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Introduction

Long COVID is a multisystemic condition following acute infec-
tion with severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) characterized by symptoms like fatigue, shortness of
breath, cognitive dysfunction, pain, digestive symptoms, and/or
depression and anxiety persisting for at least 2 months after pri-
mary infection and not explained by alternative diagnosis.!> We
previously linked air pollution with the risk of COVID-19 inci-
dence, severity, and lower COVID-19 vaccine response.3’4 Similar
to others, we found that air pollution was associated with the sever-
ity of COVID-19 and that COVID-19 severity was associated with
an increased risk of long COVID. In this study, we examine the
associations of exposure to air pollution, green spaces, road-traffic
noise, and artificial light at night (ALAN) with the risk of long
COVID and symptoms persistence.

Methods

The COVICAT cohort is a COVID-19 population—based cohort
designed to characterize the health impact of the COVID-19 pan-
demic on the population in Catalonia, Spain.>-> Baseline data origi-
nates from the GCAT cohort, including residents in Catalonia (40—
65 years of age) with available health data prior to the pandemic.
Online-based questionnaires were administered three times during
the pandemic in 2020, 2021, and 2023 to collect self-reported in-
formation on COVID-19 symptoms and previous COVID-19 infec-
tions> as well as sociodemographic information, including age,
sex, education (less than primary school, primary school, second-
ary school, university, and other), clinical [COVID-19 severity
classified according to the World Health Organization (WHO) as
asymptomatic, mild/moderate, severe/critical; and chronic disease
in 2021, yes/no using a list of 18 diseases], general health status
(excellent/great, fine, regular/bad), body mass index (BMI), and
vaccination status (number of doses before first infection). Missing
data in 2021 and 2023 were replaced using individual information

Address correspondence to Manolis Kogevinas, Barcelona Institute of
Global Health (ISGlobal), C/Doctor Aiguader, 88, 08003, Barcelona, Spain.
Email: manolis.kogevinas @isglobal.org. And, Apolline Saucy, Institute of
Social and Preventive Medicine (ISPM), Mittelstrasse 43, 3012 Bern,
Switzerland. Email: apolline.saucy @unibe.ch

The authors declare no conflict of interest.

Conclusions and opinions are those of the individual authors and do not
necessarily reflect the policies or views of EHP Publishing or the National
Institute of Environmental Health Sciences.

Note to readers with disabilities: EHP strives to ensure that all journal
content is accessible to all readers. However, some figures and Supplemental
Material published in EHP articles may not conform to 508 standards due to
the complexity of the information being presented. If you need assistance
accessing journal content, please contact ehpsubmissions @niehs.nih.gov. Our
staff will work with you to assess and meet your accessibility needs within 3
working days.

Environmental Health Perspectives

117701-1

from the 2020 COVICAT questionnaire. We defined SARS-CoV-
2 as follows: a) infection self-reported: positive viral detection test
(polymerase chain reaction or antigen test), COVID-19 disease,
hospitalization, or intensive care unit (ICU) admission due to
COVID-19; b) identification of a positive test through record link-
age with the repository of SARS-CoV-2 tests of the Emergency
Electronic Health Records (EHRs); ¢) identification of a diagnosis,
hospitalization, or ICU admission due to COVID-19 disease (ICD-
10 codes U071, U072, U10, or J1282) through record linkage with
EHRs; or d) SARS-CoV-2 seropositivity for the subsample with
serological testing from any time (2020-2023) based on our anti-
body data.’> The current analysis is restricted to 2,853 individuals
with complete information who reported at least one SARS-CoV-
2 infection between 2020 and 2023. Among them, we defined long
COVID following a modified WHO definition and recent publica-
tions>® as self-report of at least one long COVID symptom,
evidence for organ associated dysfunction for a duration of
>3 months, or doctor diagnosis of long COVID. In the subset of
participants with long COVID in 2021, we defined persistent long
COVID if long COVID had been reported previously and symp-
toms were still present during the last week before the 2023 inter-
view. Ethical approval for COVICAT was obtained from the Parc
de Salut Mar Ethics Committee (CEIM-PS MAR, number 2020/
9307/1) and Hospital Universitari Germans Trias i Pujol Ethics
Committee (CEI number PI-20-182). All participants provided
informed consent.

In 2019, annual averages of particulate matter with diameter
<2.5ug/ m? (PM,s), nitrogen dioxide (NO,), and ozone (O3)
were estimated at each participant’s residential address with a spa-
tial resolution of 250 m from the COVAIR-CAT exposure assess-
ment models.* Percent of green space (2005) was available within
300 m buffers and normalized difference vegetation index (NDVI)
(2019) at 250 m resolution. Nighttime road-traffic noise was esti-
mated for the nearest road using the strategic noise maps for
Catalonia for those with available exposure values within 25 m of
residential home location (2012).” Outdoor melanopic illuminance
(blue light ALAN) was derived from the International Space
Station (2013). Area-level deprivation index was available at cen-
sus level (2011).8

We conducted mixed-effect robust Poisson regression models
with census tract as random intercept to assess the association
between each exposure, separately, and @) the risks of long COVID
among all infected and b) the risk of persistent long COVID (a sub-
set of all long COVID cases). Subjects with COVID-19 infection
in 2020, 2021, or 2023 and who never reported long COVID symp-
toms served as the control group for all analyses. We reported risk
ratios (RRs) by interquartile range (IQR) increase of each expo-
sure’s distribution in the whole study population. All models were
adjusted for (Model 1) age, sex, educational level (as proxy to soci-
oeconomic status), and quintiles of area-level deprivation; in
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Figure 1. Generalized additive models showing the dose—response relationship of air pollutants with persistent long COVID. The x-axis represents the levels
of exposure for each specific pollutant per unit increase in population interquartile range (IQR). The y-axis represents the prediction for the risk of persistent
long-COVID in the log-scale. 95% confidence intervals are displayed with dotted lines. The bar at the bottom of each figures represents the exposure (IQR) dis-
tribution in the study population. Note: COVICAT Cohort (Catalonia, Spain), n=2,306. NDVI, normalized difference vegetation index; NO,, nitrogen dioxide;
03, ozone; PM, particulate matter with diameter <10 ug/m3; PM; s, particulate matter with diameter <2.5 ug/m3; RR, risk ratio.
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