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Abstract

Background The COVID-19 pandemic has directly, and indirectly, exacerbated existing social health inequalities.
People living in socially deprived areas are at greater risk of most adverse outcomes from COVID-19. The aim of this
study was to quantify the extent of social inequalities in COVID-19 related YLL (Years of Life Lost) in metropolitan
France during 2020.

Methods The French national mortality database was used to identify COVID-19 related deaths. The French
deprivation (FDep) index was used to assign deaths to a municipality-based social deprivation quintile of the French
metropolitan population. Residual life expectancy at age of death was defined using the Global Burden of Disease
(GBD) 2019 reference aspirational life table, and YLL was estimated for each registered death. Health inequalities

were measured using gap measures between least and most deprived areas (absolute and relative), distributional
measures (slope index of inequality (SIl), relative index of inequality (RIl)) and measure of potential impact (population
attributable fraction (PAF)). The PAF was estimated using the least socially deprived quintile (Q1) as the reference level.

Results In 2020, the overall age standardized YLL rate related to COVID-19 per 100 000 population was 836, ranging
from 831 in the least deprived quintile (Q1) to 1058 in the most deprived quintile (Q5), reflecting the non-linear
distribution between deprivation quintiles and COVID-19 YLL. The absolute gap was 227 and relative range was 1.27.
The Sl was 234.3 [95% confidence interval (Cl): 226.6-241.9] COVID-19 YLL age standardized per 100 000 population.
The rate in the most deprived areas (Q5) was around 67% higher than the mean population rate (Rll=1.33). The PAF
estimate was not consistent (PAF =0.36%) with gap and distributional measures of inequality.

Conclusions COVID-19 cause-specific mortality was unequally socially distributed across areas. Our analysis
highlighted marked inequalities in YLL estimates across urban and rural municipalities of France, the more
disadvantaged a municipality, the higher YLL it has. Further research is needed to better investigate the mechanisms
driving such inequalities, particularly regarding the wider role of social determinants of health, which has strong
impact on the excess mortality risks.
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Text box 1. Contributions to the literature

« There is limited evidence on the calculation of COVID-19-related YLL
by levels of social deprivation using national data sources in France.

« This analysis contributes to highlighting marked inequalities in
premature mortality associated with COVID-19 across urban and rural
municipalities.

« A collaborative approach between policy makers and researchers

is needed to address the underlying social determinants of health in
order to improve the response to future public health crisis.

Background

The COVID-19 pandemic had an adverse population-
level impact across all domains of life including health,
but also economy, social interactions, and education [1,
2]. There is strong and clear evidence that COVID-19
pandemic has directly, and indirectly, exacerbated social
health inequalities [2]. Health inequalities are expressed
as the systematic, avoidable, and unfair differences in
health outcomes that can be observed between popula-
tions, between social groups within the same popula-
tion, or as a gradient across a population ranked by social
position [3]. Due to the lack of exhaustive individual-level
data on social health determinants, ecological measures
(at a population level), such as deprivation indices where
people live are usually used [4]. Various social depriva-
tion indices have been developed in France to quantify
the health inequalities [5, 6], relating to the concept set
out by Townsend, « social disadvantage » or « deprivation
», using the multiple aspects of poverty: income, employ-
ment, level of education, housing, etc [7]. There are
several contextual and individual factors that are inter-
dependent and play key roles in shaping health inequali-
ties [8]. These factors can influence differential exposure
to the virus, such as the social-residential environment
including high population densities and overcrowded
housing, over represented in social disadvantaged areas
[9]. Ageing population is an important factor that can
influence higher risk of mortality due to COVID-19 [10].
A study performed in France had showed that during the
first lockdown (March 17 to May 10, 2020), a substan-
tial decrease in hospitalizations for geriatric syndromes
(GS) in older adults was accompanied by excess mortal-
ity [11]. Moreover, across countries, the proportion of
older people (aged 75 years and above) in the population,
gross domestic product per capita and unemployment
rate were associated in 2020 with higher COVID-19 mor-
tality rates [12]. Several comorbidities can also influence
the differential global burden of diseases such as diabetes,
hypertension, or overweight and obesity, which are most
prevalent among people who reside in socially deprived
areas [9]. Those people have a disproportionately greater
risk of developing severe SARS-CoV-2 infection and
dying [13, 14]. On the other hand, people living in more
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socially advantaged areas are more likely to get tested for
SARS-COV-2, and less likely to test positive, be admitted
to the hospital or intensive care, or die from COVID-19
than people living in more deprived areas [15].

In France, between January 10 and January 24, 2020
(the confirmation period of the first cases), nine possible
cases were identified of which three cases were confirmed
with COVID-19 [16]. Between February and the end of
December 2020, two waves of the COVID-19 occurred in
France: the first in March to mid-May 2020; and the sec-
ond wave in October to November 2020 [17]. During the
first wave, the circulation of virus was higher in the east
than the south-west of France. To control the epidemic
and keep the transmission rate low, the French govern-
ment implemented two national lockdowns from March
17 to May 10, 2020 [18], and from October 28 to Decem-
ber 1, 2020 [19], with varying restrictions. An open-
cohort study analyzing all-cause mortality in France
found significant excess deaths during the COVID-19
pandemic, with 49,541 excess deaths (+8.0%) recorded in
2020 alone [20]. At the regional level, France experienced
a reduction of nearly one full year in life expectancy in
2020 [21]. Antonio-Villa et al., used national death cer-
tificate data to examine socio-demographic inequalities
and excess non-COVID-19 mortality during pandemic
[22]. The direct impact of COVID-19 in France was sub-
stantial in 2020 in terms of disability-adjusted life years
(DALYs), with almost all of health loss attributed to mor-
tality (99%) [23].

To our knowledge, no study has investigated the social
health inequalities in relation to years of life lost (YLL)
associated with premature COVID-19 related mortality
in France. There were two studies evaluating the impact
of COVID-19 due to premature mortality attributable to
social deprivation indices were performed, one in Scot-
land [4] and one in Chile [24]. We are aware that there
were variations in COVID-19 response across coun-
tries due to several reasons such as political decisions to
enforce lockdown restrictions, healthcare capacity, pub-
lic attitudes, cultural factors, geography, existing social
inequalities, etc. Therefore, we performed this study to
investigate the impact of social health inequalities on the
premature COVID-19 mortality in France. The aim of
this study was to quantify the extent of social inequalities
in COVID-19 related YLL in France during 2020.

Methods

Study population and period

This is an ecological study setting in France, a country
with a residential population of approximately 67 mil-
lion in 2020. The assessment of COVID-19 YLL was
conducted for the calendar year 2020. Social depriva-
tion indices were defined using FDep Index for 2015
to analyse the geographical disparities in COVID-19
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mortality at municipality level (N =34 874, without over-
seas regions) [5]. This study is reported in adherence with
the STROBE statement [25] (Supplementary material 1:
Additional file 1).

French deprivation index

We used FDep index, a validated, multidimensional mea-
sure of socioeconomic status that captures income, edu-
cation, employment, and housing data specific to the
French context. It is widely used in public health research
due to its relevance with health outcomes, including YLL,
and its ability to identify regional disparities. The FDep
index is an area-based proxy of social deprivation, and
the score is constructed based on the 1st principal com-
ponent (67-70% of the total variance explained depend-
ing on the period) of a population-weighted principal
component analysis (PCA). It uses four aggregated vari-
ables: the percentage of unemployed individuals aged
15—-64 years in the active population; the percentage of
workers aged 15-64 years in the active population; the
percentage of individuals aged 15 years and over with
high-school certificates; and the median income per
consumption unit [5]. The values of these four variables
were derived from the 2015 census. This score is centered
and reduced in order to assess the temporal evolutions.
FDep scores are calculated only for metropolitan France
by INSERM-CépiDc (Institut national de la santé et de
la recherche médicale -Center for Epidemiology on Medi-
cal Causes of deaths) [26]. The index is not yet developed
for the French overseas regions. In this study, we used the
FDep as an indicator of deprivation of participants’ place
of residence on the municipality level. The first quintile
(Q1) corresponds to the 20% of the population living in
the least deprived municipalities, while the fifth quintile
(Q5) corresponds to the 20% living in the most deprived
municipalities. This represents approximately equal pro-
portions of municipalities by quintile, without weighted
by the number of inhabitants in each municipality. In
2015, INSERM-CépiDc updated the distribution of quin-
tiles by weighting the number of inhabitants in each
municipality and that corresponds to 12% municipalities
with Q1, 21% to Q2, 22% to Q3, 25% to Q4 and 20% to
Q5.

Mortality data source

In France, mortality data is treated by two main insti-
tutes: first, INSERM-CépiDc who is responsible to vali-
date the medical causes of death by the trained experts
[26]. Second is INSEE (Institute of national statistics and
economic studies), which is responsible for the valida-
tion of civil status of the deceased person [27]. The vali-
dation of all related information is done in collaboration
with INSEE and INSERM-CépiDC, using data from the
medical section of the death certificate and civil status
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certificate of death, to ensure the quality and standardiza-
tion of all causes of death.

Individual-level data on death registrations were col-
lected from the INSERM-CépiDc for the calendar year
2020 [26]. COVID-19 related deaths were defined as
deaths reported with COVID-19 cause-specific as the
main or underlying cause of death according to the
World Health Organization (WHO) recommenda-
tions. COVID-19 related deaths were coded as having
an ICD-10 code from U07.1 (virus identified) and U07.2
(virus not identified) as underlying cause of death, based
on guidance from WHO [28]. We took into account
deaths that were recorded with the municipality of resi-
dence listed. To integrate the area deprivation quintile,
firstly, deaths at municipality level were extracted from
INSERM-CépiDc mortality database, using INSEE -
based codes. Then, these deaths were matched with the
FDep index to assign the deprivation quintile at munici-
pality level [6]. The number of deaths that did not match
with FDep quintile were treated as missing data (N=374
(1% of the total deaths), all among overseas regions, i.e.
335 municipalities).

Up until 2020, INSEE defined “rural” as any munici-
pality not part of an urban unit. An urban unit was
characterized as a build-up area with more than 2000
inhabitants and a certain level of spatial continuity, typi-
cally associated with a “town”. This definition proposed
here marks a break with the town-centered approach.
Rural areas now denote all municipalities with a low or
very low population density, according to a municipality
density scale. In 2017, these municipalities represented
88% of all municipalities in France and accounted for 33%
of the total population [29]. We accounted for the urban-
rural dimension in the analysis to better understand the
differences in YLL related to COVID-19.

Years of life lost (YLL)

YLL represents the total number of years that persons in
a population would have lived if they had not died pre-
maturely due to a disease or injury. It is calculated against
an aspirational life expectancy, based on the lowest age-
specific mortality rates observed across time and geo-
graphical locations [30]. The deaths at each specific age
were weighted by the expected number of years lost at
each age. The GBD 2019 reference life table was used for
calculating the YLL for each age group [31]. We calcu-
lated age-standardised YLL rate (ASYRs) by applying the
age structure of the 2013 European Standard Population
[32], to the observed age-specific rates in France, which
were calculated using French population. The age-stan-
dardized YLL rate is a key measure of premature mor-
tality burden, allowing for comparisons across regions
and socio-economic groups by adjusting for differences
in age structure. It reflects not only how many people
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died but also how early in life they died, which is critical
for understanding the unequal impact of COVID-19 on
population health. The ASYRs were presented based on
five-year age groups and FDep quintiles. We also calcu-
lated the natural log transformation of these rates, which
is used to normalize the distribution of YLL rates (which
are often right-skewed), stabilize variance, and improve
model fit in regression analyses. This transformation also
allows for interpreting associations in relative terms, for
example, the percent change in YLL associated with a
unit increase in deprivation.

Measures of health inequalities

We calculated health inequalities to COVID-19 YLL
by measuring the following indicators: (i) absolute and
relative gap differences in YLL rates between the most
(Q5) and least (Q1) deprived quintiles; and (ii) two dis-
tributional measures, namely relative index of inequality
(RII) and slope index of inequality (SII), which account
for the full distribution of deprivation across areas.
These measures describe and quantify disparities in YLL
across the deprivation gradient, providing insight into
the extent of health inequality without implying a direct
causal relationship. FDep was used to assess contribu-
tion of social deprivation to the outcome (i.e., COVID-
19-related YLL). The SII provides an absolute measure of
inequality while the RII provides a relative measure. To
estimate the SII and RII, we followed the approach pro-
posed by Moreno-Betancur et al. [33]. For RII, we fitted
a Quasi-Poisson regression model, where each row con-
tained age group, quintile of deprivation index, and the
outcome, which is the counts of YLL with the population
as an offset of that age group and quintile of deprivation
index. The model includes fixed effects for age categories
and midpoint. The exponential coefficient for midpoint
represents the ratio between the bottom and top of the
hierarchy of deprivation index. To estimate the age-stan-
dardized SII based on age groups, we followed the same
approach by Moreno-Betancur et al. [33], using an addi-
tive Quasi-Poisson model (assuming a non-linear distri-
bution). We obtained the SII for age category and then
obtained a weighted sum of these SlIs (overall popula-
tion), using weights from the 2013 European Standard
Population. For both the RII and SII calculations, we used
five-year age groups, pooling ages below 25 and defining
the upper opened-ended group as 95 years and above.
We estimated the population attributable fraction (PAF)
of COVID-19-related YLL for each quintile using the
following formula: PAF = (Vgoup/Vieast “1) ™ (Pgroup/Pan)
* 100 [final result is a percentage], where, Vy,,,,, = value
for the group (numerator, rate, percentage), V., = value
for the least disadvantaged population, P,; = total popu-
lation, P,,,,, = population for the least disadvantaged
population.
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We performed a negative binomial regression analy-
sis to assess the association between social deprivation
quintile (i.e., FDep) and YLL related to COVID-19 across
regions. The model was adjusted by age groups and area
type (i.e., urban and rural), and population was used as an
offset to account for differences in population size. These
estimates were expressed as incident rate ratio (IRR).

Scenario-Based sensitivity analysis

To assess the robustness of our findings to the choice of
socioeconomic index, we conducted a sensitivity analysis
comparing age-standardized YLL rates (ASYRs) calcu-
lated using two different deprivation measures: the FDep
index (French Deprivation Index) and the French version
of the European Deprivation Index (EDI). This allowed
us to examine whether the observed patterns in health
inequalities remained consistent when alternative depri-
vation measures were applied. The two indices (FDep and
EDI) are based on different components. The EDI index
is calculated based on a combination of the following ten
census-based variables aggregated at the area level asso-
ciated with the individual level of deprivation: (1) propor-
tion of individuals of foreign nationality, (2) proportion
of households without a car, (3) proportion of individu-
als employed as managers or intermediate professionals,
(4) proportion of single-parent families, (5) proportion
of households with at least two individuals, (6) propor-
tion of non-owner occupied households, (7) proportion
of unemployed individuals, (8) proportion of individuals
without post-secondary school education, (9) proportion
of overcrowded dwellings, and (10) proportion of non-
married individuals) [6]. Like FDep index, the first quin-
tile (Q1) represents the least deprived areas and the fifth
quintile (Q5) represents the most deprived areas for EDI
index. Further details were provided in supplementary
material 1: Additional file 2.

Ethical approval

The study was based on aggregated and anonymous data
from national mandatory mortality database (INSERM-
CépiDc). This study does not require the ethics approval
and consent to participate. In accordance with French
law, Santé publique France (SpF) has been granted spe-
cific access to this national mortality database in order to
carry out its mission of health monitoring and health cri-
sis response (article L. 1413-7 code de la santé publique).

Results

The overall ASYR related to COVID-19 was 836 (95%
CIL: 834-838) per 100 000 population in France in
2020 (Fig. 1). The ASYR in least deprived quintile (Q1)
was 831 (95% CI: 826—836) while the rate in the most
deprived quintile (Q5) was 1058 (95% CI: 1052—-1063).
We observed a non-linear distribution of ASYRs across
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Fig. 1 Age standardized YLL rate related to COVID-19 per 100 000 population by FDep quintile, metropolitan France, 2020

quintiles, for example, Q3 had the lowest age-standard-
ized YLL rate of 703 per 100 000 (95% CI: 699-708)
(Fig. 1).

There were 34 874 municipalities (88% rural and 12%
urban municipalities) with marked variations in COVID-
19 mortality. Among the 30 711 rural municipalities, 26%
had recorded at least one death related to COVID-19,
whereas among the 4163 urban municipalities, 80% had
recorded at least one death related to COVID-19. Q3 had
the lowest age-standardized YLL rate related to COVID-
19 and the variation of rural and urban municipalities
was almost similar as above (i.e., 25% of rural municipali-
ties had at least one COVID-19 death, whereas among
urban municipalities 82% had recorded at least one death
related to COVID-19).

We observed marked geographical variations in ASYR
per 100 000 population at both rural and urban munici-
pality levels. In rural municipalities, the ASYR rate
ranged from 1,335 (Grand Est) in the least deprived
quintile (Q1) to 3,519 (Centre-Val de Loire) in the most
deprived quintile (Q5). On a natural logarithmic scale,
this corresponds to an increase from In(ASYR)=7.19
to 8.16. Exponentiating this change indicates that

COVID-19-related premature mortality was approxi-
mately 2.64 times higher in the most deprived rural
areas, representing a 164% increase in YLL. This dispar-
ity underscores a pronounced socioeconomic gradient in
the mortality burden within rural settings (Fig. 2). In con-
trast, urban municipalities exhibited an opposite trend.
The ASYR rate declined from 643 (Normandy) in Q1 to
417 (Hauts-de-France) in Q5. On the logarithmic scale,
this translates to a decrease from In(ASYR)=6.47 to
6.03. Exponentiation reveals that COVID-19-related YLL
was about 36% lower in the most deprived urban areas
compared to the least deprived. This reverse gradient
suggests that, unlike rural areas, deprivation in urban set-
tings was not associated with higher mortality. Possible
explanations may include differences in age distribution,
exposure patterns, or institutional characteristics across
urban municipalities (Fig. 2).

The age-standardized YLL rates were higher in the east,
followed by southeast municipalities (Fig. 3a). There were
many municipalities located in the west and southwest
where no COVID-19 deaths were recorded (Fig. 3a). Fig-
ure 3b illustrates geographical variation of the FDep by
municipality. The less deprived municipalities (i.e., with
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Fig. 3b French Deprivation Index by quintile and municipality in metropolitan France, 2015

Table 1 Health inequalities in age-standardized YLL rates related
to COVID-19, in france, 2020

Measures of health inequality YLL
Absolute range 226.67
Relative range 1.27
Relative index of inequality (RIl) (based on age groups) 1.338:95% Cl
[1.325-1.350]
Age-standardized Slope index of inequality (SII) (based ~ 234.3:95% Cl
on age groups) per 100,000 [226.6-241.9]
Population Attributable Fraction (PAF) 0.36%

lowest deprivation level) were clustered around large cit-
ies, in the Paris area and near the Swiss border.

Measures of health inequalities

The absolute difference in ASYRs per 100 000 population
was 227. The relative difference in ASYRs between the
most (Q5) and least (Q1) deprived areas was 1.27, indi-
cating that YLL was 27% higher in most deprived areas
as compared to the least deprived areas (Table 1). The
difference between the most and least deprived areas,
measured by SII, was 38 199 (95% CI: 36 932—39 465)
YLL rates. The age adjusted RII was 1.33, which when
multiplied by 0.5 and expressed as a percentage indi-
cates that the rate in most deprived areas was 67% higher
than the mean population rate (i.e., 836 ASYR). The age

standardized SII was 234.3 (95% CI: 226.6—241.9) which
indicates that even after adjusting for age, there remains
a difference in YLL attributable to social deprivation
between the most deprived areas and the least deprived
ones. The PAF estimate contrasted with other measures.
Indeed, we found that only 0.36% of COVID-19-related
YLL rates at national level was explained by inequalities
measured by FDep quintiles, at national level. However,
these estimates varied by area: in rural areas, the most
deprived population experienced lower YLL rates, while
in urban areas, a modest proportion of COVID-19-re-
lated YLL rates was attributable to deprivation (Supple-
mentary material 1: Additional file 3).

We also report these results separately by rural and
urban areas in « Supplementary material 1 : Additional
file 3 and file 4 ».

We observed regional variations in the association
between FDep quintile and YLL related to COVID-19.
Compared to the reference region Bretagne (with low-
est YLL rate), most regions showed significantly higher
YLL. Most notably, Ile-de-France with over 12 times
higher YLL than the reference region, followed by Bour-
gogne-Franche-Comté with 6.2 times and Grand-Est 5.6
times increase. Pays de la Loire did not show signficant
association with YLL compared to the reference region.
Each increase in deprivation quintile from 1 to 5 was
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associated with a 17% higher YLL. The deprivation index
was statistically significantly associated with substantial
increased YLL, whereas the area type was not statisti-
cally significant (Supplementary material: Additional file
5). Figure 1 showed the U-shape distribution whereas the
ASYR_EDI showed a linear distribution with the highest
values observed in Q5 (most deprived) (Supplementary
material 1: Additional file 6). In the scenario based sensi-
tivity analysis, we compared the compared age-standard-
ized YLL rates (ASYRs) using two different deprivation
indices: the French Deprivation Index (FDep) and the
French version of the European Deprivation Index (EDI).
Further detail was provided in Supplementary material 1:
Additional file 7.

Discussion

Our study found that COVID-19 cause-specific mortal-
ity was unequally distributed across areas with varying
levels of social deprivation. These results showed a non-
linear distribution of age-standardized YLL rates related
to COVID-19 according to social deprivation index, nev-
ertheless illustrating the stronger and disproportionate
effect on Q5, highest among the most deprived areas.
Across both rural and urban municipalities, we observed
marked variations in YLLs rates, higher in the east, fol-
lowed by south-east municipalities of France when com-
pared with west and south-west municipalities. Overall,
our results highlighted the absolute and relative inequali-
ties in YLL estimates. The PAF estimates appears incon-
sistent with the more pronounced disparities observed
through absolute and relative gap measures (Q5 vs. Q1)
and the SII/RII metrics. The PAF assumes a binary com-
parison between the most deprived group and a counter-
factual scenario where the entire population experiences
the risk of the least deprived group (Q1). As such, it is
sensitive to the size of the most deprived population
group and does not account for the full socioeconomic
gradient. In contrast, gap-based measures (e.g., Q5-Q1
differences) and distributional measures like the SII and
RII capture the entire range of deprivation, providing a
broader view of inequality across quintiles. Moreover,
the relatively small PAF value may be partially explained
by the overall distribution of YLL across quintiles, where
even the least deprived groups still experienced substan-
tial YLL during the pandemic. This dilutes the relative
“gain” that could theoretically be achieved by shifting the
entire population to the lowest-risk category. Moreover,
when stratified by area type, socioeconomic inequalities
in COVID-19 related mortality were more pronounced
in urban than rural areas. Urban settings showed a clear
gradient with higher YLL rates among the most disad-
vantaged, while rural areas exhibited minimal or reversed
inequality patterns. These differences likely reflect varia-
tions in exposure risk and population density. Regional
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disparities were also evident in YLL related to COVID-
19, with most regions showing higher YLL compared to
Bretagne with Ile-de-France having the highest increase.
Deprivation index was associated with substantially
increased YLL. These results were not consistent with
findings from studies conducted in other countries,
which concluded to a linear gradient across depriva-
tion indices using mortality rates and DALYs [4, 34, 35].
Another study conducted in Chile showed an hetero-
geneous geographical distribution by social depriva-
tion quintile status during the first wave (3 March to 10
October 2020) of COVID-19 [24]. There are some key
factors, which could potentially contribute to the socially
differentiated impact of COVID-19, and could there-
fore have an impact on these results. For example, the
ageing, comorbidities, distribution of rural and urban
municipalities with and without COVID-19 deaths and
limited access to health care services. First, we observed
differences in the age distribution of COVID-19 deaths
across deprivation levels and geographic areas, although
our mortality metrics are age-standardized. In urban
municipalities, the least deprived quintiles had a greater
number of people aged 70 and above who died from
COVID-19 compared to the most deprived areas. In con-
trast, rural municipalities showed the opposite pattern:
the most deprived areas had older individuals among
the COVID-19 deaths. Overall, the average age of death
from COVID-19 varied across regions, ranging from 80
to almost 85 years (Supplementary material 1: Additional
file 8). These observations highlight the concentration
of older, vulnerable populations in different contexts,
which may influence health system needs and pandemic
impact beyond what is captured by age-standardized
rates. Despite these demographic differences, our results
showed that YLL rates were consistently higher in the
most deprived quintile (Q5), emphasizing the dispropor-
tionate burden among socioeconomically disadvantaged
populations. A national cohort study in France empha-
sized that age is the main factor of developing severe
forms of COVID-19 and a number of comorbidities (car-
diovascular, obesity, hypertension, etc.) were associated
with a higher risk of hospitalization and in-hospital death
for covid-19 [36]. Second, we observed a marked differ-
ence in the distribution of COVID-19 deaths that were
mainly recorded in urban municipalities as compared to
the rural municipalities (i.e., 80% vs. 26%, respectively).
This variation reflects that higher population living in
urban municipalities, most importantly the differential
circulation and transmission of COVID-19 virus among
these municipalities, respecting various measures such as
wearing mask, staying at home, etc., which could poten-
tially contribute to the COVID-19 death, thus might
influence a non-linear distribution of YLL. Further-
more, a study performed in France indicating that the
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most socioeconomically disadvantaged municipalities
were affected the most during the first year of COVID-
19 mortality [37]. Third, health care access plays a cru-
cial role. Evidence suggests that individuals living in most
deprived areas may face barriers to accessing timely and
high-quality health care services, such as COVID-19
testing in France [9]. The use of certain healthcare ser-
vices seems to be suboptimal among the most deprived
populations [38—40], potentially contributing to delayed
diagnosis and inadequate treatment, ultimately leading to
higher mortality rates among most deprived populations.
Selective adjustment of cause-specific YLL estimates can
divert attention from the environmental and risk factors
driving mortality. YLL is a critical metric for informing
public health policy. Comorbidity adjustments risk dis-
advantaging socioeconomically deprived populations
with higher morbidity burdens, potentially deprioritizing
them in resource-limited contexts and worsening health
inequities. Such approaches should be avoided when
aiming to identify and address unjust disparities in popu-
lation health [41]. In sum, these factors likely contribute
both directly or indirectly to the COVID-19 YLL rates
and highlight the complex interplay between various bio-
logical, environmental, behavioural, and social factors, in
shaping the unequal impact of the pandemic.

Strengths and limitations

This is the first study that quantifies the COVID-19-
related YLL across municipalities in France in 2020, with
a focus on disparities by social deprivation. We obtained
data from INSERM-CépiDc, which relies on a robust
vital registration system at the national level in France.
We integrated the FDep index at the municipality level
to each recorded COVID-19 death to capture the social
deprivation at a finer geographical scale. There are some
limitations. First, the absence of comparable pre-pan-
demic data at the municipal level, which prevents us from
directly assessing whether the observed inequalities in
COVID-19-related premature mortality represent a wid-
ening or continuation of existing health disparities. Sec-
ond, we used the GBD reference life table to facilitate the
comparison of these results with other studies, which is
consistent with GBD and WHO methods. Nevertheless,
we acknowledge that the choice between national and
reference life tables is of intense debate [42]. Third, we did
not measure the COVID-19-related YLD by social depri-
vation, as the majority of health loss was due to mortality
(i.e., 99%) [23]. Therefore, we focussed on analyzing the
extent of social deprivation to YLL estimates associated
with COVID-19. Fourth, the FDep index only assesses
four socioeconomic variables at area level, which may
limit its ability to capture health inequalities contributed
by several other aspects such as health, access to health
care services, housing and crime at individual level.
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Therefore, to better capture the inequalities, it is essential
to investigate individual socioeconomic determinants in
order to understand the underlying mechanisms driving
these health disparities. Fifth, we did not yet calculate all-
cause mortality according to the area deprivation levels,
to compare the relative contribution of COVID-19 YLL
to other causes of death. Further research will examine
how social deprivation influences all-cause mortality and
assess the relative burden of COVID-19-relateddeaths in
comparison to other causes of death. Finally, the pres-
ent study is limited in scope to the year of 2020, due to
a discontinuation of the routine calculation of YLL.
Nevertheless, we believe that the 2020 findings remain
highly relevant, as they capture the critical initial phase
of the pandemic when mortality disparities were most
pronounced.

We observed a marked difference between two the
measurements, ASYR_FDep and ASYR_EDI, used in
the scenario analysis. The choice between FDep and EDI
remains a subject of debate, as each index may yield dif-
fering assessments of socioeconomic disparities. Previous
studies have discussed that results can vary depending
on the deprivation indices used [43-45] and our find-
ings align with this observation. As explained in previous
studies, this difference can be attributed to several rea-
sons: First, the EDI tends to classify urban municipalities
in more deprived quintiles, whereas the FDep tends to
classify them in less deprived quintiles, particularly for
Paris and suburbs [43, 44]. This can partly be explained
by the fact that the FDep and the EDI created in differ-
ent contexts and have different objectives [44]. Second,
these indices were built using different statistical meth-
ods [44]. The FDep is built from four ecological variables
to capture and maximize the spatial variability through
the statistical procedure of principal component analysis,
and it has been validated using mortality data [5]. In con-
trast, the EDI is built from a combination of ten weighted
census-derived variables, chosen as a proxy of individual
deprivation experience and average social deprivation
[6], which can be less adapted to capture the variety of
socio-spatial situation that composed the French terri-
tory [43]. Third, the FDep was developed in the context
of ecological approaches, whereas the EDI was con-
structed to proxy individual socioeconomic position [43].
As a result, the different components in the two depri-
vation indices capture ecological inequalities in different
ways. Further research is needed to reach a consensus on
which kind of area-based ecological deprivation indices
should be uses to assess the social inequalities of health
in France by the researchers.

Implications in policy and further research
Our findings showed the impact of social inequality on
COVID-19 YLL that has occurred across the whole
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population of France, which is unequally distributed.
These results have several important implications for pol-
icy and further research that can be extrapolated to other
countries with similar social structures and health dis-
parities: Policy implications: Our findings highlighted
significant geographic and socioeconomic inequalities
in premature mortality during the COVID-19 pandemic,
particularly with disproportionately higher YLL rates in
the most deprived areas. These results underline that
it is essential to invest in health care infrastructure in
socioeconomically deprived areas to ensure that qual-
ity health care services are accessible to all. In particular,
strengthening access to primary care, preventive services,
and tailored community-based interventions in high-
burden areas could help mitigate avoidable mortality.
Policymakers should interpret the PAF estimates jointly
to appreciate both the burden concentrated in the most
deprived groups and the broader pattern of social dis-
parities across the population. Policy measures should
also address the upstream social determinants that con-
tribute to excess mortality, including income insecurity,
substandard housing, and limited access to health infor-
mation. For example, income support programs and
housing improvements could reduce vulnerability among
deprived populations. In addition, non-stigmatizing pub-
lic health education campaigns should be expanded to
promote healthy behaviors across all communities, par-
ticularly in areas where structural disadvantage overlaps
with health risk. Given that France exhibits higher lev-
els of mortality inequality than many European coun-
tries, and that these inequalities have widened in recent
years reducing health disparities must be a policy prior-
ity informed by evidence such as the findings presented
in this study [46]. Further research implications: Our
results highlighted marked differences among the munic-
ipalities with and without COVID-19 death. Therefore,
it appears important to compare these municipalities
by taking into account health care access, behavioural
risk factors, and social determinants of health such as
income, housing, low-wage professions. Furthermore, the
differences in YLL observed across quintiles are primar-
ily driven by the absolute number of deaths, rather than
by differences in age-specific remaining life expectancy.
Applying deprivation-specific life expectancies could
potentially reduce the observed YLL gap between the
least and most deprived groups. Further research is war-
ranted to incorporate life tables from the Human Mor-
tality Database (HMD) or to better construct stratified
life tables by deprivation quintile to better capture the
impact of socioeconomic differences on YLL estimates.
These approaches could enhance the precision and con-
textual relevance of YLL estimates within the national
burden of disease framework. Further research is needed
to better understand the mechanisms underlying these
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health inequalities, particularly broader social determi-
nants of health not captured by the FDep index, such as
healthcare access, education, housing, and living condi-
tions, which can affect mortality and YLL rates. Future
studies should also examine the association between
individual social determinants of health and YLL, while
adjusting for potential confounders. Additionally, with
COVID-19 vaccination programs introduced in France in
2021, further analysis is warranted to assess the impact of
vaccination across socioeconomic gradients.

Conclusions

COVID-19 cause-specific mortality was socially
unequally distributed across areas according to differ-
ent levels of social deprivation. Our analysis highlighted
marked variations in YLL estimates across municipali-
ties of France. These results underline the critical need
for targeted and equitable public health strategies to
address the disproportionate impact of COVID-19 on
socioeconomically disadvantaged populations. Further
research is needed to better understand the mecha-
nisms driving such health inequalities, especially broader
social determinants of health, which can impact mortal-
ity. Specifically, future studies are essential to examine
the association between individual social determinants
of health and YLL, taking potential confounding fac-
tors into account. The implementation of effective policy
interventions to reduce health inequalities should be the
priority plan to improve population health and future
pandemic responses should be considered of reducing
health inequalities. Policymakers and researchers should
collaborate to design, implement, and evaluate interven-
tions that not only address immediate health needs but
also tackle the underlying social determinants of health
inequalities, in order to reduce overall health disparities
and improve resilience against future public health crises.
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