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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.1,2 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.3,5 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-
formationonCOVID-19 symptomsandpreviousCOVID-19 infec-
tions5 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

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); c) 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.5 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-
tions2,6 as self-report of at least one long COVID symptom,
evidence for organ associated dysfunction for a duration of
≥3months, 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/I) 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
<2:5 lg=m3 (PM2:5), nitrogen dioxide (NO2), 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.4 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).7 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 a) 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 andwho 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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Model 2 for general health status and chronic diseases; and in
Model 3 for severity of COVID-19 and preinfection vaccination
status. Observations with missing exposure values are excluded
from the single-exposure models (1,124 were excluded from the
Lnight and 770 from the ALAN analyses). All analyses were re-
stricted to participants with available covariate data for all three
models. Nonlinearity in the exposure–response curves were tested
using generalized additive models for the four air pollutants (NO2,
O3, PM10, and PM2:5), using the adjustment of Model 2. Statistical
analyses were performed using STATA version 18.0. Statistical
significancewas evaluated at the level a=5%.

Results
Between 2021 and 2023, the cumulative incidence of long COVID
among those infected (n=2,853) was 24.5% (n=700) and 5% for
persistent long COVID (n=153). There were small differences in
long COVID risk by age. Long COVID risk was more common in
women (27.6%, n=1,788) compared to men (19.4%, n=1,065)
and in those with primary or lower education (29.2%, n=219) com-
pared to those with university education (22.2%, n=1,557).
Prevalence of long COVID was higher among those with prior
chronic diseases (33.3%, n=1,013) compared to those without
(19.7%, n=1,840) and among those with severe COVID-19
(71.8%, n=85) compared to those with mild/moderate COVID-19
(25.1%, n=2,380) or those asymptomatic (10.3%, 388). Prevalence
was lower among those vaccinated prior to first infection (15.4%,
n=2,003) compared to those not vaccinated (46.0%, n=850).

No significant association emerged for any of the environ-
mental exposures examined and the risk of ever long COVID
(Table 1). For persistent long COVID compared to those without
long COVID, we observed a nonstatistically significant associa-
tion for PM2:5 [RR=1:14; 95% confidence interval (CI): 0.96,
1.36] and PM10 (RR=1:15; 95% CI: 0.96, 1.39). Similar esti-
mates were observed when additionally adjusting for COVID-19
severity and vaccination prior to first infection. Generalized addi-
tive models indicated a linear relationship for the association of
particulate matter with persistent long COVID (Figure 1).

Discussion
We did not observe associations between major urban environ-
mental factors and the risk of long COVID, except for particular
matter (PM10, PM2:5) showing tendencies toward an increased
risk for persistent long COVID. Our findings are in accord with
previous limited evidence on air pollutants and long COVID.9,10

They are also, to some extent, in accord with prior evidence from
the COVICAT population showing an association between air
pollution concentrations on the risk of COVID-193,5 but particu-
larly higher risks for severe COVID-19, suggesting complex
pathways in the impact of environmental factors on the risk of
long COVID. We could speculate that the majority of effect of
air pollution on long COVID is indirectly via increasing severity.
This hypothesis is supported by the suggestive association
between particulate matter and the most severe (persistent) cases
of long COVID but not with all cases of long COVID. Further
study of long COVID subtypes and symptoms could offer more
detailed understanding of the observed associations. These find-
ings contribute to understanding the complex interplay between
environmental exposures and long-term COVID-19 outcomes.
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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; NO2, nitrogen dioxide;
O3, ozone; PM10, particulate matter with diameter <10lg=m3; PM2:5, particulate matter with diameter <2:5 lg=m3; RR, risk ratio.

Environmental Health Perspectives 117701-3 132(11) November 2024

https://www.ncbi.nlm.nih.gov/pubmed/36639608
https://doi.org/10.1038/s41579-022-00846-2
https://www.ncbi.nlm.nih.gov/pubmed/34951953
https://doi.org/10.1016/S1473-3099(21)00703-9
https://www.ncbi.nlm.nih.gov/pubmed/37017430
https://doi.org/10.1289/EHP11989
https://doi.org/10.1289/EHP11989
https://www.ncbi.nlm.nih.gov/pubmed/37225741
https://doi.org/10.1038/s41467-023-38469-7
https://doi.org/10.1038/s41467-023-38469-7
https://www.ncbi.nlm.nih.gov/pubmed/34787480
https://doi.org/10.1289/EHP9726
https://www.ncbi.nlm.nih.gov/pubmed/34373540
https://doi.org/10.1038/s41598-021-95565-8
https://doi.org/10.1038/s41598-021-95565-8


7. Mercè Martínez Moliné M, Pérez Hernández J. 2013. Mapes Estrategics de
Soroll Dels Grans Eixos Viaris de La Generalitat de Catalunya. Barcelona,
Spain: Generalitat de Catalunya. https://territori.gencat.cat/web/.content/
home/03_infraestructures_i_mobilitat/mapes-estrategics-soroll-plans-accio/mapes-
estrategics-soroll/carreteres/memoria-mapes-estrategics-soroll-carreteres-2015-
fase-2.pdf.

8. Duque I, Domínguez-Berjón MF, Cebrecos A, Prieto-Salceda MD, Esnaola S, Calvo
Sánchez M, et al. 2021. Índice de privación en españa por sección censal en 2011.
GacSanit 35(2):113–122, PMID: 32014314, https://doi.org/10.1016/j.gaceta.2019.10.008.

9. Yu Z, Ekström S, Bellander T, Ljungman P, Pershagen G, Eneroth K, et al.
2023. Ambient air pollution exposure linked to long COVID among young
adults: a nested survey in a population-based cohort in Sweden. Lancet Reg
Health Eur 28:100608, PMID: 37131862, https://doi.org/10.1016/j.lanepe.2023.
100608.

10. Saleh SAK, Adly HM. 2023. Impact of ambient air pollution exposure on
long COVID-19 symptoms: a cohort study within the Saudi Arabian popula-
tion. Infect Dis Rep 15(5):642–661, PMID: 37888141, https://doi.org/10.3390/
idr15050060.

Environmental Health Perspectives 117701-4 132(11) November 2024

https://territori.gencat.cat/web/.content/home/03_infraestructures_i_mobilitat/mapes-estrategics-soroll-plans-accio/mapes-estrategics-soroll/carreteres/memoria-mapes-estrategics-soroll-carreteres-2015-fase-2.pdf
https://territori.gencat.cat/web/.content/home/03_infraestructures_i_mobilitat/mapes-estrategics-soroll-plans-accio/mapes-estrategics-soroll/carreteres/memoria-mapes-estrategics-soroll-carreteres-2015-fase-2.pdf
https://territori.gencat.cat/web/.content/home/03_infraestructures_i_mobilitat/mapes-estrategics-soroll-plans-accio/mapes-estrategics-soroll/carreteres/memoria-mapes-estrategics-soroll-carreteres-2015-fase-2.pdf
https://territori.gencat.cat/web/.content/home/03_infraestructures_i_mobilitat/mapes-estrategics-soroll-plans-accio/mapes-estrategics-soroll/carreteres/memoria-mapes-estrategics-soroll-carreteres-2015-fase-2.pdf
https://www.ncbi.nlm.nih.gov/pubmed/32014314
https://doi.org/10.1016/j.gaceta.2019.10.008
https://www.ncbi.nlm.nih.gov/pubmed/37131862
https://doi.org/10.1016/j.lanepe.2023.100608
https://doi.org/10.1016/j.lanepe.2023.100608
https://www.ncbi.nlm.nih.gov/pubmed/37888141
https://doi.org/10.3390/idr15050060
https://doi.org/10.3390/idr15050060

	Environmental Exposures and Long COVID in a Prospective Population-Based Study in Catalonia (COVICAT Study)
	Introduction
	Methods
	Results
	Discussion
	Acknowledgments
	References


