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Study group

Year of publication

Country

N of patients

End-point/scale assessed

Proposed mechanism/
hypothesis

Time of exposure

Influence on
disease incidence

general population

>15 years old

general population, 56 cities

women aged 57-85 (mean
70) years

57-85 years

outdoor employees

general population

pregnant women

children (mean12.2

years old)

adults (45-74 years old)

children

men (21-80 years old)

2021

202

202

2015

2007

202

202

201

2009

2017

2019

2012

China

Belgium

China

United States

United States.

Pakistan

China

South Korea

United States

Spain

8 European countries

United States

2773

16455

714

nan

4008

209

101,636

Las1

958

13182

735

N° of outpatient visits

General Health Questionnaire
(GHQ-12), Symptom Checklist-90-
Revised (SCL-90-R), Short Form
Health Survey (SF-36)

N° of daily hospital admissions

the subscale of the Crown-
Crisp index

Hospital Anxiety and Depression
Scale (HADS)

four-item scale developed by
Abramis (1994) (29)

N° of outpatint visits

Korean version of the State-Trait
Anxiety Inventory (K-STAD)

Spence Children's Anxi
Scale (SCAS)

self-reported history of ansiety and
depression disorders and self-
reported medication use

Child Behaviour Checkist for ages
6-18 (CBCL/6-18)

Brief Symptom Inventory (BSI)

foxidative stress - ROS generated by | short-term
502 derivatives and NO2

{mitochondrial morphological

changes ~» reduced ATP production

and decreased respiratory complexes

byNO2

finflammation long-term

tinflammation short-term

foxidative stress

tinflammation short-term

Toxidative stress

finflammation
Toxidative stress

markers of glucocortcoid activity
Hlevels of the stress hormne cortisol
1PM-medisted aggravation of
cardiopulmonary conditions

long-term

ND ND

finflammation short-term

Toxidative stress

finflammation short-term
Toxidative stress

dysregulation of the endocrine

system or metabolic processes:

disturbance of neurotransmitters

finflammation
Toxidative stress

1dopaminergic and glutamatergic
neurotoxicty;

altered synaptic plasicty

long-term

finflammation
foxidative stress.

long-term

finflammation
Toxidative stress Tneurodegeneration

long-term

IDNA methylation of the short-term

INOS gene.

10 pg/m3 increase corresponding to the increase of (3
outpatient aniety visits at 4.11% (95% CI: 2.15%,

606%) for SO2 and 3.97% (95% CI: 1.90%, 6.06%)

for NO2

38 pgm3 increase in long term PM25 (IQR) was (25
associated with increased odds of suboptimal itlity
(OR=1.27; 95% CI: 113, 1.42), poor self-ated health

20; 95% CI: 109, 1.32) and depressive disorder

19; 95% CI: 100, 141); 108 pg/m3 increment

in NO2 exposure increases the odds of psychological

distress (OR=106; 95% CI: 0.99,1.14), suboptimal

vitality (OR=1.13;95% C: 103, 123) and poor self-

rated health (OR=1.14 95% CI; 106, 1.22)

10 pg/m3 increases in NO2 at lag0 and SO2 at lage ~(26)
were associated with significant increases of 1.37%

(95% CI: 0.14%, 2.62%) and 1.53% (95% Cl: 059%,

248%) in hospital anxiety admissions, respectively

OR per 10 g/m3 increase in prior one-month
average PM2.5: 112, 95% CI 106 to 119 in prior 12
month average PM2.5: 115, 106 to 1.26)

PM2.5 was significantly associated with anxiety 8
symptoms, with the most ignificant increase for

180-day moving average (OR = 161; 95% CI: 135,

1.92)after adjusting for socioeconomic measures

at 95% Cl, air pollution had a significant negative o)
association with employees’ performance (+0.173,

P<0.018); in the presence of anxiety, air pollution

more severely affcts the employees’ performance

each 10 pg/m3 increase of PM25, PMI0,NO2,and  (31)
502 was associated with a 151% (95% Cl: 0.61%,

243%), 1.58% (95% C: 0.89%, 228%), 13.95%

(9.98%, 18.05%) and 11.84% (95% Cl: 825%, 1555%)
increase in outpatient anxiety visits

exposure to PM2.5, PM10, and NO2 during the G2)
second trimester was significanty associated with
anxiety symptoms

exposure to ECAT at birth was associated with ()
increased child-reported anxiet; each 0.25 yg/m3

increase in ECAT was associated with a 2.3 point

increase (95% C1 08-39) in SCAS total amxiety score:

correlations regarding anxicty disorders did not reach | (34)
statistial significance - increased odds of anxiety of

149 (95% CI; 0,62, 3.58) for each 5 yg/m3 PM2.5

increase, 1.33 (95% CI 0.4, 3.68) for each 10 pg/m3

PMI0 increase; 127 (95% C1 091, 1.77) for each 20

bg/m3 NO2 increase

o association between prenatal and postnatal )
exposure to air pollution with depressive and anxiety
symptoms and aggressive behaviour in children

between 7 and 11 years old

participants with high anxiety scores had a decrease |~ (36)
in iNOS methylation 3 times greater than participants

with low anxiety: partcipants with low optimism

scores had a decrease in iNOS methylation 4 times

greater than partiipants with high optimism

ROS, reactive oxygen species; IQR, interquartile range; CI, confidence interval; OR, odds ratio; ATP, adenosine triphosphate; ND, no data; iNOS, inducible nitric oxide synthase, ECAT, elemental carbon attributed to traffic
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Study group.

Year of publication

N° of patients

oint/scale assessed

Proposed mechanism/hypothesis

Time of exposure

Influence on disease incident

general population

general population

‘general population

patients
with schizophrenia

patients
with schizophrenia

patints with
schizophrenia aged 265
years old

patients with
schizophrenia aged 220
years old

Cl, confidence interv:

2022

200

2019

2021

2021

202

2018

2019

China

China

China

China

China

United States

Japan

China

10893

14650

34865

28

165,572

1193

1373

® of hospital admissions.

N° of hospital admissions

N° of outpatient vists

liver function (GGT and GPT)
depending on the gut microbiome

N° of hospital re-admissions

N° of hospital admissions

BERS (Brief Psychiatric Rating Scale)

® of hospital admissions

Tacute systemic inflammation
Toxidative stress
‘peroxidation

finflammation
Toxidative stress
Tmicroglal activation
Tdopamine neurotoxicity

finflammation
Toxidative stress
Tendothelial dysfunction
tneuronal apoptosis
tmitochondrial dysfunction
Terossinks of DNA-protein

finflammation
Tblood-brain barrier dysfunction

Tinflammation
Toxidative stress
tneuronal toxciy

tinflammation
Tglucocortcoid actvity and sress hormone
cortsol concentrations

thearonal atrophy.

finflammation
Toxidative stress
tmicroglal activation

tinflammation
Toxidative stress
Tmicroglial activation
Ineurogenesis

short-term

short-term-

short-term

long-term

short-term

short-term

short-term

short-term

10 ug/m3 increases in PM2.5 (RR 10160, 95% C1 )
10038-10282): PMIO (R 10097, 95% C1 10018~

10177), S02 (RR 10738, 95% CI 1.0222-1.1280), and

CO (RR 10013, 95% C1 10001-10026) at lag5 were

statistically significant; especially SO2 was strongly

associated with increased risk of

schizophrenia admissions

PM2.5 wave was defined as 23 comsecutve days witha(10)
concentration of PM25 290th, 292.5th, 295th,and

297.5th percentils orresponded to 50% (23%-78%),

51% (19%-8.4%), 69% (30%-108%) and 120% (53%-

19.1%) ik ofschizophrenia hospitaization, respectvelys

the most significant associations were observed on the

sixth day

10 pg/m3 increase of PMI0, 502, and NO2 ()
concentrations corresponded to 0.289% (95%C: 57

O.118%, 0.460%), 1.374% (95CL: 0723%, 2.025%), and

L881% (95%C 0.957%, 58 2805%) eevation in

outpatient.visits for schizophrenia at g 0

Coriobacteriales mediated 13.98% and 49.56% of the @7
assaciations of long-term exposure to NOZ with GGT
and GPT elevation

the increase in PM concentrations was corrlated with an |~ (41)
increased risk of schizophrenia re-adission (RRs were

107 (95% CI: 1L02-111) for PMI0 and 105 (95% C:

L01-109) for PM2.5 at lag3.

in the cold season (fanuary to March plus October to. )
December), each increase of 5 g/’ increase in PM25

was associated with an increase in hospital admission
rates of 0.77% (0.11-144); each increase of 5 ppb in

NO2 was associated with an increase of 0.64% (003-

0.66) increase in hospital admission rates

a significant association between BPRS 250 and PM25
concentration for individuals older than 65 years old

the estimated R per increase in NO2 by IQR in lag 01 | (45)
was 110 (95% CI 101 to 118); a greater association was
observed in young patients (RR 111, 95% CI 102

o L19).

; RR, relative risk, GGT, gamma-glutamyl transpeptidase; GPT, glutamic pyruvic transaminase; IQR, inter-quartile range; ppb, parts per billion; BPRS, Brief Psychiatric Rating Scale.
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Study location Number Extreme Mental health effect

of subjects weather
exposure

(160) Florida, USA 2873 Hurricane increased risk of PTSS, distress, the cumulative effect of
repeated exposure

(162) Puerto Rico 456 Hurricane hurricane exposure is associated with an increased risk
of depression symptoms (10%), PTSD (8%), and
GAD (10%)

(164) New Orleans, USA 942 Hurricane PTTS declined after every follow-up, but the risk of

PTSS remains higher after 12 years compared to the
group without hurricane-related trauma; PD remained
consistently higher compared to the pre-disaster period

(163) New York, Long 130 Hurricane increased risk of PTSD symptoms after 1-year follow-
Island, USA up; symptoms of depression and anxiety decreased at
follow-up
(172) Australia 2883 Bushfire among the Australian population affected by bushfires,

firefighters were the group with the highest prevalence
of longitudinal mental health issues; mental health
problems decreased with time

(170) Oregon, USA 5807 Wildfire increased feeling of worry in adults, increased risk of
ever having a depressive episode
177) Gangwon Province, 206 Wildfire insomnia (59,2%), anxiety (50%), chest tightness (34%),
South Korea grief (33%), flashbacks (33%), and depression (32,5%)
among wildfire victims.
171) California 725 Wildfire direct exposure to large-scale fires significantly increases
USA the risk of mental health disorders, particularly PTSD

and depression

(178) England 7525 Storm, flood positive association found for CMD, suicidal ideation,
and the number of suicide attempts

(168) Tamil Nadu, India 223 Flood 26,9% of the subjects affected by the flood showed
symptoms of PTSD; 27,4% reported symptoms
consistent with anxiety disorder; depression was
observed among 45,29% of subjects

(166) Various locations 40 600 Flood 15.74% incidence of PTSD in flood victims; type,
severity, and duration of exposure are the most
important risk factors for PTSD

(179) New South 2607 Drought decrees of drought-related distress over time (2,5-
Wales, Australia 3 years)
(174) Victoria, Australia 5312 Drought a statistically significant association between distress and

drought duration in young and middle-aged rural
women regardless of farming occupation

(180) Rural and regional areas 8000 Drought higher rate of mental health problems in areas in
of Australia drought (13.3%) than in areas not in drought (10.8%),
and the mental health well-being score is significantly
lower in areas in drought (72.7) than in areas not in
drought (75.5).

(175) Australia 5012 Drought long periods of drought (20-32 months) were associated
with increased distress in rural areas; similar effects of
drought were not observed in urban areas

PTSS, posttraumatic stress symptoms; PTSD, posttraumatic stress disorder; GAD, general anxiety disorder; CMD, common mental disorder; PD, panic disorder.
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References

Population and molecule origin

PM molecule size an
measurements

Main affectations observed

Ailshire et al. (2014)

Ailshire and Clarke
(2015)

United States: 13,996 men and women over
50 years (mean = 64)

United States: 780 men and women over
55 years

PM, :: concentrations were derived using 24-h
daily means reported by monitors within a 60-km
radius of each census tract centroid

PM, : national tract-level pollution measures
were derived from data collected in the
Environmental Protection Agency's Air Quality
System (AQS) and were calculated based on air
monitoring data sites within a 60-km radius of the
respondent’s tract centroid

Episodic memory

General cognitive function

Ajmani et al. (2016)

Cho et al. (2023)

Gatto et al. (2014)

Gui et al. (2024)

United States: 2,221 men and women over
57 years (mean = 67.9)

South-Korea: 640 men and women over
50 years (mean = 67.4)

United States: 1,496 men and women
(mean = 60.5)

China: 176,345 men and women over 60 years
(mean = 72.38)

PM, 5: geographic Information Systems (GIS)-
based spatio-temporal models predicting monthly
PM, 5 concentrations

PM,g y PMy 5: were estimated by using the
universal kriging model and regulatory air quality
monitoring data

PM, 5 employing a GIS-based system, yearly air
pollution exposure assignments were derived from
measured ambient air quality data spatially

mapped

PM, 5 y PM,: daily mean concentrations of PM
were directly downloaded from the China High
Air Pollutants (CHAP, available at: https://
weijing-rs github.io/product html) dataset.

Olfactory function

General cognitive function

Verbal learning

General cognitive function

Jung et al. (2015)

Lee et al. (2022)

Lo etal. (2019)

Ogurtsova et al. (2023)

Parra et al. (2022)

Ran et al. (2021)

Ranft et al. (2009)

Salinas-Rodriguez et al.
(2018)

Schikowski et al. (2015)

Taiwan: 95,690 men and women over 65

South-Korea: 4,175 men and women over
50 years (mean = 67.8)

Taiwan: 2,241 over 65 years

Germany: 2,554 men and women over 45 years
(mean = 63.2)

UK: 187,194 men and women over 60 years
(mean = 64.1)

China: 57,775 men and women over 65 years

Germany: 399 women over 68 years
(mean = 74.1)

Mexico: 7,986 over 60 years

Germany: 789 women over 55 years.
(mean = 73.4)

PM, 5 y PMyq: hourly, data were available from
70 Taiwan Environmental Protection Agency
(EPA) monitoring station on Taiwan’s main island
from 2000 through 2010

PMa 5 y PMg: air quality parameters and
meteorological databases were established using
the Community Multiscale Air Quality (CMAQ)
‘model

PMy: levels from 75 monitoring stations
constructed by the Taiwan Environmental
Protection Administration (TEPA)

PMa 5, PMyg, PMa 5 b, and PN, (accumulation
mode particle number): the study area included
about 600 km?. PM were estimated using the
European Study of Cohorts for Air Pollution
Effects (ESCAPE) land use regression (LUR)
model

PMa5 PMio, PMy 510 PMo sabsorbance: measures
were provided by the Small Area Health Statistics
Unit (http://www.sahsu.org/) as part of the
BioSHaRE-EU Environmental Determinants of
Health Project (http://www.bioshare.cu/) of which
the UK Biobank is a collaborator

PM, 5: the annual PM, 5 concentration during
1998-2011 at each participant’s residential address
was assessed by a satellite-based model

PM,: provided by monitoring stations distributed
over the Ruhr district in an 8-km grid and a geo-
information system was used to determine
ambient air pollution exposure on a small scale

PM, 5 estimation of PM, 5 concentrations was
done at aggregated level using the Census Tract
Units (named Basic Geostatistical Areas in
Mexico, AGEB by its Spanish acronym), and
assigning this exposure to the households residing
in those areas

PM, 5, PM 5,5, and PM : were estimated by land-
use regression (LUR) models according to the
ESCAPE study (European Study of Cohorts for Air
Pollution Effects)

Dementia Risk (AD)

General cognitive function

General cognitive function

Verbal learning and memory

Dementia Risk (AD and VD)

Dementia Risk (AD and VD)

Olfactory function

Verbal learning and memory

General cognitive function (Visuospatial
domain) Dementia Risk (AD, ApoE e4)

Shin et al. (2018)

Shim et al. (2023)

Tallon et al. (2017)

Wang et al. (2020)

Wu et al. (2015)

Younan et al. (2020)

Yuchi et al. (2020)

Zhang et al. (2024)

United States: 2,194,519 men and women over
55 years (mean = 67)

South-Korea: 1,436,361 men and women over
65 years (mean = 70.9)

United States: 3,377 men and women over
57 years (mean = 72.38)

China: 13,324 over 65 (mean = 82.4)

Taiwan: 249 AD, 125 VD and 497 healthy
controls Both over 60 years (mean = 79.1,
79.9 and 729 respectively)

United States: 998 women aged 73 years

United States: 678,000 men and women over
45 years

'UK: 155,828 men and women over 60 years
(mean = 64.09)

PM, : concentrations were derived from high-
resolution satellite observations for the years
1998-2012, based on the Moderate Resolution
Imaging Spectroradiometer of the National
Aeronautics and Space Administration’s Terra/
Aqua satellite

PMyq: air Korea (wwiw.airkorea.orkr) was used to

collect data from the region-specific sites. The data

were sent to the National Ambient Air Monitoring
Information System (NAMIS)

PM, 5 concentrations were estimated on a 6-km
(km) grid covering the conterminous
United States from a set of five spatio-temporal
generalized additive mixed models

PM, 5 were derived from a remote-sensing grid
data by the Institute of Atmospheric Physics,
University of Dalhousie

PM,: ambient monitoring data were obtained
from Taipei-Keelung metropolitan area including
24 monitoring stations from the Department of
Taiwan Air Quality Monitoring Network,
Environmental Protection Administration (EPA)

PM,: was estimated using the Bayesian
‘maximum entropy (BME)-based spatiotemporal
modelling approach, integrating nationwide
monitoring data from both the US Environmental
Protection Agency (EPA) Air Quality System
(AQS) and the output of chemical transport
models, entitled Community Multiscale Air
Quality

PM, 5: land-use regression (LUR) models specific
to Metro Vancouver were applied to estimate
exposures to PM

PM, 5, concentrations were determined using the
Land Use Regression (LUR) models developed by
the European Study of Cohort and Air Pollution
Effects (ESCAPE) and correlated with the
geacodes baseline residential address of the
participants in the UK Biobank

Dementia Risk (PD)

Dementia Risk (VD)

General cognitive function

General cognitive function

Dementia Risk (AD and VD)

Episodic memory (Immediate recall and new
learning) Dementia Risk (AD)

Dementia Risk (PD)

Dementia Risk (AD and VD)
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References

d molecule origin

isorders observed

Altu et al. (2020)

Gu et al. (2020)

Kim et al. (2010)

Kim et al. (2020)

Kovess-Masféty et al.
(2000)

Lim et al. (2012)

Min et al. (2018)

Motoc et al. (2023)

Petkus et al. (2021)

Pun et al. (2017)

Tan et al. (2023)

Wang et al. (2019)

Germany: 821 older women over 65 years
(mean = 73.5)

China: 14,772 men and women over 15 years
(mean = 32.67)

Republic of Korea: 4,341 cases of suicide. Men
and women over 35 years

South Korea: 2,729 men and women over 50 years
(mean = 69.58 and 68.22 for men and women
respectively)

Belgium, France, Germany, Italy, the Netherlands

and Spain: 21,425 men and women over 18 years

(mean = 48.59 and 47.79 in rural and urban areas
respectively)

Korea: 537 men and women over 60 years
(mean = 71)

South-Korea: 26,5749 men and women over
20 years

Netherlands: 1,785 men and women over 57 years
(mean age 70 and 70.2 for depression and anxiety
sample respectively)

United States: 1,583 women over 80 years

United States: 4,008 men and women over
57 years (mean = 69 and 71 in the wave 1 and
2 respectively)

China: 5,717 men and women over 65 years

(mean = 71.85)

China: 20,861 men and women over 18 years
(mean = 44.83)

PMy, PMy 5, PMgrer PMy 5,05t Were assigned to
the participating women’s home addresses by land-
use regression (LUR) models according to the
ESCAPE study (European Study of Cohorts for Air
Pollution Effects)

PM, , was measured by the annual average
‘concentration

PM, 5 y PMy: hourly mean concentrations were
measured at 13 sites in Seoul. Data were provided by
the Ministry of Environment and the Seoul
Metropolitan Government. Meteorological data

PM,5 y PMq: were obtained from the prediction
‘model developed by Kim and Song (2017)

‘The rural population is defined as those living in

towns with fewer than 10 000 inhabitants, and the

urban population is defined as those living in towns
or cities with 10 000 or more inhabitants

PM,,: data from the Research Institute of Public
Health and Environment [Ministry of Environment
(MOE) 2009, 2010, 2011]. For Seongbuk-Gu
residents (90% of the study population), one
monitor, which was centrally located in Seongbuk-
Gu, was used as a proxy for individual exposure to
ambient pollutants. For other residents, the nearest
monitoringsite to their residential address was used
as a measure of air pollution concentrations

PMIO: data obtained from the National Ambient
Air Monitoring Information System (NAMIS)
(Korea Environment Corporation, 2017). The
NAMIS provided daily air pollution data from
community-based monitoring sites (267 sites in

2002) that were available in real-time through the

organizations’ website (Korea Environment
Corporation, 2017)

PM, 5: were calculated by the Institute for Risk
Assessment Sciences as part of the European Study
of Cohorts for Air Pollution Effects (ESCAPE-
project) using land-use regression models for the
year 2009

PM, 5: were estimated using regionalized universal
kriging models, which were based on US
Environmental Protection Agency (EPA)

‘monitoring data

PM,.<: daily PM, 5 estimates on a 6-km grid
covering the conterminous United States were
obtained from a set of five spatio-temporal
generalized additive mixed models (GAMMs)

PM, 5y PMy: based on the SHSS geo-coded address
of the administrative village in the 5 years prior to
the survey within a radius of 3 km for.
Concentrations were collected from the open-access
ChinaHighAirPollutants (CHAP) datasets

PM, : data were derived from the Airborne Fine
Particulate Matter and Air Quality Index website
(AFPMAQI, 2016). PM, 5 data for 2016 were
extracted from a nationwide measurement network
comprising 1,613 monitoring stations distributed
across China

Depressive behavior (diagnosis or
symptoms)

Depressive behavior Anxious behavior

Suicide Risk

Depressive behavior

Urbanicity depressive behavior
anxious behavior

Depressive behavior

Suicide Risk

Urbanicity anxious behavior

Depressive behavior

Depressive behavior Anxious behavior

Depressive behavior Anxious behavior

Depressive behavior
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Volatile Sources and Hazards References

Organic

Compounds

Plasticizers Flooring; Endocrine Risks (101)
Benzyl Alcohol Cosmetics; Convulsions (102)
Methyl Chloride Refrigerants; Drowsiness (103)
Fire Retardants Fire Extinguishers; Dizziness (104)
Trichloroethylene Cleaning Solvents; Paints; (105)

Varnishes; Headaches;
Mood Swings

Stryene Building Insulation; Drowsiness; (106)
Cognitive Impairment

Carbon tetrachloride Cleaning Products; (107)
Refrigerants; Dizziness

Below is a list of some VOCs known to affect the human nervous system. Long-term exposure
to these hazardous chemicals may influence the development or progression of mood
disorders. Controlling their sources or limiting their emissions is a key strategy for
improving indoor air quality.

Note that the above VOCs can cause untoward neurological and endocrine conditions and
may also have a priming effect on an individual’s susceptibility to psychiatric disorders.
Anthropogenic VOCs are released as mixtures of gases from soils or liquids. Due to their
lipophilicity, low water solubility and volatile properties, VOCs can accumulate at elevated
concentrations (> 15 mg/m®) in homes and buildings.
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NHANES 2013-2016
N=20146

Unavailabledata of Hb-EO level
N=15286

N=1360

Unavailable data of depressive
symptoms
N=1577

N=3283

Pregnant participants.
N=34

N=3249

Participants less than 20 or with
other unavailable data
N=i85
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Non-depression Depression

n (Mean) % (SD) n (Mean) % (SD)
Population ‘ 9580 93.15 705 6.85
Gender ‘ 0.0000
Male 4821 50.32 256 36.31 |
Female 4759 149.68 449 63.69
Age ‘ 50.3541 ‘ 17.6692 49.7957 16.4424 0.4160
Race and Ethnicity \ ’ 00053
Mexican American 1343 14.02 108 15.32
Other Hispanic 849 8.86 90 12.77
Non-Hispanic White 4212 43.97 296 4199 ‘
Non-Hispanic Black 2119 22.12 145 20.57 ‘
Other Race - Including Multi-Racial 1057 11.03 66 936 \
Educational Background 0.0000
Less than 9" grade 835 8.72 104 ‘ 14.75
9-11" grade (Includes 12" grade with no diploma) 1213 12.66 133 18.87
High school graduate/GED or equivalent 2201 22,97 180 2553
Some college or AA degree 2919 30.47 221 3135
College graduate or above 2412 2518 67 9.50
Marital Status 0.0000
Married or Living with Partner 5592 58.37 282 | 40.00
Widowed or Divorced or Separated 2173 22.68 250 3546
Never married 1815 18.95 173 24.54
PIR 2.6523 1.6170 17201 1.3696 0.0000
Alcohol Use 0.3316
Yes 7229 75.46 544 ‘ 77.16
No 2351 24,54 161 22.84
Hypertension 0.0000
Yes 3437 35.88 346 19.08
No 6143 64.12 359 50.92
Diabetes ‘ 0.0000
Yes 1202 12,55 159 2255
No 8378 v 87.45 546 77.45
Cigarette Use 0.0000
Yes 4187 4371 415 58.87
No 5393 56.29 290 4113
Sleep Duration 7.1231 1.4642 6.6184 20570 0.0000
Heavy Metals
Ba 03537 0.1118 0.3576 01113 03785
cd 03837 0.1773 0.4343 0.1780 0.0000
Co 03930 0.1098 0.4105 0.1127 0.0000
Cs 05621 0.0924 0.5638 0.0904 0.6342
Mo 05809 0.1289 0.5889 0.1249 0.1103
Pb 03837 0.1183 0.3946 0.1097 0.0177
sb 0.1986 0.1403 0.2280 01371 0.0000
Tl 03954 0.1123 0.3872 01114 0.0603
AU 02050 0.1307 02311 0.1279 0.0000

‘The bold value means that P<0.05.
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Single-factor Logstic Regression Multifactor Logstic Regression Model | Multifactor Logstic Regression Model Il

Variables
BiE 7 P OR (95%Cl) B S.E Z R OR (95%Cl) B SiE] Z B OR (95%Cl)
Ba 03076 03492 08808 03784 13601 (0.6860 ~ 2.6968) | 0005 04112 00122 09903 10050 (04489 ~22500) 0021 04354 0048 09614 09792 (04171 ~ 2.2987)
c 16236 | 02236 72614 <0.0001 50711 (32718 ~7.8600) | 19973 02831 70554  <0.0001  7.3694 (42312~ 128351) 16958 03107 54579 <0001 54510 (29649 ~ 10.0219)
Co 14217 | 0348 4085  <0.0001 41443 (20951 ~8.1978) | 12523 04465 28047 | 0.005 34985 (14562 ~ 83938) 04766 04819 09829 03256 16106 (06227 ~ 4.1657)
[ 02021 04246 04759 06342 12239 (05325 ~ 28130) | -0.426 07706  -0553 05801 06529 (0.1442~29567) 06202 0796 07786 04362 18593 (0.3902 ~ 8.8586)
Mo 04893 | 03065 1598  0.103 16312 (08947 ~ 29742) | 082 04495 -1825 00681 = 04404 (0.1825 ~ 10628) 0831 04639 -1792 00731 04355 (0.1754 ~ 1.0811)
P 07858 | 03314 23711 00177 21941 (11460 ~42007) | -LI75 04769 -2464 | 00138 03089 (0.1213~07865) 0758 05091  -1488  0.1368 04688 (0.1728 ~ 1.2717)
sb 1397 02605 53628 <0.0001 40430 (24264 ~67365) | L1589 03286 3527 00004 31866 (L6735 ~60676) 08512 03534 24085 0016 23425 (L1718 ~ 4.6828)
il 0645 | 03436 1879 00603 05245 (02675~ 1.0284) | 2503 05674 4411 | <0.0001 00818 (00269 ~02489) 2112 06053 3488 00005 01210 (00370 ~ 0.3964)
w 14862 | 02903 51186 <0.0001 44202 (25021 ~7.8088) | 1494 0375 39782  <0.0001 44550 (21339 ~93007) 13988 0385 36333 00003 40503 (19045 ~ 86135)
Ba 02344 04319 05389 05899 12642 (05390 ~2.9650) 02513 04398 05715 05677 12857 (0.5430 ~ 3.0444)
c 12031 03242 37109 00002 33304 (17641 ~62872) 11376 0327 | 3479 00005 31192 (16433 ~ 5.9207)
Co 04856 04859 09993 03176 16251 (06270 ~42120) 05037 04904 10272 03043 16549 (0.6329 ~ 4.3267)
s 06021 07984 07542 | 04507 18260 (03819 ~87308) 08013 08013 1000 03173 22285 (04634 ~ 10.7179)
Mo 0641 04734 <1353 01761 05270 (02084 ~13330) 0643 04775 1346 0783 05259 (02063 ~ 1.3407)
b 0293 05153 0568 05699 | 07461 (02717 ~20487) 0533 05214 -1022 03070 05871 (02113 ~ L6311
sb 07889 03604 21886 | 0.0286 22009 (10839 ~44607) 07714 03623 21291 00332 21629 (10632 ~ 4.3999)
il G195 06032 3233 | 0.0012 01423 (0.0436 ~04640) 1898 06068 -3128 00018  0.1499 (0.0456 ~ 0.4923)
w 11064 03937 28099 | 00050 30234 (13975~65412) 11249 03945 28492 0004 30800 (14206 ~ 6.6778)

Model I was unadjusted, Model I1 was adjusted for age, gender, race and ethnicity, educational background, marital status and PIR, Model IIl was adjusted for age, gender, race and ethnicity, educational background, marital status, PIR, alcohol use status, hypertension,
diabetes and cigarette use status, Model IV was adjusted for age, gender, race and ethnicity, educational background, marital status, PIR, alcohol use status, hypertension, diabetes, cigarette use status and sleep duration.
“The bold value means that P<0.05.
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 Missing Demographics Data (N = 2663)

 Mising Alcohol Use Data (N = 1032)
 Mising Hypertension Data (N = 16)
 Missing Diabetes Data (N =3)
 Missng Cigarette Use Data (N=2)

 Mising Heavy Metal Data (N = 238)

 MissingSlecp Duration Data (N =31)

 Missing PHQ-9 Scores Data (N=97)

Participants Included
N= 10285
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Cellular/Organ-  Health Risks References

ismal Effects

Generation of Reactive Inflammation and 97)
Oxygen Species cellular damage

Respiratory Disease Asthma and bronchitis (97, 98)
Cardiovascular Disease Heart disease and hypertension (98, 99)
Neurological Disorder Neurotoxicity; Reduced 97)

cognitive function

Carcinogenic Disease Increased risk of cancer (directly) 97)

Endocrine Disruption Hormone dysregulation; Reduced (100)
reproductive status

Immune Dysfunction Reduced immune fitness; (100)

infections; cancer (indirectly)

Humans are exposed to ubiquitous VOCs that can impact different groups of cells to cause
disease via direct or indirect biological mechanisms. VOCs have both acute and chronic effects
on human health, affecting a number of different systems and organs, including the brain.
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Variables p (95% CI) alue
WBC 0374 (0266, 0.482) <0.001
Neutrophil 0257 (0.175,0339) <0.001
Lymphocyte 0.089 (0.055,0.123) <0.001
NLR 0,043 (~0.005, 0.091) 0070

CI, confidence interval; NLR, neutrophil-to-lymphocyte ratio; WBC, white blood cell.
Adjusted for sex, age, race, education, marita tatus, poverty-to-income rati, body mass index, hypertension, diabetes, cancers, thyroid diseases, alcohol consumption, and nicotine and
HbALC levels.
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Indoor Airborne Pollution

PM 2.5

Mitochondria Dysfunction = Endoplasmic Reticulum Stress ~ ROS Production = Brain Inflammation

W
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Mediation effect=0.0023
p=0010

Proportion of mediation:13.6%

Direct effect=0.0147
p=0014

$=0.008

Mediation effect=0.0020
p=0010

Proportion of mediation:11.9%

p=0012

Mediationeffect=0.0003
p=0210

$=0.006
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Total Q1 (2.54- Q2 (3.91- 4 Q4 (5.42- p-value

3.91) 4.39) 10.35)
Sex (%) 00022
Male 4967 (1.33) 4601 (263) 45.83(200) 5256 (2.62) 5625 (227)
Female 5033 (1.35) 53.99(263) 5417 (200) 47.44262) 4375 2.27)
Age (%) <0.0001
<60 7177 (138) 7285 (1.86) 6493 (198) 67.65 (249 215 (1.96)
260 2823(1.38) 27.15(1.86) 35.07(198) 3235 (249) 17.85 (1.96)
Race (%) <0.0001
Hispanic 1381 (1.92) 1245 (2.21) 1503 (234) 17.63 (2:89) 1065 (1.54)
Non-Hispanic White 6790 (277) 7581 (3.16) 6951 (323) 56.00 (4.60) 6669 (2.60)
Other races 18.28 (1.76) 1175 (1.74) 15.46 (202) 2637 (286) 2266 (2.16)
Education (%) <0.0001
Under high school 13.33 (1.24) 8.63 (145) 1034 (1.49) 1351 (2.01) 2282(2.16)
igh school or 21.08 (1.00) 18.15 (2.26) 16.52 (1.45) 2202(226) 2937 (283)
equivalent
Above high school 6359 (1.71) 73.22(242) 7314 (200) 6448 (3.10) 4781 271)
Marital status (%) 0.0060
With partner 6282 (1.36) 64.02(243) 6877 (2.80) 6250 (2.85) 5460 (2.84)
Widowed, divorced, or 18.15 (1.03) 17.78 (1.92) 1358 (1.67) 18.11(1.82) 2403 (2.30)
separated
Never married 19.03 (1.25) 18.21(222) 17.65(247) 1938 (1.95) 2137 (200)
PIR (%) <0.0001
PIR<13 2151 (1.51) 13.37(1.73) 1579 (1.69) 2480 (2.62) 3578(322)
13<PIR<3S 36.29 (1.49) 36.28(261) 36.48 (2.56) 3206 (254) 3997 (3.08)
PIR235 4220(233) 50.34 (3.60) 47.73(332) 4313(317) 2425 (2.60)
BMI (%) 00183
BMI<25 2691 (1.49) 2540 (3.05) 2234(234) 2832(238) 3294(251)
25<BMI<30 3357 094) 30.29(238) 3735 (299) 35.46 (2.09) 3170 (206)
BMI>30 3951 (1.36) 4431267) 4031 291) 3622 (226) 35.36(249)
Hypertension (%) 0.7941
Yes 3221 (1.49) 3355 (2.14) 3050 (215) 3249 (248) 3221(313)
No 6779 (1.49) 6645 (2.14) 6950 (2.15) 6751 248) 67.79 (3.13)
Diabetes (%) 0.0066
Yes 14.14(1.07) 1108 (1.71) 1645 (2.17) 1811 (1.64) 1178 (1.56)
No 85.86(1.07) 88.92(1.71) 8355 (217) 8189 (1.64) 88.22(1.56)
Depressive symptoms (%) <0.0001
Yes 7.17(0.62) 4.08 (0.68) 454 (0.86) 539 (0.98) 15.95 (1.74)
No 9283 (0.62) 95.92(0.68) 95.46 (0.86) 9461 (098) 8405 (1.74)
Cancer (%) 05202
Yes 1125 (0.96) 12.75 (1.74) 1127 (1.66) 1101 (1.25) 949 (1.84)
No 8875 (096) 87.25(1.74) 8873 (1.66) 8899 (1.25) 9051 (1.84)
Thyroid disease (%) 0.0381
Yes 1276 (0.95) 15.86 (193) 1313 (156) 1043 (1.44) 1043 (1.63)
No 87.24(0.95) 84.14(1.93) 86.87 (1.56) 89.57 (1.44) 8957 (1.63)
Alcohol consumption (%) <0.0001
Yes 78.12(1.32) 8051 (1.73) 7204 (2.89) 7441 (2.32) 8556 (1.17)
No 21.88(1.32) 19.49 (1.73) 27.96 (2.89) 2559 (232) 14.44 (1.17)
Serum cotinine (ng/ml) 62854427 2287640 17.6946.48 27274668 20085805 <0.0001
Glycohemoglobin (%) 5624003 549005 5632005 579005 560005 0.0004

Categorical variablesare presented as the percentage (standard eror [SE]). Continuous variables are presented as mean +SE.
Q. quartile; BMI, body mass index; PIR, poverty-to-income ratio.
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Hb-EO Crude model

Continuous 1439 (1310, 1.581)
<0.001

Q Ref

Q@ 1.119 (0626, 1.999)
0.707

Q@ 1339 (0.770,2328)
0311

Q 4.464 (2909, 6.850)
<0.001

pfor trend <0.001

Hb-EO, hemoglobin-ethylene oxide adduct.
Crude model: No covariates was adjusted.
Part-adjusted: Adjusted for sex, age, and race

Part-adjusted

1,455 (1.321, 1.603)
<0001

Ref

1121 (0.629, 1.997)
0702

1394 (0.783, 2.481)
0271

4.756 (3.078,7.350)
<0001

<0001

Fully adjusted

1.332(1.148, 1.545)
0.001

Ref

1220 (0633, 2.354)
0494

1.291(0.676, 2.466)
0378

3230 (1.789,5.833)
0.002

0.002

Fully adjusted: Adjusted for sx, age,race,education, maritalstatus, poverty-to-income ratio, body mass index, hypertension, diabetes, cancers, thyroid diseases,alcohol consumption, and

nicotine and HbAIC levels.
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Variable
Sex

Male

Female

Age

<60

260

Race

Hispanic

Non-Hisparic White
Other Race

Education

Under high school

High school or equivalent
College graduate or above
Marital status

With partner

Widowed, divorced or separated
Never married

PIR

PIR<13

135PIR<35

PIR235

BMI

BMI<25

255BMI<30

BMI230

Hypertension

Yes

No

Diabetes

Yes

No

Cancer

Yes

No

Thyroid disease

Yes

No

Alcohol consumption
Yes

No

OR(95%CI)

1,095 (0893, 1.342)
1.491(1.234, 1.800)

1383 (1.167, 1.639)
1199 (0.839, 1.714)

1.051(0.547, 2.021)
1.358 (1.172,1.573)
1263 (0.941, 1.695)

1275 (0.944, 1.721)
1.374 (1,045, 1.808)
1331 (1.104, 1.606)

1443 (1.100, 1.893)
1.258 (1,017, 1.556)
1215 (0.883, 1672)

1.153 (0.930, 1.429)
1527 (1238, 1.885)
1.386(0.836, 2.297)

1.311 (0997, 1.725)
1.504 (1,130, 2.002)
1282 (1.043, 1.576)

1.149 (0.932, 1.417)
1.554 (1263, 1913)

1.191 (0921, 1.541)
1363 (1.126, 1.649)

1.920 (1,037, 3.555)
1.301 (1137, 1.489)

2310 (1,288, 4.140)
1.220 (1,034, 1.440)

1345 (1.130, 1.601)
1.349 (1012, 1.799)

P

0342
<0.001

0001
0281

0866
<0.001
0105

0099
0025
0006

0012
0035
0255

0219
<0.001
0181

0076
0016
0021

0221
<0.001

0158
0004

0037
0001

0009
0022

0003
0041

p for interaction
<0001

0.507

0915

0.421

0.669

0.079

0.995

0.409

0.750

0.486

0.048

0.842





