclusions can be derived about the most socioeconomically
disadvantaged areas in the US. This can, in turn, influence efforts to allocate resources and
establish outreach programs to targeted deprived communities, which help transplant centers
to increase waitlist additions and improve equity in access to transplants. This also impacts
national transplant policy and the selection of metrics of success and risk adjustment criteria,
which should consider this index-dependent variation in social risk.

Our findings prompt several considerations for researchers and health care systems
considering the use of deprivation indices. First, it is important to consider the boundaries
used to define each region when applying the social deprivation indices. ZIP codes are a
common proxy for census tracts but were developed based on postal delivery routes and may
not be adequate units of geographic analysis when attempting to describe neighborhood
conditions that influence access to transplant.>6-58 Because boundary designations can
impact the interpretation of the results, researchers need to be mindful when defining their
geographic boundaries according to the research objective, and additional attention should
be given to understanding spatial heterogeneity and clustering effects of income/resources
across populations within a region.58:59 Second, independent of the unit of analysis, the use
of neighborhood-level data as a proxy for patient-level social risk screening can heighten
the risk of ecologic fallacy in which incorrect assumptions are made about an individual
based on aggregate-level information about a group.2%:69 An alternative to area-level data

is using patient-level data sources, including iterative self-identified SDOH screening and
assessments for more specific information about individual deprivation, which may vary

as individual circumstances (eg, employment and insurance) change. This poses significant
obstacles for many institutions, including the cost and time required to add screening
activities to an already busy clinical practice.89:61 It may also limit efforts to craft policies
that may have a regional rather than a direct individual impact. Finally, although residential
segregation is a key force driving inequitable resource distribution, other factors influenced
by state and local policies (eg, zoning laws and tax policies) also influence geographic
deprivation across geographic entities.62 The longitudinal impact and changes in these
various index components over time should also be considered in future research, given the
evolution of social contexts in response to policy change. As research into the association
between social risk and clinical outcomes in transplant continues, it is important to keep in
mind the need for the purposeful selection of composite markers of social deprivation. More
work is also needed to understand the relationship between community-level and individual-
level social deprivation and identify causal mechanisms that link these phenomena to clinical
outcomes after transplant.
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This study is not without its limitations. First, the data sources used to construct each
deprivation index did not include identical calendar years. Because demographic variables
may change over time, this difference in time periods may contribute to the discordance seen
when applying the comparisons with TRRs. This flaw is inherent to the variation between
deprivation indices and should be considered when applying findings from research using
different deprivation indices within the same patient population or geographic area. Second,
population counts from 2018 were used as common weights for all indices, including those
from years other than 2018. These population counts were used to aggregate ADI from
census block groups to census tracts in order to compare them with other deprivation
indices. We did this in an effort to work with data as it is currently available to researchers,
and a sensitivity analysis performed with the ADI reaggregated from the census block
group to the census tract using 3 additional metrics did not change our results. Assessing
correlation using TRR as a unit of geographic analysis affords advantages in interpretation
but is hampered by relatively few observations and the tendency for aggregated values to
mask large variances and to be clustered toward their central tendency. By contrast, utilizing
the census tract-level data provides statistical advantages but is less interpretable.

6. Conclusion

We used transplant referral populations in the US to illustrate the degree of correlation
between 4 commonly used deprivation indices. Although some indices were highly
correlated with one another, other indices were not. Our findings highlight the need for

the purposeful choice of deprivation index by health equity researchers during study design
based on that target population and socioeconomic barriers of interest. Considering that each
deprivation index demonstrates a broad range of deprivation across the US, albeit to different
degrees, geographical-level SDOH risk data have significant value if utilized appropriately.
Future work is needed to compare associations between varying manifestations of social
deprivation, access to transplant, and posttransplant outcomes at the individual, center, and
community levels.
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Abbreviations:

ACS American Community Survey

ADI area deprivation index

HRR hospital referral region

NDI neighborhood deprivation index

SDI social deprivation index

SDOH social determinants of health

SVI social vulnerability index

TRR transplant referral region

us United States

USRDS United States Renal Database System
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Figure 1.
Pairwise Spearman correlation between deprivation indices at census tract spatial scale. Note

that values for ADI have been aggregated using population-weighted median from census
block groups. ADI, area deprivation index; NDI, neighborhood deprivation index; SDI,
social deprivation index; SVI, social vulnerability index.
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Figure 2.
Pairwise Spearman correlation between population-weighted 75th percentiles and medians

in kidney and liver TRRs. ADI, area deprivation index; NDI, neighborhood deprivation
index; SDI, social deprivation index; SVI, social vulnerability index; TRR, transplant
referral region.
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(a) Population-weighted ADI median of deprivation index aggregated from census tract
among liver TRRs. (b) Population-weighted NDI median of deprivation index aggregated
from census tract among liver TRRs. (c) Population-weighted SDI median of deprivation
index aggregated from census tract among liver TRRs. (d) Population-weighted SVI median
of deprivation index aggregated from census tract among liver TRRs. ADI, area deprivation
index; NDI, deprivation index; SDI, social deprivation index; SVI, social vulnerability

index; TRR, transplant referral region.
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Figure 4.
(a) Population-weighted 75th percentile ADI of deprivation index aggregated from census

tract among liver TRRs. (b) Population-weighted 75th percentile NDI of deprivation index
aggregated from census tract among liver TRRs. (c) Population-weighted 75th percentile
SDI of deprivation index aggregated from census tract among liver TRRs. (d) Population-
weighted 75th percentile SVI of deprivation index aggregated from census tract among liver
TRRs. ADI, area deprivation index; NDI, deprivation index; SDI, social deprivation index;
SVI, social vulnerability index; TRR, transplant referral region.
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Figureb.
(a) Population-weighted ADI median of deprivation index aggregated from census tract

among kidney TRRs. (b) Population-weighted NDI median of deprivation index aggregated
from census tract among kidney TRRs. (c) Population-weighted SDI median of deprivation
index aggregated from census tract among kidney TRRs. (d) Population-weighted SVI
median of deprivation index aggregated from census tract among kidney TRRs. ADI,

area deprivation index; NDI, deprivation index; SDI, social deprivation index; SVI, social
vulnerability index; TRR, transplant referral region.
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Figure®6.
(a) Population-weighted 75th percentile ADI of deprivation index aggregated from census

tract among kidney TRRs. (b) Population-weighted 75th percentile NDI of deprivation
index aggregated from census tract among kidney TRRs. (c) Population-weighted 75th
percentile SDI of deprivation index aggregated from census tract among kidney TRRs. (d)
Population-weighted 75th percentile SVI of deprivation index aggregated from census tract
among kidney TRRs. ADI, area deprivation index; NDI, deprivation index; SDI, social
deprivation index; SVI, social vulnerability index; TRR, transplant referral region; TRR,
transplant referral region.
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Figure7.
Choropleth map of the regional area with color indicating the number of indices that identify

each census tract as ranked among the top 10th percentile of deprived census tracts within
the kidney TRRs where our institution is located. TRR, transplant referral region.
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Figure 8.
Choropleth map of the regional area with color indicating the number of indices that identify

each census tract as ranked among the top 10th percentile of deprived census tracts within
the liver TRRs where our institution is located. TRR, transplant referral region.
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