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were also examined through a 20-day period before the confirmed PCR diag-
nostic of COVID-19. We found positive associations for diabetes and COVID-
19 mortality (OR 2.2 CI 95%: 1.1, 4.4). Regarding environmental factors, we
found no association between COVID-19 mortality and air pollutants and
weather parameters; however, our study suffers from strong disparities—such
as patient characteristics—between fairly polluted and less polluted cities. In
order to overcome those disparities between cities, we aimed to explore the
relationship between air pollution and COVID-19 mortality within each city,
but even with the high-efficiency modelisation systems, differences in air
pollutants were too small to estimate the effect of air pollution at the city lev-
el. Thus, this study highlights the need to improve the estimation of individu-
al exposure to air pollution. To address this issue, solutions exist such as the
increase of the number of fixed air monitors, or even better, through the use
of individual markers of air pollution exposure such as urinary black carbon
or passive individual samplers. Furthermore, we underline that outdoor air
pollutant concentrations may not be representative of individual exposure,
especially in the elderly, thus, we suggest that further studies focus on indoor
air pollution. Regarding meteorological conditions, we found no association
between UV, temperature, wind speed and COVID-19 mortality. We found a
positive association between an increase in relative humidity (RH) and
COVID-19 mortality, however, the influence of RH on COVID-19 mortality
remains unclear, and additional studies are needed to confirm this potential
link.

Keywords

COVID-19 Mortality, Air Pollution, Particulate Matter, Ultraviolet Radiation,
Temperature

1. Introduction

Since November 2019, the world is facing a pneumonia epidemic due to a new
coronavirus, severe acute respiratory syndrome (SARS)-associated coronavirus 2
(SARS-CoV-2), which leads to a disease named coronavirus disease 2019
(COVID-19) [1]. COVID-19 infections range from completely asymptomatic to
severe forms requiring mechanical ventilation. When symptomatic, COVID-19
leads among other symptoms to lower respiratory tract infection, neurological
impairment, cutaneous manifestations, or gastro-intestinal issues. Multiple or-
gan failure, myopericarditis, pulmonary embolism, and acute respiratory distress
syndrome represent the most serious complications of severe COVID-19. The
elderly account for about 80% of deaths from COVID-19 [2]. COVID-19 com-
orbidities are still debated and may include hypertension, obesity, diabetes, car-
diovascular disease, chronic obstructive pulmonary disease (COPD), chronic
kidney disease, and malignancy [3] [4] [5] [6]. As suggested for other respiratory
viruses (e.g., SARS-CoV-1, influenza, respiratory syncytial virus, measles), several
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studies are supporting the role of environmental exposures in COVID-19-related
morbidity and mortality [6]. In particular, long-term exposure to air pollution
through its impact on the development of cardiovascular and respiratory diseas-
es or diabetes may be an aggravating factor for COVID-19 morbidity [6].
Short-term variations in air pollution and weather parameters such as tempera-
ture, relative humidity, boundary layer have been correlated with COVID-19
mortality, as well as with the spread of COVID-19 diseases [7] [8] [9] [10] [11].
While the elderly may be more vulnerable to adverse health effects of air pollu-
tion, studies exploring the influence of air pollution on COVID-19 mortality in
this age group are missing. Indeed, most of the studies that explored individual
and environmental risk factors for COVID-19 are US or Chinese surveys and the
study population consisted of the overall population.

In this retrospective study, we investigated elderly patients who were hospita-
lized for COVID-19 in geriatric units in seven European hospitals, six in France
and one in Belgium, see Figure 1 Location of cities. These European cities are
interesting to study, because they have different profiles in terms of air pollution
and weather parameters. The study period was from February to May 2020, a
period during which there was no vaccine or therapy for COVID-19.

Our main goal was to explore the influence of long-term exposure to outdoor
air pollution on COVID-19 mortality.

Outdoor air pollution includes gaseous and particulate constituents. Of inter-
est for COVID-19, particulate matter (PM) can be simplified into three classifi-
cations according to the size of particles, ie, coarse particles (PM10: diameter

less than 10 um), fine particles (PM2.5: diameter less than 2.5 pm), and ultrafine

UNITED
KINGDOM

o BRUXELLES

o STRASBOURG

Figure 1. Location of cities.
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particles (PMO.1: diameter less than 0.1 um). Depending on their source, PM can
have different compositions. Carbonaceous PM from coal, fuel, or wood com-
bustion have been suggested to be the most harmful and responsible for many
chronic diseases, mainly cardiopulmonary diseases and cancer [12] [13]. The
main outdoor gaseous pollutants include nitrogen dioxide (NO,), ozone (O,)
and sulfur dioxide (SO,). NO, is a major air pollutant in urban European cities,
mainly arising from traffic, in particular from diesel cars [6]. O; is a secondary
gaseous pollutant arising from atmospheric photochemical reactions involving
sunlight (ultraviolet radiations) and gaseous precursors such as nitrogen oxide
(NOx) or volatile organic compounds. As ozone formation requires atmospheric
photooxidation of precursors (such as NO,), its concentration also depends on
meteorological conditions, such as heat and UV. Both O; and NO, have been
associated with asthma and cardiovascular diseases [14].

We also explored if short-term variations in air pollutants and weather para-
meters had an impact on COVID-19 mortality. The main suspected COVID-19
comorbidities such as diabetes and hypertension (HTA) were also investigated.

2. Methods
2.1. Study Population

All patients were hospitalized for SARS-CoV-2 infection in geriatric units of
university hospitals of six medium- to large-sized French cities, Strasbourg,
Reims, Tours, Nantes, Paris, La Roche sur Yon, and the Belgium capital city,
Bruxelles, between February and May 2020.

Admission criteria to admit a patient in geriatric unit was a minimum of 65
years of age.

SARS-CoV-2 infection was confirmed by reverse transcriptase polymerase chain
reaction (RT-PCR). Because thoracic computerized tomography (CT) scanners
were not available for all patients, we did not include thoracic CT examinations for
the diagnosis of COVID-19. For all patients, we retrieved their residential ad-
dress, sex, age, the date and positivy of their PCR test, and wether they died from
COVID-19. According to literature data available at this period, the main sus-
pected COVID-19 comorbidities: smoking status, body mass index (BMI), ischemic
heart diseases, diabetes, hypertension, chronic renal failure, cancer, chronic ob-
structive pulmonary disease (COPD) were extracted from the medical records.
Our main goal was to explore the link between long-term exposure to air pollu-
tion and COVID-19 mortality taking into account individual comorbidities.

The design of this retrospective study is shown in Graph 1.

In a second step, we also investigated the relationship between short-term
variations in air pollution and weather parameters and COVID-19 mortality.

2.2. Environmental Exposures

Concerning air pollution, we focused on the main outdoor air pollutants (PM10,
PM2.5, NO,, O,, and SO,) whose concentrations were estimated at the residen-

tial address. Residential address was translated into Global Positioning System
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Observed Confounders

~ N

Long-Term Exposure ? _ COVID-19 Mortality
to Air Pollution - of Elderly
A\ R R4

Unobserved Confounders

Graph 1. Graphical abstract: Observed confounders are represented by patient characte-
ristics (age, sex) and comorbidities.

(GPS) coordinates, encoded and transmitted anonymously to the European
Centre for Medium Range Weather Forecasts (ECMWF), in charge of the Euro-
pean Commission’s Copernicus program implementation (Modelling and Pre-
diction|ECMWF). To ensure anonymity, we used only the name of the street and
postcode, but not the street number. We obtained written informed consent to
participate in the study from the patient’s legal guardian. This study was ap-
proved by the Ethics Review Committee of the University Hospital of Strasbourg
and all methods were carried out in accordance with relevant guidelines and
regulations. We exclude patients with missing residential addresses and patients
who moved during the last two years of the study period. We used annual pollu-
tant concentrations averaged over the last two years of the study period as a
proxy for long-term exposure to air pollution, and air pollutant concentrations
averaged over the 20 day-period before the confirmed PCR diagnostic of COVID-
19 as a proxy for short-term exposure to air pollution. According to previous
studies. [6]-[11] we also obtained weather variables such as temperature, relative
humidity (RH), ultraviolet radiation (UV), wind speed, and modelled pollen
concentrations for birch, olive tree, grasses, and ragweed, over the 20 day-period
before the confirmed PCR diagnostic of COVID-19 from the Copernicus pro-
gram. Units of measure of environmental factors are detailed in Supplementary

Materials Table SM1: Unit of measure of environmental exposure.

2.3. Statistical Analyses

We started with a descriptive analysis of patient characteristics (age, sex), patient
comorbidities and COVID-19 mortality in the 7 cities.

Then, we investigated with a multivariate logistic regression model the associ-
ation between COVID-19 mortality and patient characteristics and comorbidi-
ties: sex, age, BMI, active smoking, diabetes, hypertension, COPD, cardiac ischem-
ic disease, renal failure, and cancer. We adjusted for the patient city.

Concerning long-term exposure to air pollution, we estimated the association
between long-term exposure to an air pollutant and COVID-19 mortality using a
multivariate logistic regression model. We fitted a separate model for each air
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pollutant. We adjusted for patient characteristics (sex, age, BMI) and comorbidi-
ties (diabetes, hypertension, COPD, cardiac ischemic disease, renal failure, and
cancer). We also adjusted for the patient city.

We investigated the short-term influence of air pollutants and weather para-
meters on COVID-19 mortality with a multivariate logistic regression model.
We averaged daily exposure of environmental exposures over the 20 previous
days before patients undertook a PCR test. We fitted a model for each environ-
mental exposure in which we adjusted for sex, age, BMI, diabetes, hypertension,
COPD, cardiac ischemic disease, renal failure, and cancer. We also took into ac-
count the patient city and the month of their PCR test.

Reproducibility:

All analyses were carried out with the R programming language (version
4.1.0). Although we were not allowed to share the data due to statistical confi-
dentiality, we took great care to provide in the supplementary materials R
Markdown documents where coding procedures are fully annotated.
https://github.com/lzabrocki/covid_air_pollution

3. Results

- We obtained data on 501 patients from seven cities (Supplementary Mate-
rials Table SM2: Number of Patients by City). The mean age was 83 years
(standard deviation = 7.5). Female patients represent 49% of the patients.
Several variables, such as active smoking and BMI, presented a non-negligible
proportion of missing observations (Supplementary Materials Table SM3:
Proportion of Missing Values by Patients’ Characteristics).

- The proportion of COVID-19 deaths varied between cities ranging from
more than 35% in Strasbourg to less than 20% in Tours and Reims, see Fig-
ure 2: COVID-19 mortality.

Strasbourg {
Paris (
Bruxelles [
La Roche-sur-Yon [
Nantes [
Tours [ ]

Reims @
20 30 40

Proportion of Dead Patients (%)

Figure 2. COVID-19 mortality.

- Patient characteristics were also different between cities in particular with
regard to renal failure, COPD, ischemic cardiopathy, cancer, and diabetes,
see Figure 3: Patient Characteristics by City.
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Active Smoking (%) Age BMI
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2
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Diabetes (%)
Tours
Strasbourg
Reims @
Paris
Nantes &
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= A=2 L2
4 5 76 78 80 82 84 86 24 25 26
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25 30 35 60 65 70 75 80 85 25 50 75

Figure 3. Patient characteristics by city.

- Comorbidities with the Odds of Dying from COVID-19:

Results from the analysis of co-morbidities and COVID-19 mortality are
summarized in Table 1 (Table 1: Comorbidities with the Odds of Dying from
COVID-19). We found only associations for diabetes (OR 2.2, CI 95%: 1.1, 4.4).

Table 1. Comorbidities with the odds of dying from COVID-19.

Variable Point Estimate 95% CI
Sex (male) 1.1 (0.6, 2.2)
Age 1 (1.0, 1.1)

BMI 1 (0.9, 1.0)
Active Smoking 0.5 (0.0, 3.3)
Diabetes 2.2 (1.1, 4.4)
HBP 1.4 (0.7,2.9)
COPD 0.5 (0.1, 1.4)
Cardiac Ischemic Disease 1.1 (0.5,2.4)
Renal Failure 1.2 (0.6, 2.6)
Cancer 1.6 (0.8,3.4)

- Figure 4 illustrates the average in air pollutant concentrations between 2017
and 2019 by city (Figure 4: Average Air Pollutant Concentrations (2017-
2019) by City). PM10 levels ranged from 19.6 to 11.3 pug/m’, PM2.5 from 13.5
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NO:.

Tours @

Strasbourg °

Reims °
Paris
Nantes @
La Roche-sur-Yon ®

Bruxelles

10

PM2.5

Tours @
Strasbourg
Reims
Paris
Nantes @
La Roche-sur-Yon @

Bruxelles

20

to 7 ug/m’ and NO, from 27.3 to 3.2 ug/m’. Ozone concentrations ranged
from 60 to 43.9 pug/m’. We observed differences in air pollution exposure
between cities: Paris and Bruxelles had the highest levels of PM10, PM2.5 and
NO, followed by Strasbourg and Reims, while Nantes, Tours and La Roche-
sur-Yon had the lowest levels. We also investigated whether air pollution ex-
posures were linked to co-morbidities, and we observed some correlations
between PM10 and cancer (OR: 1.5, CI 95%: 1.1, 2.1) and between PM2.5
and cancer (OR: 1.5, CI 95%: 1.1, 2.3), see Figure 5: Long-Term Exposure to

Air Pollution and Comorbidities.

0: PM10
Tours ([ ] Tours ®
Strasbourg ( Strasbourg {
Reims ( Reims °
® Paris ® Paris ®
Nantes ® Nantes ®
La Roche-sur-Yon ®  LaRoche-sur-Yon @
Bruxelles ( J Bruxelles °
45 50 55 60 14 16 18
SO,
Tours @
Strasbourg {
Reims °
{ Paris { ]
Nantes @

La Roche-sur-Yon @

Bruxelles °

Concentrations in (ug/m?3)

Figure 4. Average air pollutant concentrations (2017-2019) by city.

Cancer
SO, Exposure (ug/m3) +@——
PM2.5 Exposure (ug/m?)  |-@—
PM10 Exposure (pg/m?) @~

0; Exposure (ug/m®) @

NO, Exposure (ug/m3) @

0 23456

0

Cardiac Diseas COPD Diabetes HBP Renal Failure Sex
oF A — —o——
o -
e g »
® L L
® ® »
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0dds of Having the Comorbidity

Figure 5. Long-term exposure to air pollution and comorbidities.
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Model Only With Concentration

NO2 (pg/m?)
05 (wg/m’)
PM10 (pg/m°)

PM2.5 (ug/m°)

0.50

o

-o-

0.75 1.00

1.25

- Long-term exposure to air pollution and COVID-19 mortality (Figure 6 and
Table 2):

Model With Concentration, All Patient Characteristi

Model With Concentration and All Patient Characte: and City Fixed-Effects

10— —to—
- —o—
e o
e

1.50 0.50 0.75 1.00 1.25 1.50 0.50 0.75 1.00 1.25 1.50

0dds of Dying from COVID-19

Figure 6. Long-term air pollution and COVID-19 mortality.

Table 2. Long-term exposure to air pollution and COVID-19 mortality.

Air Pollutant
NO,
NO,

Model Point Estimate 95% CI
Model With Concentration and All Patient Characteristics 1.03 (0.98, 1.08)
Model With Concentration, All Patient Characteristics and City Fixed-Effects 1.03 (0.92,1.15)
Model With Concentration and All Patient Characteristics 1 (0.95, 1.05)
Model With Concentration, All Patient Characteristics and City Fixed-Effects 1.05 (0.93,1.18)
Model With Concentration and All Patient Characteristics 1.08 (0.94, 1.24)
Model With Concentration, All Patient Characteristics and City Fixed-Effects 1.11 (0.75, 1.63)
Model With Concentration and All Patient Characteristics 1.12 (0.95,1.33)
Model With Concentration, All Patient Characteristics and City Fixed-Effects 0.99 (0.59, 1.67)

After adjustment for all patient characteristics and city, our data did not allow
us to report an association between long-term exposure to NO,, O, and PM10
and the odds of dying from COVID-19. Concerning PM2.5, in the non-adjusted
model, we found that a 1 ug/m’ increase in long-term exposure to PM2.5 was
associated with a positive increase in the odds of dying from COVID-19. How-
ever, when adjusted for patient characteristics and city, we found no association;
see Figure 6 and Table 2: Long-term exposure to air pollution and COVID-19
mortality.

In order to overcome the disparities in patient characteristics between fairly
polluted and less polluted cities, we tried to analyze the link between air pollu-
tion and COVID-19 mortality within each city. Unfortunately, even with the
high efficiency modelisation systems used by the Copernicus program, differ-
ences in air pollutant concentrations within each city were too small and did not
allow such analysis.

- Short-Term Environmental Exposure and COVID-19 mortality (Figure 7
and Table 3):

Regarding the influence of short term exposure to air pollutants, pollens on
COVID-19 mortality, we found no association. However, the study of pollens is
limited by the fact that our study period mainly concerns winter months during

which no significant pollen concentrations were measured.
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Average Humidity (%)
Average Temperature (°C)
Birch Pollen (grains/m?)
Grass Pollen (grains/m?)
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uv

Wind Speed (m/s)

Figure 7. Short-term exposure COVID-19 mortality.

0.8

0.9

1.0 1.1 1.2
0dds of Dying from COVID-19

Table 3. Short-term environmental exposure and COVID-19 mortality.

Exposure Point Estimate 95% CI
Average Humidity (%) 1.01 (1.0, 1.03)
Average Temperature (°C) 0.99 (0.96, 1.02)
Birch Pollen (grains/m?) 1 (0.99,1.01)
Grass Pollen (grains/m?) 0.98 (0.96, 1.01)
NO, (ug/m?) 0.99 (0.95, 1.02)
0, (ug/m’) 1 (0.98, 1.01)
PM10 (ug/m®) 1 (0.98, 1.02)
PM2.5 (ug/m?) 0.99 (0.97,1.02)
SO, (ug/m?) 0.98 (0.81,1.2)
0.92 (0.83, 1.01)

Concerning weather parameters, the risk of dying from COVID-19 was in-
creased by 1.01 (CI 95%: 1.00 - 1.03) for a 1% increase in average humidity. Re-
garding temperature, wind speed and UV index, our data did not allow us to re-
port an association with the odds of dying from COVID-19 (0.99 CI 95%: 0.96 -
1.02 and 0.92 CI 95% 0.83 - 1.01, respectively). Figure 7 and Table 3: Short-
Term Environmental Exposure and COVID-19 mortality.

4. Discussion

4.1. Individual Comorbidities and COVID-19 Mortality

Regarding individual risk factors, our results indicated that diabetes was asso-
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ciated with a two-fold increased in the odds of dying from COVID-19, which is
in line with the results published by previous studies on the main risk factors of
COVID-19 mortality [2] [15]. We found no association between COVID-19
mortality and BMI, sex, hypertension, renal failure, and cancer.

Our study suffers from limitations in the exploration of individual comorbi-
ties, for instance we did not consider the socio-economic status or the occupa-
tion of selected people throughout their working life. In addition, other sus-
pected comorbidities have not been explored such as immunodepression. As it
will be discussed further below, to focus on COVID-19 outcomes only in terms
of mortality without exploring biological parameters such as systemic inflamma-
tion, CT scan severity, or admission rate in resuscitation units is also a main li-

mitation.

4.2. Exposure to Air Pollution on COVID-19 Mortality

Regarding the influence of air pollution on COVID-19 mortality, in the adjusted
models with all patient characteristics, we found no association between both
long-term and short-term increase in air pollutants and the odds of dying from
COVID-19. Adjustment with the city indicator highlights disparities between
highly and less polluted cities. Indeed, our study revealed differences in COVID-
19 mortality between cities that were only partially explained by differences in
comorbidities and environmental factors. Other differences between cities such
as diet, socio-economic status, or differences in health management, may explain
those differences. As an example, accessibility to reanimation and intensive care
units may differ between cities, for instance, during this period, intensive care
units in Strasbourg and Paris were close to saturation. Even if we do not have the
proportion of patients admitted in intensive care units in each city, it is most
likely that such differences may have played a role in patient survival. Moreover,
our study concerns the first wave of the COVID-19 pandemic, a period during
which little was known about COVID-19 management and treatment, which
may have led to differences in patient outcomes. For example, some geriatric
centers may have introduced corticotherapy and anticoagulants therapies -
treatment that has been shown to be effective on survival - whereas others did
not in the absence of available scientific evidence at this time of the epidemic.

In order to overcome disparities between cities, it would have been helpful to
compare the influence of air pollution on COVID-19 mortality within each city,
but, even with the high-efficiency modelisation systems used by European Cen-
tre for Medium Range Weather Forecasts, we were unable to provide estimates
of the effect of air pollution at the city level, because differences in air pollution
concentrations were too small. Thus, our study highlights the limits of modelisa-
tion systems. Indeed, within the same city, air pollution may strongly differ from
one street to another, depending on proximity to road traffic or local sources of
air pollution, but those differences are underestimated by modelisation systems.
To address this issue, a solution would be to increase the number of fixed moni-

tors measuring air quality; for example in Strasbourg there are only 5 fixed mon-
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itors for the 400,000 inhabitants. Individual markers to air pollution exposure
may also solve this issue. For example, urinary black carbon is accurately corre-
lated with the exposure to air pollution from combustion sources, such as diesel
cars, wood, and coal heating [16]. Previous studies reported that urinary levels of
black carbon strongly differ from one street to another, as a function to the dis-
tance from to a main road [16]. Personal passive samplers will also be helpful to
improve estimation of individual exposure to air pollutants [17]. Difficulties to
correctly address air pollution exposure have been highlighted in previous stu-
dies. Indeed, regarding outdoor air pollution exposure, most previous studies
exploring air pollution and COVID-19 mortality have used regional-level data
that may lead to inaccuracies in air pollution exposure [18]. As a consequence,
our study design with individual-level data based on residential address may be
more reliable, but as we discussed before, even individual-level data are impre-
cise surrogates for personal air pollution exposure due to the limits of modelisa-
tion systems. As an example, Travaglio ef al used individual-level data from the
UK Biobank and found contradictory results depending on the resolution of the
modelisation system used for the estimation of air pollution at residential ad-
dress [19]. Limitation of this study also concerns long-term exposure to air pol-
lution that has been estimated through the residential address of the previous
two years, which may have led to important misclassification, in particular if pa-
tients moved before those two years. In addition, air pollution exposure over the
last two years may not be enough representative of long term exposure to air
pollution which would require a longer period of exposition. Furthermore, out-
door air pollutant concentrations may not be representative of individual expo-
sure as elderly patients spend most of their time inside, thus, we suggest that
further studies focus on indoor air pollution.

Even though our study does not point to a conclusive link between COVID-19
mortality and air pollution, several studies reported associations between long-
term exposure to air pollution and COVID-19 mortality. A Harvard study re-
ported that 1 pg/m’ increase in long-term exposure to PM2.5 was associated
with an increase in COVID-19 mortality by 11% (95% CI, 6 to 17%) [20]. Mun-
zel et al. concluded that 15% - 18% (95% confidence interval 7% - 33%) of
COVID-19 related-deaths may be attributable to air pollution [21]. Several me-
chanisms may explain the impact of air pollution on COVID-19 mortality, e.g, it
is agreed that long-term exposure to air pollution is associated with an increased
risk of chronic diseases, such as ischemic cardiac diseases, lung cancer, COPD,
lung fibrosis, diabetes, which are the main suspected co-factors of COVID-19
morbidity and mortality [6]. Furthermore, in-vitro, animals, and human studies
demonstrated that even short-term increases in air pollutant exposures lead to a
decrease in immune respiratory defense, such as macrophage phagocytosis and
antimicrobial peptides [6]. Air pollution may also facilitate viral entry due to in-
creased mucosal permeability and activation of protease, which drive the activa-
tion of the spike protein [6]. In addition, air pollution may increase renin-angi-

otensin-aldosterone system (RAAS) and Angiotensin II receptor type 1 activity,
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and thus, may lead to a more severe form of the disease [6]. This brings us to
another limitation of our study as we focused on COVID-19 outcomes only in
terms of mortality; we recommend that biological parameters such as systemic
inflammation, CT scan severity, admission rate in resuscitation units, should be
explored in future studies in order to explore the link between air pollution and
severity of COVID-19. Air pollution also has indirect harmful effects, for in-
stance, related to lower proportion of UV radiations reaching the atmosphere,
air pollution is also associated with reduced levels of vitamin D, which plays an
important role in immune response [6].

Our study suffers from other limitations, such as missing data on patient’s
characteristics (e.g., socio-economic status, racial disparities). However, we do
believe that, in European cities, such differences are less pronounced and less
significant than in the US for instance [22]. Another limitation is that we did not
examine the differences between nursing home residents and patients living at
home. Nursing home residents may be more vulnerable than independent pa-

tients living at home.

4.3. Weather Parameters and COVID-19 Mortality

Regarding weather parameters, we found a positive association between an in-
crease in relative humidity and COVID-19 mortality; however the influence of
RH on COVID-19 mortality remains unclear, indeed previous studies reported
both positive and negative associations between RH and COVID-19 mortality
[23].

We found no association between UV index, wind speed, temperature and
COVID-19 mortality. Previous studies reported that increase in UV index may
lead to decrease COVID-19 mortality, which could be explained by the fact that
atmospheric UV may have virucidal activity and are also necessary for vitamin D
synthesis whose deficiency has been linked with sever forms of COVID-19 [6]
[24]. Concerning temperature, previous results from a large study—which ex-
plored the OECD countries and the United States—reported that a 1°C increase
in ambient temperature was associated with a decrease by 6% of COVID-19
mortality in the next 30 days [11].

In addition to their potential role on COVID-19 mortality, weather variables
may be also linked to the spread of the disease [25] [26]. In particular, tempera-
ture and wind speed have been negatively associated with the spread of COVID-
19 [9]. Among other effects, low temperature may reduce the functioning of
airways ciliated cells. In addition, weather conditions as temperature, UV and
RH may influence the persistence of viral droplets [6]. Indeed, experimental stu-
dies found that SARS-CoV-2 was more stable at low humidity and lower tem-
peratures [6] [11]. Relative humidity, wind speed and temperature may influence
hydration and desiccation of viral droplets, and thus may influence the size and
contagiousness of droplets [6]. Previous studies also supported that high wind

speed may reduce SARS-CoV-2 transmission, as it is associated with a higher
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ventilation coefficient [9].

5. Conclusion

In this study exploring environmental and individual risk factors for COVID-19
mortality in geriatric units from seven European University hospitals, we found
that diabetes status was associated with a 2-fold increase in the odds of dying
from COVID-19. Concerning air pollution exposure, while several studies found
that air pollution may increase COVID-19 severity and mortality, we could not
reject the null hypothesis of no association between both long-term and short-
term exposure and COVID-19 mortality. However, our study suffers from dis-
parities between highly and less polluted cities such as patient profiles or health
management. In addition because of the inherent limits of modelisation systems
of air pollution exposure, we were not able to estimate the effect of air pollution
on COVID-19 mortality within each city. Thus, our study highlights the need for
an improved modelisation system at the city level. In the future, individual
markers such as urinary black carbon may be helpful to provide a better estima-
tion of individual exposure to air pollution. Upcoming studies should also dis-
cuss indoor air pollution and COVID-19 severity, as everyone, especially the el-
derly, spends most of their time inside. Regarding meteorological conditions,
while previous studies reported that an increase in UV, temperature and wind
speed may be associated with a decrease in COVID-19 transmission and mortal-

ity, we found no association between UV, temperature and COVID-19 mortali-
ty.
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Abbreviations

PM: particulate matter;

NO,: nitrogen dioxide;

O;: ozone;

SO,: sulfur dioxide;

HBP: high blood pressure (hypertension);

COVID-19: coronavirus disease 2019;

SARS-CoV-2: severe acute respiratory syndrome (SARS)-associated coronavirus 2;
COPD: chronic obstructive pulmonary disease;

BMI: body mass index;

RT-PCR: reverse transcriptase polymerase chain reaction
UV: ultraviolet radiation;

RH: relative humidity;

T°: temperature;

OR: odd ratio;

CL: confidence interval;

RAAS: renin-angiotensin-aldosterone system.

Supplementary Materials Table

Table SM1. Unit of measure of environmental exposure.

Environmental Exposure Unit
10-metre wind speed m/s
birch pollen count grains/m’
boundary layer height m
grass pollen count grains/m’
nitrogen dioxide pg/m’
ozone pg/m’
olive pollen count grains/m’
particulate matter < 10 um pg/m’
particulate matter < 2.5 um pg/m’
relative humidity %
sulphur dioxide pg/m’
2-metre temperature °'C
UV index dimensionless index

Table SM2. Number of patients by city.

City Number of Patients
Bruxelles 100
La Roche-sur-Yon 61
Nantes 95
Paris 91
Reims 21
Strasbourg 79
Tours 54
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Table SM3. Proportion of missing values by patients’ characteristics.

Variable
BMI
Active Smoking
COPD
Diabetes
HBP
Cancer
Dead
Age
Cardiac Disease Infarction
COVID

Renal Failure

Missing (%)
28.1
27.9
0.4
0.4
0.4
0.2
0.2

S o o o
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