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ABSTRACT

The Covid-19 pandemic marked the year 2020. In Belgium, it led to a doubling in deaths, mainly grouped into two periods.

This article aims to compare the relative importance of predictors and individual and spatial determinants of mortality

during these two waves to an equivalent non-pandemic period and to identify whether and to what extent the pandemic has
altered the sociodemographic patterns of conventional mortality. The analyses relate to all-cause mortality during the two
waves of Covid-19 and their equivalent in 2019. They are based on matching individual and exhaustive data from the

Belgian National Register with tax and population census data. A multi-level approach combining individual and spatial

determinants was adopted. Mortality patterns during and outside the pandemic are very similar. As in 2019, age, sex, and

household composition significantly determine the individual risk of dying, with a higher risk of death among the oldest

people, men, and residents of collective households. However, their risk of death increases during the Covid period,

especially in the 65-79 age group. Spatial information is no more significant in 2020 than in 2019. However, a higher risk of

death is observed when the local excess mortality index or the communal proportions of single-person households or

disadvantaged people increase. While the Covid pandemic did not fundamentally alter conventional mortality patterns,

it did amplify some of the pre-existing differences in mortality.

1 | Introduction

The Covid-19 pandemic was the deadliest episode in the
history of Belgium since the Second World War, incurring
more than 33,000 deaths between 2020 and 2022. Regardless
of the method used to count deaths!, which varies from
country to country, the mortality rate from Covid-19 in 2020
was exceptionally high in Belgium (Bustos Sierra et al. 2020;
Sanchez-Pdez 2022). Two waves of excess mortality were
identified in 2020 (Figure 1). The first ran from mid-March to
the end of April 2020, and the second from mid-October to

© 2025 John Wiley & Sons Ltd.

the end of December 2020. Both were characterised by a
doubling in the number of deaths compared with a non-
pandemic situation (the monthly average of deaths observed
between 2016 and 2019). This translates into a loss of 1 year
of life expectancy at birth in Belgium between 2019 and 2020
(Bourguignon et al. 2022), one of the most important in the
world (Aburto et al. 2021; Islam et al. 2021).

Many studies focused on the spatial or individual determinants
of Covid-19 mortality (Bonnet et al. 2024; Chang et al. 2022;
Gerken et al. 2022; Konstantinoudis et al. 2022). However, there
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FIGURE1 | Trends in excess mortality linked to Covid-19 in Belgium. Source: Statbel, authors’ calculations.

still is a need to understand the relative importance of spatial
versus individual determinants of Covid-19 mortality (Bonnet
et al. 2024; Konstantinoudis et al. 2022). This article contributes
to current knowledge by looking at Covid-19-related mortality
with both individual and spatial determinants and assessing
whether it follows the usual mortality trends or defines its own
path. Thanks to register-based data, we investigate the role of
individual and spatial factors—selected through an analysis of
the existing literature—on mortality in 2020, using a compar-
ative approach with 2019, and we rank their relative impor-
tance. We also observe how these results vary from wave to
wave and for different large age groups.

2 | Background

2.1 | Individual Determinants

Studies agree that the risk of mortality from Covid-19 sig-
nificantly increases with age, particularly in high-income
countries (Bauer et al. 2021; Guilmoto 2020; Islam et al. 2021;
Pifarré i Arolas et al. 2021; Williamson et al. 2020). This
association is conspicuous in Belgium, particularly during
the first wave of the pandemic, and after 65 (Bourguignon
et al. 2022). This can be explained by health status: as age
increases, health status deteriorates (Bambra et al. 2020).
Moreover, the risk of contamination and death linked to
Covid-19 is greater in people with co-morbidities such as
cardiovascular disease, diabetes, cancer, and lung disease
(Atkins et al. 2020; Burstrom and Tao 2020). During the se-
cond wave, the gradient of excess mortality by age in Belgium
persists but is less clear-cut, with a convergence between the
populations aged 75-84 and 85 and more (Bourguignon
et al. 2022).

In addition, household composition may have impacted the
risk of dying from Covid-19, given the importance of inter-
personal contact in transmitting the virus. According to a
study of people over 65 living at home in England (Nafilyan
et al. 2021), living in a multigenerational household is asso-
ciated with a higher risk of death (compared with a two-adult
household). Another study in Los Angeles in the United States
showed a positive association between household size and
Covid-19 mortality (Varshney et al. 2022). In the case of
Stockholm, the risk of dying from Covid-19 was higher for
elderly people living with working age adults than for those
living alone (Brandén et al. 2020).

In many countries, residential institutions for the elderly were
affected by an exceptionally high Covid-19 related mortality
(Brandén et al. 2020; Kemenesi et al. 2020). In Belgium, during
the first wave, they accounted for 50% of Covid-19 related
deaths (Sciensano 2020) and 65% in Wallonia (the south region
of Belgium), whereas only 1.3% of the Walloon population
resides in such establishments (Hardy et al. 2021). For the
whole country, the standardised mortality rate for people living
in collective households in 2020 was 1.7 times higher than in
2015-2019 in the first wave and 1.5 times higher in the second
wave (Bourguignon et al. 2022). This excess mortality is due to
the residents’ age and state of health but also to the proximity in
these residences between individuals and with carers (Davidson
and Szanton 2020; Kemenesi et al. 2020). The health crisis
highlighted structural weaknesses in Belgium, including a lack
of resources (e.g., face masks) and staff that these establish-
ments were experiencing (Hardy et al. 2021).

Covid-19 mortality was higher in men than in women at any
age in most countries (Aburto et al. 2021; Ahrenfeldt
et al. 2021), including Belgium (Gadeyne et al. 2021). In classic
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mortality patterns, the gender gap changes over the life course:
it increases until the age of 60-69, then gradually decreases to
become very small after the age of 80 (Ahrenfeldt et al. 2021).
Health inequalities between genders could explain this trend for
older age groups.

The influence of nationality on the risk of death from
Covid-19 is less univocal. People of foreign nationality were
shown to be affected by higher excess mortality during the
pandemic period than natives in Sweden, irrespective of age
and socioeconomic characteristics (Drefahl et al. 2020),
and in the United States and the United Kingdom (Abedi
et al. 2021; Andrasfay and Goldman 2021; Williamson
et al. 2020). In Italy, however, mortality patterns for mi-
grants and non-migrants in 2020 did not differ significantly
from those observed in the preceding years (Canevelli
et al. 2020).

Several studies have shown that Covid-19 hit the dis-
advantaged social classes harder (Abedi et al. 2021;
Andrasfay and Goldman 2021; Barhoumi et al. 2020; Chen
and Krieger 2021; Mayer 2022; Williamson et al. 2020).
Firstly, disadvantaged populations are characterised in
Belgium by more widespread risk behaviours (smoking,
poor dietary habits), less understanding of and adherence to
health and hygiene measures to combat the disease, and
limited access to and/or use of good quality healthcare
(Gadeyne et al. 2021). Co-morbidities at an earlier age are
more prevalent among the most disadvantaged populations,
increasing the risk of dying from Covid-19 (Bambra
et al. 2020; Williamson et al. 2020). Secondly, socially
disadvantaged populations live more often in densely
populated neighbourhoods and housing, which triggers
higher risks of infection and mortality (Bambra et al. 2020;
Barhoumi et al. 2020). Thirdly, working-age disadvantaged
populations were over-represented among ‘front-line’
workers (e.g., health professionals, grocery store employ-
ees...), which have not benefited as much from the protec-
tive effects of containment and teleworking (Bambra
et al. 2020; Barhoumi et al. 2020).

In Belgium, the few studies considering the social dimension
of Covid-19 present variable results depending on the meth-
odologies and social-positioning indicators used, but also ac-
cording to the age group. Income is negatively associated with
excess mortality among the elderly in Belgium in the first wave
(Decoster et al. 2021). Conversely, when using income and
level of education as indicators of social inequality, the highest
levels of excess mortality were among the high-income men
aged 25-64 and middle- and high-income men and women
aged 65-84 (Gadeyne et al. 2021). Excess mortality is visible
among all social groups® based on an excess mortality index’
calculated for the two Covid-19 waves in 2020 (Bourguignon
et al. 2022). However, the most disadvantaged social group
shows the highest level of excess mortality, with a visible social
gradient that is more marked for the population aged 40-79
than for those aged 80 and over, especially in the second wave.
The difference in life expectancy loss in 2020 remains limited
between social groups: 1 year for the most disadvantaged
social group versus 0.7 year for the most advantaged one
(Bourguignon et al. 2022).

2.2 | Spatial Determinants

Like other epidemics, Covid-19 has a particular spatial
structure (Amdaoud et al. 2021). Certain characteristics of
the place of residence can impact the individual risk of
dying from Covid-19. The relationship between the space
and COVID-19 mortality is multiple, diverse and complex
(Bonnet et al. 2024). Many characteristics of the region—
such as the environment, the spatial organisation, the
socioeconomic composition of the population, and the ser-
vices available in the close environment (Sleszynski 2021;
Sun et al. 2021) can be related to the spread of a virus.
Through the literature, we highlight three main elements
that are particularly important in the spread of the virus and
the mortality consequent to its contamination.

First, population density and the area's nature (urban, peri-
urban, rural) play a significant role in the spread of the virus
(Fonseca-Rodriguez et al. 2021). A crowded environment is
associated with a higher risk of spreading the disease. In the
United States, among the seven most affected states, the most
densely populated counties had the highest contamination
rates (Abedi et al. 2021). In France, the departments with the
highest urbanisation rates experienced the highest excess
mortality during the first wave of Covid-19 (Pilkington
et al. 2021). In addition to the characteristics and density of the
area, the contagious nature of Covid-19 means that the closer
an area is to a source of contamination, the greater the prob-
ability that it will be affected by the epidemic (Amdaoud
et al. 2021), especially among people with low immune sys-
tems like the elderly. Spread by contagion has been observed
in France's departments (Levratto et al. 2020) and in China's
provinces (Kang et al. 2021). Containment has proved to be an
effective solution to limit this contagion, as highlighted in
France (Gaudart et al. 2021). In New York and Chicago, the
‘cold spots’ identified based on diagnosed cases were distin-
guished by their ability to maintain physical distancing
(Maroko et al. 2020). The density at the household level also
matters in the spread of the virus as shown by the higher
contamination in the neighbourhoods with a high proportion
of overcrowded housing (Maroko et al. 2020).

Second, there are regional inequalities regarding healthcare
access. If an area has a smaller and more dispersed healthcare
system, this implies a lower or slower response capacity in
critical situations. At the French departmental level, a strong
association was found between high levels of excess mortality
and poor primary care provision during the first wave of the
epidemic (Pilkington et al. 2021).

Third, the social environment influences exposure to the virus
and the probability of dying (Schliiter et al. 2022). Living in a
socially disadvantaged neighbourhood (Riou et al. 2021;
Vandentorren et al. 2022) is cited as a factor in infection and
excess mortality. In Belgium, a significant association has been
detected at the municipal level between the number of infec-
tions and social precariousness (Meurisse et al. 2022). Still, less
is known about the relationship between living in a dis-
advantaged neighbourhood and mortality during the pan-
demic period, especially when controlling for individual
socioeconomic positions.

3 of 30

85USD17 SUOWILLD BAIERID B|qedl|dde 2y} Ag peunob 818 D1 VO 88N JO S3NJ J0} ARG 1T BUIIUO AB]IM U (SUORIPLOD-PUE-SLLLBHLIOD" A3 |1 ARRIq1BUIIUO//SUNU) SUORIPUOD PUB SWB L 83 85 *[S202/60/8T] U0 ARIgiT8uluO AB1iM ‘(PUN) (04BN BIRLO) WO EAURD UgezILeBiO 980 Aq 6T00L USd/Z00T OT/10p/w0dAB| 1M AL.qju!|uo//Sdny Woiy pepeoiumoq ‘€ ‘S20Z ‘ZSr8rrST



2.3 | Research Questions and Hypotheses

A lot is known about the individuals’ characteristics and the close
environment that can impact mortality risk during the Covid
period. But some questions remain unanswered: what elements
matter the most? Are the associations between individual factors
and mortality during Covid-19 still robust after controlling for
spatial factors, and vice-versa? And what differences can we
observe between the Covid period and a ‘classic’ period, as well as
over the pandemic periods and across age groups?

This article has two objectives. Firstly, we aim to measure the
relative importance of individual and spatial determinants for
the first time by ranking their weight in mortality risk in 2020.
Secondly, we investigate which characteristics are associated
with excess mortality in the Covid-19 period. These two ob-
jectives are part of a comparative perspective. Firstly, the
analyses compare two types of mortality patterns, ‘classic’
(2019) and ‘pandemic’ (2020). The analyses are carried out
separately for each Covid wave in 2020, systematically com-
pared with the two equivalent periods in 2019. Finally, the
analyses cover the whole population and three major age
groups (40-64, 65-79, 80 + ), which may have been affected
differently by the pandemic.

Our analyses and reflections are based on three hypotheses.

1. First, when we consider both individual and spatial de-
terminants, we expect that mortality is mainly explained
by some individual variables (age, sex, social group,
etc.), both in an epidemic context and in a ‘classic sit-
uation’ (2019). Elderly, men, disadvantaged social
groups and residents of collected households are ex-
pected to be more vulnerable groups and associated with
higher excess mortality.

2. Even if spatial variables have a lower relative importance
on mortality than some individual variables, we expect the
role of the spatial factors to be larger in a pandemic
context than in a ‘classical situation (2019)’, due to the
infectious nature of the disease. Factors such as living in a
dense or urban area, with high level of local precarious-
ness, low access to healthcare centres and excess mortality
in the neighbourhood are expected to be associated with
higher risks of death.

3. Finally, the influence of both individual and spatial de-
terminants on excess mortality in 2020 would be modified
by the age group. We expect a higher effect of socio-
economic precariousness (at individual and spatial levels)
for working-age adults. In contrast, the household type
and density of the population at the local level would
threaten older adults more (as they are more vulnerable to
interpersonal contamination).

3 | Data and Methods
3.1 | Data

The study relies on an anonymised Register-based individual da-
tabase (Demobel) that covers Belgium's entire legally domiciled

population, that is, over 11 million individuals. Registration in
these databases is compulsory. In theory, only illegal migrants,
asylum seekers, and diplomatic personnel are not covered by this
data source. The registration system in Belgium comes from the
local level (municipalities) and then centralises information at the
national level. The reliability of the Register data has improved
over time and has been very good quality since the 1990s, even at
the local level (Poulain and Herm 2013). This database, developed
by the Belgian Statistical Office (Statbel), links the National Reg-
ister, 2001 and 2011 censuses, and the tax register for 2002-2022.
The National Register provides information on the socio-
demographic characteristics (age, gender, type of household, place
of residence, deaths, etc.) of individuals. The censuses and the tax
register provide information on the socioeconomic character-
istics of individuals (education, occupation, housing condi-
tions, tax income). This database provides the date of death,
which allows us to identify individuals who died during the
two periods of Covid-related excess mortality in 2020 covered
by our article.

Our approach is based on an analysis of all-cause mortality. Our
analyses focus on the months marked by excess mortality
associated with Covid-19: from March to May 2020 (first wave);
from October to December 2020 (second wave). Over time,
individual characteristics (except socioeconomic group) are
measured each January 1st. They are time-varying: the closest
available information was assigned to the population (e.g., 1st
January 2020 for the survivors of the 1st wave and those who
died in 2020; 1st January 2021 during the second wave for those
who survived 2020).

Multilevel models include several covariates: five individual
factors and six spatial factors. We chose these covariates
based on the literature and their availability in the Belgian
context. Table Al (in the appendix) describes the variables,
their source and their values in detail. Individual variables
include (1) the age of individuals, (2) their sex, (3) the com-
position of their household, (4) their nationality, and (5) their
social precariousness.

A multidimensional indicator of social precariousness cap-
tures the socioeconomic category of individuals based on
four dimensions that traditionally enable individuals to be
positioned socially (Cambois and Jusot 2007; Kunst and
Mackenbach 1994): education, employment category, housing
conditions and household income. While the correlation
between these dimensions is high, they each play a different
role in health status and mortality. Level of education mea-
sures cultural capital. It will determine attitudes toward pre-
ventative behaviours, use of healthcare, and access to
healthcare. Income, employment category, and housing con-
ditions refer more to material resources and standard of living
(Cambois and Jusot 2007). This multidimensional index con-
siders each individual's overall situation and has been divided
into score quartiles: disadvantaged, low intermediate, high
intermediate, and advantaged (Eggerickx et al. 2020). A fifth
group was observed: the ‘undetermined’, for whom no infor-
mation is available for at least two of the dimensions con-
sidered, either because they did not answer the questions or
were not present at the time of the census (e.g., children born
or immigrants arrived in after 2011).
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While the household income comes from the 2017 tax returns,
information about education, socio-professional category and
housing characteristics are based on data from the 2011 Cen-
sus. Implicitly, we assume that people's position on the three
dimensions of the indicator has not changed over the obser-
vation period. This assumption is restrictive, but the income
level partially makes it possible to correct this constraint.
Secondly, the level of education changes very little beyond the
age of 25. Finally, previous work (Eggerickx et al. 2021) shows
that housing characteristics vary less for the elderly (i.e., the
group most represented among those who died during the
pandemic period) insofar as mobility beyond the age of 55 is
relatively low.

Spatial variables refer to some characteristics of individuals’
municipality of residence, or to the proportion of residents of
the same municipality who share similar individual char-
acteristics. First, we measure the area’s population density
through the municipality's population density and the position
of the municipality of residence in the country's urban hier-
archy. Urban hierarchy is based on the typology of urban
residential complexes developed by Vanderstraeten and Van
Hecke (2019). It distinguishes five types of places: the conur-
bation, suburbs (urbanised belt of around urban centre), ZMAS
(zones des migrants alternants, areas outside cities with a
substantial commuter population, small towns, and the rural
environment (areas not classified within the urban hierarchy).
Then, the proportion of isolated households (one person) is a
good way to estimate the risk of spreading the disease within
the household. Second, healthcare access will be assessed
based on the distance to the nearest hospital. The distance
between the municipality and the nearest hospital is calcu-
lated from the centroid of the individual municipalities of
residence. It therefore does not include information on travel
time which, in specific rural contexts in the south of Belgium,
for example, can also indicate other inequalities in healthcare
access. Third, we compute the social environment with the
proportion of disadvantaged people in the municipality of
residence. Finally, we calculated the level of excess mortality
(i.e., mortality observed in 2020 compared to the average of
2016-2019) in all municipalities within 20 kilometres of the
municipality of residence (including the municipality of resi-
dence) to represent the extent to which the immediate en-
vironment is affected by Covid-19. This last variable does not
correlate highly with the other spatial variables and models
without it were conducted. They confirmed that it does not
capture the association between spatial characteristics and
mortality.

3.2 | Methods

We aim firstly to identify the individual and spatial determi-
nants of mortality (at the municipal level) during the Covid-19
pandemic. This implies that all individuals from the same
municipality will present the same information on spatial de-
terminants and that our data set presents a hierarchical struc-
ture. We thus model the individual probability of dying during
each of the two waves of excess mortality during Covid-19 with
a multilevel random-effects logistic model:

p“
log [ﬁ] =B, + BX; + BX; + ug; where uy ~

i

@

where p; denotes the probability of an individual i residing in a
municipality j dying during a Covid-19 wave; X;; a vector of
individual explanatory variables; X; a vector of spatial ex-
planatory variables; uy; a random residual term at the level of
the groups defined by the municipalities (this term groups
together the unobservable random effects at the municipality
level). Estimates at the individual level will be interpreted given
that we control for spatial determinants, and vice-versa.

In total, 16 models are produced for the total population and
three main age groups (40-64, 65-79, 80 + ), for each of the two
waves in 2020 and the two equivalent periods in 2019 in a
comparative approach (Figure 2). Models for under-40's were
not considered, as no excess mortality in this population was
observed in 2020 in the descriptive analyses (Bourguignon
et al. 2022).

Then, estimating the relative importance of the different ex-
planatory variables involves analysing the marginal contribu-
tions of the predictors in reducing the unexplained variability of
mortality, all other things being equal (for a fixed value of the
other variables introduced into the model). For each ex-
planatory variable, we calculated a partial pseudo-correlation
(R) adapted to the logistic model (Bhatti 2006):

R=1 \/ Wald statistic — 2K )

—2LL,

Where K is the number of degrees of freedom of the explanatory
variable, and LL is the log-likelihood of the empty model
without independent variables. In other words, the R-value
estimates the contribution of each variable to explain the vari-
ance of the outcome, compared to the model without that
variable. Partial pseudo-correlation is interpreted similarly as a
correlation coefficient (between —1 and 1). In our case, the
absolute value of the indicator will be used, as we are interested
in the intensity of partial pseudo-correlations independently of
their direction.

3.3 | Analysis of an Exhaustive Population

Our register-based data set is not a representative sample of
Belgium's resident population but the total population residing
in Belgium, which is included in the national register. Given the
exhaustiveness of the data, this research does not fall within
the inferential statistics framework, which should be used when
the data constitute a sample and the results are expected to be
generalised to a larger population (White and Gorard 2017).
Thus, the b parameters derived from the regression models are
not an estimate of the sample parameter to which a confidence
level is assigned. These parameters represent the effect of an
explanatory variable on the variable of interest in the popula-
tion studied. In this way, we do not interpret using the tools of
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FIGURE 2 | Estimated multilevel models.

inferential statistics (p-value, confidence intervals). Instead, we
systematically use the number of individuals and the proportion
of deaths for each modality of each categorical variable. This
sometimes means we can temper our comments, for example, if
the analyses involve too small a group of individuals.

However, another school of thought would consider that infer-
ential statistics tools might still be used in our case by assuming
that there is a ‘super-population’ from which our study popula-
tion is drawn or that the latter is one possible reality among
others, and that elements of randomness exist in our data
selection, such as the recorded time of a person's death being in
or out the observation window, or the place of death that can be
aleatory in the boundary regions. To respect the plurality of
visions, we also present the confidence intervals of our estimates
in the appendix (Table A5).

4 | Analysis

Mortality linked to Covid-19 was not uniform across Belgium.
Some areas were affected earlier and/or more severely than
others, revealing the presence of outbreaks, as in other coun-
tries (Figure 3). During the first wave, the main outbreaks were
in the Mons region (south-west), the province of Limburg and
eastern Flemish Brabant (north-east), a large part of the prov-
ince of Liege and the north-east of the province of Luxembourg
(centre-east) and the Brussels conurbation (centre). However,
the geography of the excess mortality in the first wave differs
greatly from that of the second wave, with outbreaks mainly
located along international borders. Furthermore, to date, no
clear link has been detected between the excess mortality linked
to Covid-19 and other factors such as population density, the
country's social geography or ‘normal’ mortality, particularly
during the second wave (Bourguignon et al. 2021).

4.1 | Relative Importance of Variables

In 2020, during the two waves of the Covid-19 pandemic, the
probability of dying was mainly influenced by individual factors

LIXCISS MORTALITY RATI

b Magril {magrit.enrsdr)

2¥ WAVE

(Fxponential Funclion, Span = 13 km, Beta = 2

such as age, household type and sex, the weight of spatial
variables was very low overall, except for excess local mortality
(Figure 4). Age is the factor with the greatest relative impor-
tance during the two waves in 2020. In the first wave, it was 2.5
times more important than the household composition and
five times more important than sex. This finding is unsurprising
and was also observed for mortality in 2019. More surprising is
the low weight of certain individual variables, such as social
group and nationality, both during and outside the pandemic.

4.2 | Relative Importance of Variables by Age
Group

There are differences between the age groups. Among
40-64-year-olds, age and gender retain their high relative weight,
while that of household composition declines. Conversely, spatial
determinants - the proportion of disadvantaged or one-person
households in the municipality, population density, and local
excess mortality—are better positioned in the ranking than for
older age groups, even though their relative weight remains low.
The variables ranking changes for older people (aged 65-79 or 80
and over). During the first wave of the Covid-19 pandemic,
household composition had the highest weight, followed closely
by age and sex. The dominance of household composition un-
derlines, in particular, the devastating effect of the epidemic in
nursing homes. In contrast, in the second wave, and for all of
2019, the most decisive role is consistently attributed to age.

Finally, excess local mortality was among the five variables with
the highest relative importance, except for the 40-64 age group in
the first wave. In the context of age-related (thus health-related)
frailty, excess mortality in the surrounding area is a determining
(or aggravating) factor in mortality during the Covid period.

4.3 | Characteristics Related to Mortality

The all-ages models (Table 1) show that men, older people, dis-
advantaged social categories, and certain types of households, such
as one-person and collective households, have a higher mortality
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MODEL 13: All - V2 2019

MODEL 9: All - V1 2019 MODEL 5: All - V2 2020

MODEL 1: All - V1 2020

(Continued)

TABLE 1

Number
of deaths

Number
of deaths

Number

Number

of deaths

of deaths

per
100,000

Popu-

lation

per
100,000

per

100,000

per
100,000

Population OR Population OR Population OR
169539.1 277578.9 216392.5

OR

235269.7

AIC
BIC

216791.5

277992.3

169938.2

235683.1

Note: Statbel; authors’ calculations.

probability than other categories, both during the Covid period and
outside the pandemic. In 2020, in both waves, women were half as
likely as men to die (in wave 1, Odds-Ratio (OR) = 0.523, and in
wave 2, OR =0.553). This factor is just as strong outside the pan-
demic (in wave 1, OR 2019 =0.547, and wave 2, OR =0.592).
At the same time, a 1-year increase in age leads to an additional
risk of death of around 10%. Men's and older people's vulnerability
was not a distinctive feature of mortality during Covid-19, as it also
exists in a non-pandemic context.

In addition, a social gradient is observed: the more socially
disadvantaged individuals are, the greater their risk of death. In
2020, the privileged class had an odds ratio at least 40% lower
than the most disadvantaged social group (in wave 1, OR =
0.599; in wave 2, OR =0.563, Table 1). However, the social
gradient observed does not differ from that observed in con-
ventional mortality.

Note the case of people for whom the social group cannot be
determined (unknown social group): in terms of mortality, they
behave similarly to the most disadvantaged social group, in times
of pandemic or not. In the context of descriptive analyses, the
excess mortality of the ‘undetermined’ social group during the
Covid waves of 2020 was already mentioned (Bourguignon
et al. 2021). From a socioeconomic point of view, this group is also
a priori in a precarious situation, characterised by an over-
representation of people of immigrant origin and people living in
the Brussels Region (Bourguignon et al. 2021). However, nation-
ality does not lead to substantial differences in mortality.

Finally, the household composition of individuals generates dif-
ferences in mortality. Individuals living in a couple with or
without children are the least exposed to mortality during the two
Covid waves. On the other hand, excess mortality in one-person
or single-parent households is confirmed in 2020 and 2019.
Results in 2019 and 2020 differ for collective households. In the
first wave, residents of collective households had a risk of death
around six times higher than that observed for couples with (a)
child(ren) (OR in 2019—equivalent to wave 1—is around four
times higher). In the second Covid wave, excess mortality still
characterised these collective households but was roughly com-
parable in 2020 (OR =2.7) and 2019 (OR =2.4).

Some spatial variables (population density, distance from the
nearest hospital) resulted in minor differences in mortality in
both 2020 and 2019. However, during the two waves of Covid-
19, a one-unit increase in the local excess mortality indicator—
that is, a massive increase in mortality, which is not observed
in reality’—is associated with an individual risk of dying 2.5
times and 3.5 times higher in the first and second waves
respectively, which is significant. At the same time, a 1% point
increase in the proportions of one-person households or dis-
advantaged people results in a 1% increase (OR =1.01) in the
individual risk of death.

4.4 | Characteristics Related to Mortality by
Large Age Groups

The results distinguished by large age groups remain similar
(Tables A2-A4). Estimates suggest that the probability of dying

10 of 30

Population, Space and Place, 2025

85USD17 SUOWILLD BAIERID B|qedl|dde 2y} Ag peunob 818 D1 VO 88N JO S3NJ J0} ARG 1T BUIIUO AB]IM U (SUORIPLOD-PUE-SLLLBHLIOD" A3 |1 ARRIq1BUIIUO//SUNU) SUORIPUOD PUB SWB L 83 85 *[S202/60/8T] U0 ARIgiT8uluO AB1iM ‘(PUN) (04BN BIRLO) WO EAURD UgezILeBiO 980 Aq 6T00L USd/Z00T OT/10p/w0dAB| 1M AL.qju!|uo//Sdny Woiy pepeoiumoq ‘€ ‘S20Z ‘ZSr8rrST



during the Covid-19 period is related to factors similar to those
observed in usual mortality (2019). There are, however, several
specificities for certain age groups that merit highlighting.

Firstly, the effect of living in a collective household varies
between different age groups. The risk of mortality remains
higher for individuals living in collective households, but more
so for those aged 65-79 (OR =10.3 (wave 1) or 4.4 (wave 2),
Table A3) than for those aged 80 and over (OR = 3.7 (wave 1) or
1.9 (wave 2), Table A4).

Secondly, the effect of excess local mortality increases among
the oldest populations, particularly during the second wave.

5 | Discussion

The main objectives of this article were (1) to compare the
relative importance of individual and spatial determinants of
mortality before and during Covid-19 pandemic, and (2) to
compare mortality determinants between pandemic and 'classic’
periods. Three research hypotheses were mooted based on an
already abundant international literature. Our data come from
the National Register, the 2017 tax register, and the 2011 cen-
sus. The exhaustive nature of these sources allows an analysis of
what mortality was like in 2019 and 2020 without the bias
associated with inferring and generalising results from popu-
lation samples. This data helps us contribute to the literature by
including many individual and spatial determinants in multi-
level models and evaluating the relative contribution of each in
an original comparative approach. We could show the similarity
of mortality determinants and relative contribution of factors
before and during the pandemic period (2019 vs. 2020), but also
their nuances between different stages of the pandemic (wave 1
vs. wave 2) and different age groups (40-64 years, 65-79 years
and 80 years and over).

5.1 | First Hypothesis: The Major Role of Some
Individual Variables

Firstly, we postulated that excess Covid deaths were mainly due
to some individual characteristics. We can confirm this
hypothesis. The same individual variables mainly influence the
probability of dying during the Covid-19 periods in 2020 as
during similar periods in 2019, that is, age, sex, and household
composition. The nationality and social group have a minimal
influence on mortality before and during the pandemic.
Between 2019 and 2020, there is no real change in the hierarchy
of individual variables according to their respective weight on
mortality.

We also hypothesised that pre-existing frailty would be ex-
acerbated during a pandemic, which has to be nuanced. Age
and sex relate to multiple, well-studied phenomena, combining
biology, metabolic state, health behaviours, and lifestyles.
The year 2020 is no exception to the rule of a significant
increase in the risk of death after the first year of life, as it is no
exception to the excess male mortality rate up to the oldest ages.
Even if the socioeconomic position does not impact mortality

much compared to other characteristics, we still notice a social
gradient. Social inequalities in mortality neither increased
nor decreased during the Covid-19 crisis, which means that
the social effect of Covid-19-related mortality is not neutral.
The pandemic would thus have perpetuated existing dispar-
ities to the detriment of disadvantaged populations, as
observed elsewhere in the world (Barhoumi et al. 2020; Chen
and Krieger 2021; Mayer 2022).

However, there is one point on which the hypothesis is con-
firmed: the vulnerability of collective households during the
Covid period. The excess mortality in collective households
also reflects, to some extent, the determining effect of biolog-
ical factors on mortality via age and/or state of health. It is also
accepted that other factors may have contributed to the ‘vul-
nerable state’ characteristic of residents of collective house-
holds (proximity between residents and with carers, a
particularly contagious virus in crowded spaces (Davidson and
Szanton 2020; Kemenesi et al. 2020), and the lack of resources,
particularly masks and hydroalcoholic gels).

5.2 | Second Hypothesis: An Increased Role of
Spatial Determinants in the Pandemic Period?

We assumed an increased weight of spatial variables in 2020
than in 2019, given the highly contagious nature of the virus
associated with the Covid-19 pandemic. At this stage, the
hypothesis has not been confirmed.

Some spatial variables played a decisive role in mortality in
2020—even if they remain less important than the three key
determinants of age, sex or household composition—such as
the local excess mortality index and the proportions of dis-
advantaged people or one-person households in the munici-
pality of residence. These factors present a more significant role
in mortality than some individual variables, such as social
groups and nationalities. The extent of excess local mortality is
in line with what has been observed in France (Levratto
et al. 2020) and China (Kang et al. 2021). On the other hand, the
results obtained contradict those of other studies that show a
greater vulnerability during a pandemic period of individuals
living in densely populated regions of France (Pilkington
et al. 2021) and in the United States (Abedi et al. 2021). We also
notice a non-negligible effect from variables such as the pro-
portions of one-person households and disadvantaged people at
the municipal level. The impact of these variables may seem
smaller than excess local mortality. Still, the amplitude of the
values observed for the variables can significantly affect the
individual risk of dying®. Results observed with the local excess
mortality indicator and the significance of the municipality-
level random effect lead us to think that other spatial factors
were associated with mortality but were not measured in our
study. Nonetheless, the multilevel models with random-effect at
the municipality level help us control for the unobserved het-
erogeneity between the municipalities that our database cannot
capture.

However, most spatial variables (population density, distance to
the nearest hospital) have a minimal role in mortality, contrary
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to some major individual determinants like age and household
composition. The absence of a clear density effect is reflected in
Figure 3: for both waves, the most urbanised areas are not
among the main excess mortality hot spots. We can argue that
controlling for individual characteristics such as age, socio-
economic situation and household composition, as well as
considering mortality at the individual level (and not at the
aggregate level), in the context of Belgium, an overall densely
inhabited country, does not allow us to come to the same
conclusions on the prominent role of population density and
urbanicity in Covid-19 mortality.

5.3 | Third Hypothesis: The Specific
Characteristics of the Large Age Groups

Finally, the third hypothesis addressed a possible modifying
effect in the relationship between individual and spatial char-
acteristics and mortality patterns by large age groups before and
during the Covid-19 pandemic. Overall, this hypothesis was not
confirmed, with relatively limited differences between the
major age groups in terms of the weight of the variables and the
disparities between population subgroups. With a few nuances
between age groups, age and sex are consistently among the
main determinants of mortality patterns, whatever the age
group. In other words, the classic biological factors of age and
sex act identically across the age groups.

In particular, the hypothesis predicted that the individual social
background would have a more visible impact on mortality
before the age of 65, given that mortality before this age is
considered ‘avoidable’ or ‘premature’, with, a priori, the bio-
logical effects of age and sex being less significant than at older
ages. However, even during a pandemic, there was no reduction
or increase in the mortality gap.

At older ages, on the other hand, we hypothesised that a bio-
logical effect would supplant the social impact with a return of
age, sex, and exposure to contamination through a high popu-
lation density or household composition. In reality, the only
notable difference that emerges is in the variable of household
composition. Its weight increases steadily with the age of in-
dividuals until it becomes the variable with the highest weight
at age 65 and over in the first Covid wave of 2020. Analyses of
the parameters for each modality show a remarkable risk of
death for residents of collective households, and more so for
those aged 65-79 than for those aged 80 and over. This is
probably a selection effect. According to Pujol et al. (2021),
compared with the population living in private households, the
risk of death in a nursing home is much higher among rela-
tively young residents (65-74) than among those aged 75 and
over. For people aged 65-79, institutionalisation likely results
from health problems that prevent them from remaining at
home’. Among those aged 80 and over, nursing home residents
have survived to a ripe old age and, in addition to medical care,
for some of them, residence in an institution is a response not
only to health issues but to a need for social interaction and
contact (Hanratty et al. 2018), even if this need is not system-
atically met (Gardiner et al. 2020). It is to be noted that Belgium
presents a high rate of institutionalisation: in 2020, 5.7% of the

population aged 65 and more received elderly care in a spe-
cialised facility (vs. 3% in UE-27) (Gerkens et al. 2024). In
countries with lower institutionalisation rates, we could expect
different results due to a higher selection (based on health) of
those who benefit from long-term healthcare facilities.

In addition, living close to areas of excess mortality would
determine the risk of death, particularly at older ages and
during the second wave. As this is an indicator of the virulence
of the virus in the area, this implies that the individual risk of
dying during the Covid period is increased in elderly people
living in an area of high mortality, thus pointing to high cir-
culation of the virus. Even if the transmission mechanisms of
the virus that generated the pandemic were a little better
understood during the second wave, the relaxation of some
health measures (or compliance with them) could have led to
significant outbreaks of excess mortality, with fatal conse-
quences for the oldest age groups. The spatial context of mor-
tality would, therefore, have repercussions on the individual
risk of mortality, and this is all the more justified in the case of
the elderly as their resistance and immune capacity diminish.

5.4 | Limitations and Methodological Aspects

Several limitations may affect our analyses over and above the
results and the conclusions we can draw from them. Firstly, it
should be remembered that the analyses relate to all-cause
mortality during the two Covid waves in 2020. At the moment
of the analysis, data by cause of death were unavailable in
Belgium, making it impossible to identify deaths that resulted
directly from the pandemic. We could not clearly distinguish
mortality directly related to Covid-19 and mortality due to the
overall crisis that led to more limited access to medical
healthcare for other diseases and high levels of stress in the
population, especially among older adults. Working with ICD
codes that would distinguish direct and indirect Covid-19
mortality would also give information on the exact starting
point of the pandemic in Belgium (Sleszynski et al. 2024).

We compared the results of models stratified by large age
groups. Nevertheless, the comparison of logistic regression
estimates must be made with caution due to unobserved
heterogeneity: the variation in mortality from one age group
to another may depend on unobserved variables, and this
unobservable variation may differ (Mood 2010).

It must also be noted that the Covid-19 pandemic started in
some European regions in late 2019—partially during our ref-
erence period (Sleszynski et al. 2024). However, in Belgium, the
comparison between 2019 and 2020 in spring and early autumn
limits the risks of comparing the pandemic period with a biased
period, as there is no excess mortality to be reported yet at this
period of 2019.

The DEMOBEL data set is a high-quality source of information
that proved its reliability, even at the local level (Poulain and
Herm 2013). However, there are also inherent limitations in the
indicators used. For example, we have tried to explain the
probability of dying in 2019 or 2020 by characteristics observed
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much earlier. This is the case for the social positioning of in-
dividuals, which combined information from 2011 to 2017. We
admit that individual situations may have changed between
2011 and 2017 and in the most recent period, and that the socio-
occupational structure of the population might have changed
between the 2011 Census and 2020. However mortality was
highest for older ages, for whom education levels, income, and
access to housing are relatively stable (Eggerickx et al. 2020).
There is no alternative for addressing this concern, as the next
update is expected to take place in 2021, that is, at a later date
than that relating to the events studied, and with no possible
adjustment for people who died between 2011 and 2021.

The distinction between individual and spatial determi-
nants can seem artificial. The probability of living in an
underprivileged—very dense, overcrowded, with low access
to healthcare and with socioeconomic difficulties—is higher
for people who themselves present underprivileged individ-
ual situations. Also, considering spatial determinants as a
homogenous group can be problematic as they cover a broad
series of realities. However, the viral character of the pan-
demic leads us to make a difference between the individual
triggers and what comes from the community: the fragility of
the persons around plays a lot in the spread and the severity
of the disease. This would not be the case for other pathol-
ogies, like chronic diseases. Despite their variety, the spatial
determinants all represent how the collective circumstances
and shared environment can imply differences in the spread
and consequences of the virus. Thus, spatial factors can—to
some extent—be considered one category of factors in
opposition to individual characteristics.

The possibilities for research into Covid-19 are far from ex-
hausted. Other spatial characteristics could have been investi-
gated. Air pollution was shown in many studies to be a
significant determinant in Covid-19 contamination and mor-
tality (Ali and Islam 2020). Knowing that more polluted regions
are also more often inhabited by disadvantaged populations
(Verbeek 2019), this element can confound the relationship
between social inequalities and Covid-19 mortality. Our data set
did not allow us to control for this factor directly. Also, the
availability of data by cause of death will offer other possibilities
for analysis, with questions that could be even more precise
since we can work solely with data on the pandemic's victims.
Still, studies on all-cause excess mortality will remain solid on
the consequences of the pandemic, in terms of death directly
related to Covid, as well as other causes of death.

5.5 | General Conclusion

Our results show that pandemic and non-pandemic mortal-
ity patterns are similar and that differences between the
waves and age groups remain minimal. Vulnerability to
the Covid-19 virus mainly affected population groups were
already the most vulnerable under normal circumstances
especially older people, men and nursing home residents.
However, we show that the pandemic amplified inequalities
in mortality in certain groups, such as nursing home re-
sidents, including the younger residents in their 60s or 70s.

Combining spatial and individual factors and their relative
importance analysis is rare and contributes to the existing
knowledge. The comparison between individual and spatial
determinants helped us to see that the former had a more
important role in Covid-19 mortality than the latter, espe-
cially during the second wave of the pandemic. It confirms
that Belgian society and possibly policies directed towards
limiting the spread of the virus kept the impact on the sur-
roundings and the community relatively low in the mortality
related to a very contagious disease.
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Endnotes

Hn Belgium, both Covid-certified and -suspected deaths were con-
sidered as Covid deaths, whether they occurred in hospital, at home
or in a nursing home.

>The study used a multidimensional index including level of educa-
tion, income, employment category, and housing characteristics. For
more details, see the methodology section of this article.

3This is the ratio between the age-standardised mortality rate calcu-

lated for the two 2020 waves and the standardised mortality rate
calculated for the same months over the 2016-2019 observation
period.

*To better highlight the underlying spatial patterns from the munici-
pality data, we have produced smoothed maps, associating each
location with a measure of excess mortality that takes into account
the values of neighbouring regions. For this purpose, we have chosen
the method of smoothing by potential, that is, Stewart's method
(Grasland et al. 2000; Steward and Warntz 1958) With the following
parameters: exponential function, span = 10km, beta = 2. These
smoothed values are used only for this map and are not implemented
in the models of this paper. Maps without this smoothing process are
presented in the Appendix (Figure Al)

S At the local level, the excess mortality indices do not exceed 1.7 in
wave 1 and 1.4 in wave 2. A local excess mortality of 2 would mean
that mortality in 2020 would have doubled compared with 2019.

The difference between the lowest and highest proportion of one-
person households at the municipal level is 28 percentage points
(minimum value = 7.79%; maximum value = 36.04%). Regarding the
proportions of disadvantaged people, the difference between the
minimum and maximum proportions is 56 percentage points
(minimum value = 6.54%; maximum value = 62.87%), with poten-
tially significant differences in the risk of death between individuals
belonging to different municipalities.

“In Brussels, the risk of death in a nursing home is strongly associated
with age and pathologies, such as chronic illnesses (Houttekier
et al. 2009).
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FIGURE A1 | Excess mortality in the first wave (18 March-17 June 2020) and the second wave (28 September 2020-31 January 2021).
Source: Statbel; authors’ calculations on the municipal data.
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