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Abstract
Background This study aims to assess which population groups experienced the heaviest mortality burden during 
the first three COVID-19 waves in Belgium; and investigate potential changes in social differences in all-cause 
mortality during the epidemic and compared to the pre-COVID period.

Methods Exhaustive all-cause mortality information (2015–2021) from the Belgian population register was linked 
to demographic and socioeconomic census and register data. Annual cohorts consisting of 6.5 million to 6.8 million 
persons were created selecting persons aged 35 and older. Excess mortality was investigated comparing the 137,354 
deaths observed during the first three COVID-19 waves with mortality in the reference period 2015–2019. Methods of 
analysis include direct standardization and Poisson regression analyses.

Results Elderly men experienced the highest absolute mortality burden during all three COVID-waves, followed 
by elderly women, middle-aged men, and middle-aged women. Care home residents consistently experienced 
higher mortality rates during the first and second wave compared to peers living in other living arrangements. In 
wave 3, care home residents showed significant absolute mortality deficits compared to the reference period. When 
adjusting for all demographic and socioeconomic factors, the traditional pattern of educational and income mortality 
inequalities was found among the elderly population during the COVID-waves. In contrast, the educational mortality 
gap among middle-aged persons deepened during COVID-waves 2 and 3 with excess mortality between 19 and 30% 
observed among mainly lower-educated persons. Income mortality inequalities among middle-aged women and 
men remained stable or even diminished for some specific groups in some waves.

Conclusion The widening educational mortality gap among middle-aged persons in successive waves suggest an 
important role of knowledge and associated educational resources during the COVID-19 epidemic. Belgium’s broad 
implementation of public health control and prevention measures may have successfully averted a further widening 
of social mortality inequality between income groups and among the elderly population.
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Text box 1. Contributions to the literature
•Few studies investigate changes in social mortality patterns through-
out the course of the COVID-crisis.
• Elderly men had the highest absolute mortality burden in all three 
COVID-waves. Care home residents showed a particular mortality 
pattern.
• Traditional educational and income mortality inequalities persisted 
among the elderly, suggesting effective COVID-19 support and preven-
tative measures in Belgium.
• The widening educational mortality gap among middle-aged persons 
in successive waves indicate an important role of knowledge-related 
resources during the COVID-19 crisis in Belgium.

Background
Syndemic nature of the crisis
The COVID-19 pandemic has been described as a syn-
demic characterized by social, economic, and health 
factors interacting and exacerbating the disease burden 
[1]. Previous studies have established that COVID-19 
has a socially patterned distribution, with higher risks 
for exposure, infection, severe illness, and death among 
socially disadvantaged groups [2–5]. Of course, the cri-
sis has a broader health impact beyond COVID-19 itself. 
Protective measures were implemented to safeguard the 
healthcare system, and some -already vulnerable- groups 
of people refrained from seeking healthcare out of fear 
or hesitation [6]. Reorganizations of healthcare systems 
have been associated with unintended but significant 
consequences on access to care, diagnosis and treatment 
of multiple diseases [7, 8].

Excess mortality measures have been widely used to 
investigate the overall impact of the crisis on popula-
tion health. When comparing the all-cause mortality 
pattern during the epidemic with the situation before 
the outbreak, elevated mortality risks have been found 
for several sociodemographic factors (e.g., old age, male 
sex, living in a care home facility, migrant background), 
socioeconomic factors (e.g., low income, low educational 
level), and comorbidities (e.g., obesity) [3, 4, 9–11]. Much 
of the available literature covers the first wave of the epi-
demic. Few studies focus on changes in the observed 
excess mortality patterns over time and these are often 
limited by the unavailability of socioeconomic indica-
tors [5, 12, 13]. Deeper insights in the evolution of social 
health inequalities over time, through the consecutive 
waves, can help us understand the dynamic nature of the 
epidemic and the role of pre-existing drivers of social dif-
ferences in population health.

Insights from the stages of diseases theory
Building on the Stages of Diseases Theory (SDTh), social 
health inequalities are expected to change consider-
ably throughout the course of the epidemic [14, 15]. 
SDTh incorporates principles from the Fundamental 
Cause Theory and explains social health inequalities by 

the unequal access to flexible resources (e.g., knowl-
edge, money and social connections) [16]. Social health 
inequalities can arise when the occurrence of a new 
disease is associated with the societal structure and/or 
because of an unequal distribution of these fundamen-
tal resources in society. The SDTh presents four distinct 
consecutive stages of disease occurring over time. At the 
outbreak of a disease, the first stage of “natural mortal-
ity” is characterized by a lack of knowledge on the dis-
ease prevention and treatment in society. Social health 
inequalities are believed to be relatively small during 
this period, as any effective protective behaviour by a 
societal group will be based on coincidence. In the sec-
ond stage of “producing inequalities”, health knowledge 
increases in society with an unequal advantage for some 
groups. As a result, social health inequalities will widen 
during this stage. The third stage of “reducing inequali-
ties” is characterized by a dissemination of the innova-
tive health knowledge in society. In the fourth and final 
stage, mortality is reduced by widely available preventa-
tive resources and effective treatment opportunities for 
all social groups, and the disease can even be eliminated. 
For the United States, Clouston and colleagues have 
found evidence that areas with more resources experi-
enced lower COVID-19 disease burdens during the early 
stages of the crisis [15]. An ecological study from Barce-
lona corroborates these findings and shows a widening 
of area-level socioeconomic inequalities in COVID-19 
infections [17]. To our knowledge, no previous study 
has investigated the evolution of the social patterning 
of all-cause mortality during the different waves of the 
COVID-19 crisis using individual-level information on 
socioeconomic background. Earlier findings indicate that 
the SDTh could be applicable for Belgium, as consider-
able area-level social differences in COVID-19 incidence 
were observed during periods of intense virus circulation 
in COVID-waves 2 and 3, while the first wave and inter-
wave periods showed less pronounced differences, poten-
tially due to limited testing and evolving social measures 
[18]. An individual-level study on all-cause mortality 
during the first COVID-waves suggest atypical excess 
mortality patterns by education and income [3], but it 
remains unclear in what way social health inequalities 
changed throughout the course of the crisis (Fig. 1).

Objectives
The current study has two main objectives. First, it 
aims to assess which population groups experienced 
the heaviest mortality burden during the first three 
COVID-19 waves in Belgium. Second, it investigates 
potential changes in social differences in all-cause mor-
tality throughout the epidemic and compared to the pre-
COVID period.
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Materials and methods
Study design and population
Statistics Belgium provides individual-level linked data 
from three administrative sources which cover the popu-
lation legally residing in Belgium. These sources include 
the Belgian National Register, which provides yearly 
stock files of the total official population in Belgium from 
2015 to 2020, containing sociodemographic information 
and data on all-cause mortality. The second source is the 
2011 administrative census, which provides information 
on educational attainment from various administrative 
data sources. The available educational information is 
highly accurate, but also entails a considerable propor-
tion of missing values due to incomplete data collection 
(e.g., degrees obtained abroad) [19]. The third source is 
the IPCAL database, which contains official tax infor-
mation, including yearly personal income (2014–2017). 
The study population was selected in two stages: First, 
we selected all 7,413,146 persons aged 25 and older at 
the time of the 2011 census, which is the age when most 
persons have traditionally completed their educational 
attainment. Second, annual cohorts for the period 2015–
2020 were created selecting persons aged 35 and older 
on January 1st of each study year. Annual cohorts ranged 
between 6.5  million persons in 2015 to 6.8  million per-
sons in 2020.

Mortality indicators
To identify the population groups that experienced 
the heaviest mortality burden during the epidemic, we 
compared mortality rates during the COVID waves and 
a during a reference pre-COVID period (2015–2019) 
and calculated mortality excesses. Excess mortality was 

defined as the increase in mortality measures during a 
COVID wave compared to the mortality measures during 
the pre-COVID reference period 2015–2019. We present 
excess mortality as the proportional change observed in 
the COVID-19 wave compared to the reference period. 
To investigate absolute mortality inequalities, Directly 
Standardised Mortality Rates (DSMRs) and their 95% 
confidence intervals (CI) were calculated for the three 
COVID-19 waves and the standard period using STATA 
(SE 17.0). The rates were standardized using the total Bel-
gian population distribution on January 1st, 2020. The 
DSMRs for each year in 2015–2019 were pooled using 
random-effects meta-analysis models to provide robust 
and stable estimates for the reference period. Statistical 
significance of the change in mortality measures between 
the COVID-19 waves and the reference period was tested 
as outlined by Altman and Bland [20].

To gauge relative mortality inequalities, Mortality Rate 
Ratios (MRRs) and 95% CI were calculated using multi-
variable Poisson regression analyses in STATA (SE 17.0). 
The natural logarithm of the person time was employed 
as the offset variable to accurately estimate mortality 
rates while accounting for differences in follow-up time 
[21]. Preliminary analyses were carried out to check for 
overdispersion and multicollinearity (results not shown). 
Rather than using data-driven (variable) selection tech-
niques, the models were constructed in four main steps 
based on the literature. The first model included age as 
a continuous variable to obtain age-adjusted MRRs. The 
second model extended model 1 by also including edu-
cation and income to measure socioeconomic differences 
in mortality. Building on the previous model, the third 
model adjusted for sociodemographic background by 

Fig. 1 Stage of Disease theory - Scheme for a hypothetical cause of death. Adapted from Clouston, Rubin, Phelan & Link (14)
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including migrant background, household living arrange-
ment and region of residence. Finally, the fourth model 
also considered approximate indicators of pre-existing 
health issues, specifically whether individuals in the mid-
dle-aged population received health benefits and whether 
individuals in the elderly population resided in a care 
home facility. Interaction terms were not included in any 
of these models. To obtain robust estimates for the refer-
ence period, the yearly MRRs in 2015–2019 were pooled 
using random-effects meta-analysis models.

Socioeconomic measures
In line with Kunst & Mackenbach, we used both edu-
cational attainment and personal income as indicators 
of socioeconomic position [22]. Education was chosen 
to capture knowledge-related resources (e.g., ability to 
understand health prevention messages and to com-
municate with health services), while income was cho-
sen as an indicator for material resources (e.g., ability to 
afford higher-quality protective materials and innovative 
treatments).

Educational attainment refers to the highest achieved 
educational degree on January 1st, 2011 (the date of the 
Belgian census). The data was originally coded using 
the International Standard Classification of Education 
(ISCED) but was recategorized into five categories: (a) 
Primary education or less (ISCED 0–1); (b) Lower sec-
ondary education (ISCED 2); (c) Upper secondary edu-
cation (ISCED 3–4); (d) Higher education (ISCED 5–8); 
(e) Missing information. The group with missing educa-
tional information is most likely very diverse with per-
sons who obtained their educational degree abroad (e.g., 
expats or first-generation migrants), from non-traditional 
education (e.g., self-directed learning), or are faced with 
administrative challenges (e.g., interrupted education). 
Since the missing data is not considered to be random 
(Supplementary Figure A1), it was included as a sepa-
rate category to ensure a comprehensive analysis. How-
ever, because this category doesn’t directly align with the 
SDTh framework, our interpretations primarily focus on 
the categories with complete educational information.

Personal income was derived from the net taxable 
income and divided into five groups based on deciles 
(D): zero declared income; low income (D1-D4); middle 
income (D5-D7); high income (D8-D10); and missing 
information. The group with missing income informa-
tion is most likely composed of persons who work in the 
informal economy, are exempt from taxes (e.g., income 
from property rent) or pay taxes abroad. Similar to our 
approach for missing educational information, miss-
ing income was assumed not to be missing at random 
(Supplementary Figure A2) and was therefore included 
in our analyses as a separate category. However, for 

interpretative purposes we primarily focused on the non-
missing income groups.

To capture the relationship with pre-existing income, 
we used income information from the year prior to the 
wave under investigation (e.g., 2014 income situation in 
mortality analyses for wave 1 in 2015). For the mortal-
ity analyses in 2019, 2020 and 2021, we used the 2017 
income information as more recent income data was 
unavailable.

Sociodemographic measures
Migrant background was assessed by considering infor-
mation on the individual’s nationality at birth, current 
nationality, and nationality of parents, which allowed 
for the classification into three distinct groups: Belgian 
natives, first-generation (FG) migrants, and second-gen-
eration (SG) migrants.

Household living arrangement was defined as the offi-
cially declared living situation in the National Register on 
January 1st of the year of the wave under investigation, 
except for wave 3 in 2021 where the 2020 living arrange-
ment was used due to data unavailability. Four categories 
were constructed based on this information: living with 
a partner; living alone; living in other housing situations 
(e.g., adult child with parents); and collective house-
holds (e.g., prisons, residential care facilities, religious 
communities).

Region of residence refers to the Belgian Region where 
the person was officially domiciled on January 1st of the 
year of the wave under investigation. Prior research has 
identified consistent variations in mortality across the 
three different Belgian Regions, with Flanders having 
the lowest mortality rates, Wallonia displaying the high-
est rates and the Brussels Capital Region (BCR) falling in 
between [23]. In addition, regional differences in mor-
tality are likely to occur during the crisis because each 
Region was responsible for some important tasks in the 
governmental COVID-19 management strategy (e.g., 
health prevention).

Pre-existing health situation
To approximate pre-existing health problems among 
middle-aged individuals, we consider high health benefits. 
Specifically, we deemed a person to suffer from impor-
tant health concerns when 60% or more of their yearly 
net taxable income comes from health benefits. This 
indicator is a proxy for the more severely ill employed 
persons and disabled persons. Because eligibility for 
health benefits is determined by criteria such as labour 
performance, this indicator was only considered for the 
middle-aged population. Like the income variable, we 
used the information from the year preceding the wave 
under investigation, except for the waves in 2019–2021 
for which we used the latest available information from 
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2017. For an overview of the characteristics of the Bel-
gian sick pay system, we refer to an international compar-
ison made by Ose et al. [24].

Care home residency refers to whether an elderly per-
son lived in a residential care home facility on January 1st 
of the year of the wave under investigation.

Data analysis
To account for potential confounding effects associated 
with advanced age and male sex in the COVID-19 disease 
burden [25], the analyses were stratified by sex and major 
age group. A binary sex categorisation (men/women) was 
derived from the official population statistics. The “mid-
dle-aged” group consists of persons between the ages of 
35 and 64 on January 1st of the year being investigated, 
while the “elderly” group comprised persons aged 65 
years or over on the same date. Supplementary Table A1 
provides an overview of the four subpopulations. Given 
the previously reported vulnerability of care home resi-
dents in Belgium [26], we provided additional analyses 
for elderly men and women stratifying for care home 
residency.

Analyses were performed separately for each wave of 
the epidemic, as defined by Sciensano, the national insti-
tute for health [27]. Wave 1 took place between March 
1st, 2020 and June 22nd, 2020. Wave 2 occurred from 

August 31st, 2020 and February 14th, 2021. Wave 3 
lasted from February 15th, 2021 to June 27th, 2021. The 
reference period was constructed using the same dates in 
the years between 2015 and 2019.

Results
Changes over time: absolute mortality inequalities
Figure  2 presents the DSMRs and their corresponding 
95% CIs by educational attainment and wave. Overall, the 
results indicate that elderly men experienced the high-
est absolute mortality burden during all three COVID 
waves, followed by elderly women, middle-aged men, 
and middle-aged women. The largest excesses in mortal-
ity were found among elderly men and women during the 
first COVID-wave. For elderly women, the investigated 
educational groups showed significant excesses between 
19% and 29% in wave 1 compared to the reference period 
2015–2019. For elderly men, excess mortality by educa-
tional group in wave 1 fluctuated between 17% and 25%. 
Excess mortality waned slightly in wave 2 with 8-18% 
significantly higher mortality among elderly women and 
12-22% among elderly men compared to the reference 
period. In wave 3, only specific groups of elderly experi-
enced significant excesses: elderly women with missing 
educational information (5%) and elderly men with a pri-
mary educational degree or less (9%) or lower secondary 

Fig. 2 Directly Standardized Mortality Rates (DSMR) and 95% confidence intervals by educational attainment, subpopulation and wave. Reference: Total 
Belgian population on January 1st, 2020; (*) marks significant excess mortality between the COVID-wave and the reference period (p < 0.05); (%) indicates 
the proportional change in DSMR compared to the reference period. Note: Y-axis a) and b) differs from c) and d)
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degree (5%). Among the middle-aged, excesses were gen-
erally not significant except, in wave 2, for the primary-
educated men (13%), and, in wave 3, the lower secondary 
educated women (20%), lower secondary educated men 
(11%) and upper secondary educated men (10%).

The analyses by income group (Supplementary Figure 
A3) showed similar findings for elderly women and men. 
For the middle-aged, men with high incomes showed 
significant excess mortality during wave 1 (13%) and 
3 (17%), unlike any peers in the low to middle income 
groups. Middle-aged women and men with no declared 
income showed 20% excess mortality in wave 1 and 16% 
excess mortality in wave 2, respectively.

In order to further investigate the mortality burden in 
the elderly population, Fig.  3 displays the DSMRs and 
their 95% confidence intervals by care home residency 
status and educational attainment. The findings suggest 
that living in a care home was associated with consider-
ably higher absolute mortality levels, distinct social pat-
terns in mortality, and a larger excess mortality compared 
to other living arrangements.

Excess mortality among care home residents was most 
pronounced during the first and second wave. Female 
care home residents had 47–81% higher mortality dur-
ing wave 1 compared with pre-COVID, while male care 
home residents had 69–83% higher DSMRs. In wave 
2, excesses were lower but still significant with 20-35% 
higher mortality among women and 29-36% higher 
among men residing in care homes. Notably, high-edu-
cated women in care homes did not experience excess 
mortality. In wave 3, in contrast, care home residents 
showed significant mortality reductions (deficits) com-
pared to the reference period, which was not observed 
among non-care home residents. Among female care 

home residents, mortality dropped with 16-25%. Male 
care home residents had 14-28% lower mortality rates, 
except for the upper secondary educated groups who did 
not show a significant deficit.

Although much less outspoken than with care home 
residents, non-care home residents also experienced 
excess mortality (9-20%) and did so in all 3 waves (except 
for upper secondary educated men in wave 3). Strikingly, 
non-residents revealed clear educational mortality gradi-
ents during all COVID-waves (and the reference period), 
which was not observed for care home residents. There 
was, however, one exception to that conclusion with 
higher-educated care home residents experiencing sig-
nificantly lower mortality rates in all waves during the 
reference period. The findings on income group largely 
support these findings (Supplementary Figure A4).

Changes over time: relative mortality inequalities
Table  1 displays the MRRs from the fourth model and 
their corresponding 95% confidence intervals for vari-
ous subpopulations and COVID-19 waves. With adjust-
ment for demographic and pre-existing health situation, 
the results demonstrate that distinct socioeconomic 
mortality differences were evident across all subpopula-
tions in all three COVID-19 waves. Differences did not 
significantly change across waves. Mortality rates were 
consistently higher among lower-educated individuals 
compared to their high-educated peers. For middle-aged 
women and men with a primary degree or less, mortal-
ity rates were 48–66% higher for women and 45–72% 
higher for men compared to those with a higher educa-
tional degree. Among the elderly population, these dif-
ferences were 31–37% and 34–38% for women and men, 
respectively.

Fig. 3 Directly Standardized Mortality Rates (DSMR) and 95% confidence intervals for elderly women (a) and elderly men (b) by care home residency, 
educational attainment, and wave. Reference: Total Belgian population on January 1st, 2020; (*) marks significant excess mortality between the COVID-
wave and the reference period (p < 0.05); (%) indicates the proportional change in DSMR compared to the reference period
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Results also showed considerable mortality differ-
ences by income among middle-aged women and men. 
Compared to the high-income groups, women with no 
declared income had mortality rates more than 4 times 
higher in wave 1, and over 3.5 times higher in wave 2 
and 3. Similarly, men with no declared income had 3 to 
almost 4 times higher rates in all three waves. Those in 
the low-income group also had higher mortality, 54–64% 
higher among women and 73–91% higher among men 
across waves. In contrast, elderly individuals with zero 
declared income did not experience significantly higher 
mortality compared to those with high incomes. Elderly 
with low incomes experienced 15–18% and 32–36% 
higher mortality compared to their peers in high-income 
groups.

Table  1 provides additional evidence of important 
sociodemographic differences in mortality during the 
three COVID-19 waves. The data revealed that middle-
aged subpopulations with a migration background had 
lower mortality rates, even after adjustment for socio-
economic background and pre-existing health situation. 
First-generation migrant women and men experienced a 
significant mortality advantage in all three waves, with 
39–44% and 33–39% lower rates compared to Belgian 
natives. Second-generation migrant men had 14–26% 
lower rates; while second-generation migrant women 
only had a significant mortality advantage of 17% and 
22% in wave 1 and 2, respectively. In the elderly popu-
lation, significant mortality advantages were found for 
first-generation migrant women in wave 1 and for first-
generation migrant men in wave 1 and 3.

As expected, large mortality differences were found 
by household living arrangements in all subpopulations 
and all three waves. Persons living in collective house-
holds (e.g., prisons, religious communities) experi-
enced the highest MRRs compared to those living with 
a partner (even after adjustment for care home residency 
among the elderly). The gap between persons in collec-
tive households and those living with a partner appeared 
to decrease throughout the course of the epidemic. For 
example, MRRs for middle-aged women living in collec-
tive homes decreased from 7.19 (CI 5.57–9.29) in wave 
1 to 5.28 (CI 4.20–6.63) in wave 2 and to 4.08 (CI 3.04–
5.47) in wave 3. Living alone also was related to higher 
MRRs compared to living with a partner. For middle-
aged women and men in one-person households, mor-
tality was 74% and 102% higher in wave 1 compared to 
peers living with a partner. Again, the difference declined 
over the course of the epidemic with MRRs in wave 3 
being 50% and 78% higher among middle-aged women 
and men living alone. For elderly women and men in 
one-person households, mortality was approximately 

30% higher in all three waves compared to peers living 
with a partner. For elderly in a care home, mortality was 
significantly higher than their peers. Their MRRs also 
decreased throughout the course of the epidemic, both 
for women (MRRW1 1.69 CIW1 1.54–1.85 to MRRW3 1.27 
CIW3 1.16–1.39) and men (MRRW1 1.90 CIW1 1.69–2.14 
to MRRW3 1.18 CIW3 1.04–1.35).

The results also showed evidence of significant mortal-
ity differences by Region of residence (except for middle-
aged women living in the BCR in wave 1). MRRs were 
highest for persons living in Wallonia and lowest for 
those living in Flanders, with the BCR in between. How-
ever, there was a different pattern in wave 1, with elderly 
women and men living in the BCR having the highest 
rates with MRRs of 1.35 (CI 1.28–1.43) and of 1.51 (CI 
1.42–1.60), respectively.

Pre-existing health situations were significantly related 
to elevated mortality as well. Middle-aged women and 
men who received high shares of health benefits experi-
enced over 2.5 times higher rates in all three waves com-
pared to those who did not receive high health benefits.

To understand whether the size of relative inequalities 
changed during the epidemic, the adjusted MRRs for the 
COVID-period and the reference period were gauged 
by educational attainment and wave. Figure 4 shows the 
results for middle-aged women and men. Clear educa-
tional mortality differences were present in all waves, 
both during COVID as during the reference period. 
However, the strong gap between high-educated persons 
and the rest seems to have widened from COVID-wave 
1 to 3. In wave 1, no excess mortality was observed. In 
wave 2, women and men with a primary degree or less 
experienced approximately 20% higher mortality com-
pared to the reference period. In wave 3, excess mortal-
ity had risen to approximately 25% for these groups. An 
even more pronounced widening was observed for mid-
dle-aged men with an upper secondary degree with 13% 
excess mortality in wave 2 and 23% in wave 3. In contrast, 
the results by income group for middle-aged women and 
men (Supplementary figure A5) suggest that the pat-
tern in income mortality differences is more robust than 
the pattern in educational mortality differences. The 
strong gap between high-income persons and persons 
in lower income groups remained consistent, except for 
a mortality deficit of 20% and more among middle-aged 
women (wave 2) and men (wave 1 and 3) who declared 
no income; and middle-aged men in the middle-income 
group (wave 1).

For elderly women and women, mortality differences 
by educational attainment or income group did not seem 
to vary during the COVID-waves (Supplementary figures 
A6 and A7).
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Discussion
The COVID-19 pandemic has had a significant impact on 
the mortality rates of the elderly population. During the 
first and second wave of the epidemic, their DSMRs were 
notably higher compared to the reference period, across 
all educational and income groups. During wave 3 there 
was some respite, as excess mortality was generally no 
longer significant. The most significant mortality increase 
was observed among care home residents, particularly 
during the first wave of the epidemic, with a gradual 

decrease in the second wave and even a mortality deficit 
in the third wave. According to a previous decomposition 
of excess mortality in Walloon care homes during the 
Spring of 2020, these significant increases in care homes 
were most likely the result of a combination of factors: 
the age composition of care home residents, their pre-
COVID frail health condition, the high contamination 
rate in care homes, and the organization of care home 
resources and staff [26]. The COVID-19 virus was already 
present in care homes in Belgium at the early start of the 
epidemic [28, 29] and its spread in Belgian care homes 

Fig. 4 Mortality Rate Ratios (MRRs) for the middle-aged population by educational attainment and wave. Note: MRRs are adjusted for age (years), per-
sonal income, migrant background, household living arrangement, region of residence, and having received a high share of health benefits; (*) marks 
significant excess mortality between the COVID-wave and the reference period (p < 0.05); (%) indicates the proportional change in MRR compared to the 
reference period
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was intensified due to the government’s delayed response 
[3, 30, 31]. The evolution through consecutive waves 
might be attributed in part to the successful implemen-
tation of prevention and vaccinations campaigns in Bel-
gium, especially among the elderly [32, 33]. The mortality 
deficit among care home residents observed in the third 
wave can be explained by several factors. First, care home 
residents and staff were prioritised in the vaccination 
campaign meaning they could receive their first dose of 
the COVID-19 vaccine from January 5th, 2021 onward. 
Approximately 6% of persons older than 65 years com-
pleted their full primary vaccination before the start of 
wave 3 [34]. All other elderly persons without prespeci-
fied health risks were invited to get vaccinated from 
March 1st, 2021 onward and that was widely embraced 
in Belgium with complete primary vaccination rates of 
93% among the 65 + population on October 31st, 2021 
[32]. Second, Vandael and colleagues [29] report that care 
homes increasingly implemented infection prevention 
and control measures and gained additional support by 
the Regional health authorities during the second wave. It 
is highly likely that these good practices also contributed 
to reduced mortality among care home residents during 
wave 3. Third, the observed mortality during wave 3 may 
be influenced by difficulties in identifying care home resi-
dents in 2021. The most recently available information 
on care home residency dates from January 1st, 2020, 
in contrast to the reference years 2015–2019 for which 
annual information is available. From this group of iden-
tified care home residents, the frailest individuals died 
early in the epidemic, resulting in a relatively healthier 
population in care homes during wave 3. In addition, the 
epidemic had an influence on the composition of the care 
home population, as an unknown proportion of residents 
left their care home to be with their family and the influx 
of new residents was restricted by COVID-19 control 
measures or fear of contagion [26].

Regarding temporal patterns in mortality excess by 
socioeconomic variables, DSMRs for the elderly popula-
tion showed that all educational groups experienced sig-
nificantly higher absolute mortality during the first and 
second COVID-wave. In wave 3, only elderly men with 
a primary or lower secondary degree experienced excess 
mortality. Results by income group showed similar find-
ings. Among the middle-aged, excesses were generally 
not significant, except for the primary-educated men in 
wave 2, the (lower) secondary educated men and women 
in wave 3 and the high-income men during wave 1 and 
3. When considering relative mortality inequalities by 
socioeconomic group over time, results for the elderly 
population demonstrate that COVID-19 did not funda-
mentally alter the traditional pattern of higher mortality 
rates among lower socioeconomic groups. In contrast, 
for the middle-aged population, educational inequalities 

intensified during COVID-waves 2 and 3 compared to 
the reference periods. While controlling for age, income, 
sociodemographic background and the pre-existing 
health situation, middle-aged women and men with a 
primary degree or less experienced significantly higher 
mortality in COVID-wave 2, expanding the education 
mortality gap with their high-educated peers. In wave 3, 
the educational mortality gradients became even steeper 
for middle-aged women and men with a primary educa-
tion or less, and for those with a lower secondary educa-
tion. Notably, middle-aged men with an upper secondary 
degree also experienced a significant mortality excess 
during wave 3. Given that COVID-19 is a syndemic pan-
demic, there are numerous underlying mechanisms that 
contribute to this vulnerability [1]. Lower educational 
levels may be associated with a lower accessibility to 
sound coping mechanisms, a more limited knowledge 
about how to implement COVID-19 lockdown and 
hygiene measures, and with poorer healthcare [9, 10, 
35]. Clear educational differences have been observed 
in COVID-19 vaccination  [33]. However, this may only 
partly explain this finding because of the timing late in 
the third wave for the population 18 to 64 years old [32]. 
Lower educated socioeconomic classes typically work in 
occupations that increase exposure to the virus, espe-
cially in sectors characterised by constant human contact 
(bus drivers, retail staff, cleaners, etc.) compared to those 
working in sectors that allow working from home or in a 
more protected environment [36]. Overall, these findings 
for education are consistent with previous findings that 
pre-existing socioeconomic inequalities in all-cause and 
COVID-19 specific mortality have deepened due to the 
outbreak itself, lockdown measures and the disruption of 
daily life during the epidemic [15, 37].

Whereas relative educational mortality inequalities 
seem to have widened during the COVID-epidemic 
for the middle-aged population, the results regarding 
income mortality inequalities differ. MRRs for middle-
aged women and men show a stable or even decreasing 
pattern of income inequalities over time, when control-
ling for age, educational attainment, sociodemographic 
background and the pre-existing health situation. Nota-
bly, mortality deficits were observed for the vulnerable 
group of women (wave 2) and men (wave 1 and 3) with 
no declared income, as well as for middle-income men in 
wave 1. However, it is important to acknowledge that the 
most recently available income data dates from 2017. In 
an evaluation of the effectiveness of Federal and Regional 
social policy measures in Belgium during 2020, Wizan, 
Neelen and Marchal found that –especially federal- 
income support measures were successful in mitigating a 
significant proportion of income volatility induced by the 
pandemic [38]. It is possible that COVID-19 emergency 
government support measures may have contributed to 
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lower mortality rates for these vulnerable groups than 
expected from the reference period.

The increasing relative risks of the lower educated 
in successive waves align with the Fundamental Cause 
Theory [16, 39] and the SDTh [14, 15]. As COVID-
19 was a new infectious disease, insights in risk factors 
and prevention initially lacked. These gradually came to 
development when public health control and prevention 
measures were put in place. One could thus expect that 
mortality inequalities were generally smallest during the 
first wave and highest during the second and third wave. 
This trend was observable in middle-aged people for 
educational inequalities. For income, however, no such 
changes could be observed, nor for the elderly popula-
tion. These findings clearly demonstrate the need for 
further research into the underlying mechanisms and 
interplays between education, income, age and health 
status. In our view, educational attainment and the effec-
tive use of the associated resources play a powerful role in 
understanding Belgian excess mortality during COVID-
19. We hypothesise that the implemented COVID emer-
gency government measures may have been effective 
in controlling income mortality inequalities (and even 
decreasing them for some groups in some waves). Spe-
cifically for elderly persons, the timing and broad roll-out 
of the vaccination campaign seem powerful explanations 
for the presented findings. Regarding the elderly popula-
tion, there was a noticeable contrast between those resid-
ing in care homes and those living independently.

Our study has several limitations. First, during the time 
of our analysis, it was not feasible to distinguish deaths 
specifically caused by COVID-19. Therefore, we were 
unable to investigate the underlying factors contribut-
ing to the excess mortality observed during the different 
waves of the epidemic. Excess mortality can result from a 
variety of factors, including a reduction in mortality for 
specific causes, such as traffic accidents, and an increase 
in mortality due to other causes. Hence, excess mortality 
should be interpreted as mortality related to the COVID-
19 epidemic rather than people dying from COVID-19. 
Excess mortality is however a useful indicator to esti-
mate the total impact of the COVID-19 epidemic, as it 
considers not only deaths directly caused by COVID-19, 
but also deaths that may have been indirectly caused by 
the pandemic due to factors such as delayed medical care 
and disrupted healthcare systems [40].

Second, it is also important to note that we did not dis-
pose of data on occupation, health seeking behaviour, 
uptake of government guidelines, and other determi-
nants of mortality differences, which could influence this 
study’s findings. In addition, information on educational 
attainment was based on data of the 2011 census, and 
personal income for the years 2019–2021 was based on 
2017 income information. Yet, the age groups involved 

are not the most mobile in terms of educational attain-
ment. Income information was grouped into three cat-
egories based on income deciles, which may limit the 
variability over time. The available income information 
may not capture extent of income differences fully, espe-
cially among care home residents. Differences in mortal-
ity rates by income were generally not significant among 
the elderly in care homes, possibly due to a selection 
effect, as entering a care home is relatively expensive in 
Belgium, and only people with higher incomes can afford 
it. The variable used in the study only measures taxable 
income and not wealth, which includes assets such as 
property, investments, and savings.

Third, the absence of data on incidence and survival 
also restricts the ability to fully examine the socioeco-
nomic inequalities related to COVID-19. The study 
by Angelici and colleagues on educational patterns in 
COVID incidence in Rome followed a clear pattern 
through successive waves, with higher incidence initially 
seen among the higher-educated, which later shifted 
to being higher among the less-educated [9]. This find-
ing is consistent with the extended Fundamental Cause 
Theory. In order to better understand the direct effects 
of the spread of COVID-19 and its implication on excess 
mortality in the Belgian situation, further analyses using 
incidence data and/or cause-specific data to disentangle 
COVID-19 as a cause of excess mortality [40]. Future 
studies should explore how different causes of death 
interact with COVID-19 mortality to generate excess 
mortality and how this is patterned by socioeconomic 
and – demographic characteristics.

Our study’s main strength is the comprehensive data-
set that allowed for a detailed analysis of subgroups. We 
were able to include all deaths in the country, and a wide 
range of sociodemographic and socioeconomic determi-
nants. Our study is also among the first to assess trends 
across different waves in socioeconomic inequalities in 
COVID-19 excess mortality using individual-level data.

Conclusion
Elderly men experienced the highest absolute mortal-
ity burden during all three COVID-waves, followed 
by elderly women, middle-aged men, and middle-aged 
women. More specifically, care home residents consis-
tently experienced higher mortality rates during the first 
and second wave compared to peers living in other liv-
ing arrangements. In wave 3, care home residents showed 
significant absolute mortality deficits compared to the 
reference period. Compared to the reference period, 
the largest increases in mortality, in absolute terms, 
are found among the elderly population during the first 
and second COVID-wave. Only some specific groups 
of elderly persons experienced excess mortality during 
wave 3. In relative terms, the COVID-19 epidemic did 
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not fundamentally alter the traditional pattern of edu-
cational and income mortality inequalities among the 
elderly population. In contrast, the middle-aged popu-
lation experienced an increase in relative educational 
mortality inequalities compared to the reference period. 
Meanwhile, the income mortality gap for middle-aged 
women and men remained stable or even diminished for 
some specific groups in some waves. The increase in rela-
tive educational mortality inequalities among the middle-
aged provide support for the Fundamental Cause Theory, 
as well as for the SDTh. It is likely that the broad roll-out 
of COVID-19 government support measures and suc-
cessful vaccination campaign in Belgium mitigated the 
relative income mortality inequalities in the middle-aged 
population and socioeconomic mortality inequalities 
among the elderly population.
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