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Abstract.

Background: There is a need for integration and comprehensive characterization of environmental determinants of
Alzheimer’s disease. The Environmental Justice Index (EJI) is a new measure that consolidates multiple environmental
health hazards.

Objective: This analysis aims to explore how environmental vulnerabilities vary by race/ethnicity and whether they predict
cognitive outcomes in a clinical trial of mild cognitive impairment (MCI).

Methods: We used data from a clinical trial of 107 MCI participants (28% minorities). Using the EJI, we extracted 40
measures of neighborhood environmental and social vulnerability including air and water pollution, access to recreational
spaces, exposure to coal and lead mines, and area poverty. We also examined the relationship of the EJI to the Area Deprivation
Index (ADI). Data was analyzed using regressions, correlations, and -tests.

Results: Environmental Burden Rank (EBR) across the sample (0.53 4= 0.32) was near the 50th percentile nationally. When
divided by race/ethnicity, environmental (p =0.025) and social (p <0.0001) vulnerabilities were significantly elevated for
minorities, specifically for exposure to ozone, diesel particulate matter, carcinogenic air toxins, and proximity to treatment
storage and disposal sites. ADI state decile was not correlated with the EBR. Neither EBR nor ADI were a significant predictor
of cognitive decline.

Conclusions: To our knowledge, this is the first study to link the EJI to an MCI trial. Despite limitations of a relatively small
sample size, the study illustrates the potential of the EJI to provide deeper phenotyping of the exposome and diversity in
clinical trial subjects.
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INTRODUCTION

While there is great interest in studying the impact
of the exposome on aging and Alzheimer’s disease
(AD) [1-5], mapping the comprehensive range of
exposures that can impact health risks has proven
challenging [1]. A notable advance in integrating
geographic data on social inequities with health out-
comes was the 2018 creation of the Neighborhood
Atlas by the University of Wisconsin-Madison using
measures created by the Health Resources & Services
Administration [6, 7]. With this atlas, researchers
could extract the Area Deprivation Index (ADI), a
ranking of census block groups at the state or national
level based on their socioeconomic disadvantage [6,
7], including measures of education, employment,
housing, and other household characteristics [8]. Sub-
sequent studies have used the ADI socioeconomic
ranking to link to risk for incident dementia or AD
pathology [3, 9]. For example, in a cross-sectional
study of 447 brains, those who had lived in the most
deprived neighborhoods were about two-fold more
likely to have AD neuropathology [3]. In another
study of 601 cognitively normal elderly subjects,
subjects living in the 20% most disadvantaged neigh-
borhoods had greater cortical thinning in regions
relevant to AD as well as lower cognitive scores on
executive function [9]. These associations were in-
part mediated by racial differences. One limitation of
the ADI is that it does not include direct measures of
environmental hazards.

The 2020 NIA workshop identified several envi-
ronmental factors, in addition to social risk factors,
for the development of AD, including gestational
exposure to metals and extreme temperature changes,
emphasizing the need for greater data integration
across multiple exposures [1]. For example, a study
of 249,405 older adults in Miami-Dade county found
that neighborhoods in highest tertile of greenness,
measured by mean Census block level Normalized
Difference Vegetation Index (NDVI), had a 20%
reduced odds for AD [4]. This study as well as the
NIA workshop suggested that environment modifica-
tion may be a means to dementia risk reduction and
should be studied further [1, 4].

Advances in geospatial mapping and sensors have
allowed for greater visualization, integration, and
analyses of environmental impacts at a neighbor-
hood level. Such advances also made it possible
to track whether all individuals, regardless of fac-
tors such as race or economic status, enjoyed the
same degree of protection from environmental and

health hazards—a term referred to as “environmental
justice” [10].

To further this, in 2022, the Environmental Jus-
tice Index (EJI) was launched as the first nationwide
database to integrate a wide range of environmental
and social vulnerabilities for each census tract in the
US [11]. Using data from the U.S. Census Bureau,
the U.S. Environmental Protection Agency, the U.S.
Mine Safety and Health Administration, and the U.S.
Centers for Disease Control and Prevention, the EJI
ranks these census tracts, subdivisions of counties,
on 47 environmental, social, and health indicators.
It groups them into three modules and ten different
domains. The three modules are Environmental Bur-
den (EBR), Social Vulnerability (SVR), and Health
Vulnerability [12].

Each of the 40 indicators in the EBR and SVR is
given a percentile ranking from O to 1. The health
vulnerability module is also taken into account as
each census block is marked as yes/no for high preva-
lence (>66.66%) of certain chronic diseases. These
are compiled to make up the overall EJI percentile
rank that also ranges from O to 1. Higher scores indi-
cate greater burden for that tract, e.g., a score of 0.70
indicates that 70% of census tracts experience less
burden, and 0.50 is the national median. The EJI is
a dynamic index that allows for the comparison of
environmental and social risks and the identification
of areas with disproportionate burden [13]. The tool
is improved and updated through engagement with
communities.

To our knowledge, no prior study has used
the EJI to characterize neighborhood vulnerabilities
in subjects at risk for AD or those in a clini-
cal trial. This exploratory study aimed to link the
EJI to subjects who meet the criteria for mild
cognitive impairment (MCI) in an AD prevention
trial to 1) characterize the spectrum of environ-
mental exposures at a neighborhood level in MCI
subjects, 2) examine how such environmental vul-
nerabilities differed by race/ethnicity, 3) examine
how environmental vulnerabilities differed between
a semi-urban and urban study site, and 4) test if
baseline environmental exposures impacted cognitive
decline.

METHODS

Subjects and study design

Data used in this study came from an MCI clinical
trial aimed to test if cognitive training slowed MCI
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progression. The study was approved by institutional
IRBs at Duke University and Colombia University,
and all participants provided written informed con-
sent. Details of study design, selection criteria, and
study outcomes have been previously reported [14,
15]. In brief, 107 MCI participants were recruited
from the community at two sites: Durham, North
Carolina, and New York City, New York. Partici-
pants were a heterogeneous mix drawn from high
and low income neighborhoods in the areas surround-
ing these two sites. Participants were recruited via
traditional strategies for clinical trials, including com-
munity engagement, involvement in churches, flyers,
advertisements, referrals, and registries. The goal in
recruitment was that at least 20% of these partici-
pants were racial/ethnic minorities, as self-identified
by the participants. Inclusion criteria required that
participants be 55-95 years old, be English-speaking,
meet criteria for amnestic MCI, including objec-
tive memory impairment on the WMS-III Logical
Memory delayed recall, and be free free of major
confounding neuropsychiatric illness [14, 15]. All
subjects underwent a thorough clinical history and
clinical diagnosis through neuropsychological test-
ing with the Alzheimer’s Disease Assessment Scale
— Cognitive Subscale (ADAS-Cogll) and other
testing methods at baseline and specified intervals
through the end of the study, at week 78 [14,
15].

Environmental Justice Index (EJI)

Participants’ census tracts were used to extract
neighborhood social and environmental data from
the publicly available online EJI database, including
the indicators of the environmental burden and social
vulnerability modules.

Supplementary Tables 1 and 2 contain definitions
of all the individual component indicators for the
EBR (Supplementary Table 1) and SVR (Supplemen-
tary Table 2). For each subject, we extracted scores
for each of the social and environmental exposures as
well as the total EBR and SVR according to their geo-
graphic tract. The EJI’s third module, health vulner-
ability, accounts for the high burden of pre-existing
chronic disease (asthma, cancer, high blood pressure,
diabetes, poor mental health) in the census tract [12].
We did not include this module in secondary analyses
of cognitive decline, per CDC/ASDTR guidance for
use of EJI, due to risk of multicollinearity between
the health-related variables.

Area Deprivation Index (ADI)

The ADI is a refined and validated version of an
index originally created by the Health Resources
& Services Administration. Participant data and
the Neighborhood Atlas were used to compile the
ADI rankings for each individual per their census
block, which are smaller geographic regions within
a census tract, and thus the best approximation for
neighborhood-level data [6]. Supplementary Table 3
outlines the census variables used to compile the ADI
rankings. Many of these are similar to those included
in the EJI social vulnerability module, though there
are added measures for home values and income dis-
parity, among others.

State decile rank (STA) is calculated by ranking the
ADI scores of each census block in the state and then
dividing them into deciles (1-10), with higher deciles
marking neighborhoods with increased deprivation
[6, 7]. National percentile (NAT) is calculated by
ranking the ADI scores across the nation and creating
percentile rankings (1-100) with higher percentiles
for more disadvantaged neighborhoods [6, 7]. One
subject had missing ADI values due to insufficient
data in their census block.

Data and analysis

The main purpose of this pilot study was to exam-
ine the insights that could be gained by linking
EBR, SVR, and ADI metrics to an MCI clinical
trial.

Specifically, the focus was on understanding how
these subjects fared relative to the nation with regard
to environmental and social exposures and how these
exposures differed by race/ethnicity. For this analy-
sis, Black (n=24), non-Hispanic Asian (n=1), and
Hispanic (n=4) participants are combined into a
minority group, as this was a pilot study with a rela-
tively small sample size. Their rankings on the EJI are
compared to those of the non-Hispanic White partici-
pants. Furthermore, the study also examined how EJI
and ADI rankings compared between participants at
the two sites in the trial. These were evaluated using
2-sample #-tests.

We also use Pearson’s correlations to explore how
EBR, SVR and ADI measures correlated to one
another. The final exploratory aim was to examine the
effects of EBR and SVR on the longitudinal change
from baseline in cognition (ADAS-Cog) of MCI sub-
jects over 78 weeks. For this last aim, all MCI subjects
were pooled, regardless of treatments, and data was



796 A. Adhikari et al. / Environmental Justice and MCI

Table 1
Baseline characteristics of MCI subjects by race/ethnicity

Non-Hispanic Whites Minority Groups P
Sample size N=78 N=29 -
NYC/Durham 34/45 21/8 0.008
Female/Male 39/39 23/6 0.006
Age (mean £ SD) 73.15+£8.76 65.86 £6.52 <0.001
Education (mean £ SD) 17.05+3.35 15.76 £2.28 0.058
EMCI/LMCI 30/48 14/15 0.359
MMSE (mean + SD) 26.95+1.68 27.03+1.55 0.811
ADAS-Cog (mean & SD) 9.74+3.73 9.07+2.71 0.376

EMCI, early mild cognitive impairment; LMCI, late mild cognitive impairment; MMSE, Mini-
Mental State Examination; ADAS-Cog, Alzheimer’s Disease Assessment Scale — Cognitive
Subscale.
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Fig. 1. Comparisons of non-hispanic whites and minority groups. Figure depicts component rankings by race/ethnicity for the Environmental
Justice Index (A) as well as the Area Deprivation Index (B). There were significant differences between non-Hispanic whites and minority
groups in the Environmental Justice Index, Environmental Burden Ranking, Social Vulnerability Ranking, and State Decile, indicated by
the asterisk (*p <0.05, ***p <0.001). Minority participants have greater values for these measures, indicating increased deprivation in the
geographical areas where they live. There was no significant difference in the means for National Percentile.
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Table 2
Environmental Burden Ranking Scores by Race/Ethnicity (mean & SD)
Indicators Non-Hispanic Minority P
Whites Groups

Air Pollution 0.65+0.22 0.82+0.16 <0.001
Ozone 0.35+0.40 0.60+0.38 0.004
PM2.5 0.64+0.14 0.61+0.11 0.317
Diesel Particulate Matter 0.64£0.28 0.87£0.19 <0.001
Air Toxics Cancer Risk 0.74£0.20 0.85£0.09 0.005
Potentially Hazardous and Toxic Sites 0.38 +0.32 0.47 £0.31 0.204
National Priority List Sites 0.07 £0.26 0.06 £0.24 0.865
Toxic Release Inventory Sites 0.45£0.36 0.56+0.40 0.152
Treatment, Storage, and Disposal Sites 0.09 +0.27 0.00£0.00 0.007
Risk Management Plan Sites 0.11£0.28 0.24 £0.40 0.060
Coal Mines 0.00+0.00 0.00+0.00 -
Lead Mines 0.00 £+ 0.00 0.00+0.00 -
Built Environment 0.40 £0.22 0.32£0.19 0.076
Lack of Recreational Parks 0.53+£0.18 0.44£0.12 0.015
Houses Built Pre-1980 0.46 +0.39 0.63+0.37 0.055
Lack of Walkability 0.44+0.24 0.26+0.17 <0.001
Transportation Infrastructure 0.48 +0.28 0.57 £0.26 0.126
High volume Roads 0.524+0.26 0.57+0.30 0.413
Railways 0.48£0.32 0.56+£0.35 0.280
Airports 0.01+0.11 0.07+0.25 0.265
Water Pollution/Impaired Surface Water 0.46 +0.29 0.50 +0.36 0.491
Overall Environmental Burden Rank 0.49 +0.32 0.65 +0.30 0.025

analyzed using regressions. EJI and ADI scores were
retrieved on November 15, 2023.

RESULTS

Baseline characteristics

Table 1 depicts the baseline characteristics of the
107 MCI subjects, shown between minorities (n =29)
and non-Hispanic white (n="78) participants. There
were no significant differences in baseline cognition
between these groups, as noted by the insignificant
p-values for EMCI/ LMCI, MMSE, and ADAS-Cog
scores.

EJI index by race/ethnicity

The overall EJI score, computed by combining
the Environmental Burden, Social Vulnerability, and
health vulnerability modules, was significantly differ-
ent between non-Hispanic White (0.33 £0.27) and
minority (0.63 £=0.32) participants (p <0.001) with
minority participants having higher scores (Fig. 1A).

EBR differences by race/ethnicity

Across the whole MCI sample, the mean EBR was
0.53 +0.32 and was significantly higher for minor-
ity participants as compared to non-Hispanic Whites

(»p=0.025) (Fig. 1A). As shown in Table 2 and Fig. 2,
several EBR indices differed significantly between
racial/ethnic groups.

While air pollution exposure was higher than the
national median for both non-Hispanic White and
minority subjects, minority participants lived in areas
with significantly higher exposure to air pollution
(p<0.001), including ozone (p=0.004), diesel par-
ticulate matter (p <0.001), and air toxics cancer risk
(p=0.005).

For some indicators, such as the presence of
National Priority List Sites, Treatment, Storage, and
Disposal (TSD) Sites, Lead Mines, Coal Mines, and
Airports, the mean percentiles for all subjects were
below the 10™ percentile, suggesting that this MCI
sample was relatively well-off in comparison to the
national average. Metrics related to access to recre-
ational spaces, roads, and railways hovered around
the national median and did not differ significantly
between minorities and non-Hispanic Whites.

SVR component scores by race/ethnicity

Across the whole MCI sample, the mean SVR
was 0.41 % 0.30, and minority participants had a sig-
nificantly higher average than non-Hispanic Whites
(p<0.001) (Fig. 1A).

Within specific SVR categories, minorities had
higher scores on the minority status percentile
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Fig. 2. Figure portrays the mean values of all Environmental Bu

rden indicators by race/ethnicity. Minority participants had significantly

higher ranking for several variables compared to non-Hispanic white participants, indicating greater deprivation in these geographic areas:
overall environmental burden ranking, air pollution, ozone, diesel particular matter, air toxics cancer risk, treatment, storage, and disposal
sites, lack of recreational parks, and lack of walkability. Significance is represented by the asterisks (*p <0.05, ** p<0.01, *** p<0.001).

Table 3
Social Vulnerability Ranking Scores by Race/Ethnicity (mean &£ SD)

Indicators Non-hispanic whites ~ Minority groups p
Racial/Ethnic Minority Status 0.52+0.21 0.79 £0.23 <0.001
Socioeconomic Status 0.33 £0.28 0.62 £0.30 <0.001
Poverty 0.30+0.24 0.544+0.29 <0.001
No High School Diploma 0.31£0.27 0.61+£0.34 <0.001
Unemployment 0.40+£0.25 0.56+0.28 0.005
Housing Tenure 0.54+£0.31 0.74+£0.28 0.003
Housing Burdened Lower-Income Households 0.43+£0.28 0.70+£0.31 <0.001
Lack of Health Insurance 0.37+£0.27 0.51+£0.26 0.019
Lack of Broadband Access 0.28£0.24 0.52+0.28 <0.001
Household Characteristics 0.38 £ 0.30 0.51+£0.29 0.056
Age 65 and Older 0.55+£0.30 0.43+£0.34 0.069
Age 17 or Younger 0.41+£0.29 0.44+0.32 0.642
Civilian with a Disability 0.42+1.02 0.40£0.27 0.895
Speaks English “Less than Well” 0.51+£0.31 0.69 +£0.27 0.007
Housing Type 0.42+0.30 0.37 £0.26 0.438
Group Quarters 0.40+£0.33 0.42+0.37 0.785
Mobile Homes 0.30+0.32 0.20£0.29 0.129
Overall Social Vulnerability Rank 0.33+£0.28 0.60 + 0.28 <0.001

(»<0.001) as compared to their non-Hispanic White
counterparts, indicating they lived in areas with
greater minority presence. Minority participants
also had significantly higher mean percentiles for
all indicators in the socioeconomic status cate-
gory (p<0.001), including poverty (p<0.001),

lack of high school diploma (p<0.001), unem-
ployment (p=0.005), housing tenure (p=0.003),
housing burdened lower-income households
(»<0.001), lack of health insurance (p=0.019),
and lack of broadband access (p<0.001) (Table 3,
Fig. 3).
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Social Vulnerability Indicators
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Fig. 3. Figure portrays the mean values of all Social Vulnerability indicators by race/ethnicity. Minority participants had significantly
higher ranking for several variables compared to non-Hispanic white participants, indicating greater deprivation in these geographic areas:
overall social vulnerability, racial/ethnic minority status, socioeconomic status, poverty, no high school diploma, unemployment, housing
tenure, housing burdened lower-income households, lack of health insurance, lack of broadband access, and speaks English “less than well”.
Significance is represented by the asterisks (*p <0.05, **p <0.01, ***p <0.001).

Housing type and household characteristics did not
differ significantly by race/ethnicity. The standard
deviations around the mean for all of these indicators
were relatively high, indicating a large dispersion of
data for the participants in this study.

ADI state and national scores by race/ethnicity

The average state decile (STA) across all 107
MCI participants was 2.90 & 1.96 with higher scores
for minorities than non-Hispanic Whites (p =0.010)
(Fig. 1B). For the national percentile (NAT) the aver-
age was 23.09 & 17.87 among all participants, with
no significant difference in the means between white
and minority participants (Fig. 1B). The standard
deviations for STA and NAT suggest a large spread
of individual data points about the mean.

Comparison of EBR, SVR, and ADI indices
between the New York City and Durham Sites

The New York City site had significantly higher
mean values for EJI (p <0.001), EBR (p <0.001), and
SVR (p<0.001) rankings than Durham, (Fig. 4A).

Average STA values were also higher in New York
City (p=0.01), but Durham had a higher NAT per-
centile on average (p <0.001).

Correlations among EJI and ADI component
scores

Figure 5 depicts the correlations between the
EJI indices and ADI variables. The EBR and SVR
were positively correlated with each other (r=0.39,
p<0.001). The SVR was also significantly corre-
lated with STA (r=0.44, p <0.001), but not with NAT
(r=0.13, p=0.183). The EBR was not correlated
with STA (r=0.03, p=0.754). Within the ADI, the
STA and NAT were also positively correlated (r=62,
p<0.001).

Effect of EBR, SVR, and ADI status on the
change from baseline in ADAS-Cog

There was no significant effect of baseline EBR,
SVR, or ADI status on the change in ADAS-Cog from
baseline to week 78 (Fig. 6).
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Fig. 4. Comparisons of New York City and Durham study sites. Figure depicts component rankings by study site for the Environmental
Justice Index (A) as well as the Area Deprivation Index (B). There were significant differences between the sites in the Environmental
Justice Index, Environmental Burden Ranking, and Social Vulnerability Ranking as well as the State Decile and National Percentile.
Significance is indicated by asterisks (*p <0.05, ***p <0.001). Participants in New York City have greater values for EJI, EBR, SVR, and
STA, indicating increased deprivation in these geographical areas. Unlike the other variables, the average National Percentile was significantly
higher for Durham average was higher for Durham residents as compared to the participants at the New York City site. Please see text for
more detail.

DISCUSSION cognitive impairment. There is increasing acknowl-
edgment of the failure of prior clinical trials to be

To our knowledge, this is the first study to link the inclusive [16, 17] and the need to more fully capture
Environmental Justice Index to a clinical trial of mild the effects of the exposome on health outcomes [1-5].
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Fig. 6. Correlation of Environmental Justice Index components with 78-week change in ADAS scores. Figure depicts the scatter of Envi-
ronmental Burden Rankings and Social Vulnerability Rankings with the change in ADAS over time. There is no significant relationship
between these variables.
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Fig. 5. Heat map depicting the correlations between EJI and ADI
indices. ADI variables include state (STA) decile and national
(NAT) percentiles. Categorical variables from the environmen-
tal burden (EBR) module: air pollution (APOL), potentially
hazardous and toxic sites (PHTS), built environment (BE), trans-
portation infrastructure (TRAN), and water pollution (WPOL).
From the social vulnerability module: minority status (MIN),
socioeconomic status (SES), household characteristics (CHAR),
housing type (TYPE). EJI is the overall score. Please see text for
details of the correlation results and p-values.

There is also increasing interest in climate medicine
and in linking environmental variables, such as air
pollution [1, 2], metallic toxicity [1, 18-20], and
greenspace availability [1, 4], to cognitive decline.

Several findings emerged from our study. While
the overall mean of the EBR in the pooled sample
was near the national average, several air pollution
metrics, such as particulate matter 2.5, diesel par-
ticulate matter and other air toxics (formaldehyde,
carbon tetrachloride, acetaldehyde, and benzene),
were worse than the national average. On the other
hand, metrics for air ozone, walkability, access to
airports, and proximity to lead and coal mines were
much better than the national average. When divided
by race/ethnicity, minorities were significantly more
likely to live in areas with greater exposure to air
pollution, ozone, diesel particulate matter, air tox-
ics cancer risk, and greater proximity to treatment,
storage and disposal sites. However, minorities were
more likely to live in areas that were more walka-
ble with more recreational parks. These findings are
notable since many of these factors have been linked
to risk for neurodegenerative processes or cognitive
impairment [1-5, 18-21].

As with EBR, the overall SVR rank as well as
several neighborhood-level socioeconomic metrics
(poverty, education, unemployment, lack of health
insurance, lack of broadband access) were worse for
minority participants. ADI STA ranking was also
higher for minorities. Thus, MCI participants who
identified as minorities were more likely to live in a
geographic area with greater socioeconomic depriva-
tion. The lack of correlation between the ADI STA
and EBR suggests they are meant to evaluate dis-
parate constructs, as the ADI is meant to capture
socioeconomic variables and the EBR measures envi-
ronmental exposures.

The relationship between race/ethnicity and envi-
ronmental vulnerability has been documented in the
literature, observing that minority communities tend
to be located in places with more environmental haz-
ards, such as pollution and contaminants, including
pesticides and waste products [22—24]. Our findings
confirm the systemic nature of environmental injus-
tice and extend this to MCI - marginalized MCI
subjects may face a disproportionate burden of envi-
ronmental hazards including many factors known to
be risks for AD. This inherent geographic separation
is aresult of pastinjustices, such as racial segregation,
discriminatory zoning practices, and unequal access
to resources [25].

If larger studies confirm a link between envi-
ronmental burden and/or social vulnerability and
a greater risk for cognitive decline, especially in
minorities, they may have direct implications for
how resources should be allocated to mitigate envi-
ronmental hazards in MCI to prevent long-term
impacts on health. The higher risk for AD in African
Americans and Native Americans has been largely
attributed in prior studies to lower educational levels
and decreased cognitive reserve [26-28] but accu-
mulated findings [1, 2, 4] suggest a need to examine
the potential synergistic role of multiple environmen-
tal hazards, such as air pollution, and proximity to
treatment, storage, and disposal sites.

Our findings also have implications for the inte-
gration of neighborhood-level environmental data in
multi-site observational and interventional trials. We
found differences by study site in a range of environ-
mental exposures—a factor rarely taken into account
in AD treatment or prevention trials. Further, as AD
clinical trials strive to enhance diversity [16, 17],
it will become more important to fully characterize
the differential risks faced by study subjects at entry
and during the trial. A subject living in an area with
high indoor and outdoor environmental hazards may
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potentially have a different outcome than a subject
living in a clean neighborhood. While our study did
not find any significant relationship between base-
line EBR or ADI and longitudinal cognitive change,
we believe this may be due to a lack of power and
the fact that all subjects in the study were on active
cognitive enhancing therapy. We are not stating that
the EJI should be used as a criterion for entry into
clinical trials, but rather that it can be used as a mea-
sure of neighborhood exposures in post-hoc analysis
to examine potential environmental impacts as con-
founds or mediators of outcomes. It also illustrates the
power of this tool to test for differences across sites
and to better characterize the exposome subjects for
studies. Future research should also directly measure
the effect of environmental hazards at an individual
patient level using careful clinical history, sensors,
and blood biomarkers of toxicity (from pollutants and
metals) to complement the EJI data.

The strengths of this study include the careful
characterization of study subjects with regards to
MCI diagnosis, cognition, and a range of neighbour-
hood exposures as well as being the first study to
directly examine the utility of the EJI in a prevention
trial. There are also some limitations as this was an
exploratory study. First is the relatively small sam-
ple size. We also recognize that there are significant
differences between the minority groups we chose to
combine, and future studies should aim to increase
sample size to allow the power to study each group
separately. Furthermore, the variables in the EJI and
ADI are integrated through different sources and may
not have been collected in immediate temporal prox-
imity to when our subjects’ cognition was assessed.
The development of MCI and/or AD is also not likely
to be attributed to any one environmental or social fac-
tor, as AD is a heterogeneous disease with many kinds
of risk factors, many of them longitudinal. Addition-
ally, the grouping of neighborhoods as census tracts
or census blocks may not necessarily reflect the true
vulnerabilities of a given subject or house in that
area. Combining information specific to a particular
individual or house with the neighborhood-level data
would be more specific at a causal level. However,
such house-specific data are unlikely to be available
at a national level due to technological limitations
and privacy concerns. Lastly, measuring exposure
when a subject already has symptoms may not capture
exposure during early childhood or mid-life when
they may have lived at a different location. Future
research should ideally measure cumulative lifetime
exposure, but again, such metrics are not available at

this time. Hence, our findings should be interpreted
as preliminary, and warranting replication in larger
studies.

Despite these limitations, our study documents a
link between a range of environmental hazards and
race/ethnicity in MCI subjects. While we are not
insinuating that the EJI is a replacement for clinical
history and measurement of individual environmental
exposures, it is an additional tool. Indices such as the
EJI and the ADI may help our efforts to better study
the exposome, reduce environmental exposures, and
promote environmental justice in marginalized com-
munities.
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