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The general population is exposed to numerous environmental pollutants, and it remains unclear which pollutants affect the
brain, accelerating brain aging and increasing the risk of dementia. The Environmental-Pollution-Induced Neurological Effects
study is a multi-city prospective cohort study aiming to comprehensively investigate the effect of different environmental pol-
lutants on brain structures, neuropsychological function, and the development of dementia in adults. The baseline data of 3,775
healthy elderly people were collected from August 2014 to March 2018. The eligibility criteria were age > 50 years and no self-re-
ported history of dementia, movement disorders, or stroke. The assessment included demographics and anthropometrics, labo-
ratory test results, and individual levels of exposure to air pollution. A neuroimaging sub-cohort was also recruited with 1,022
participants during the same period, and brain magnetic resonance imaging and neuropsychological tests were conducted. The
first follow-up environmental pollutant measurements will start in 2022 and the follow-up for the sub-cohort will be conducted
every 3-4 years. We have found that subtle structural changes in the brain may be induced by exposure to airborne pollutants
such as particulate matter 10 pm or less in diameter (PM,), particulate matter 2.5 um or less in diameter (PM,s) and Mny,,
manganese in PMp; Mn, 5, manganese in PM,s. PMy, PM, 5, and nitrogen dioxide in healthy adults. This study provides a basis
for research involving large-scale, long-term neuroimaging assessments in community-based populations.

KEY WORDS: Cohort studies, Environmental pollutants, Neurodegenerative diseases, Magnetic resonance imaging, Neuropsy-
chological tests

Correspondence: Changsoo Kim
Department of Preventive Medicine, Yonsei University College of

Medicine, 50-1 Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea INTRODUCTION

E-mail: preman@yuhs.ac

*Jang & Kim contributed equally to this work as joint first authors. Dementia—including Alzheimer’s disease (AD), Parkinson’s
Received: Jul 18,2021 / Accepted: Sep 16, 2021 / Published: Sep 16, 2021 disease dementia, and vascular dementia—is a global health chal-
This article is available from: https://e-epih.org/ lenge of increasing importance, as 40-50 million people are cur-

€9Thisisan open-access article distributeq under the terms_ of the Creative rently diagnosed with it [1-3]. This condition also leads to over-
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),

which permits unrestricted use, distribution, and reproduction in any medium, whelming national, societal, and familial burdens due to the long
provided the original work is properly cited. course of its progression and demand for continuing care. The
(© 2021, Korean Society of Epidemiology global age-standardized disability-adjusted life years (DALY) rate

www.e-epih.org | 1



http://crossmark.crossref.org/dialog/?doi=10.4178/epih.e2021067&domain=pdf&date_stamp=2021-09-16

Epidemiol Health 2021;43:2021067

Epidemiology
and Health

epiH

(per 100,000) for AD and other types of dementia has gradually
increased from 460.9 (95% confidence interval [CI], 394.5 to 544.4)
in 1990, to 469.6 (95% CI, 403.2 to 552.4) in 2006 and 470.6 (95%
CI, 401.2 to 556.3) in 2016 [4]. In the United States, the total health
care cost for dementia is significantly higher than that for heart
disease, cancer, or other illnesses [5], and the total cost for AD care
is projected to increase from US$305 billion in 2020 to over US$1
trillion by 2050 [6].

The increasing burden of dementia also represents an issue in
Korea. For 2 decades, the Korea has been an aging society and is
expected to become a super-aged society in 2025 [7]. A 2014 sur-
vey revealed a 9.2% prevalence of dementia among Korean older
adults (aged > 65 years); furthermore, the age-specific prevalence
of dementia doubled with a 5.8-year increase in age [8]. Dementia
contributed the most to the overall disease burden among elderly
people in 2010, yielding 274,849 DALYs, an estimate that is pro-
jected to increase 3-fold by 2050 [9].

To curb the increasing burden of dementia, prevention is of
paramount importance because most types of dementia are pro-
gressive and incurable. Specifically, primary prevention strategies
involve the identification and management of risk factors. The
long-established risk factors for dementia include smoking, heavy
alcohol consumption, cardiovascular disease, and diabetes. In re-
cent decades, growing evidence has also emerged regarding envi-
ronmental pollution (specifically, particulate matter [PM]) as a
risk factor for dementia and some early or preclinical phases of
dementia (e.g., mild cognitive impairment and cognitive decline).
Furthermore, when our cohort was established in 2014, few stud-

ies had examined the effect of PM on sensitive neurological out-
comes such as brain imaging markers. However, members of the
general population are exposed to numerous environmental pol-
lutants in varying degrees, and it remains unclear which pollut-
ants affect the brain, accelerating brain aging and increasing the
risk of dementia. Hence, a cohort study specifically designed to
comprehensively investigate various environmental pollutants
and their effects on the long course of neurodegeneration, from
preclinical brain structural changes to overt cognitive decline and
dementia, is warranted.

We launched a multi-city prospective cohort study in 2014,
named the “Environmental-Pollution-Induced Neurological EF-
fects (EPINEF)” study; as part of the Environmental Health Ac-
tion Program of the Korean Ministry of Environment. The aim
was to comprehensively investigate the effect of different environ-
mental pollutants on brain structures, neuropsychological func-
tion, and the development of dementia in adults. The study may
contribute to the improvement of public health policies by pre-
senting guidelines for the management of neurological diseases
that reflect the peculiarities of dementia and exposure sectors.

STUDY PARTICIPANTS

Study population and design

The EPINEF study was based on 6 prospective community-based
cohorts (4 pre-existing and 2 newly established cohorts) involving
areas with low, moderate, and high exposure risk (Figure 1). The
4 pre-existing cohorts included the Korean Genome and Epide-

[ Baseline participants® ’

Neuro-imaging

Community-based cohort (n=3,775) ‘
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Low-risk urban area’ ‘ ‘ Moderate-risk area®

‘ ’ High-risk area (Exposed cohort) ‘

771 Follow-up

‘ KoGES cohort (2006~), ‘ ‘

KURE/CMERC (Elderly) cohort

‘ ‘ Incheon Namdong Industrial ‘ ‘ Seoul incinerator cohort ‘

Wonju/Py cohort (2011~) Complex cohort® (2002~)*
2014 66 (66) 5(6) 81(81) 77(79) 58 (58) 55 (57) 50 (50) 50 (49)
2015 200 (200) 109 (175) 101 (101) 50 (49) 200 (200) 191 (50) 103 (103) 50 (50) Repeated
follow-up
Intervals
. 3yr
Basehne 2016 200 (200) 91 (144) 100 (100) 50 (50) 400 (400) 225 (62) 151 (151) 50 (50) v
2017 250 (250) Ongoing 126 (126) Ongoing 187 (187) Ongoing 154 (154) Ongoing
2018 370 (370) Ongoing 117 (117) Ongoing 422 (348) Ongoing 439 (438) Ongoing / 19 (19)
2019 Ongoing Ongoing Ongoing Ongoing
Follow-up
2020 Ongoing Ongoing Ongoing Ongoing

Figure 1. Flow diagram of baseline recruitment for the Environmental-Pollution-Induced Neurological EFfects (EPINEF) study. KoGES, Kore-
an Genome and Epidemiology Study; KURE, Korean Urban Rural Elderly; CMERC, Cardiovascular and Metabolic Diseases Etiology Research
Center; SNSB: Seoul Neuropsychological Screening Battery. 'Gangwha-gun, Wonju-si, Pyeongchang-si. ?Three administrative regions in
Seoul. 3Incheon, a major city with the highest air pollutants levels. “Three administrative regions (‘gu’) having major incinerator in Seoul.
Survey number (biological specimen). ®Magnetic resonance imaging examined subjects of sub-groups (SNSB test examined subjects).
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miology Study (KoGES) in Gangwha [10], the Korean Urban Ru-
ral Elderly cohort in Seoul [11], the Cardiovascular and Metabolic
Diseases Etiology Research Center cohort in Seoul [12], and the
Seoul incinerator cohort [13]. The new cohorts were based in
Namdong-gu, Incheon (where a large industrial complex is locat-
ed) and Wonju/Pyeongchang (rural areas). The Seoul incinerator
and Namdong cohorts, which include regions within a specific
distance (300 m or 1 km) from the source of pollution (industrial
complex region) were classified as having high exposure risk,
whereas the KoGES and Wonju/Pyeongchang cohorts, which are
considered as rural areas, were classified to have low exposure
risk. The remaining cohorts were classified to have moderate ex-
posure risk. By distinguishing between high exposure risk and
moderate/low exposure risk based on the surrounding proximity
of the industrial complex, we were able to obtain a basis for the
classification of exposure and non-exposure to environmental
pollutants and analyze differences between exposed and non-ex-
posed regions.

This multi-city design was chosen to obtain sufficient variation
in the level of exposure to environmental pollutants. The survey
centers were located at 3 university-based hospitals: Yonsei Univer-
sity Severance Hospital (Seoul and Gangwha), Gachon University
Gil Medical Center (Incheon), and Wonju Severance Christian
Hospital (Wonju and Pyeongchang).

Eligibility and enrolment
The eligibility criteria were age > 50 years and no self-reported
history of dementia, movement disorders, or stroke. Recruitment

Incheon

was conducted during the baseline survey period from August
2014 to March 2018. Eligible participants were asked to participate
through on-site invitations, telephone calls, and media campaigns.
Individuals who agreed to participate were invited to visit each
survey center (Figure 2) and undergo questionnaire surveys, an-
thropometric measurements, blood sampling, and urine collec-
tion. Additionally, a total of 1,022 participants who visited between
2014 and 2018 were enrolled in a sub-cohort for brain magnetic
resonance imaging (MRI) and detailed neuropsychological tests.
We used competitive enrollment to achieve the goal of 50 partici-
pants per institution (approximately 250 participants per year).
All participants were informed of the sub-cohort examination and
voluntarily agreed to participate in the study. Although some fac-
tors (e.g., mean age, sex, education level, marriage status, smoking,
alcohol consumption) significantly differed between the study
participants included in the sub-cohort and those who were not,
no significant differences were found in monthly income and
cognitive function (Supplementary Material 1).

Follow-up

The EPINEF study was designed as a longitudinal study, and
the first follow-up surveys and environmental pollutant measure-
ments will start in 2022, 8 years after the cohort was launched. A
follow-up study was conducted in participants who had not changed
their residence since the initial participation. Physical measurements,
health surveys, laboratory tests, cognitive decline screening tests,
and environmental pollutant measurements were performed using
the same protocol as before. Medical history and events such as

Low-risk urban area )
@ KoGES cohort — £
ay /‘/S\Jz ﬂjf
S ~ ™ .
<4 - L Wonju/
N B
3 i ) Pyeongchang
s L\ - { cohort
High-risk area ke 0 - \fk-
Exposed cohort) | _ gu S o -
T R il
P
\_ Incheon Namdong ¢ S s
Industrial Complex W\S* JV v
cohort Q N
ks ‘!
4 WS ™
Seoul o (;J‘va}\«
Seoul incinerator Lowr A o
cohort /'* r \ 7
. /
Moderate-risk area o g
KURE/CMERC S )
(Elderly) cohort ‘ i o
|

Figure 2. Geographical location of the survey sites of the Environmental-Pollution-Induced Neurological EFfects (EPINEF) study. KoGES,
Korean Genome and Epidemiology Study; KURE, Korean Urban Rural Elderly; CMERC, Cardiovascular and Metabolic Diseases Etiology Re-

search Center.
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Table 1. Elements evaluated at baseline (2014-2018) in the Environmental-Pollution-Induced Neurological EFfects (EPINEF) cohort

Classification

Contents Method

Physical measurements

Health survey
Demographic characteristics

Quality of sleep

Characteristics of environment
surrounding the residence

Quality of life

Health-related behaviors

Screening test
Cognitive function
Mental health questionnaire
Biochemical indicators
Diagnostic blood test (blood)

Electrolytes (blood)
Lipid markers (blood)
Hepatobiliary function test (blood)
Hormone test (blood)
Urinalysis (urine)
Renal function test (urine)
Other test (blood)
Environmental pollutants
Blood heavy metals concentration
Urine PAH metabolites
Ambient air pollutants

Brain MRP?

Anthropometric measures (height, weight, body mass index, waist Examination
circumference’, hip circumference’, thigh circumference’), handgrip
strength?, blood pressure

Questionnaire/interview

Age, sex, date of birth (legal and actual), educational level, marriage status,
household income, number of household members, period of residence,
occupation, period of occupation, medical history of angina pectoris/
myocardial infarction, hypertension, dyslipidemia, diabetes mellitus, asthma,
chronic obstructive pulmonary disease, arthritis, osteoporosis, cataract,
glaucoma, mental health disease, depression, neoplasm, immediate family
history of dementia, stroke, or Parkinson's disease, angina pectoris, diabetes
mellitus, hypertension, mental health disease, neoplasm, reproductive health
information (menarche, pregnancy, gestational diabetes and hypertension,
oral contraceptive use, female hormone use), falls and external injuries
(experiences/counts of falls and external injuries, injured areas, progress of
hospital visits)

Pittsburgh Sleep Quality Index

Time spent indoors/outdoors, number of working days, ventilation availability,
ventilation time, when cooking food (ventilation availability, fan operation),
cleaning frequency, cleaning method, residence characteristics (regional
scale, shape, area, number of building floors), highways around the residence
(presence, traffic volume), beltway/main road near the residence (presence,
traffic volume), characteristics of the residence, no. of roads around the
residence, presence of facilities around the residence (bus stops, taxi stops,
factories, incinerating facilities, gas stations/refueling stations, gasometer)

Subjective perception of health, life satisfaction, exercise ability,
self-management, daily activities, pain, and anxiety

Smoking, drinking, physical activity (vigorous-intensity exercise,
moderate-intensity exercise, walking), group activities (religion, friendship,
exercise/leisure, charity)

Questionnaire/self-report

Mini Mental State Examination-K, Korean-Montreal Cognitive Assessment

Depression (Korean version of the short form of Geriatric Depression Scale)

Laboratory analysis

WBC count, lymphocyte, monocyte, eosinophil, and basophil counts, RBC
count, hemoglobin, hematocrit, MCV, MCH, MCHC, platelet count

Ca, Cl, P

Total cholesterol, triglyceride, HDL cholesterol

Total protein, albumin, total bilirubin, bilirubin, ALP, AST, GGT, ALT

T3, TSH, Free T4, PTH-intact

Nitrite, pH, urine protein, ketone

BUN, microalbumin, creatinine, uric acid

HbA1¢, fasting blood glucose, hsCRP, vitamin D

Al, Hg, Pb, Mn Laboratory analysis

2-OHF, 1-OHPHE, 1-OHP, 2-naphthol Laboratory analysis

PM,,, PM, 5, Mn,, (Mn in PM, (), Mn, s (Mn in PM, ), acetaldehyde, styrene, Predictive modelling
toluene

Risk score of Alzheimer's disease, white matter hyperintensity, resting Examination

functional MRI, dDTI axial, faDTl axial, isoDTl axial, 3D T1WI non-contrast
coronal, 3D T1WI non-contrast axial, 3D T1WI non-contrast sagittal, T2WI
axial, 3D T2 fluid-attenuated inversion-recovery
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Table 1. Continued

Classification Contents Method

Neuropsychological examination Examination

(SNSB)*

Memory function (SVLT recognition, SVLT free/delayed recalls, RCFT free/
delayed recalls), language and related function (K-BNT), visuospatial
function (RCFT copy), frontal/executive function (Stroop test-color reading,
trail making test, COWAT, category fluency test, COWAT letter [phonemic]
fluency test), attention (digit span test)

WBC, white blood cell count; RBC, red blood cell count; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpus-
cular hemoglobin concentration; Ca, calcium; Cl, chloride; P, phosphate; HDL, high-density lipoprotein; ALP, alkaline phosphatase; AST, aspartate
aminotransferase; GGT, gamma-glutamyl transferase; ALT, alanine transaminase; TSH, thyroid-stimulating hormone; PTH, parathyroid hormone;
BUN, blood urea nitrogen; HbA1c, hemoglobin A1c; hs-CRP, high-sensitivity C-reactive protein; PAH, polycyclic aromatic hydrocarbon; Al, alu-
minum; Hg, Mercury; Pb, lead; Mn, manganese; 2-OHF, 2-hydroxyfluorene; 1-OHPHE, 1-hydroxyphenanthrene; 1-OHP, 1-hydroxypyrene; PM,,, par-
ticulate matter 10 pm or less in diameter; PM, ,, particulate matter 2.5 pm or less in diameter; Mn,,, manganese in PM,,; Mn,;, manganese in PM, ;
MRI, magnetic resonance imaging; SNSB, Seoul Neuropsychological Screening Battery; SVLT, Seoul Verbal Learning Test); RCFT, Ray Complex Figure

Test; K-BNT, Korean-Boston Naming Test; COWAT, Controlled Oral Word Association Test.

'Conducted from 2016.
2Conducted from 2018.
3Neuroimaging sub-cohort.

diseases and deaths that occurred between the baseline and follow-
up surveys will be identified using the national health information
database from the National Health Insurance Service. Follow-up
of the neuroimaging sub-cohort is being conducted every 3 years
to 4 years. To minimize loss to follow-up, we maintain regular per-
sonal contact through phone calls, e-mails, and post mails.

Ethics statement

The EPINEF study was approved by the Yonsei University
Health System Institutional Review Board (approval No. 4-2014-
0359), and all participants provided written informed consent.
The study was performed in accordance with the ethical stand-
ards as laid down in the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.

MEASUREMENTS

Data collection

The database consists of the following datasets: demographics
and anthropometrics, laboratory test results (blood and urine),
blood heavy metal concentrations, urine polycyclic aromatic hy-
drocarbon (PAH) metabolites, air pollutant concentrations, brain
MRI data, and neuropsychological test results. These datasets can
be linked at the individual level using encrypted identifiers. We
also collected and stored DNA samples from all participants to
investigate genetic-environmental interactions. Preliminarily, we
performed a test to detect apolipoprotein E e4 gene, which is as-
sociated with the risk of AD, using a subsample of 300 partici-
pants of the Namdong cohort. The baseline measurement items
and the characteristics of all participants are shown in Tables 1
and 2, respectively.

Environmental hazardous pollutants
From 2014 to 2017, we measured levels of indoor (window or
veranda; 251 measurement points) and outdoor (points within

the same residential complex or within 1 km; 208 measurement
points) environmental pollutants in the participants’ residences
(Supplementary Material 2). We investigated the presence of PM
(10 pum or less in diameter [PM,,], 2.5 um or less in diameter
[PM,;]), total volatile organic compounds (including 17 different
volatile organic compounds [VOCs]), PAHs (8 compounds), or-
ganophosphorus pesticides (6 types), and carbonyl compounds
(10 compounds) in the environmental atmosphere. Further, we
measured the concentration of heavy metals (19 metals) and pes-
ticides in the total concentration of PM,, and PM, ; (Supplemen-
tary Material 3). In addition, 301 consecutive indoor and outdoor
measurements were conducted from 2016 to 2018 to adjust for
temporal trends in prediction modeling of environmental pollut-
ant exposure. Lastly, to identify the levels of VOCs, organophos-
phorus pesticides, and PAHs in the residences’ floor dust and
translate these data to an inhalation exposure scenario, 84 field
samplings were conducted in 2016 (Supplementary Material 2).

Prediction of long-term concentrations of

environmental hazardous pollutants
We developed prediction models for exposure to 10 pollutants:

PM (PM,,, PM, ), manganese (in PM,, and PM, ), acetaldehyde,
styrene, toluene, and xylene (0-xylene, m, p-w xylene). Propional-
dehyde, dichlorvos, tetrachloroethylene, and naphthalene showed
multiple missing values or significantly low concentrations; thus,
they were excluded from model development. As the sampling
design of the EPINEF study is temporally imbalanced, we used
additional air quality regulatory monitoring to account for tem-
poral trends.

Due to the temporally-adjusted data, we applied the universal
kriging model [14,15], a widely used prediction model for air pol-
lution epidemiology, to estimate individual-level long-term air
pollution concentrations at participants’ homes. This model as-
sumes that pollutant concentration is composed of a long-term
mean and spatial correlation [14,16,17]. The long-term mean was
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Table 3. Concentration of environmental pollutants in participants of the Environmental-Pollution-Induced Neurological EFfects (EPINEF)

study according to the community-based cohorts

Unexposed cohort (n=1,611)

Exposed cohort (n=2,164)

Low-risk urban area

Moderate-risk area High-risk area

Variables Total (n=3,775)

KoGES cohort, Wonju/ KURE/CMERC Incheon Namdong Seoul incinerator

Pyeongchang cohort cohort Industrial Complex cohort cohort
PM,q (Mg/m?) 45.90+2.30 42.72+1.52 46.81+1.21 47.32+0.77 46.98+1.26
PM, s (ug/m?) 26.13+£0.58 26.66+0.26 25.84+0.54 25.89+0.49 26.03+0.60
NO, (ppb)’ 27.68+10.71 10.91£3.56 33.72+£5.08 33.34+3.34 33.75+4.26
Mn;,, (hg/m3) 12.20+2.67 9.34+£2.18 12.45+1.88 13.67£1.79 13.23£2.03
Mn, ¢ (ng/m3) 10.59+1.76 12.94+0.79 9.21+1.09 9.90+0.99 9.70+1.05
Acetaldehyde (ug/m?) 10.72£1.58 8.73£1.36 11.09+0.75 11.88+0.73 11.12+0.65
Styrene (ug/m?) 16.30+4.21 13.0142.57 16.8043.65 17.55+4.22 17.99+3.94
Toluene (ug/m3) 32.97+5.54 26.57+3.59 32.76£3.15 36.97+£3.99 34.71+£3.42

Values are presented as meantstandard deviation.

KoGES, Korean Genome and Epidemiology Study; KURE, Korean Urban Rural Elderly; CMERC, Cardiovascular and Metabolic Diseases Etiology Re-
search Center; PM,, particulate matter 10 um or less in diameter; PM,;, particulate matter 2.5 um or less in diameter; NO,, nitrogen dioxide; Mn,,,

manganese in PM,,; Mn, ., manganese in PM, .

"The measurements were taken in the first to third year: Total number (n=1,711); Unexposed cohort (n=749); Exposed cohort (n=962).

modeled based on a few summary predictors estimated from 320
geographic variables that represent potential pollution sources
such as traffic and land use [18].

Finally, we derived 3 models for PM: (1) 2014-2017 multi-year
average model, (2) 2016-2017 2-year average model, and (3) 2014-
2017 season average model. The final model had the best predic-
tive power for measurement values. According to the cross-vali-
dation results, we selected the 2014-2017 multi-year average mod-
el for PM,,, and the 2016-2017 2-year average model for PM, .
For other pollutants, the final model was an annual average expo-
sure prediction model based on a seasonal exposure model. We
confirmed the power of the model using a cross-validation test.
The concentrations of modeled environmental pollutants in each
region are shown in Table 3.

Polycyclic aromatic hydrocarbon metabolites in urine

To assess the exposure to environmental PAHs, we measured
urinary concentrations of PAHs metabolites [19]. Urine samples
were analyzed in a single laboratory (Green Cross Laboratories
Corp., Yongin, Korea) using a gas chromatograph-mass spec-
trometer [20]. Urinary concentrations of the following four PAH
metabolites were obtained: 1-hydroxypyrene (1-OHP), 2-naph-
thol, 1-hydroxyphenanthrene, and 2-hydroxyfluorene.

Neuropsychological assessment

All baseline participants were screened for cognitive impair-
ment [21] and depressive symptoms of dementia [22] using the
Korean version of the Mini-Mental State Examination [23] and
short form Korean version of the Geriatric Depression Scale
(SGDS-K) [24]. Participants of the sub-cohort were examined us-
ing the Korean version of the Montreal Cognitive Assessment (K-
MoCA) [25] and the Seoul Neuropsychological Screening Battery,
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second edition, which is a standardized neuropsychological test
battery used in Korea consisting of 5 domains (Supplementary
Material 4). Each measurement was a z-transformed score that
was standardized based on the mean and standard deviation in
the respective participant age-sex-education group [26].

Acquisition and analysis of brain magnetic resonance
imaging scans

The MRI scanners used in this study were Philips 3.0-Tesla Achieva
MRI scanners (Yonsei University Severance Hospital and Wonju
Severance Christian Hospital) or Siemens 3T Verio MRI scanners
(Gachon University Gil Medical Center). The standardized brain
MRI protocols included the following: diffusion tensor imaging
(DTTI), 3D-T1-magnetization-prepared-rapid-gradient-echo (3D-
T1-MPRAGE), T2 turbo spin echo, resting-state functional MRI,
and 3D T2 fluid-attenuated inversion recovery. Cortical thickness
was evaluated using region of interest-based analyses and surface-
based analyses based on 3D T1 MPRAGE, and estimated using
the FreeSurfer 6.0 pipeline (http://surfernmr.mgh.harvard.edu/).
Owing to potential differences between the Philips and Siemens
MRI scanners, 12 participants underwent brain MRI scans using
both scanners. Brain cortical thickness, volume, and intracranial
volume (ICV) measurements acquired with the Siemens scanner
were transformed to equivalents of those acquired with the
Philips scanner using linear regression models. The adjusted R-
square values of the regression equations were 0.91 for cortical
thickness, 0.93 for cortical volume, and 0.91 for ICV.

In addition, we have developed a biological brain age evaluation
technology that can be used for early diagnosis and the prediction
of dementia using brain MRI scans of the standard population
and machine learning algorithms. We used this technique to esti-
mate the brain age and dementia risk score of participants [27].


http://surfer.nmr.mgh.harvard.edu/
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The MRI data and information collected in this study have been
or will be uploaded to the Dementias Platform United Kingdom
data portal established for dementia research [28].

KEY FINDINGS AND PUBLICATIONS

Air pollution, brain structural changes, and
neuropsychological function

In a study published in 2020, we investigated the associations of
ambient air pollutants (PM,,, PM,;, and nitrogen dioxide [NO,])
with brain MRI markers and neuropsychological function in adults
[29]. An increase in PM,, or NO, was associated with cortical
thinning in the frontal and temporal lobes, and reduced volumes
of the thalamus and nucleus accumbens. To minimize the impact
of region-related confounding in air pollution exposure, we con-
ducted propensity score matching (PSM) for the group exposed
to high-level (66th percentile or higher) air pollution and the group
exposed to low-level (33rd percentile or lower) air pollution. The
propensity score was calculated using factors such as age, sex, ed-
ucational level, marital status, income level, medical history, smok-
ing, alcohol consumption, number of walking days (per week),
body mass index (kg/m?), systolic blood pressure (mmHg), dias-
tolic blood pressure (mmHg), total cholesterol level (mg/dL), and
fasting blood glucose level (mg/dL). Even after PSM, the associa-
tion between PM,, and temporal cortical thinning remained sig-
nificant in both males and females. These findings suggest that
subtle structural changes in the brain may be induced by exposure
to airborne pollutants such as PM,,, PM,;, and NO, in healthy
adults. In addition, an increase in NO, was associated with a low-
er K-MoCA score in both sexes. In females, an increase in all pol-
lutants was associated with a lower z-score in the Ray Complex
Figure Test delay function.

Interaction of marriage in the relationship between
air pollution and depressive symptoms

In another study, based on data from 2,122 married and 607 sin-
gle participants, we studied the magnitude of the association be-
tween air pollutant exposure (PM,,, PM, ;, and NO,) and SGDS-K
scores according to marital status [30]. The analysis showed that
married participants were less likely to have depressive symptoms
associated with increased exposure to PM,, and PM, ; concentra-
tions than unmarried participants. In addition, the relationship
between air pollution exposure and the SGDS-K score was ana-
lyzed after stratifying subjects by sex and region of residence. The
stratification analysis found that married male and female who
lived in non-metropolitan areas were less likely to have depressive
symptoms associated with increased air pollutant concentrations
than those who were not married. These findings suggest that mar-
riage can act as a protective factor against depressive symptoms
from exposure to air pollution.

Urinary polycyclic aromatic hydrocarbons, brain
structural changes, and neuropsychological function
A third study included 421 males and 528 females with brain
MRI and PAH data [31]. We found that high concentrations of
urinary 2-naphthol were associated with cortical thinning in the
global, parietal, temporal, and insular lobes in males; this obser-
vation remained significant even after correction for multiple
comparisons. In females, high 1-OHP concentrations were asso-
ciated with frontal and parietal thinning and reduction of the pal-
lidum volume. In males, it was associated with reduction of the
caudate volume. In both sexes, scores of verbal learning and mem-
ory tests declined with increasing urinary 1-OHP concentrations.

STRENGTHS AND WEAKNESSES

To the best of our knowledge, ours is the first cohort that has
been specifically designed to comprehensively explore environ-
mental pollutants related to neuroimaging and cognitive meas-
ures. This multicenter study has used a range of tools for quality
control, including training for standardized protocols, regular re-
search committee meetings, and frequent inspection of collected
data. Moreover, data from nearly 1,000 brain 3T MRI examina-
tions were collected at baseline, allowing us to conduct a relatively
large neuroimaging study. This study is also strengthened by the
availability of data on a variety of environmental pollutants using
blood (heavy metals) and urine analyses (PAHs) and air pollution
modeling (PM,,, PM, ;, and NO,).

However, there are several limitations to be acknowledged. First-
ly, given that neurodegeneration gradually progresses over a long
time, it is impossible to estimate the risk of developing a neurode-
generative disease attributable to environmental pollution at this
early stage. A long follow-up period would be needed to detect
the association between environmental pollution and the incidence
of dementia in our cohort. Nevertheless, we aimed to investigate
brain MRI markers and neuropsychological performance as the
primary endpoints, and this approach may be useful to improve
the understanding of the evolution of neurodegeneration induced
by environmental pollution. Secondly, information on exposure
routes was not available for some of the pollutants. For example,
we could not differentiate the effects of inhaled versus ingested
PAHs because we measured PAHs in urine samples. Additional
modeling for airborne PAHs may be necessary to address this issue.
Lastly, selection bias may have occurred due to loss to follow-up
in this cohort study involving repeated measurements of exposures
or intermediate outcomes. To minimize this bias, we plan to main-
tain a high follow-up rate (= 80%). In addition, information about
disease events in participants who failed to be followed up will be
collected via telephone contacts and secondary data linkage.
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The EPINEF research committee requests a short research propos-
al, including background information, research questions, meth-
ods, and authorship. The EPINEF research committee is respon-
sible for the distribution and control of the data. Further informa-
tion is available by contacting Professor Changsoo Kim, the prin-
cipal investigator [preman@yuhs.ac].
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