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A B S T R A C T

Objectives: Belgium experienced multiple COVID-19 waves that hit various groups in the population, which
changed the mortality pattern compared to periods before the pandemic. In this study, we investigated the
geographical excess mortality trend in Belgium during the first year of the COVID-19 pandemic.
Methods: We retrieved the number of deaths and population data in 2020 based on gender, age, and
municipality of residence, and we made a comparison with the mortality data in 2017–2019 using a spatially
discrete model.
Results: Excess mortality was significantly associated with age, gender, and COVID-19 incidence, with larger
effects in the second half of 2020. Most municipalities had higher risks of mortality with a number of exceptions
in the northeastern part of Belgium. Some discrepancies in excess mortality were observed between the north
and south regions.
Conclusions: This study offers useful insight into excess mortality and will aid local and regional authorities
in monitoring mortality trends.
1. Introduction

Four years have passed since the World Health Organization de-
clared COVID-19 a pandemic (World Health Organization, 2020). Glob-
ally, there were more than 6.7 million new cases and 64,000 deaths
reported between 16 January–12 February 2023, which correspond to
a decrease of 92% and 47%, respectively, compared to the previous
28 days (World Health Organization, 2023). Despite this seemingly
positive report, we need to be vigilant and revisit previous reports to
anticipate changes in the future, which is relevant not only for the still
ongoing pandemic but also as a component of pandemic preparedness.

Belgium experienced multiple COVID-19 waves that hit differently
across groups in the population. The first wave in March–April 2020
hit hard within the elderly and nursing home population, while the
next wave in the second half of 2020 hit the younger population
harder (Sciensano, 2022). Consequently, these waves also changed the
mortality pattern in 2020. Belgium had a COVID-19-reported mortality
rate of 1675.37 per million inhabitants in 2020, which was one of
the most severe worldwide (Our World in Data, 2020). This should
however be seen against the background of very extensive reporting in
the country, with different reporting practices in some countries (Aron
et al., 2020; Verbeeck et al., 2021). Considering different preventive
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measures and testing strategies during the pandemic, this number was
not suitable to compare different countries in this period (Molenberghs
et al., 2022). Therefore, we need to consider the excess mortality,
i.e., the mortality above and beyond deaths that would have occurred
in normal, pre-pandemic conditions (Checchi and Roberts, 2005), and
hence likely attributable to the crisis.

Many studies have reported the estimation of excess mortality dur-
ing the COVID-19 crisis in different settings (Wong et al., 2023; Cec-
carelli et al., 2022; Nucci et al., 2021; Woolf et al., 2021), including
Belgium (Molenberghs et al., 2022; Meurisse et al., 2022). The Bayesian
spatio-temporal analysis is one of the many methods used to assess
excess mortality patterns within a certain area (Blangiardo et al., 2020;
Konstantinoudis et al., 2022; Saavedra et al., 2021). To date, no such
studies have been conducted that account for the spatial association
among different areas in Belgium. This study aimed to examine excess
mortality trends in Belgium during the first year of the COVID-19
pandemic. The excess mortality trend was evaluated in association
with gender, age group, and COVID-19 incidence. We used spatial
conditional auto-regressive models to account for spatial association
among municipalities.
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Fig. 1. Border of municipalities and provinces in Belgium.
2. Materials and methods

2.1. Data

We retrieved the number of deaths and population data in 2020
based on gender, age, and municipality of residence from StatBel, the
Belgian national statistics authority (https://statbel.fgov.be/en/). For
comparison’s sake, we used the mortality data from 2017–2019 as a
base of reference to provide adequate comparison while avoiding con-
siderable changes in the population characteristics. We also retrieved
data on COVID-19 cases per gender, age, and municipality of residence
from Sciensano, the Belgian Institute for Public Health (https://www.
sciensano.be/en), between 1 January–31 December 2020. The map
used to present our results was modified from the statistical sector map
made available online by Statbel (2020).

2.2. Statistical analysis

For the exploratory data analysis, we aggregated the data based on
five age groups: <25 years, 25–44 years, 45–64 years, 65–84 years, and
≥85 years, respectively, as well as male or female gender. Considering
two distinct COVID-19 waves that hit Belgium in 2020, the data were
divided in two separate time intervals: 1 January–30 June 2020 and
1 July–31 December 2020. We explored the mortality trend among
different age groups and gender within these two intervals.

We further calculated the standardized mortality ratio (SMR) and
its 95% confidence interval using the Delta method to approximate
probability distribution for a function of an asymptotically normal esti-
mator (Liu, 2012). We assume that the logarithm of SMR (log 𝜃𝑖) could
be approximated by a normal distribution with Var(log 𝜃𝑖) =

1
𝜃2𝑖

Var(𝜃𝑖) =
1
𝑌𝑖

. Here, 𝑌𝑖 denotes the observed mortality in a certain period for each
age group and gender. With a back-transformation, the 95% confidence
interval for 𝜃𝑖 is further given by

[

𝜃𝑖 exp(−𝑍1− 𝛼
2

1
√

𝑌𝑖
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)
]

.
Belgium consists of 581 municipalities within 10 different provinces

and one capital region as shown in Fig. 1. A spatially discrete geo-
statistical model was fitted to the mortality data originating from the
two time intervals. It should be noted that based on the exploratory
data analysis, we found a different mortality pattern in the age groups
younger than 45 years. To prevent any misinterpretation of the results,
we excluded the younger age groups from the following spatial analysis.

For each municipality 𝑖 in each time interval, 𝑂𝑖𝑗𝑘 denotes the num-
ber of deaths in municipality 𝑖, for age group 𝑗 = 1, 2, 3 corresponding
to age groups 45–64 years, 65–84 years, and ≥85 years, respectively,
with gender 𝑘 = male, female. 𝐸𝑖𝑗𝑘 represents the average expected
mortality based on the mortality rate over the years 2017–2019 per
2

municipality, age group, and gender. We assumed a Poisson regression
model for 𝑂𝑖𝑗𝑘 given by:

𝑂𝑖𝑗𝑘|𝜃𝑖𝑗𝑘 ∼ Poisson(𝐸𝑖𝑗𝑘𝜃𝑖𝑗𝑘), (1)

with 𝜃𝑖𝑗𝑘 the relative risks of mortality in 2020 in municipality 𝑖, for
age group 𝑗, and gender 𝑘, as compared to the pre-pandemic reference
period 2017–2019, which is modeled on the logarithmic scale by way
of the linear predictor:

𝜂𝑖𝑗𝑘 = log(𝜃𝑖𝑗𝑘) = 𝛼 + 𝛽1𝑗 + 𝛽2𝑘 + 𝛽3𝚕𝚘𝚐(𝚌𝚘𝚟𝚒𝚛)𝑖𝑗𝑘 + 𝜈𝑖 + 𝜐𝑖, (2)

with parameters 𝛽1𝑗 and 𝛽2𝑘 representing the effect of age and gender
groups. Considering the large heterogeneity in COVID-19 incidence per
age group and gender, we used the logarithmic scale of COVID-19
incidence rate, denoted as 𝚕𝚘𝚐(𝚌𝚘𝚟𝚒𝚛)𝑖𝑗𝑘, as a covariate in the model.

We used the Besag, York, and Mollié (BYM) model (Besag et al.,
1991) to account for spatial heterogeneity. This model consists of
two random effects: a spatially-unstructured effect 𝜐𝑖 that follows an
independent Gaussian distribution with mean 0 and variance 𝜎2𝜐 , and a
spatially-structured effect 𝜈𝑖 conditional on all shared boundaries 𝜈𝑗 for
𝑗 ≠ 𝑖, given by:

𝜈𝑖|𝜈−𝑖 ∼ 𝑁
(

�̄�𝑖, 𝜎
2
𝑖
)

�̄�𝑖 = 1
|𝑖|

𝑛
∑

𝑗=1
𝑐𝑖𝑗𝜈𝑗 , (3)

𝜎2𝑖 =
𝜎2𝜈
|𝑖|

,

where the weights 𝑐𝑖𝑗 are defined as 1 if areas 𝑖 and 𝑗 are adjacent
and 0 otherwise (queen’s adjacency); and |𝑖| denotes the number of
neighbors of area 𝑖. Of note, the inclusion of random effects automat-
ically ensures that the model can handle overdispersion. To compare
the variability explained by the spatially structured random effect, we
scaled the precision matrix as suggested by Sørbye and Rue (2014).

To assess unusual elevations of mortality risks, we calculated the
exceedance probability defined as the proportion of the relative risk’s
posterior probability that exceeds a given threshold value. The proba-
bility can be calculated using the marginal posterior distribution of 𝜃𝑖𝑗𝑘.
In this study, we used a threshold relative risks of 1.2.

The analysis was performed in R 4.3.1 (R Core Team, 2023),
through the package R-INLA (Lindgren and Rue, 2015). In a Bayesian
framework, the prior plays a crucial role. Therefore, we compared the
default prior in our proposed model with a penalized complexity (PC)
prior as proposed by Simpson et al. (2017), which is defined as:

𝜋(𝜏) = 𝜆 𝜏−3∕2exp(−𝜆𝜏−1∕2), 𝜏 > 0, 𝜆 > 0 (4)
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Fig. 2. All-cause mortality in 2017–2020.
with 𝜆 = −log(𝑎)∕𝑈 . A value of one was considered a reasonable upper
bound for the marginal standard deviation 𝑈 with weight 𝑎 = 1. The
prior for 𝜏𝜈 and 𝜏𝜐 is then expressed as 𝑃 ( 1

√

𝜏
> 1) = 0.1.

3. Results

3.1. Mortality trend in Belgium

A total of 455,858 deaths was reported between 2017–2020, with
109,273 deaths in 2017, 110,339 deaths in 2018, 108,431 deaths in
2019, and 127,815 deaths in 2020. The weekly number of deaths
showed a relatively stable trend between 2017–2019 with higher num-
bers of deaths reported between weeks 1–8 in 2017 and weeks 8–14 in
2018 (Fig. 2). This trend changed completely in 2020 when a consider-
able increase in mortality was reported in weeks 11–20. Smaller peaks
could be observed in weeks 32–34 and then again a considerable peak
(less high but broader) in weeks 41–52.

We further calculated the standardized mortality ratio, defined as
the number of deaths in 2020 divided by the average number of deaths
in 2017–2019, stratified by age group and gender within a period of six
months as shown in Table 1. The standardized mortality ratios in age
groups younger than 45 years were fairly close to or even lower than
one, which means that the mortality in these age groups was lower
compared to the pre-pandemic period. For this reason, we excluded the
younger age group from our subsequent spatio-temporal analysis.

3.2. Effect of age group, gender, and COVID-19 incidences

The prior sensitivity analysis showed no considerable changes in
the effect of the linear covariates as well as the posterior density of
each random effect (see Table S1 in the Supplementary Materials).
However, we observed an improvement in the variability explained by
the spatially structured random effect using PC prior. For this reason,
we presented the following results based on this model.

The multiplicative effects of gender, age group, and COVID-19
incidences on the relative risks of mortality in 2020 as compared to the
pre-pandemic period were estimated by exp(𝛽1𝑗 ), exp(𝛽2𝑘), and exp(𝛽3),
respectively (Fig. 3). We observed that older age groups (age groups
65–84 years and ≥85 years) and COVID-19 incidence were significantly
associated with increased relative risks of mortality in 2020 while being
female was associated with lower risks. These associations were more
pronounced in the second half of 2020.
3

Fig. 3. Effects of the linear covariates.

3.3. Spatial effects

The map of posterior relative risks per age group, gender, and
municipality is shown in Fig. 4. The relative risks of mortality were
higher compared to the identical time interval in 2017–2019 for all
age groups, particularly in the second half of 2020. Some exceptions
could be observed in the northeastern part of Belgium where we found
lower relative risks in age groups 65–84 years and ≥85 years between
1 July–31 December 2020 compared to 1 January–30 June 2020.

Fig. 5 shows the exceedance probability with a threshold relative
risk of 1.2. The exceedance probabilities were clearly higher in the
oldest age groups for most municipalities. However, we also found
a distinct change in the municipalities with exceedance probabilities
higher than 80% in both time intervals. For age groups 65–84 years
and ≥85 years, higher exceedance probabilities were observed in the
northeastern and eastern municipalities and, to some extent, in munic-
ipalities in the capital region and some larger cities in the western part
of Belgium in the first half of 2020. The pattern changed in the second
half of 2020, where higher exceedance probabilities could be observed
more in the northern, western, and southern parts of Belgium.

4. Discussion

In this study, we found considerable excess mortality in Belgium
during the first year of the pandemic. Before the pandemic, we could
observe higher mortality in the first months of 2017 and 2018, which
might be attributed to the influenza virus and/or cold weather (Vester-
gaard et al., 2017). However, it is clear that the mortality in the
first half of 2020 exceeded this. We could see smaller peaks in the
second half of 2017 until 2019 (between weeks 24–32), which might



Spatial and Spatio-temporal Epidemiology 49 (2024) 100660Y.A. Natalia et al.
Table 1
Standardized mortality ratio per age group and gender.

Period Age group Gender Average mortality
pre-pandemic

Mortality in 2020 SMR (95% CI)

1 January–30 June <25 years Male 302.33 239 0.79 (0.70,0.90)
Female 188 158 0.84 (0.72,0.98)

25–44 years Male 720.67 737 1.02 (0.95,1.10)
Female 379.67 373 0.98 (0.89,1.09)

45–64 years Male 4258.33 4,425 1.04 (1.01,1.07)
Female 2602.33 2,605 1.00 (0.96,1.04)

65–84 years Male 13,628.33 15,352 1.13 (1.11,1.14)
Female 10,552 11,746 1.11 (1.09,1.13)

≥85 years Male 68,968.33 10,526 1.17 (1.15,1.20)
Female 15,631 18,229 1.17 (1.15,1.18)

1 July–31 December <25 years Male 317.67 219 0.69 (0.60,0.79)
Female 194.33 142 0.73 (0.62,0.86)

25–44 years Male 721.33 738 1.02 (0.95,1.10)
Female 367.33 372 1.01 (0.91,1.12)

45–64 years Male 4036.33 4,486 1.11 (1.08,1.14)
Female 2548.67 2,601 1.02 (0.98,1.06)

65–84 years Male 12,613.33 15,314 1.21 (1.20,1.23)
Female 9633 11,473 1.19 (1.17,1.21)

≥85 years Male 7649.67 10,343 1.30 (1.28,1.33)
Female 13,735 17,124 1.25 (1.23,1.27)
Fig. 4. Predicted relative risks (RR) of mortality at the municipality level. The border of each province is indicated with black lines.
be attributed to heatwaves and surface ozone pollution (Bustos Sierra
and Asikainen, 2018; Bustos Sierra et al., 2019, 2022). Again, the
mortality in the second half of 2020 exceeded that of the previous
years, especially from week 40 onward. These patterns corroborate
the report of the European monitoring of excess mortality for public
health action (EuroMOMO) network that there was excess mortality
in the period March–April 2020 which mainly affected the older age
group (Vestergaard et al., 2020). Similar patterns of excess mortality
during the first COVID-19 wave were reported in Israel (Peretz et al.,
4

2022), the United States (Rossen et al., 2020), China (Li et al., 2021),
and many other countries (Islam et al., 2021).

We found an association between gender, age group, and COVID-
19 incidence and excess mortality in Belgium. We found lower risks
of excess mortality among females. A study in Malaysia reported
higher excess mortality among males in the years 2020–2021 (Jayaraj
et al., 2023). Similar results were also reported in Minnesota, although
men already had higher mortality rates than women before the pan-
demic (McCoy et al., 2022). Higher excess mortality among males
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Fig. 5. Exceedance probability at the municipality level. RR = relative risks. The border of each province is indicated with black lines.
has been observed in many European countries before and during the
pandemic, which arguably is a general sex-specific phenomenon rather
than specific to COVID-19 (Nielsen et al., 2021). The exact underlying
mechanism is still under investigation, although results are starting to
emerge (Haitao et al., 2020). However, we need to consider differ-
ences in biological properties between males and females (Klein and
Flanagan, 2016), the presence of underlying conditions that are more
prevalent in men, e.g. cardiovascular or metabolic diseases (Di Ange-
lantonio et al., 2015), or other health-related behaviors (D’Angelo et al.,
2022; Thompson et al., 2016) that could have an impact on health
conditions and eventually, death.

In the younger age groups, we found lower or similar mortality in
2020 compared to the pre-pandemic period as shown in Table 1. In
contrast to these results, some studies found higher excess mortality
in younger age groups due to different population structures (Fantin
et al., 2023) and other contributing factors such as acute substance
poisoning (Beesoon et al., 2022). In our study, the effect of age on
excess mortality became notably pronounced starting from the age
group of 45 years old. This is logical since the Belgian population is
dominated by older age groups. On top of this, excess mortality was
also reported to be higher in people who reside in nursing homes in the
pandemic period (Molenberghs et al., 2022; Torres et al., 2023; Basso
et al., 2023). In the nursing home setting, additional factors such as
medical conditions or treatments administered to the residents (Vila-
Corcoles et al., 2021), as well as the quality of care delivered by the
facility (Cronin and Evans, 2022), may also influence the mortality.

COVID-19 incidence was significantly associated with an increased
risk of excess mortality in 2020. The association was more pronounced
between 1 July–31 December 2020 following the relaxation in travel
(Hodcroft et al., 2021) and a substantial increase in COVID-19 trans-
mission among the younger population (Boehmer et al., 2020). This
was also reflected in the spatial analysis of relative risks (Fig. 4) and
5

exceedance probabilities (Fig. 5), which showed higher values in the
second half of 2020.

The spatial analysis also showed higher relative risks and ex-
ceedance probabilities in age groups 65 years or older. It should be
noted that a distinct pattern could be observed in the northeastern
part of Belgium (i.e., Limburg province) where the relative risks and
exceedance probability were higher in the first half of 2020. This area
was greatly affected by the first wave of COVID-19, yet it experienced
comparatively milder incidences during the subsequent Fall wave of
2020 (Sciensano, 2022). Next to the high COVID-19 incidences in the
first wave, Limburg province also had the highest COVID-19-related
mortality among nursing home residents in this period (Sciensano,
2023). On the other hand, some provinces such as Liège, Luxembourg,
and Hainaut had relatively lower incidences in the first half of 2020,
followed by a surge during the second wave, leading to escalated
relative risks and exceedance probabilities for mortality in these areas.
The Brussels Capital Region showed consistently high relative risk
and exceedance probability throughout both waves, which was an
indication of persistent high COVID-19 incidences over the year 2020.

The introduction of spatial random effects in regression models has
the potential to induce changes in the fixed effects, a phenomenon
commonly referred to as spatial confounding (Reich et al., 2006). To
assess this potential bias, we compared the results of models with
and without the spatial effects. As shown in Table S1, we found only
minimal changes in the fixed effect estimates after including the spatial
random effects. Therefore, there is no substantial indication of spatial
confounding within the scope of our analysis.

The strength of our study lies in the extensive dataset at our dis-
posal, encompassing mortality records by age, gender, and residential
location over multiple years. However, it should be noted that analyz-
ing data at the municipality level could minimize differences that might
be observed at a smaller area level. On top of this, the completeness of
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mortality reporting warrants consideration, especially during the peak
periods in 2020, when data collection capabilities may have reached
their threshold. Third, COVID-19 was not yet recorded as a cause of
death at the time of analysis, despite the implementation of an efficient
ad-hoc reporting system. It will be interesting to investigate trends
within this specific group when the data are available. Last but not
least, the study period was prior to the vaccination campaign which
started in late December 2020. Given the strong influence of vacci-
nation status on COVID-19 transmission and its potential to mitigate
disease severity, eventually, it is important that future analyses incor-
porate vaccination data to enhance the accuracy of excess mortality
modeling.

5. Conclusion

To conclude, we observed substantial excess mortality in Belgium
during the first year of the COVID-19 pandemic. The excess mortality is
influenced by age, gender, and COVID-19 incidences within this period.
Our spatial analysis provides extra insight into the distribution of excess
mortality at the municipality and provincial levels. This is useful for
local and regional authorities when they need to monitor mortality
trends in a relatively simple manner.
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