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Abstract

Objectives

To compare 2 frequently used area-level socioeconomic deprivation indices: the Area Depri-
vation Index (ADI) and the Social Vulnerability Index (SVI).

Methods

Index agreement was assessed via pairwise correlations, decile score distribution and
mean comparisons, and mapping. The 2019 ADI and 2018 SVI indices at the U.S. census
tract-level were analyzed.

Results

Index correlation was modest (R = 0.51). Less than half (44.4%) of all tracts had good index
agreement (0—1 decile difference). Among the 6.3% of tracts with poor index agreement
(>6 decile difference), nearly 1 in 5 were classified by high SVI and low ADI scores. Index
items driving poor agreement, such as high rents, mortgages, and home values in urban
areas with characteristics indicative of socioeconomic deprivation, were also identified.

Conclusions

Differences in index dimensions and agreement indicated that ADI and SVI are not inter-
changeable measures of socioeconomic deprivation at the tract level. Careful consideration
is necessary when selecting an area-level socioeconomic deprivation measure that appro-
priately defines deprivation relative to the context in which it will be used. How deprivation is
operationalized affects interpretation by researchers as well as public health practitioners
and policymakers making decisions about resource allocation and working to address
health equity.
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Introduction

Numerous studies document associations between area-level socioeconomic deprivation and
poor health outcomes, including reduced life expectancy, higher morbidity, and reduced
access to preventive healthcare [1-4]. Studies often rely on publicly available composite mea-
sures that include multiple socioeconomic dimensions such as income, employment, educa-
tion, and housing characteristics [5]. Such indices are used in population-based studies, public
health interventions, and policy decisions [3], including healthcare payment adjustments by
social risk [3,6] and COVID-19 vaccination allocation and planning [7,8]. However, under-
standing index creation, content, scoring, and spatial scale is critical for index selection by
researchers, public health practitioners, and policymakers, especially when index use informs
resource allocation decisions and efforts to address health equity.

Despite prior work examining substantive index differences, detailed quantitative differ-
ences between indices commonly used in a public health context are still unclear. Prior studies
described similarities and differences in index development, domains, items, scoring, data
sources, scale, availability, and intended use [1,3,6,7,9]. Other work has largely focused on
index differences at varying geographic scales [5,10,11]. Although there is no consensus on
which area-level socioeconomic deprivation measure to use, consideration of index differences
is necessary to select an appropriate measure.

The present study compared two frequently used area-level socioeconomic deprivation
indices: the Area Deprivation Index (ADI; University of Wisconsin) and the Social Vulnerabil-
ity Index (SVI; Centers for Disease Control and Prevention, CDC). These indices are the most
widely adopted indices in public health and health services research, practice, and policy-mak-
ing, yet indices are often used without much consideration of their differences or implications
[6,8,10,12,13]. Based on existing literature and publicly available index data, the present study
compared ADI and SVI to quantify and map index differences at the census tract level across
the U.S. A more detailed understanding of index differences is necessary for evaluation of
existing and proposed research, funding and resource allocation, and policy using these mea-
sures. This research is timely considering increased interest in the health impacts of neighbor-
hood and socioeconomic contexts, social determinants of health, health equity, and
recommended immediate use of ADI and SVI for national policy development addressing
health-related social needs [6,13].

Methods
Area-level socioeconomic deprivation indices

Area Deprivation Index (ADI). The ADI assesses neighborhood deprivation by census
block group (600-3000 people). Developed by Singh in 2003 [2] and adapted by Kind and col-
leagues in 2014 [14,15], the factor-based index includes 17 U.S. census indicators of income,
education, employment, and housing quality (Table 1) [2]. Each indicator is multiplied by its
factor score coefficient and then summed within each block group. Poverty, income, and edu-
cation are weighted most heavily among the 17 items. The resulting sums are then converted
into a standardized index via arbitrarily setting the index mean at 100 and standard deviation
at 20 [2,14]. The ADI national percentile rankings of block groups range from 0 to 100, with
100 being the greatest level of deprivation [2]. Decile rankings are also available for individual
states. The ADI is not released as raw scores and instructs users to apply ADI in rank-type for-
mat only due to its construction [16].

ADI 2019 data, based on 2015-2019 American Community Survey (ACS) data, were down-
loaded from the Neighborhood Atlas website [16]. ADI was calculated for block groups in the
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Table 1. Comparison of ADI and SVI items.

Domain Item® Index (# items)
ADI (17) SVI (15)
Income Below poverty level . .
Below 150% of poverty level .
Income disparity .
Median family income >
Per capita income .
Employment Unemployment . .
White collar occupation R
Education High school diploma or higher o0
< High school diploma .
<9 years of education .
Housing Owner-occupied housing o
Median monthly mortgage Se
Median gross rent o0
Median home value R
Household Single-parent households . .
Characteristics Age 65+ years (older adults) .
Age <17 years (children) .
Persons with a disability .
Households w/out a telephone .
Households w/out a motor vehicle o< .
Housing w/out complete plumbing o<
Housing Type Multi-unit (10+) structures .
Crowding (>1 person/room) o< .
Mobile homes .
Persons in group quarters .
Minority Status and Language Non-Hispanic White .
Speak English “less than well” .

Abbreviations: ADI, area deprivation index; SVI, social vulnerability index.
* = For complete ADI and SVI item information, see S2 Table.

® = Indicates negative factor loadings.

© = Tract factor loadings below 0.65.[2].

https://doi.org/10.1371/journal.pone.0292281.t001

50 U.S. states, DC, and Puerto Rico, excluding those with less than 30 housing units, 100 peo-
ple, or more than one-third of the population residing in group quarters [17]. Block groups
with known errors acknowledged by the Census Bureau were also excluded [16]. To facilitate
index comparisons, the ADI was aggregated from block group to census tract using popula-
tion-weighted means to match the geographic scale of the SVI. Census-tract level scores were
then ranked by decile to enable direct comparisons.

Social Vulnerability Index (SVI). The SVI was developed to spatially identify vulnerable
communities most likely requiring support when preparing for, responding to, and recovering
from natural disasters, hazardous events, and disease outbreaks [7,18,19]. SVI (2018) measures
social vulnerability at the tract level (4,000 people, on average) based on 15 indicators within
four themes: socioeconomic status (SES), household composition and disability, minority sta-
tus and language, and housing type and transportation (Table 1). Socially vulnerable popula-
tions include people with disabilities, older adults, children, people without vehicles, and
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people with limited English proficiency. Percentile rankings of all 15 items are calculated for
individual items, the four themes, and a geographic unit’s overall ranking. Individual item per-
centiles are summed for each theme and within each geographic unit. Summed percentiles are
then ordered to identify theme-specific percentile rankings. For each of the 4 themes, percen-
tiles of individual items within each theme are summed. SVI’s relative rankings based on per-
centiles are available nationally, by state, by county, and by census tract [18]. SVI data based
on 2014-2018 ACS data were downloaded from the CDC SVI website [18].

ADI and SVI characteristics. ADI and SVI share data sources but vary by index purpose,
domains, items, construction, scoring method, and availability (frequency and geographic
scale) [3,6,7,12]. ADI quantifies neighborhood (block group) level deprivation via variations in
SES [16], while SVI aims to identify under-resourced areas requiring support before, during,
and after hazardous or emergency events [18,19]. Each index contains unique domains and
items that define deprivation differently. Detailed index and index item descriptions are avail-
able in S1 and S2 Tables.

Table 1 illustrates the 7 author-identified domains and 27 unique items addressed by the
indices. ADI included 17 items across 6 domains: income, employment, education, housing,
household characteristics, and housing type. SVI included 15 items across 6 domains: income,
employment, education, household characteristics, housing type, and minority status and lan-
guage. Indices shared 5 items in common across 4 domains: below poverty level (income),
unemployment (employment), single-parent households and households without a motor
vehicle (household characteristics), and crowded households (housing type). ADI contained
unique items within the domains of income (below 150% of the poverty level, median family
income, and income disparity), employment (white collar occupations), education (high
school education or higher, less than 9 years of education), housing (owner-occupied housing,
median monthly mortgage, median gross rent, median home value), and household character-
istics (without a telephone, without complete plumbing). SVI contained unique items within
the domains of income (per capita income), education (less than a high school diploma),
household (age 65 years and older, under 17 years of age, disability status), housing type
(multi-unit structures, mobile homes, group quarters), and minority status and language.

Analysis

Index agreement was assessed in three ways: pairwise Spearman correlations, decile score dis-
tribution and mean index score comparisons, and mapping. Spearman correlation coefficients
were first generated to examine overall associations between continuous index scores (nation-
wide rankings), as well as between scores categorized by decile (“decile scores”). Next, ADI
and SVI decile score distributions were reviewed to define “good” and “poor” index agree-
ment. Considering that ADI and SVT are often used to identify areas with high deprivation,
such as the top decile, quartile, or quintile [13,20-22], subsequent analyses focused on index
agreement between tracts with the highest and lowest deprivation decile scores. Good index
agreement was defined by a 0 to 1 decile difference between ADI and SVI scores for each tract.
Poor index agreement was defined by a difference of at least 6 deciles between ADI and SVI
scores. The Results section describes in detail how the distribution of decile scores informed
these definitions. Third, mean ADI and SVI scores for tracts with good and poor index agree-
ment, within the 10% highest and 10% lowest deprivation deciles, were compared to quantify
“mismatched” tracts among tracts with the highest and lowest deprivation decile scores.

ADI and SVI items driving poor index agreement at the tract level were then identified via
t-tests and mapping. T-tests compared individual index item means for tracts with good and
poor index agreement. Cohen’s D [classified according to three thresholds: small (]>0.20 to
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<0.50[), medium (|>0.50 to <0.80|), and large (|>0.80|) effect sizes] was calculated to assess
effect sizes of the item mean differences and identify tract characteristics driving poor index
agreement [23]. Tracts were mapped by index agreement using Geographic Information Sys-
tems (GIS) software and geospatial data [24] to explore geospatial patterns in poor index agree-
ment. All analyses were completed using STATA statistical software version 17 (STATACorp)
and ArcGIS Pro version 2.9.5 (ESRI).

Results
Index agreement: Correlations

ADI and SVI scores were available for 71,724 of 74,001 (96.9%) tracts due to missing or sup-
pressed census tract data [16]. S3 Table contains ADI and SVI composite scores, individual
item means, and descriptive statistics. Correlation coefficients were 0.51 for both comparisons
between ADI and SVI original continuous and decile data scores. The lack of change in corre-
lation coefficients for continuous and decile scores suggested that subsequent index compari-
sons were not confounded by the use of decile versus continuous index data.

Index agreement: Decile distribution

Of the 71,724 total tracts with available ADI and SVI data, 44.4% had good index agreement.
Fig 1 displays the distribution of census tracts across ADI and SVI decile scores. Cell shading
darkens as tract counts increase. Values within cells outlined with dark lines indicate tract
counts with “good” index agreement (ADI and SVI scores within 0 to 1 decile). The 6.3% of
71,724 census tracts within upper left and lower right corners of Fig 1, outlined with light lines,
had “poor” index agreement. A 6-decile or more difference between ADI and SVI scores was
used to define poor index agreement based on irregularities in the ADI-SVI decile score distri-
bution (Fig 1). The increasing and decreasing tract counts in the bottom rows of SVI decile
columns 7, 8, 9, and 10 were unusual for two positively correlated measures.

To further illustrate this irregularity, Fig 2 displays tract counts from the highest ADI (Fig
1, top row) and SVI (Fig 1, far right column) deciles. The increase and decrease between dec-
iles 3 and 4, a trend also present in similar comparisons for deciles 7, 8, and 9, determined the
definition of poor index agreement.

Index agreement: Mean index score comparisons

Fig 3 contains 8 mean ADI and SVI comparisons (4 groups) of good and poor agreement
tracts.

Comparison I. Comparison I. identified 6,771 tracts with the highest 10% ADI depriva-
tion scores and then compared mean ADI and SVI scores within good [1a. high ADI (10%),
high SVI (20%)] and poor [1b. high ADI (10%), low SVI (40%)] agreement tracts. Mean ADI
(94.0) and SVI (91.1) differed by 2.8 among 4,294 good agreement tracts (1a. 63.4% of 6771
tracts). Mean ADI (90.6) and SVI (32.0) differed by 58.6 for 91 poor index agreement tracts
(1b. 1.3% of 6771 tracts).

Comparison II. Comparison II. assessed tracts with the highest 10% SVI deprivation
scores. Of those 7,188 tracts, 50.9% (3655 tracts) had good index agreement [2a. high SVI
(10%), high ADI (20%)] with a mean ADI (90.5)-SVI (95.1) difference of 4.6. Mean ADI (23.1)
and SVI (95.0) differed by 71.9 for the 19.4% (1391) of poor index agreement tracts [2b. high
SVI (10%), low ADI (40%)].

Comparison III. Comparison III. selected tracts with the lowest 10% ADI deprivation
scores. Of those 7,262 tracts, 43.8% (3183 tracts) had good index agreement [3a. low ADI
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: < Good Row Total
s PeragreEman ? agreement? > (tracts)
10 2 7 20 62 177 374 677 1,158 7,262
9 10 61 179 352 636 909 1,154 (1,315 1,281 1,146 7,261
Number of
8] 48 183 419 678 894 1,089 1,132 1,073 922 741 7,278  Census Tracts?
Highest
71 112 409 702 965 1,013 (1,024 971 752 671 608 7,229
:‘g 6] 291 701 883 1,053 (1,077 887 755 649 517 421 7,240
(8]
(]
Q
s 5 576 975 1,054 | 990 896 769 616 535 457 372 7,234
<
411,036 1,189 | 1,067 858 765 592 515 486 387 334 7,227
311,480 1,201 936 803 569 493 421 379 458 538 7,179
; Lowest
2 1,132 863 631 564 513 503 517 446 355 7,043
1 1,315 (1,053 775 569 500 425 314 279 164 6,771
2 3 4 5 6 7 8 9 10
SVI Decile®
ColumnTotal _ .0 7173 7176 7,167 7,060 7,150 7,169 7,178 7,203 7,188 71,724

(tracts)

Fig 1. Distribution of census tracts classified by ADI and SVI scores. Abbreviations: ADI, area deprivation index; SVI, social vulnerability index. * = For each
index, scores were categorized by decile. ® = For this study, a population-weighted mean was used to aggregate ADI block group data to tract. © = Census tracts
within light lines (upper left and lower right corners) had “poor agreement,” or index scores that differed by at least 6 deciles [6.3% (4,514 tracts)]. Good and
poor index agreement tracts within the highest (10) and lowest (1) index score deciles were analyzed in this study (Figs 1 and 3). 4 = Tract counts within dark
lines had “good agreement,” or index scores that differed by 0 to 1 decile [44.4% (31,829 tracts)]. Bold text within the dark lines indicates census tracts with
ADI and SVI scores within the same decile.

https://doi.org/10.1371/journal.pone.0292281.9001

(10%), low SVI (20%)] with a mean ADI (5.8)-SVI (8.8) difference of 3.0. Mean ADI (7.2) and
SVI (76.5) differed by 69.4 among the 16.3% (1182) of poor index agreement tracts [3b. low
ADI (10%), high SVI (40%)].

Comparison IV. Comparison IV. identified tracts with the lowest 10% SVI deprivation
scores. Of those 7,160 tracts, 50.3% (3605 tracts) had good index agreement [4a. low SVI
(10%), low ADI (20%)] with a mean ADI (10.7)-SVI (4.6) difference of 6.1. Mean ADI (65.9)
and SVI (6.7) differed by 59.2 among the 2.4% (172) of poor index agreement tracts [4b. low
SVI (10%), high ADI (40%)].

S1 Fig identifies percentages of tracts in each comparison group out of all 71,724 tracts with
available ADI and SVI scores, as well as the number and percentage of urban tracts by agree-
ment comparison group. Tracts in groups 1b. and 4b. accounted for 1.3% (91 tracts) and 2.4%
(172 tracts) of Comparison I. and I'V. tracts, or 0.1% and 0.2% of all U.S. tracts in the sample
(S1 Fig). Group 2b. and 3b. tracts accounted for 19.4% (1391 tracts) and 16.3% (1182 tracts) of
Comparison II. and III. tracts, or 1.9% and 1.6% of all U.S. tracts in the sample (S1 Fig). The
distribution of good and poor agreement tracts by state is available in S5 and S6 Figs. The
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e+ 4@+« ADI tract counts for SVl decile 10 ===@===SV| tract counts for ADI decile 10
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Decile®

Fig 2. Distribution of census tracts classified by high ADI” and SVI decile scores. Abbreviations: ADI, area
deprivation index; SVI, social vulnerability index. ® = For this study, a population-weighted mean was used to
aggregate ADI block group data to tract. ® = For each index, scores were categorized by decile. High scores indicate
high deprivation.

https://doi.org/10.1371/journal.pone.0292281.9002

highest rates of 2b. and 3b. poor agreement tracts were in California, New York, Massachu-
setts, New Jersey, Hawaii, Washington, the District of Columbia, and Florida.

ADI and SVI items driving poor index agreement: Item mean comparisons
and mapping
Fig 4 lists characteristics of tracts—the specific ADI and SVI items-driving the two highest

rates of poor index agreement (2b. and 3b. tracts from Fig 3). These poor agreement tracts had
low deprivation per ADI and high deprivation according to SVI.

Tract Comparison Group Key® N®(tractsin  Tract Comparison Group, n tracts ADI SVI Difference®
(per Figure 1) deciles I.-IV.) Index Agreement,® Agreement Definition (% of N) Mean?s  Mean®f

V. . 6771 1a. Good Agreement, High ADI (10%), High SVI (20%) 4294 (63.4) 94.0 91.1 2.8

E % - 1b. Poor Agreement, High ADI (10%), Low SVI (40%) 91(1.3) 90.6 32.0 58.6

. = . 7188 2a. Good Agreement, High SVI (10%), High ADI (20%) 3655 (50.9) 90.5 95.1 4.6

E 2b. Poor Agreement, High SVI (10%), Low ADI (40%) 1391 (19.4) 23.1 95.0 71.9

E . 7262 3a. Good Agreement, Low ADI (10%), Low SVI (20%) 3183 (43.8) 5.8 8.8 3.0

s 3b. Poor Agreement, Low ADI (10%), High SVI (40%) 1182 (16.3) 7.2 76.5 69.4

3& Egm. Iv. 7160 4a. Good Agreement, Low SVI (10%), Low ADI (20%) 3605 (50.3) 10.7 4.6 6.1

Hhow SVI Decile e 4b. Poor Agreement, Low SVI (10%), High ADI (40%) 172 (2.4) 65.9 6.7 59.2

Fig 3. Comparisons of mean ADI and SVI scores among tracts with good and poor index agreement. Abbreviations: AD], area deprivation index; SVI,
social vulnerability index. * = The image illustrates the 8 census tract comparison groups with respect to the distribution of tracts by ADI and SVI decile scores
shown in Fig 1. ® = N indicates the total number of tracts within a comparison decile, the first decile noted in the agreement definition [e.g., I. 6,771 total tracts
in the top ADI (10%) decile]. © = Good index agreement was defined as index scores that differed by 0 to 1 decile. Poor index agreement was defined as index
scores that differed by at least 6 deciles. ¢ = A population-weighted mean was used to aggregate ADI block group data to tract. ADI is a percentile ranking from
0 to 100. © = Higher mean index scores indicated higher deprivation levels. f = Mean SVI scores (percentile rankings from 0 to 1) were multiplied by 100 for
comparison to ADI scores.

https://doi.org/10.1371/journal.pone.0292281.g003
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Tract Comparison Group Index Index Items® Mean, Poor Mean, Good Difference

Comparison Key (per Figure 1) (units) Agreement® Agreement? (Poor-Good)®
Il. 2b Poor v. 2a Good Agreement? Median home value $° 426,247 77,031 +349,216
2b. n = 1391 (19.4% of I1.) tracts® Median monthly mortgage $° 2,132 980 +1,152
Il Median gross rent $¢ 1,140 736 + 404
E ! ADIE  Crowded households %" 16.9 6.6 +10.3
£ Median family income $¢ 45,892 35,989 +9,903
% Owner-occupied housing %° 24.6 44.0 -19.4
§ Income disparity (ratio) 3.2 4.0 -0.8
2 Multi-unit structures 81.6 55.3 +26.3
5 svl  Speak English “less than well” 90.4 64.6 +25.8
3 (percentile Crowded householdsf 91.6 73.4 +18.4
" low High-10 rank)  Population with a disability 50.9 75.4 -24.5
SVI Decile Mobile homes 26.7 54.2 -27.5
lIl. 3b Poor v. 3a Good Agreement? Population <150% poverty level % 30.5 6.4 +24.0
3b. n = 1182 (16.3% of IIl.) tracts” Families below poverty level % 15.2 2.2 +12.9
Income disparity (ratio) 2.4 0.9 +1.5
E L Single-parent households %f 15.0 5.2 +9.8
£ Households without vehicle %f 34.4 5.1 +29.3
% AT} Unemployment %f 6.4 3.3 +3.1
a <9 years education % 11.8 1.2 +10.6
é Crowded households %f 12.6 1.0 +11.6
. Median family income $¢ 71,807 176,633 - 104,826

[e] . i
= = - Zngh school dlplomzf\ %° 78.6 97.3 -18.7
1-Low High-10 White collar occupation %° 57.5 834 -25.9
SVI Decile Owner-occupied housing %° 32.9 78.9 -45.9
Persons below povertyf 66.9 13.5 +53.4
No high school diploma 76.2 10.7 +65.5
Minority population 79.0 39.9 +39.1
Single-parent households' 53.6 18.4 +35.3
Population w/out a vehiclef 82.1 27.3 +54.7
SVE  ynemployment' 59.4 28.0 +31.4
(percentile ¢

rank) Crowded households 87.2 23.6 +63.7
Speak English “less than well” 86.4 41.1 +45.3
Multi-unit structures (10+ units) 77.7 39.7 +38.0
Per capita income 55.0 5.6 -49.4
Persons aged 17 and younger 42.4 47.8 -5.4
Persons aged 65 39.4 55.0 -15.6

Fig 4. ADI and SVI items driving the 2 highest rates of poor index agreement. Abbreviations: ADI, area deprivation index; SVI, social vulnerability index; w/
out, without. * = ADI and SVI items driving poor agreement were identified via item mean comparisons between (see also S5 and S6 Tables): IT) 2b. Poor
[High SVI (10%), Low ADI (40%)] v. 2a. Good [High SVI (10%), High ADI (20%)] agreement tracts and III) 3b. Poor [Low ADI (10%), High SVI (40%)] v. 3a.

« »

Good [Low ADI (10%), Low SVI (20%)] agreement tracts. ® = “n” indicates the number of poor agreement tracts; the percentage denominator is the total

comparison decile (IL. or IIL.) tract count. © = Items with significant (p<0.05) mean comparisons between poor and good agreement tracts and large effect size
(Cohen’s D |>0.80]). ¢ = Poor index agreement: index score difference of at least 6 deciles; Good index agreement: 0 to 1 decile difference between scores. ADI
and (all) SVI items ranging from 0 to 1 were multiplied by 100 for comparisons. ¢ = Higher item scores indicate higher deprivation levels, except as noted here:

lower values indicate higher deprivation. ' = Both ADI and SVI contain this item. & = Indicates index with items driving poor index agreement.

https://doi.org/10.1371/journal.pone.0292281.9004

PLOS ONE | https://doi.org/10.1371/journal.pone.0292281

October 5, 2023

8/16


https://doi.org/10.1371/journal.pone.0292281.g004
https://doi.org/10.1371/journal.pone.0292281

PLOS ONE

Comparison of two area-level socioeconomic deprivation indices

Comparison II: ADI and SVI items driving poor agreement. Comparison II tracts had
the highest 10% SVI deprivation scores overall, with high poverty, unemployment, minority
population, single-parent households, and population without a vehicle, and as well as low per
capita income and education (S5 Table). When compared to good agreement tracts [2a. high
SVI (10%), high ADI (20%)], the 1,391 (19.4%) poor agreement tracts [2b. high SVI (10%), low
ADI (40%)] had significantly (p<0.001; Cohen’s D >0.8) higher median home value
($426,247 v. $77,031), median monthly mortgage ($2,132 v. $980), median gross rent ($1,140
v. $736), median family income ($45,892 v. $35,989), multi-unit structures (81.6 v. 55.3 per-
centile rank), crowded households (16.9% v. 6.6%; 91.6 v. 73.4 percentile rank), and population
that speaks English “less than well” (90.4 v. 64.6 percentile rank). Income disparity (3.2 v. 4.0),
owner-occupied housing (24.6% v. 44.0%), population with a disability (50.9 v. 75.4 percentile
rank), and mobile homes (26.7 v. 54.2 percentile rank) were significantly (p<0.001; Cohen’s D
>0.8) lower in these tracts. Item comparison results suggested that, in high deprivation tracts
according to SVI (10%), poor agreement [low ADI (40%)] was driven by high median home
values, median monthly mortgages, and median gross rents.

Comparison III: ADI and SVI items driving poor agreement. Comparison III. tracts
had the lowest 10% ADI deprivation scores overall, with high median home values, monthly
mortgages, and gross rents (S6 Table). When compared to good agreement tracts [3a. low ADI
(10%), low SVI (20%)], the 1,182 (16.3%) poor agreement tracts [3b. low ADI (10%), high SVI
(40%)] had significantly (p<0.001; Cohen’s D >0.8) higher poverty [people below the poverty
level (66.9 v. 13.5 percentile rank), <150% of the poverty threshold (30.5% v. 6.4%), and fami-
lies below the poverty level (15.2% v. 2.2%)], income disparity (2.4 v. 0.9), unemployment
(59.4 v. 28.0 percentile rank; 6.5% v. 3.3%), lack of education [no high school diploma (76.2 v.
10.7 percentile rank) and <9 years of education (11.8 v. 1.2%)], minority population (79.0 v.
39.9 percentile rank), single-parent households (53.6 v. 18.4 percentile rank; 15.0% v. 5.2%),
households without a vehicle (82.1 v. 27.3 percentile rank; 34.4% v. 5.1%), crowded households
(87.2v. 23.6 percentile rank; 12.6% v. 1.0%), multi-unit structures (77.7 v. 39.7 percentile
rank), and people who speak English “less than well” (86.4 v. 41.1 percentile rank). These tracts
also had significantly (p<0.001; Cohen’s D >0.8) lower median family income ($71,807 v.
$176,633), per capita income (55.0 v. 5.6 percentile rank, higher indicated more deprivation),
high school graduates (78.6% v. 97.3%), people with white collar occupations (57.5% v. 83.4%),
owner-occupied housing 32.9% v. 78.9%), persons 17 years and younger (42.4 v. 47.8 percen-
tile rank), and persons 65 years and older (39.4 v. 55.0 percentile rank). [tem comparison
results indicated that, in low deprivation tracts according to ADI (10%)-with high median
home values, monthly mortgages, and gross rents—poor agreement [high SVI (40%)] was
driven by items associated with socioeconomic disadvantage.

Mapping. In addition to tract characteristics identified via individual ADI and SVI item
mean comparisons, one pattern emerged from mapping tracts with the highest rates of poor
index agreement (2b. and 3b. tracts, Fig 3). Of the tracts in comparison groups 2b. and 3b.,
98.6% and 98.5%, respectively (S1 Fig), were located in urban areas according to Rural Urban
Commuting Area codes [25]. Fig 5 maps present 2 example locations with high concentrations
of these tracts: the 5 boroughs of New York City and the San Francisco Bay Area. S3 Fig illus-
trates additional locations containing high numbers of 2b. and 3b. tracts (Miami, Seattle, Los
Angeles, San Diego, Sacramento, San Jose, Boston, and Washington, DC). Locations were con-
sistent with urban characteristics identified via item mean comparisons (e.g., more multi-unit
structures, more renters, fewer homeowners, less vehicle access, higher minority population,
and higher population that speaks English “less than well”).

S4 and S7 Tables contain complete item mean comparison data for poor agreement tracts
1b. and 4b. with high deprivation according to ADI and low deprivation according to SVI.
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Fig 5. Example locations illustrating high concentrations of tracts with poor index agreement®. Abbreviations: ADI, area deprivation index; SVI, social
vulnerability index. * = Poor index agreement was defined by ADI and SVI index scores that differed by at least 6 deciles. ® = 2b. and 3b. refer to Fig 3
comparisons of tracts with poor index agreement (with Fig 4 items); “2b-3b” refers to the 164 U.S. tracts that appear in both groups. Data sources: 2010 U.S.
Census TIGER/Line shapefiles: state and census tract; 2019 ADI [1]; 2018 SVI [2]; Basemap: Content is the intellectual property of Esri and is used herein with
permission. Copyright © 2023 Esri and its licensors. All rights reserved.

https://doi.org/10.1371/journal.pone.0292281.9005

Index items driving poor agreement for these groups are summarized in S2 Fig. Tracts were
less likely to be located in urban areas [61.5% (1b.) and 74.4% (4b.)] when compared to groups
2b. and 3b. (S1 Fig). Maps also illustrated that these tracts were primarily located in lower den-
sity areas (54 Fig).

Discussion

In this comparison of two frequently used area-level socioeconomic deprivation indices, ADI
and SVI, 2 principal findings were observed. First, ADI and SVI were overlapping but unique
area-level deprivation measures at the tract level. In addition to substantive differences in
index purpose, domains, items, construction, scoring method, availability, and geographic
scale, index correlation (R = 0.51) and agreement (44.4% of tracts within 0 to 1 deciles) were
modest. Nearly 20% of tracts with low ADI and high SVI scores, and 6.3% of all U.S. tracts,
had poor index agreement (>6-decile difference).

Second, tracts with the two highest rates of poor index agreement were more likely to be
located in urban areas with higher median monthly mortgages, monthly rents, and home val-
ues, while also having characteristics indicative of socioeconomic deprivation (e.g., families in
poverty, household crowding, limited education). Such characteristics are often consistent
with a process of gentrification and displacement [26-29]. This finding suggested that ADI’s
inclusion of unstandardized [30] housing price items can lead to misclassifying these urban
tracts as “not deprived” in comparison to SVI, which excluded these items. Taken together,
findings highlighted the need for careful selection of a socioeconomic deprivation measure
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that is sensitive to the context in which it will be used, especially when relying on these mea-
sures to identify or focus limited resources on urban areas most in need [6].

Index comparisons from this study expanded upon prior work that documented substan-
tive differences between ADI and SVI and overall modest correlation [3,6,12]. Prior work
comparing deprivation indices focused largely on substantive comparisons [1,3,6,7,9,10,31],
differences by spatial scale [1,10,12], or larger geographies such as county [8,32,33], clinical
referral regions [12], and specific locations or states [32,34]. The present study was the first
nation-wide tract level analysis of the ADI and SVI that 1) quantified index agreement at dif-
ferent extremes, providing more detailed insights into the magnitude and specificity of dis-
agreement at specific ADI and SVI levels; 2) identified items driving that agreement; and 3)
mapped the distribution of index agreement so that implications of index differences for
research, practice, and policy can be examined. Results indicated that the recently documented
over-weighting of housing costs in ADI persists in urban areas at the tract level nationally,
extending work focused on New York block groups [30,34]. Quantifying, identifying drivers
of, and mapping index differences at the tract level across the U.S. is necessary to inform and
evaluate research, funding and resource allocation, and policy using these indices. By identify-
ing tracts with poor index agreement, index users can make informed decisions about index
selection, plan to address index limitations, and anticipate consequences.

Implications

Understanding detailed differences between area deprivation indices is necessary for selecting
an appropriate index and navigating its limitations. Study findings suggest several consider-
ations for researchers, public health practitioners, healthcare providers and payers, and policy
makers using area-level socioeconomic deprivation indices.

Index purpose, construction, and application context matter. ADI and SVI were devel-
oped for different purposes and capture overlapping but unique constructs: socioeconomic
deprivation and social vulnerability. ADI identifies block-group level socioeconomic depriva-
tion to inform program planning, health delivery, and policy [16]. SVI aids emergency
response planners and public health officials by identifying areas most likely to require support
preparing for, responding to, and recovering from emergencies [18]. Neither index was ini-
tially intended for widespread research on associations between public health outcomes and
social determinants of health [33]. Implications of index differences, however, can vary by con-
text. Studies have found significant differences in associations between different indices and
health outcomes such as pain severity [31] and outcomes related to mortality, physical health,
mental health, subjective well-being, and social capital [32]. Other work found no substantial
differences in adjusted associations between county-level deprivation according to four area-
level socioeconomic deprivation measures (including ADI and SVI) and COVID-19 incidence
and mortality rates [8]. While both measures capture disadvantage and vulnerability in mean-
ingful ways, index selection requires an understanding of how and whether index purpose,
construction, and usage context (e.g., location, geographic scale, population, and outcomes of
interest) affect application.

Index differences affect how deprivation is defined and have implications for how indi-
ces are used and interpreted, especially within the context of health equity [3]. Depriva-
tion measures used to study relationships between SES and health outcomes can influence
predictive ability [31]. Index selection also affects policy and resource allocation decisions,
with the potential to divert resources away from areas in need [12,31,34]. For example, using
ADI to identify high deprivation areas to inform disaster response, resource allocation, or
healthcare payment weighting could result in misclassifying and under-resourcing urban
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locations with both high deprivation and housing costs [30,34]. Using SVI may raise legal con-
cerns in some contexts due to its inclusion of race and ethnicity [6,8,35]. Strategies to address
health equity that rely on these indices must consider index differences, limitations, and appli-
cation context. Otherwise, strategies may risk maintaining or worsening rather than mitigating
inequities.

The selected index must include particular aspects of deprivation or social risk relevant
to the context in which the index will be used [6]. Indicators of deprivation may vary based
on place [10] and a single index may not be appropriate for some contexts. For example, depri-
vation indicators can vary in rural versus urban settings [36-38]. Results from this study dem-
onstrated that a large proportion of tracts with poor agreement due to ADI housing cost items
were located in urban areas with high housing costs and deprivation; a small proportion of
tracts with poor agreement were located in less dense and rural areas, with less substantial
implications at a national scale. These implications could become more problematic when
focusing specifically on these rural areas.

Additionally, prior work found that ADI and SVI items varied in their associations with
deprivation, especially race, disability, and household composition items [3]. Historical and
contemporary factors, such as structural racism, contribute to place-based differences in
resource availability including social capital and material and non-material attributes related
to vulnerability [10]. Careful index selection is especially critical for users addressing health
equity considering potential links between poor index agreement, urban areas, and docu-
mented effects of structural racism [39-41] and gentrification [26,28].

Index selection priorities vary for researchers, practitioners, providers and payers, and
policy makers. Priorities can range from identifying indices with good construct validity and
parsimony, or suited for longitudinal research; to selecting indices to inform disaster response
and interventions, locate high deprivation areas, or be used and understood by a variety of
audiences; to relying on indices with high potential to inform policy. These priorities require
unique considerations and likely result in various index selections for different applications.

No “gold standard” or best index recommendation exists for quantifying socioeconomic
disadvantage or social vulnerability. A review of 21 area-level deprivation indices [6], including
ADI and SVI, concluded that none are ideal for informing national policies that address social
determinants of health or health-related social needs; yet, ADI and SVI were among 3 indices
recommended for immediate use in policy development addressing health-related social needs
[13]. Once measures and policies are established that determine how resources are distributed,
future changes can be difficult to make [6]. Therefore, understanding index differences in
detail and identifying the consequences of index selection can enable adjustments so all popu-
lations benefit from resource allocation decisions and policies as intended.

Limitations

This study was not without limitations. The data source years used by the ADI 2019 and SVI
2018 versions differed by one year. Changes in index items over time may have contributed to
index agreement results. Indices using census data from 2010-2019 may present additional
challenges when used with communities that experienced substantial shifts during the
COVID-19 pandemic or natural disasters in 2020 or later [6]. Discrepancies in data source
years of available indices must be addressed when selecting, interpreting, and applying area-
level deprivation measures. Moreover, changes in deprivation over time, rather than cross-sec-
tional measures of deprivation, may need to be considered [12]. This analysis analyzed the
most recent ADI and SVI versions available at the time of the study. Second, this study assessed
index agreement using composite scores categorized by deciles and not original continuous
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rank data. Sensitivity analyses indicated no change in the ADI-SVI correlation coefficient
between continuous and decile data.

Third, ADI was developed at the block group rather than tract level. Aggregation of data
from block group to tract level may have contributed to index agreement results, although sen-
sitivity analyses in prior work found that aggregation did not change study results [12]. Prior
studies also found that differences between indices and associated health outcomes vary across
geographic scales, with larger differences occurring at smaller geographic areas (e.g., census
block groups) and decreasing differences at larger geographic areas (e.g., county) [5,8,32,33].
This work suggests that index differences may be underestimated at tract compared to the
block group level. Finally, study findings were based on comparisons of ADI and SVI data
across all U.S. census tracts. Repeating the comparisons within specific states, using state-level
ADI and SVI data, may reveal additional information about index agreement within states.
The present study’s nationwide analysis is timely, however, given the widespread use of ADI
and SVI with U.S. datasets and recommended use for immediate national policy development
[6,13].

Conclusions

ADI and SVI are not interchangeable measures. They each include unique domains of socio-
economic deprivation that affect index agreement, especially in urban areas with both high
housing costs and characteristics indicative of socioeconomic deprivation. Study findings
emphasized the need for intentional selection of an area-level deprivation index by researchers,
practitioners, and policymakers working to address health equity. The measure must be appro-
priately sensitive to the context in which it will be used.
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