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Background Several nonpharmaceutical interventions, such as masking, were mandated or recommended dur-
ing the Coronavirus disease 2019 (COVID-19) pandemic. This study’s primary objective is to investigate the relation-
ship between population-level mask usage and excess mortality across Europe.

Methods We collected data on mask usage and other relevant variables from 24 European countries during 2020-
2021, a period in which mask policies varied widely across nations, providing an ideal basis for a natural experiment.
To assess the association between mask usage and relevant medical and socioeconomic data at the country level, we
conducted both bivariate and multivariate regression analyses. Confounding factors were accounted for in the regres-
sion models, and numerous sensitivity tests were performed to ensure robustness.

Results Statistically significant correlations were found between mask usage rate and age-adjusted excess mortal-
ity in both bivariate (Spearman coefficient = 0477, p = 0.018) and multivariate (Standardized coefficient =0.52, p =
0.0012) regressions. Likewise, vaccination rates showed negative and significant bivariate (Spearman coefficient =
-0.659, p < .001) and multivariate (Standardized coefficient = -0.48, p = 0.0016) correlations with age-adjusted excess

Conclusions No correlation was observed between mask usage rates and COVID-19 morbidity. However, significant
associations were identified between mask usage rates, COVID-19 mortality, and excess deaths. Various hypotheses
have been proposed to explain these associations, with thorough consideration given to potential confounders, such
as socioeconomic factors and the severity of COVID-19 waves.
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Background

The COVID-19 pandemic, which lasted nearly three
years and officially ended in March 2023, provided an
opportunity to assess the impact of nonpharmaceutical
interventions (NPIs). Despite extensive research on the
effectiveness of NPIs, findings have often been conflicting
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[1-4]. At the population level, the most definitive way
to assess the impact of an NPI in the context of the pan-
demic is by evaluating its effect on COVID-19 mortality.
However, official death counts remain a subject of ongo-
ing revision by national health authorities and independ-
ent researchers [5-7].

Mask recommendations and mandates were among
the most widely implemented yet highly debated meas-
ures during the COVID-19 pandemic. Research on
the effectiveness of masking and mask mandates has
yielded mixed conclusions. Randomized controlled trials
(RCTs), widely regarded as the gold standard for evalu-
ating drugs or therapies, have found little to no effect
of masking on viral transmission [8-10]. Conversely,
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several observational studies — naturally more prone to
confounding factors and biases, have claimed that mask-
wearing is associated with reduced viral transmission
[11-14]. Excess mortality has gained attention as a proxy
for pandemic impact, with studies highlighting its advan-
tages over reported COVID-19 deaths [7, 15, 16]. Nev-
ertheless, no study on mask effectiveness has yet used
excess mortality as an endpoint.

A previous analysis of European countries during the
2020-2021 winter suggested that mask usage did not cor-
relate with COVID-19 cases but showed a weak positive
correlation with COVID-19 deaths. To further investigate
this finding, the present study expands the analysis to a
two-year period (2020-2021) and incorporates multiple
excess mortality estimation approaches [17-22], focusing
on 24 European countries for which reliable excess death
data are available. Using bivariate and multivariate sta-
tistical analyses, we systematically examine the relation-
ship between mask usage and mortality, while carefully
accounting for potential confounders through multiple
statistical methods.

Methods

Study design

We examined the correlation between mask adherence
and excess mortality in 24 European countries with pop-
ulations over one million - Austria, Belgium, Croatia,
Czechia, Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Italy, Latvia, Lithuania, Netherlands,
Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Swe-
den, Switzerland and the United Kingdom, during the
years 2020-2021, a period during which different Euro-
pean countries had widely varying mask policies.

Data sources

All data was obtained from public sources. Data on
mask usage was downloaded on 25th March 2023 from
the Institute for Health Metrics and Evaluation (IHME)
at the University of Washington [23]. The prevalence of
mask wearing in a population is based on self-declara-
tion represented by the “percent of population report-
ing always wearing a mask when leaving home” [24].
Data on cumulative percentage of excess mortality in
2020-2021 (Per Levitt age adjusted (PLAA), Per Lev-
itt not age adjusted (PLNAA), eLife, Economist, Lancet
and WHO) were taken from Levitt et al. [17]. Multiverse
excess mortality was from Levitt et al. [18]. Except for
the Gini index, obesity rate and population density all
data shown in Table 1 and Table S1 (Supplementary file
1) were downloaded from the Our world in data (OWID)
website [25] on 31th March 2023. The Gini index data
was downloaded from the WorldBank Open Data [26]
on 7th May 2023; the obesity rate was downloaded from
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Table 1 Correlation between excess deaths (PLAA) and relevant

variables

Predictor Response variable 0 cP p©

PLAA Cardiovasc death rate 0667 [0.361,0.844] <001
Total cases per million 0387 [-0.019,0.684] 0.061
Total deaths per million 0.878  [0.736, 0.946] <001
% fully vaccinated -0.659 [-0.839,-0.349] <.001
GDP per capita —0.781 [-0.901,-0.552] <.001
Gini 0078 [-0336,0467] 0718
Human development -0.829 [-0.923,-0.639] <.001
index
Life expectancy -0.642 [-0.831,-0.323] <.001
Masks avg. 0477  [0.092,0.739] 0.018
Obesity rate (%) 0345 [-0.068,0.657] 0.099
% of seniors (> 65) —0.217 [-0.57,0.204] 0.308
Population (urban) 0.022 [-0385,0422] 0918
density
Stringency 0.03 [-0.378,0428] 0.891

@ Spearman’s correlation coefficient
bConfidence interval (at 95%)

‘p-value

the Central Intelligence Agency (CIA) Fact Book [27] on
25th April 2023 and the population urban density was
from the Global Human Settlement Layer [28], down-
loaded on 18th May 2023. The entire dataset used in this
study can be found in the fulldataset.csv file deposited in
the Zenodo repository [29].

Statistical analyses

All statistical analyses - bivariate and multivariate regres-
sions, were performed in R (version 4.1.0 (2021-05-18))
or in the R interface software JASP [30]. All R codes are
available in the AllCode.R file in the Zenodo database
[29]. More specifically, for the bivariate regressions,
Spearman’s coefficients were obtained for all variables.
Shapiro-Wilk analyses showed that most variables were
not normally distributed. Scatter plots of each variable
against % mask usage (shown in Supplementary file 1,
Figure S2) used the /m function of R to plot the regres-
sion line. In the multivariate regression analyses, “fit-
ted values” versus residuals and “fitted values” versus
standardized residuals plots were used to check for the
presence of nonlinear effects. The basis for the selec-
tion of the independent variables in our main regression
model was a statistically significant bivariate correlation
with PLAA at the 0.05-significance level. The variables
selected for the model were mask usage, vaccination rate
(people fully vaccinated/hundred), HDI and CardLife. A
scale location plot and a studentized Breusch-Pagan test
were used to check for the presence of heterocedastic-
ity. Normality of residuals was checked by computing
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skewness and excess kurtosis (with confidence intervals)
by a Shapiro-Wilk test and a QQ plot. All data was evalu-
ated with plots obtained using simulated data in which
linear model assumptions were satisfied exactly. Pres-
ence of multicollinearity was checked by regressing each
independent variable against all others and computing
the corresponding R2. Cook’s distance was used to detect
possible overly influential data points. For the sensitivity
analyses of our main regression, we used both a boot-
strap and Huber-White heterocedastic-consistent robust
sandwich estimators for standard errors (HC3), which
works well with violations of heterocedasticity even in
small samples (see Long and Ervin [31]). Confidence
intervals for standardized regression coefficients were
computed using the new betaDelta and betaSandwich R
packages [32]. A total of 63 alternative regressions with
different choices of covariates were performed to inves-
tigate whether inclusion of other potential confounding
variables could change our main conclusions. To deter-
mine the maximum number of covariates per regression
we conducted a power estimate and established a mini-
mum power of 80%.

Results

The inclusion criteria for this study was any European
country with a population larger than one million and
for whom reliable excess death data was available [17], a
total of 24 countries: Austria, Belgium, Croatia, Czechia,
Denmark, Estonia, Finland, France, Germany, Greece,
Hungary, Italy, Latvia, Lithuania, Netherlands, Norway,
Poland, Portugal, Slovakia, Slovenia, Spain, Sweden,
Switzerland and the United Kingdom. Many countries
adopted mask mandates or mask recommendations dur-
ing the COVID-19 pandemic. Mask usage rate, defined as
the “percent of the population reporting always wearing
a mask when leaving home” [23], varied country-wise in
the two-year period analyzed in this study (2020-2021).
While Italy, Spain and Portugal implemented strict mask
mandates already in the spring of 2020, Norway and the
Netherlands intervened only in the winter of 2020-2021,
and a third group of countries, notably Denmark and
Sweden displayed very low levels of mask usage during
the entire two-year period (Figure S1 — Supplementary
file 1).

Bivariate correlations

Our first step was to analyze the associations between
excess mortality, medical and socioeconomic variables
(Table 1). The preferred method for assessing excess
mortality was the 'Per Levitt Age Adjusted’ (PLAA) cal-
culation, as described by Levitt et al. [17]. This approach
stood out as the sole excess deaths calculation tech-
nique that factored in the age structure of a country’s
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population. Since COVID-19 has a clear age-related
risk mortality an approach that takes age stratification
into account is likely to express more faithfully the rate
of excess deaths in a population [17, 33]. Notwithstand-
ing, all excess mortality approaches (Levitt Age-Adjusted
[17], Levitt Not Age-Adjusted [17], Economist [22],
eLife [20], Lancet [21], Multiverse [18] and WHO [19])
strongly correlated with each other with correlation coef-
ficients around 0.9 or higher and p < 0.001 (Table S1 —
Supplementary file 1).

Table 1 shows that the PLAA excess death index
strongly correlated with COVID-19 deaths (per million)
(p = 0.878), indicating that an important share of 2020-
2021 excess deaths was due to COVID-19 mortality. The
cardiovascular death rate (CVD) also correlated with
PLAA (p = 0.667). Health and socio-economic param-
eters, such as Vaccination rate, life expectancy at birth
(in 2019), GDP per capita and the Human development
index, but not the Gini coefficient, that measures income
inequality, were negatively associated with PLAA. Mask
usage rate showed a moderate positive association with
PLAA (p=0477).

Several other variables were considered for their poten-
tial relevance to excess mortality. These included obe-
sity rates, urban population density, and the stringency
index of COVID-19 containment measures (a compos-
ite measure based on 9 response indicators: school clo-
sures; workplace closures; cancellation of public events;
restrictions on public gatherings; closures of public
transport; stay-at-home requirements; public informa-
tion campaigns; restrictions on internal movements; and
international travel controls (https://ourworldindata.
org/covid-stringency-index#). However, upon analysis,
none of these factors demonstrated a statistically signifi-
cant association with excess mortality rates. Additionally,
our analysis revealed no statistically significant correla-
tion between a country’s proportion of seniors (indi-
viduals aged over 65 years) and its excess mortality rates
(Table 1). Similarly, no significant correlation was found
between this demographic factor and COVID-19 deaths,
as shown in Table S2 of Supplementary file 1. This is
true for PLAA, that is age-adjusted, but also for all other
excess death metrics that are not age-adjusted (Table S4
— Supplementary file 1). A plausible explanation for this
finding is that European populations exhibit similar levels
of seniority, making it unlikely that small variations in age
structure would lead to significant differences in mortal-
ity rates across these countries.

It has been previously shown that the average rate
of mask usage in Europe during the 6-month period
encompassing the winter of 2020-2021 was not associ-
ated with the rate of COVID-19 cases, but was positively
correlated with COVID-19 mortality [34]. Our current
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analysis, spanning a two-year period, indicates that mask
usage exhibited no significant association with COVID-
19 case rates (p = —0.011). This finding suggests that,
when examined at a population level, the widespread use
of masks did not appear to have a substantial impact on
the transmission of COVID-19 (Table 2). Conversely, the
rate of mask usage in Europe showed a moderate positive
correlation with PLAA (p = 0.477) (Fig. 1) as well as with
all other excess death metrics (PLNAA, eLife, Economist,
Lancet, WHO and Multiverse) (Table 2). Mask usage also
showed a significant correlation with COVID-19 mortal-
ity (p = 0.415).

Of the other potentially relevant response variables
masks significantly correlated with the Stringency Index
(p = 0.518), suggesting that countries that masked more
also mandated stricter NPIs. A correlation between mask
usage rate and socioeconomic factors such as ‘GDP per cap-
ita) HDI and the Gini coefficient was also observed. Mask
usage was not significantly associated with vaccination

Table 2 Bivariate correlations between mask usage (predictor/
explanatory variable) and potential response variables

Predictor  Response variable 0? cP p©

Mask Excess mortality

usage Economist [22] 0471  [0083,0.735]  0.020
elife [20] 0470  [0.083,0.734] 0.021
Lancet [21] 0464  [0.075,0.731] 0.022
Multiverse [18] 0499  [0.12,0.751] 0.013
PLAA[17] 0477  [0.092,0.739] 0.018
PLNAA[17] 0.521  [0.149,0.764] 0.010
WHO [19] 0430 [0.032,0.71] 0.036
Other relevant variables
Cardiovascular death 0.051  [-0.36,0.445] 0.812
rate
COVID-19 cases/million  —0.011 [-0.413,0.394]  0.959
COVID-19 deaths/mil- 0415 [0.014,0.701] 0.045
lion
Fully vaccinated/hun- 0.110  [-0.307,0491]  0.609
dred
GDP per capita —0.529 [-0.768,-0.159] 0.009
Gini coefficient 0452  [0.059,0.723] 0.027
Human Development —0.547 [-0.779,-0.184] 0.006
Index
Life expectancy —0.004 [-0407,04] 0.984
Obesity 0.144  [-0.275,0.517]  0.502
% of seniors (>65 years) 0.138  [-0.281,0.513] 0518
Population (urban) 0289  [-0.13,0.62] 0171
density
Stringency Index 0.518  [0.145,0.762] 0.010

@ Spearman’s correlation coefficient
bConfidence interval (at 95%)

‘p-value
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rate, age (% of >65), cardiovascular death rate, popula-
tion (urban) density, life expectancy and obesity rate.
Some of these variables are associated with COVID-19
mortality and/or excess deaths (see Table 1 and Table S2
— Supplementary file 1). Scatterplots of the bivariate cor-
relations between mask usage and each response variable
are shown in the supplement (Figure S2 — Supplementary
file 1). Overall, the most notable finding from the bivari-
ate analyses is that mask usage was positively associated
with excess mortality and showed no correlation with
COVID-19 case rates.

Multivariate regression

Multivariate linear regression was used to estimate the
independent effect of each variable on the cumulative
percentage of excess deaths (PLAA). We initially con-
sidered the following variables as candidates for inde-
pendent variables in our main regression model: mask
usage, vaccination rate (people fully vaccinated/hun-
dred), HDI, 'GDP per capita, stringency, total tests per
thousand inhabitants, population (urban) density, 'CVD
rate, life expectancy, obesity rate, diabetes prevalence
and Gini index. It is important to note that since PLAA
is age-adjusted, variables reflecting the age pyramid can
be omitted from the regression (although, as a matter of
caution, they were considered in the sensitivity analyses).
Since we only have 24 datapoints, inclusion of too many
independent variables should be avoided, otherwise the
tests for the regression coefficients will be underpowered.
For this reason and in order to avoid multicolinearity,
we performed a principal component analysis to aggre-
gate highly (Pearson)-correlated pairs of variables, as fol-
lows: (I) cardiovascular death rate and life expectancy (r
= —0.96) were aggregated into a new variable denoted
CardLife. We arbitrarily chose the sign of CardLife to
make it positively correlated with cardiovascular death
rate. (II) HDI was used as a proxy for 'GDP per capita’
In addition to the fact that these two variables showed
a strong correlation (r = 0.89), 'GDP per capita’ is very
similar to another index, 'GNI per capita, which has been
originally incorporated in the HDI. The CVD rate and
HDI were not combined, despite the fact that this pair
shows the third-highest correlation (r = —0.69), indicat-
ing a moderate relationship between the two.

The results of the multivariate regression are shown in
Table 3. Vaccination was associated with a decrease in
PLAA (p = 0.0016) and mask usage was associated with
an increase in PLAA (p = 0.0012). HDI and CardLife were
not significant at the 0.05 level (p = 0.42 and p = 0.21,
respectively), but the signs of the coefficients align with
what would be expected, i.e., HDI has a negative coeffi-
cient (suggesting that larger HDI is associated with less
deaths) and Cardlife has a positive coefficient (suggesting
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Fig. 1 Scatterplot of mask usage and excess mortality. The average percentage of mask usage in the two-year period 2020-2021 in each of 24
European countries was confronted with the cumulative percentage of excess death (PLAA) during the same period. p, Spearman’s coefficient

correlation

Table 3 Multivariate regression between independent variables

Variable Coefficient Standardized coefficient p-value
Intercept 36.7 [-13.1,86.5] - 0.14
Fully vaccinated/hundred —0.2 [-04,-0.1] —048 [-0.75-0.22] 0.0016
Human Development Index -21.4[-75.8,33.1] —0.15[-0.48,0.19] 042
CardLife 0.7 [-04,1.9] 0.20 [-0.09,0.50] 0.21
Mask usage 13.4[6.0,20.8] 0.52[0.23,0.80] 0.0012

Adjusted R-squared: 0.77; Predicted R-squared: 0.75

that high ‘CVD rate’ and lower life expectancy are asso-
ciated with more deaths). To facilitate the analysis and
to enable a meaningful comparison of coefficient sizes,
Table 3 displays standardized regression coefficients
expressed in standard deviation units for both inde-
pendent and dependent variables. Figure 2 provides
the point estimates and 95% confidence intervals for

the standardized coefficients of the multivariate linear
regression of PLAA on the other variables.

It is important to take into consideration that variables
not included in our main model due to lack of statisti-
cal significance may still have an influence on PLAA. To
account for this possibility we performed several sensi-
tivity analyses with additional variables (see Section 4 in
Supplementary file 2). We established a maximum of 7
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Fig. 2 Point estimates and 95% confidence intervals for the standardized coefficients of the multivariate linear regression of PLAA on vaccination,
HDI, Cardlife and mask usage. Positive values for the coefficients indicate that an increase of the value of the given variable is associated

with an increase in age-adjusted excess mortality

independent variables per regression in order to satisfy a
power estimate of at least 80% (Section 3 in Supplemen-
tary file 2). We also performed standard diagnostic tests
to evaluate the main linear multivariate regression (Sec-
tion 1 in Supplementary file 2) and sensitivity analyses in
which linear model assumptions were relaxed (Section 1
in Supplementary file 2). In all sensitivity analyses consid-
ered, vaccination was statistically significantly associated
with a decrease in PLAA and mask usage was statistically
significantly associated with an increase in PLAA.

Discussion

This is the first study to examine the impact of mask
usage on excess mortality across European countries,
encompassing a population of about 500 million peo-
ple. By applying bivariate and multivariate regression
analyses we retrospectively examined the impact of
population-level mask usage on excess mortality across
Europe. The main conclusions of this study are two-
fold: at the population level (1) masks did not reduce
COVID-19 transmission, and (2) mask usage is signifi-
cantly associated with excess mortality.

Why Europe? The European continent is particularly
well-suited for this analysis due to several key factors.
Firstly, it comprises numerous densely populated coun-
tries within a relatively compact geographic area, each
exhibiting distinct approaches to the COVID-19 pan-
demic, especially regarding mask mandates and recom-
mendations. Additionally, European democracies offer
reliable data on various public health topics, including
mortality rates and health-related metrics. Furthermore,
European populations share similar age distributions and
generally have good access to healthcare services.

On the effectiveness of masks in reducing viral trans-
mission, our retrospective observational study aligns
with the comprehensive and authoritative systematic
Cochrane review and meta-analysis by Jefferson et al. [8],
that concluded that high-quality randomized controlled
trials did not demonstrate a clear reduction in respiratory
viral infection with the use of surgical masks. Accord-
ingly, it has recently been shown an inverse correlation
between the quality of studies included in meta-analyses
on masks and the reported effect size of masks on viral
transmission [35].
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Bivariate regression analyses showed that all seven
excess mortality approaches (Economist, eLife, Lancet,
multiverse, PLAA, PLNAA and WHO) displayed moder-
ate positive correlations with mask usage rate and were
also associated with COVID-19 death rate. The multi-
variate regression analyses and sensitivity tests confirmed
the association between masks and excess mortality.

What could explain the association between masks
and excess deaths? One hypothesis is that mask use may
lead to increased mortality in COVID-19 patients by
promoting the re-inhalation of virions, potentially wors-
ening patient prognosis [36]. However, there is to date
no experimental data that confirms this mechanism.
Additionally, several prospective interventional studies
reported on mask adverse effects (see, for instance, [37—
40]), but none of them was as severe as to cause death.
However, the prolonged use of masks may adversely
affect the health of particularly vulnerable individu-
als - an effect that could not have been clinically tested,
potentially contributing to their death. It is important
to emphasize that, while a retro- spective observational
study such as this cannot establish causality, it may con-
tribute to questioning the effective- ness and safety of
widespread mask use in the population.

Another possibility is that mask usage is actually a
proxy for other NPIs, such as lockdowns and mobil-
ity restrictions or for socio-economic discrepancies.
However, these variables were taken into account in
the multivariate regression, so the association between
mask usage and excess mortality cannot be explained by
them. The bivariate regressions showed a negative corre-
lation between socioeconomic factors (GDP per capita,
HDI) and excess mortality. Why are rich European coun-
tries less likely to experience excess deaths? Leaving aside
the tautological aspects of this question, one possibility is
that richer societies generally enjoy better healthcare sys-
tems, increased access to medical resources, and health-
ier lifestyles. Although this may be true on a global scale,
where first-world nations typically offer better health-
care than developing countries, all 24 nations examined
in this study are categorized as high-income, meaning
their economic disparities are relatively small. Further-
more, the ultimate endpoint for determining the health
of a population is the life expectancy at birth. In the Nor-
dic countries of Denmark, Norway, and Sweden (DNS),
where masking rate was, on average, 7.7 times lower than
in Italy, Portugal, and Spain (IPE), the average life expec-
tancy (in 2019) was 82 years, while in the IPE countries
the average life expectancy was 83 years, suggesting that
the IPE countries are at least as healthy as the richer DNS
countries. All of this suggests that economic disparities
cannot explain the low excess mortality of the DNS coun-
tries in the pandemic years.
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Another potential confounder is the proportion of sen-
iors in a population. In this study, however, the excess
death approach of choice, PLAA, had already been
adjusted for age. Furthermore, the percentage of sen-
iors did not correlate with any excess mortality metric
(Table S4 — Supplementary file 1) or COVID-19 mortal-
ity (Table S2 — Supplementary file 1). This lack of correla-
tion can be attributed to the fact that European countries
have similar patterns of age stratification. Consequently,
it is unlikely that small differences in the proportion of
seniors between these countries could explain the differ-
ences in mortality rates.

The multivariate regression analysis revealed a statis-
tically significant positive association between excess
deaths and masks, as well as a statistically significant
negative association between excess deaths and vaccina-
tion rates. These results held consistently across all sensi-
tivity analyses, including those that relaxed linear model
assumptions and those that incorporated additional
variables into the regression. Standard diagnostic tests
did not reveal any evidence of violations of linear model
assumptions. The scatter plot of residuals in particular
does not indicate any influence from nonlinear functions
of the independent variables.

It could be argued that high-masking countries had a
relatively high excess mortality because they experienced
stronger COVID-19 waves than low masking countries,
and that, therefore, their high mask compliance reflects
their epidemiological circumstances. However, Figure S1
(in Supplementary file 1) shows that there were almost
no cases in which masking rates followed an increase in
deaths, which would characterizes a clear response to
the death peaks. Furthermore, mask mandates and high
mask compliance were already in place before the strong
second COVID-19 wave (winter of 2020-2021), yet coun-
tries with high mask compliance did not fare better than
those with low masking rates [34]. This indicates that
masks did not come as a response to pandemic peaks, but
rather as a preventive measure.

Our analysis ended on 31% December 2021. We did
not continue through 2022 because by then many mask
mandates have already been abolished and the general
rate of mask usage dropped considerably (Table S3 —
Supplementary file 1). On the other hand, excess mortal-
ity trends kept improving for the low masking countries
(DNS) during 2022. According to “The Economist” [22],
Sweden, with an average masking rate of just 3.3% (Fig. 1),
was ranked 20" out of 24 in cumulative excess mortality
by the end of 2021. By the end of 2022, it had dropped to
the 227 position. Other excess mortality metrics hailed
Sweden as having the lowest excess mortality country of
all Europe [41] or of all OECD countries [42].
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A primary limitation of this study is its observational
retrospective design, which, as mentioned earlier, can-
not infer causality. Although efforts were made, particu-
larly in the multivariate regression analysis, to rule out
potential confounding factors, these cannot be totally
eliminated in a non-randomized study. Thus, unknown
confounders may be present and were not taken into
account. Additionally, we cannot offer a definitive expla-
nation for the correlation between mask usage and excess
mortality; at this stage we can only propose hypotheses
and present some arguments regarding their feasibility.
Other limitations were that no in-country comparisons
with subsets of the populations have been performed
and that the linear regression model that we used did not
include non-linear terms and interaction terms between
the variables. In addition, although the sensitivity analy-
ses and the scatter plot of residuals in particular does not
indicate any influence from nonlinear functions of the
independent variables this possibility cannot be com-
pletely excluded due to the small number of data points
(24 countries) in the analysis.

Conclusions

In conclusion, our results suggest that, at a population
level, masks not only fell short of preventing COVID-19
transmission in Europe but may have also contributed to
unforeseen adverse effects. Nonetheless, there remains
the possibility that an unmeasured variable is driving the
observed correlation between mask use and excess mor-
tality — a limitation inherent to all observational/ecologi-
cal studies and a key reason this type of study is unable to
establish causality. Still, this study can and should insti-
gate further inquiry into the effectiveness and safety of
masks. High-quality randomized trials would be invalu-
able to conclusively determine whether masks effectively
prevent respiratory viral transmission, have no significant
impact, or potentially cause adverse effects.
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