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Abstract

Background: Belgium was one of the countries that was struck hard by COVID-19. Initially, the belief was that we
were ‘all in it together’ Emerging evidence showed however that deprived socioeconomic groups suffered dispro-
portionally. Yet, few studies are available for Belgium. The main question addressed in this paper is whether excess
mortality during the first COVID-19 wave followed a social gradient and whether the classic mortality gradient was
reproduced.

Methods: We used nationwide individually linked data from the Belgian National Register and the Census 2011.
Age-standardized all-cause mortality rates were calculated during the first COVID-19 wave in weeks 11-20 in 2020
and compared with the rates during weeks 11-20 in 2015-2019 to calculate absolute and relative excess mortality by
socioeconomic and -demographic characteristics. For both periods, relative inequalities in total mortality between
socioeconomic and -demographic groups were calculated using Poisson regression. Analyses were stratified by age,
gender and care home residence.

Results: Excess mortality during the first COVID-19 wave was high in collective households, with care homes hit
extremely hard by the pandemic. The social patterning of excess mortality was rather inconsistent and deviated from
the usual gradient, mainly through higher mortality excesses among higher socioeconomic groups classes in specific
age-sex groups. Overall, the first COVID-19 wave did not change the social patterning of mortality, however. Differ-
ences in relative inequalities between both periods were generally small and insignificant, except by household living
arrangement.

Conclusion: The social patterning during the first COVID-19 wave was exceptional as excess mortality did not fol-
low the classic lines of higher mortality in lower classes and patterns were not always consistent. Relative mortality
inequalities did not change substantially during the first COVID-19 wave compared to the reference period.
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Background

Many European countries faced a first outbreak of the

Coronavirus 2 (SARS-CoV-2 or COVID-19) during

spring 2020. The pandemic has had tremendous con-
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message — at least in the beginning stage of the pan-
demic — was that ‘COVID-19 did not discriminate’ [1].
That, being an infectious disease, it struck people with-
out distinguishing classes and borders. This refers to an
old belief; since infectious diseases dominated mortal-
ity patterns in the Ancient Regime, it was believed that
socioeconomic (SE) inequalities in mortality did not
occur during this era [2—4]. Related to COVID-19, it
was also believed that mortality hit the higher SE classes
more during the first wave. Skiing holidays and travel-
ling for leisure and work-related goals — more typical for
and affordable in the middle and higher classes — initially
played an important role in the spread of COVID-19 [5],
so one could expect a higher COVID-19 incidence and
mortality in these SE groups.

Notwithstanding these initial thoughts, studies that
linked COVID-19 related mortality to individual’s SE and
socio-demographic (SD) characteristics showed a higher
mortality in deprived SE groups [6—12], at advanced ages
[8, 13—16], among males [8, 16—18] and among migrant
minorities [8, 19, 20].

Based on these preliminary results and the huge evi-
dence of SE inequalities in mortality [21-23], COVID-19
mortality can be expected to be higher in deprived SE
classes. The underlying mechanisms are numerous [24]
and include connections to the main dimensions of soci-
oeconomic status (SES):

— Lower educational level may be associated with a
lower accessibility to sound coping mechanisms pav-
ing the way to more risky behaviour such as smoking
and poor dietary patterns defeating the immune sys-
tem; to a higher frequency of co-morbidities (diabe-
tes, obesity, respiratory diseases) increasing the risk
of infection; with limited knowledge about how to
implement COVID-19 lockdown and hygiene meas-
ures; and with poorer healthcare. Indirectly, educa-
tion also influences the occupational position and
income level that both relate to survival chances as
well.

— Occupation may increase exposure to the virus, espe-
cially for individuals working in sectors characterised
by constant human contact (bus drivers, healthcare
workers, care home workers, retail staff, cleaners,
teachers, etc.) compared to those working in sectors
that allow working from home or in a more protected
environment.

— Low income may affect living conditions in many
ways, influencing the neighbourhood in which one
is living, leading to poorer housing conditions and
poorer dietary patterns. These aspects are in their
turn associated with higher infection risks and with
poorer access to efficient means to protect one-
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self and to cope with lockdown measures (protec-
tive material, a garden, living near green spaces and

parks, ...).

In addition, specific sociodemographic groups can be
expected to have a higher risk of dying from COVID-109.

— Migrant groups more often belong to vulnerable
SE classes and may be more difficult to reach with
informative campaigns about protection measures
and seeking health care due to the lack of efficient
communication channels and to cultural or language
barriers.

— Household living arrangement is another poten-
tial marker for COVID-19 related mortality: peo-
ple living in single households may dispose of less
social capital to act appropriately when infected but
may otherwise be less exposed to the risk of infec-
tion by other household members. The difference
between private and collective households, particu-
larly residence in care homes at old age, is crucial as
well, given the very high mortality in homes for the
elderly [25].

The aim of this paper is to unravel the social patterning
of mortality during the first COVID-19 wave in Belgium.
First, we will look into excess mortality by SE/SD indica-
tors in order to disentangle how this excess is patterned
socioeconomically and socio-demographically. To our
knowledge, only one study investigated COVID-19 excess
mortality in Belgium, focussing on income inequalities
[7], generally showing higher excess mortality with lower
income groups. Second, we will compare relative mor-
tality inequalities during the first COVID-19 wave with
relative inequalities in a reference ‘normal’ period to dig
deeper into the impact of COVID-19 on relative social
inequalities in mortality. This issue has hardly been tack-
led in literature. Analyses integrate linked individual data
on all-cause mortality and SE and SD indicators. Infor-
mation is included on income, educational level, age, sex,
migrant origin, household living arrangement, type of
household and co-morbidity.

Data and methods

Design and study population

Data were provided by Statistics Belgium and consisted
of a record linkage between different administrative data
sources: the Belgian National Register (providing yearly
population stocks with information on SD characteristics
and vital status for all people officially residing in Bel-
gium on the 1st of January of each year), the administra-
tive census 2011 (providing education and housing data)
and the tax register (providing yearly income data). The
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anonymised data were exhaustive and consisted of more
than 11 million Belgians for whom a wide set of SE and
SD variables were available. Analyses were performed for
the entire population aged 25 and older.

Variables

Mortality indicators

In order to investigate inequalities in COVID-19 related
mortality, we approached mortality from different angles.
First, we focussed on excess mortality by SE/SD char-
acteristics. Mortality excess was defined as the higher
(absolute and relative) age-standardised mortality rates
during the first COVID-19 wave — i.e. from weeks 11-20
thus covering the period between the 9th of March and
the 17th of May — compared to pre-COVID-19 mortal-
ity during a reference period, assumed to be character-
istic for a normal mortality regime. The focus on excess
mortality was justified by the fact that testing capacity
and testing strategy have had a huge impact on the reg-
istration of deaths as COVID-19 deaths and the fact that
data were not available yet. To assess the impact that
COVID-19 has had on existing mortality inequalities, we
secondly compared relative SE/SD inequalities in total
mortality observed during the first COVID-19 wave with
inequalities observed during the standard pre-COVID-19
reference period. Ideally, such a comparison should be
limited to COVID-19 deaths, but cause-specific data are
not available yet.

SD and SE variables
To gain clear insight into inequalities in COVID-19
related mortality, we focused on a range of SE and SD
indicators. The use of different SE indicators is important
as they represent different forms of SE (dis)advantage,
and in addition they are formed during different phases
of the life course [26, 27]. We included educational attain-
ment and income as SE indicators. Education primarily
represents the knowledge-related assets of a person and
was classified in this study using the International Stand-
ard Classification of Education: primary education (0-1),
lower secondary education (ISCED 2), higher secondary
education (ISCED 3-4) and tertiary education (ISCED
5-6). Income captures current economic resources and
was based on the total net taxable income per person,
divided into deciles categorized as low income (deciles
one to four), mid income (five to seven) and high income
(eight to ten). As missing values may not be randomly
distributed in the population, they were treated as sep-
arate categories, both for educational attainment and
income level.

We included age, gender, household living arrange-
ment, migrant background and home care residency as
SD indicators. Household living arrangement partially
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reflects the social network and was operationalized by
distinguishing persons living without a partner, persons
living with a partner, other positions (children living
with parents, multigenerational families...) and collec-
tive households. Collective households consist of elderly
care homes, where people officially reside because of
poor health and insufficient supportive networks, as well
as all other residential facilities for disabled people or
people with mental health problems and prisons, where
people reside on a permanent basis. Migrant background
was based on nationality of origin and distinguished Bel-
gians, first-generation (FG) and second-generation (SG)
migrants. We decided not to include a more detailed
classification of the migrant community in Belgium as
this was beyond the scope of this paper. In addition, a
paper by Vanthomme et al. [20] investigated this topic of
excess mortality by migrant background thoroughly in
Belgium, using a more detailed variable.

As literature showed that co-morbidity played a sig-
nificant role in COVID-19 related mortality, a proxy
of co-morbidity prior to the COVID-19 pandemic was
included. More specifically, individuals were catego-
rised as having a chronic disease when their total tax-
able income in 2020 mainly consisted of sickness benefits
(60% or more). As this indicator was based on income
out of labour, it could only be constructed for the popula-
tion younger than 65 years.

Statistical analysis

To obtain a measure of mortality excess during the first
COVID-19 wave, we compared (directly) age-standard-
ised mortality rates (ASMRs) calculated for weeks 11-20
in 2020 with the ASMRs calculated for the same weeks in
2015-2019, using the Belgian population of 2020 as the
standard population. To obtain a robust and stable esti-
mation of mortality in the reference period, geometric
means of the ASMRs during weeks 11-20 of the various
years (2015, 2016, 2017, 2018 and 2019) were calculated
[28]. Absolute excess mortality was calculated as the
absolute difference between both series of ASMRs. In
addition, we calculated the relative (percentage) change
between the ASMRs in 2020 and those in the standard
period (relative to the standard period). To describe SD
and SE inequalities, excess mortality (absolute and per-
centage change) was calculated by education, income,
household living arrangement, migrant background and
co-morbidity.

Second, to study whether the first COVID-19 wave
altered the existing SE and SD inequalities in total mor-
tality, we compared the age-adjusted mortality rate ratios
(MRR) of both periods. MRRs were calculated for all SE
and SD variables, using the overall population as refer-
ence, by running Poisson regression models with the log
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of the person-time as the offset. SE and SD variables were
added one after the other. As we wanted to compare the
gradients over the different subgroups, we decided not
to use a stepwise selection procedure. In this way, we
assured that each variable was added at the same time
for each subgroup. In building the models, we followed
a life course approach — first adding the socioeconomic
variables achieved quite early in life through education
and subsequently income; then the socio-demographic
variables; and finally chronic disease — rather than a vari-
able selection based on explanatory power or model fit.
As many socioeconomic and socio-demographic vari-
ables are interrelated, we controlled for multicollinearity
in a correlation matrix (results not shown). This matrix
showed that socioeconomic and socio-demographic
variables were correlated, but not in a way to jeopardize
our results due to multicollinearity (the highest correla-
tion was observed between education and income with
a coefficient of 0,54, the second highest correlation was
observed between living situation and income with a
coefficient of 0.44).

To construct a robust picture of the standard period,
we estimated MRRs for each year and calculated the
geometric mean of the MRRs of the various years (2015-
2019). The significance of the change over time was for-
mally tested as explained by Altman and Bland [29]. All
analyses were performed with Stata 14.2. Analyses were
stratified by age (25-64, 65-84 and 85+) and sex, given
the age-and sex-driven (COVID-19) mortality patterns
and the fact that specific variables were available for anal-
ysis in the youngest groups only (chronic morbidity and
migrant background). In the older age groups, we also
stratified by care home residence as COVID-19 struck
care homes very hard in Belgium.

Results

SE inequalities in excess mortality during the first wave

of COVID-19 in Belgium

Table 1shows excess mortality expressed as excess deaths
per 100,000 person-years and the percentage change as
compared to the standard period (2015-2019) by age
group, care home residency and SE/SD indicators. The
results show that mortality was significantly higher dur-
ing the first wave of the epidemic, with the largest excess
mortality and percentage changes for the oldest age
groups (65-84 and 85+). Excess mortality was also higher
in men than in women in all age groups.

Looking at the results by age group, there was a
significant level of excess mortality during the first
COVID-19 wave among low-educated women (23%),
high-income men (14%), non-Belgian first-generation
men (22%) and among men without chronic morbidity
(10%) in the youngest age group (aged 25-64). Men and
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women living in a collective household were affected
extremely hard in terms of mortality during the first
wave of COVID-19: for men a 24% excess mortality was
observed, and for women even 49%. In absolute terms,
1993 per 100,000 men living in a collective household
died during the COVID-19 observation period in con-
trast to 1513 men per 100,000 during the same weeks
in the standard period. For women, these numbers
increased from 1306 per 100,000 in 2019 to 2558 per
100,000 in 2020.

For the group aged 65-84years, we generally found
significant and large mortality excesses for all SE/SD
subgroups. A striking result was the difference between
individuals who did and those who did not live in care
homes: excess mortality was ‘limited’ to 24% (or 254
deaths per 100,000 person-years) for male and 18% (or
92 surplus deaths) for female non-residents compared to
57% (or 5348 deaths per 100,000 person-years) for male
and 53% (or 3027 deaths) for female care home resi-
dents. Absolute and relative mortality excesses in this age
group did not vary consistently by education and income
among men, although middle- and high-income groups
seemed characterised by a higher excess mortality with
resident men. Among women not residing in care homes,
we found the largest mortality excesses among those with
unknown and lower (primary or less and lower second-
ary) educational attainment, whereas the opposite was
observed among care home residents. We detected a
similar pattern by income (although not extending to
the missing category). By household living arrangement,
non-resident men and women cohabitating with some-
one other than their partner showed a mortality surplus
of respectively 20 and 29%.

For the oldest age group (85years and older), mortality
during the first COVID-19 wave was again consistently
higher among all SE/SD subgroups compared with the
reference period. Once more, there was a large difference
by care home residency with residents showing a much
higher excess mortality during the first COVID-19 wave
compared to elderly people who still lived independently:
a 50% versus 22% higher mortality level among men (or
1551 versus 184 additional deaths per 100,000), and a
42% versus 22% difference among women (or 844 versus
130 deaths per 100,000). By education, excess mortality
was highest for men with an upper secondary degree and
the missing category, while for income, patterns varied
when considering absolute and relative excess mortal-
ity. For women, the largest excess was observed for the
lower and lower secondary educated and middle-income
among care home residents. In non-resident women, pat-
terns by education were inconsistent, while by income
excesses were largest in the high-income and missing
categories.



Page 5 of 17

(2021) 20:258

Gadeyne et al. International Journal for Equity in Health

oLy (0'876-0'80£) 0'818 £°0C (z's9L-£'8L) 0Tl 0°T9 (S'vE8Y-1'9LLT) TSLLE S'€T (8'861-€'96) 9°LP7L LEL (0€5-6€) ¥'8C Buissiy
Lo (6'£8L-T'86V) L'EV9 8'8¢C (€°L61-€'L6) V'LVl €95 (L'68LY-S'€L9L) €£'1€6T S'SL (6'€8-LL€) 8°LS 60 (1'9-Cv—) 60 uonesNpa JaybIH
€0 (6°798-€'€79) L'EVL N 44 (S'€SL-S°64)S9LL  S'VS (1'SS6€-69L1T) 0'9€0E  L'¥L (6'¥8-€V€) S°6S I'S— (L0—¢€€l—)0L— Atepuodas saddn
[ 4 (1°'S66-€'1€8) L V716 VA 44 (5'€91-8'CLL) L'8EL  6°TS (r'v9LY-¥'SEVT) 6'662E  ¥'TT (€'9€1-9°€6) O°'SLL 8'S @le-c/—)eel A1epu0d3s J1oMO1
L'ey (8°££6-6'998) ¥'TT6 (4 74 (o'LLL-S'TeL) L'EsSL €Ly (r'6LTE-¥'L88L) 1'E8ST  €1T (8'0S51-6'20L) 8'9CL v'ee (¥'£01-9'C€) 0°'0L $s9] 40 Alewilg
|9A3] |euonyednpy
o'y (9'8£8-6'808) 8'€18 e (L'6€L-€'0CTL) L'6CL S'TS (T LEvE-S€T9T) ¥'LT0E  T'8L (£'66-0°S8) €£'¢6 LT (6v-r9)cy |eloL
uawomm
Sll= (I'll—=90lZ—)g0LL — S9A
€olL (0'9z-6'61) 0°€T ON
aseasip d1uoay)
S8 (Cs9-LvI—) TSt uelbjag-uou og
6'LT (6'vL-8'S€E) ¥'SS ueibjag-uou o4
90 ©OT/-6€-) 9L ueibjeg
punouibydeq Jueibipy
8'8S (6'2561-8'586) 6917 L L'¥C (£'SY8-0'€LL) €'6LY HH @AI139[|0D
9Ll (0'vze-8'cy) 'esL ot (r'T6€-8'66) L'9VT Syl (6'SLL-¥'6) LT9 19410
ST (0'vST-1'28l) L'8LT col (CvLT-vT8l) T8ee cl— (6£1-987—) €6— Jauited INOYUM
[ 44 (Z'80T-¥'951) €781 79l (Osrl-Lell) €6Cl 6'l (§9-00) C€ Jaunted Y
uonenyis BulAl]
LS (9°98€T-¥'¥SEL) §°0£L8L  COb—  (€8E-C6SE—)¥09l— TY9 (r'£9€S-6'S0LT) L9ELE  ¥9L (L06€-9€€—) 1'8/1L S0 (C19-1'19-) 1T Buissiy
14174 (E'VEEL-L1"9L8) £°SOLL 'sc (6'v9T-£'LEL) €°10T  T'89 (9°'0S18-8'TLLY) 9'L9L9  S'LL (#'0SL-£'69) L'OLL 'L (0'9z-091)0°'LT ubIH
€LS (€10£1-€'69¥71) €£°58SL T4 (£'£€T-8'891) €°€0C  L'8S (T'L9LL-8'LPTS) S'L0T9  00C (£961-69%1) L'LLL 19— (F'1——68¢—) Sl— SIPPIN
809 (1'98£1-S°1L091) 8'€691L e (F'LZT-0'6S1) €061 89S (6'€£85-0"99S¥) 0°02CS S/L (#'12z-¥951) 6'881 Sv (L'ey—€7—)¥0T MO
|2A3] dwodu|
099 (8°'LL1T-€698L) S"€T0T (414 (O'LLE-L'LSL)V'LET  L'€9 (7'98LL-6'SYES) 1'9959 L'o¢ ('20€-9'SP1) Lvee 9G (005—0CL—) 68l Buissiy
L'6v (0°€TEL-0T°798) 9'T601L L'€T ('LTT-L'LLL)S69L  9°LS (€'8585-¥'7962) v'OLYY €9l (Slyl-€€) /0L 0¢ Eel-vv—) Lv uonesNpa JaybiH
€419 (9'2£02-0'8TLL) €£°0061 43 (r'STE-S'80T) 6'99C  L°LS (8'8799-0'L6CY) 6'TLYS 991 (£9/1-T96) ¥9€L S0 (LTi-zol—) Tl A1epuodss soddn
4 (0'v8vL-LTSLL) €'8LEL S'6L (6'261-9'00L) L'9¥L  T'SS (0'8879-6'9T¢h) ¥'LSTS 68l (Colz-69¢l) 9€/L L' (£87r-6'7) 69T A1epu0d3s oMo
6’61 (L'€LL1-0'0LSL) 6°LLIL 8¢t (LveT-8'19L)T86l  T'SS (6°'LL09-9'S8LY) 8'8CLS  8CC (F¥67-0'807) T'1ST 9l (005-€9¢—) 89 $59] 10 Atewliid
|9A3] |euonyednpy
L6V (z'8191-8'78¥L) S°0SSL | 444 (Teoz-£v91)S'€8L  6°9S (9°'6¥/85-S'9v8Y) 0'8VES  L'¥T (0°0£T-S'8€7) £'¥ST 6'¢ (Crl=£9) voL |eyol
uspy
% anjosqy % anjosqy % |njosqy % amnjosqy % anjosqy
awoy aie) swoy a4ed> ON awoy aie) awoy d41ed> oN
sieak +68 sieak 8-59 sieak y9-G¢

$I01BDIPUI DILWLIOUOD3010s pue dlydeibowap pue awoy aied ‘dnoib abe 4apusb Ag 610z7—5 107 porad ayi 01 paiedwod 0zoz Ul 6 1-QIAQD O dABM
1544 Y3 bunnp uonendod ueiblag syl ul o1 Aljeliouw pasipJepuels-sbe ul sbueyd 9 PUB S|PAISIUI 92USPYUOD 956 YUM sieak-uosiad 000’001 Jod Alljeliow Ssedx3 L ajqeL



Page 6 of 17

(2021) 20:258

Gadeyne et al. International Journal for Equity in Health

uolesausb puodss Hs ‘uonesausb isii4 D4 ‘PlOYaSNOH HH

pouad piepueis ay3 yim pasedwod 0zZoz Ul (S0°0 > d) Jua1agip Apuedyiubis a1e sYNSY SYi 2I3Ym MOYs plog Ul s}nsay

G/— (69-78.—) 9G¢— SOA
L'S V=69 L'L ON
aseasip djuodyd
(A (S1y-6G1—) LTl ueibjag-uou s
Lel (987-€9) S'/1 uelbjag-uou o4
80 (5e-80-) €L ueibjeg
punoubydeq jueibipy
0'vs (r'90LL-8'0€€) 9'8LL 6'8Y% (8'v£81-6'879) 8°'LSCL HH °AI19[]0D
L'ce (5'26€-6'vST) L'€TE €6C (0°L1LE-9'6VL) €°€€T 601 (96/=/1—)80¢ 19410
R4 (9°€vL-8'6LL) L'LEL L'6L (0'ST1-8°06) 6°L0L (4 (591-89-) 8 Jaured INoLyIMm
0'0¢ (5'£Z1-¥'69) 5’86 S9lL (€'v8-8'6S) L'TL = (EY—=6%—) LV— Jaunied yum
uonenyis buiAr]
(413 (Z'1S0L-£'22T) 6'9€9 L[t (€'sze-v'LT) €°€LL 9°SS (8'9ZL-8'006) 8'ELST 68l (S6CT—v0€e—) L'ELL S6 (£88-1€l—)8L€ Buissiy
0'ey (T'LZ6-L'SP9) ¥'€8L 9'6¢C (5'0TZ-S'8LL)S'69L  L'E€L (1'0LT9-S'€v¥T) 8'9SEY  €°LL (8'96-5°0€) £'€9 9¢C (0/-LT—)0C ubIH
(414 (6'€86—0'298) 6'TT6 S'9C (£'2L1-6'8T1)8'0SL  6TS (1'99Z¥-1'SL¥T) 9'0VEE  6'6L (TezL-v'8L) 8'00L 86 (9€7-97%) 0¥l SIPPIN
€Ly (r'988-T'18L) £'S€8 £0C (9°£€1-8°201) L'TCTL VTS (0'0S€E-S'S6¥T) 8'666C  L'SL (1'0L1-6'98) 5’86 = (9e-r8—) Ce— MOT
|9A3] dwodu|
% anjosqy % anjosqy % anjosqy % anjosqy % anjosqy
awoy aie) awoy aied oN awoy aie) awoy aied> oN
sieak +68 sieak y8-59 sieak y9-G¢

(panunuod) | sjqel



Gadeyne et al. International Journal for Equity in Health (2021) 20:258

Change in relative SE inequalities in mortality

during the first wave of COVID-19

Table 2 shows that relative SD and SE inequalities in total
mortality generally followed a classic mortality gradi-
ent during the first wave of COVID-19, whereby levels
were higher in more deprived classes, both for men and
women. However, for several indicators the associations
were slightly weaker compared with the standard period.

In the youngest age group (25-64years), for example,
we found a somewhat smaller income gradient during the
first COVID-19 wave compared to the reference period
among men (Fig. 1). To illustrate, in the standard period,
the high-income group had 46% lower mortality com-
pared with the overall mean (MRR: 0.54; 95% C.L.: 0.49-
0.60), whereas in 2020 their MRR was 38% lower (95%
C.I: 0.57-0.68). Similarly, for migrant background, the
mortality advantage of first-generation migrant men and
also the mortality disadvantage for Belgian men declined
(when controlling for education and income). Among
men, mortality differences were less pronounced for the
variable ‘co-morbidity’ as well: men with co-morbidity
showed a lower excess mortality than before (a MRR of
1.58 (95% C.I.: 1.49-1.68) in 2020 compared to 1.86 in
the standard period (95% C.L: 1.75-1.97), while those
without co-morbidity showed a smaller advantage in the
full-adjusted model. In contrast to these weaker relative
mortality differences during the first COVID-19 wave, we
observed a stronger pattern by household living arrange-
ment for both men and women.

In the group aged 65-84years, we observed significant
SE and SD inequalities among men and women who still
live independently, but mostly insignificant coefficients
for men and women living in a care home (Table 3).
Regarding the changes in the relative inequalities dur-
ing the first COVID-19 wave compared to the standard
period, we found significant changes for household living
arrangement only (Fig. 2). This inequality was indeed sig-
nificantly larger during the pandemic in 2020 than dur-
ing the standard period (Fig. 2). The most striking result
was that for respondents living in a collective household:
in the standard period, men and women showed a MRR
of 2.15 (95% C.I.: 1.65-2.79) and 2.44 (95% C.1.: 1.73-3.44)
respectively, which increased during the first COVID-19
wave of 2020 to 3.57 (95% C.L: 3.00-4.24) and 3.76 (95%
C.1.: 2.96-4.79) respectively.

Within the group of 85-plussers, none of the associa-
tions were significantly stronger or smaller during the
observation period in 2020 compared with the standard
period (Fig. 3). In men, most categories of the SD and SE
indicators were significantly associated with mortality for
those living independently, while for those in care homes
only the higher educated and income groups showed sig-
nificantly lower MRRs compared to the mean (Table 4).
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In women, income did not generate any significant dif-
ferences. For education on the other hand, we found that
lower educated women showed a mortality excess both
among care home residents and non-residents.

Most models showed significant goodness of fit statis-
tics. The only exception was observed for the model add-
ing income among men in care homes aged 65-84 and
85+ and among women aged 65-84 and 85+.

Discussion and conclusion

This paper aimed to investigate mortality excesses by SE/
SD characteristics during the first COVID-19 wave in
Belgium and the consequent changes in SE and SD mor-
tality inequalities. Our findings showed that household
living arrangement was the strongest discriminator of
excess mortality during the first COVID-19 wave. High
excess mortality was observed for residents of collective
households, independent of age. However, at young ages
(25-64), excess mortality did not follow a clear pattern by
SE and SD characteristics. Mortality excesses were often
not statistically significant at these ages. Exceptions were
the excesses observed for high-income and non-Belgian
first-generation migrant men and for low-educated
women. In the older age groups, where excess mortality
was much higher, SE differences in excess mortality were
somewhat more pronounced. Overall, our results sug-
gest that we were not all in this together, that the virus
affected socioeconomic and demographic groups in dif-
ferent and sometimes unexpected ways.

In general, differences did not always follow clearly the
consistent social gradient in health outcomes that is usu-
ally observed in Belgium and elsewhere, with deprived
classes showing worse health outcomes notwithstand-
ing the compulsory health insurance system. For income
for instance, we observed higher excesses in the highest
income group among men aged 25-64, in the middle and
high-income groups for men and women aged 65-84 and
among non-resident men and resident women aged 85+.
The higher excess mortality among men 25-64 with a
higher income might be explained by the higher infection
risks through travelling for leisure and work-related goals
in the active age group — more typical for and afford-
able in the middle and higher classes. In the older non-
active population groups, intergenerational transmission
from high-class children to high-class parents could have
played a role in explaining these patterns.

It is important to underline that our study relates to
the first COVID-19 wave. The observed higher excess
mortality in higher income classes and/or the relatively
small differences or inconsistent patterns of excess mor-
tality for other covariates should be related to the early
stage of the disease. The fundamental cause theory
[30-32] and the stages of diseases theory [33] posit that
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Table 2 Relative inequalities in mortality during the first COVID-19 wave among the Belgian population aged 25-64 years, by gender

Model 1 Model 2 Model 3 Model 4 Model 5
MRR 95% C.I. MRR 95% C.I. MRR 95% C.I. MRR 95% C.I. MRR 95% C.I.
Men - 2020
Age at census 1.10 1.09-1.10 1.10 1.09-1.10 1.10 1.09-1.10 1.10 1.09-1.10 1.09 1.09-1.10
Educational level
Primary or less 151 1.37-1.67 1.28 1.15-1.41 1.29 1.17-143 1.23 1.11-136 118 1.06-1.30
Lower secondary 1.21 1.12-1.31 1.23 1.13-133 112 1.03-1.22 1.14 1.05-1.24 1.13 1.04-1.22
Upper secondary 0.87 0.81-0.94 1.00 0.93-1.09 091 0.84-0.99 094 0.87-1.03 0.96 0.88-1.04
Higher education 0.56 0.51-0.62 0.76 0.69-0.85 0.72 0.64-0.80 0.75 0.67-0.84 0.78 0.70-0.87
Missing 1.13 1.02-1.25 083 0.75-0.93 1.06 0.93-1.20 1.01 0.89-1.14 1.01 0.89-1.14
Income level
Low 1.38 1.28-1.47 141 1.32-1.51 1.38 1.29-1.48 112 1.03-1.21
Middle 0.74 0.68-0.80 0.72 0.67-0.79 0.81 0.75-0.88 0.80 0.74-0.87
High 0.50 0.46-0.55 0.48 0.44-0.52 0.57 0.52-0.62 0.62 0.57-0.68
Missing 1.95 1.75-2.17 2.05 1.84-2.29 157 1.40-1.75 1.80 1.61-2.01
Migrant background
Belgian 1.28 1.18-1.39 1.21 1.11-1.31 1.20 1.11-1.30
FG non-Belgian 0.69 0.62-0.77 0.78 0.70-0.86 0.80 0.72-0.89
SG non-Belgian 1.14 1.02-1.28 1.07 0.95-1.20 1.04 093-1.17
Living situation
With partner 045 041-048 048 0.44-0.52
Without partner 0.97 0.89-1.05 0.99 091-1.07
Other 083 0.74-0.93 0.89 0.79-1.00
Collective HH 2.79 2.38-3.27 237 2.03-2.77
Chronic disease
No 0.63 0.59-0.67
Yes 1.58 1.49-1.68
Likelihood-ratio test 1979.89 399.63 83.29 380.62 231.85
Prob > chi? 0.0000 0.0000 0.0000 0.0000 0.0000
Women - 2020
Age at census 1.10 1.09-1.11 1.10 1.09-1.11 1.10 1.09-1.11 1.10 1.09-1.10 1.09 1.09-1.10
Educational level
Primary or less 1.59 1.41-1.81 145 1.27-1.64 148 1.30-1.68 1.36 1.19-1.54 1.30 1.14-147
Lower secondary 1.1 1.00-1.24 1.10 0.98-1.22 0.96 0.86-1.08 0.99 0.88-1.11 097 0.86-1.08
Upper secondary 0.79 0.71-0.87 0.86 0.77-0.95 0.74 0.67-0.83 0.78 0.70-0.88 0.80 0.71-0.89
Higher education 0.60 0.54-0.68 0.82 0.72-0.93 0.74 0.64-0.84 0.80 0.70-0.91 0.84 0.73-0.96
Missing 1.19 1.04-137 0.90 0.78-1.05 1.29 1.07-1.55 1.19 1.00-1.42 1.20 1.01-1.42
Income level
Low 1.02 093-1.12 1.03 0.94-1.13 1.19 1.08-1.30 092 0.83-1.02
Middle 0.85 0.76-0.95 0.82 0.73-0.92 0.90 0.80-1.01 0.86 0.77-0.97
High 0.52 0.45-0.60 0.49 0.42-0.56 0.54 0.46-0.62 0.60 0.51-0.69
Missing 2.22 1.92-2.55 242 2.09-2.79 1.74 1.49-2.03 2.12 1.81-247
Migrant background
Belgian 1.34 1.20-1.50 1.29 1.16-143 1.29 1.16-143
FG non-Belgian 0.58 0.49-0.68 0.65 0.56-0.76 0.67 0.58-0.78
SG non-Belgian 1.29 1.11-1.50 1.19 1.03-1.39 1.16 1.00-1.35
Living situation
With partner 0.37 0.33-041 042 0.37-0.46
Without partner 0.74 0.67-0.83 0.74 0.67-0.83
Other 0.80 0.68-0.94 0.84 0.71-0.99
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Table 2 (continued)
Model 1 Model 2 Model 3 Model 4 Model 5
MRR 95% C.I. MRR 95% C.I. MRR 95% C.I. MRR 95% C.I. MRR 95% C.I.
Collective HH 4.52 3.67-557 383 3.14-4.68
Chronic disease
No 057 0.53-0.61
Yes 1.76 1.64-1.90
Likelihood-ratio test 1265.05 135.76 82.92 299.17 230.52
Prob > chi? 0.0000 0.0000 0.0000 0.0000 0.0000

MRR Mortality rate ratio, C.I. Confidence interval

inequalities in diseases evolve through different phases
depending on the knowledge of and insights into risk
factors, prevention and treatment of diseases. Given the
fact that COVID-19 was a new infectious disease, these
insights initially lacked, hence the inconsistent pat-
terns. In this light, we can expect that inequalities will
rise and progress to the well-established social gradi-
ent in mortality given the mechanisms of social health
determination cited in the introduction. Future research
should thus focus on the comparison of SE and SD excess
mortality during the first wave and the later waves of
COVID-19. Clouston et al. for instance showed that in
the US, COVID-19 incidence and mortality was initially
positively associated with SE characteristics, but sub-
sequently the association inverted as public health meas-
ures were put in place [5].

Notwithstanding the atypical patterns in excess mortal-
ity, it seems that COVID-19 did not fundamentally alter
the classic gradient of higher overall mortality rates with
lower classes. Focussing on trends in relative mortality
differences before and during the first COVID-19 wave,
inequalities seem quite stable with lower social classes
showing a higher mortality compared to higher classes.
For some SE dimensions, for instance income, inequali-
ties may seem somewhat smaller in 2020 for young men.
This is not surprising given the observed higher excess
mortality that was observed with specific higher-class
categories. Similarly, by migration background, inequali-
ties seem to have declined significantly among young
men. Belgians showed a smaller mortality disadvantage
and non-Belgian first-generation migrants a smaller
advantage during the first COVID-19 wave.

Overall, however, differences in relative inequalities
between 2020 and the reference period were not statisti-
cally significant. In addition, inequalities seemed larger in
2020 for some dimensions of SE position, for example for
educational attainment among non-resident men aged
85+ (although not significantly) and for living situation.
The patterns observed by household living arrangement

in 2020 confirmed the common mortality gradient; peo-
ple living with a partner showed the lowest rates and
those without a partner, and especially those in collective
households, the highest rates. The higher relative mortal-
ity of the latter in 2020 is one of the most striking results
of this study.

Our analysis allowed for some interesting supplemen-
tary conclusions. Comparing care home residents and
non-residents aged 65-84, mortality seemed less socially
differentiated among residents especially with men. This
could be related to the fact that residence in care homes
is strongly related to the prevalence of chronic condi-
tions at these ages, resulting in a resident population that
is selected because of health problems [34-36]. Elderly
people are living longer independently (with or without
a partner or other persons in their private household)
and are encouraged and supported by the government to
do so. As a result, almost exclusively elderly people with
serious health issues have been entering care homes. In
such a population, we did not expect the social mortality
differences that we observed in our study. In the popula-
tion aged 85+, SE indicators generate more significant
mortality differences compared to residents aged 65-84.
It could be hypothesised that residency in care homes
at these advanced ages is rather related to functional
limitations and not so much to life threatening chronic
illness conditions. However, we could not find any source
that subscribed this hypothesis. In addition, we did not
dispose of information on the age at which residents
entered the care home and on their medical conditions
at entrance.

Whatsoever, the significant social differences in
mortality at these advanced ages (85+) were striking.
In a selected population such as care home residents,
we would expect that care home living conditions
would eliminate SE differences. In this sense, our
results underlined the persistence of social inequality
in life chances with increasing age. The mechanisms
behind these differences in care homes are particularly
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Fig. 1 Change in relative inequalities in mortality between the first COVID-19 wave and the standard period (2015-2019) among the Belgian
population aged 25-64 years, by gender. Results of the full-adjusted models

interesting for further investigation. In a life course
perspective, the observed inequalities could result
from accumulated factors over the course of elderly’s
lives. Another promising venue would be to investigate
if persisting social mortality differences in care homes
could be related to the quality of the care offered in

private versus public care homes. Residential care in
Belgium is in hands of private companies or munici-
pal care companies. A recent trend is the marketing
and scaling up of care for the elderly, in which more
and more municipalities wish to privatise their care
companies.
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Table 3 Relative inequalities in mortality during the first COVID-19 wave among the Belgian population aged 65-84years, by gender
and care home

No care home Care home
Model 1 Model 2 Model 3 Model 1 Model 2
MRR 95% C.I. MRR 95% C.I. MRR 95% C.I. MRR 95% C.I. MRR 95% C.I.
Men
Age at census 1.10 1.10-1.11 1.10 1.09-1.10 1.10 1.10-1.11 1.05 1.04-1.06 1.05 1.04-1.06
Educational level
Primary or less 1.19 1.14-1.25 1.13 1.08-1.19 1.12 1.07-1.18 1.05 0.96-1.15 1.06 0.96-1.17
Lower secondary 1.02 0.97-1.07 1.00 0.96-1.05 1.02 0.97-1.07 1.05 0.94-1.16 1.04 0.93-1.16
Upper secondary 091 0.86-0.96 093 0.88-0.98 095 0.90-1.00 1.00 0.88-1.13 0.99 0.87-1.12
Higher education 0.73 0.69-0.77 0.82 0.77-0.87 0.84 0.79-0.89 0.84 0.73-0.97 0.82 0.71-0.96
Missing 1.23 1.15-1.32 1.16 1.08-1.25 1.10 1.03-1.19 1.08 0.96-1.22 112 0.99-1.27
Income level
Low 1.12 1.05-1.19 1.15 1.08-1.23 1.05 0.93-1.18
Middle 095 0.89-1.01 1.00 0.94-1.06 1.12 0.99-1.27
High 0.74 0.68-0.80 0.78 0.72-0.84 1.13 0.94-1.36
Missing 1.28 1.10-1.49 1.12 0.96-1.31 0.75 0.58-0.98
Living situation
With partner 0.51 0.47-0.55
Without partner 0.75 0.70-0.81
Other 0.73 0.65-0.82
Collective HH 357 3.00-4.24
Likelihood-ratio test 214258 89.10 33171 78.51 532
Prob > chi? 0.0000 0.0000 0.0000 0.0000 0.1499
Women
Age at census .11 1.10-1.11 .11 1.10-1.11 1.10 1.10-1.11 1.03 1.01-1.04 1.02 1.01-1.04
Educational level
Primary or less 1.20 1.14-1.26 1.18 1.12-1.25 117 1.10-1.23 1.04 0.96-1.13 1.04 095-1.14
Lower secondary 1.04 0.98-1.10 1.03 0.97-1.09 1.04 0.98-1.11 1.06 0.96-1.16 1.05 0.95-1.15
Upper secondary 0.85 0.79-0.91 0.85 0.79-0.91 0.86 0.81-0.93 1.02 091-1.15 1.01 0.90-1.14
Higher education 0.76 0.70-0.82 0.79 0.73-0.86 0.83 0.76-0.90 0.84 0.72-0.96 0.83 0.71-0.97
Missing 1.25 1.15-1.36 122 1.12-133 1.15 1.05-1.25 1.06 0.95-1.20 1.09 0.97-1.23
Income level
Low 1.01 0.94-1.09 1.13 1.05-1.22 1.07 0.96-1.20
Middle 1.02 0.94-1.10 1.03 0.95-1.11 1.16 1.02-1.31
High 0.88 0.79-0.98 091 0.82-1.02 1.07 0.88-1.29
Missing 1.1 0.94-1.31 095 0.79-1.13 0.76 0.58-0.99
Living situation
With partner 048 0.44-0.53
Without partner 0.63 0.57-0.69
Other 0.87 0.77-0.99
Collective HH 376 2.96-4.79
Likelihood-ratio test 162545 541 179.05 27.50 6.45
Prob > chi? 0.0000 0.1439 0.0000 0.0000 0.0916

MRR Mortality rate ratio, C.I. Confidence interval

Apart from social inequalities, excess mortality in among non-resident men compared to 5348 deaths
care homes has been tremendously high. Mortality —among resident men and with respectively 92 and 3027
increased with 254 deaths (per 100.000 person-years) deaths among non-resident and resident women. The sex
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Table 4 Relative inequalities in mortality during the first COVID-19 wave among the Belgian population aged 85+ years, by gender

and care home

No care home Care home
Model 1 Model 2 Model 3 Model 1 Model 2
MRR 95% C.I. MRR 95% C.I. MRR 95% C.I. MRR 95% C.I. MRR 95% C.I.
Men
Age at census 1.10 1.09-1.12 1.10 1.09-1.12 1.10 1.09-1.12 1.04 1.02-1.05 1.04 1.02-1.05
Educational level
Primary or less 1.07 1.01-1.14 1.06 0.99-1.13 1.05 0.99-1.12 1.10 1.02-1.19 1.07 0.98-1.16
Lower secondary 0.94 0.87-1.01 0.93 0.86-1.00 093 0.87-1.00 0.96 0.87-1.06 0.96 0.87-1.05
Upper secondary 1.01 0.93-1.09 1.00 0.93-1.09 1.01 0.93-1.09 1.08 0.97-1.20 1.10 0.99-1.23
Higher education 0.88 0.81-0.96 0.89 0.81-0.98 0.90 0.82-0.99 0.73 0.64-0.84 0.77 0.67-0.88
Missing 112 1.02-1.23 1.14 1.03-1.25 113 1.03-1.24 1.19 1.07-1.34 115 1.03-1.30
Income level
Low 1.26 1.08-1.46 1.28 1.10-1.50 1.05 0.92-1.20
Middle 122 1.05-1.42 1.25 1.07-145 1.00 0.88-1.14
High 1.21 1.03-1.43 1.23 1.04-1.46 0.84 0.71-0.99
Missing 0.54 0.35-0.82 051 0.33-0.78 1.13 081-1.57
Living situation
With partner 091 0.85-0.98
Without partner 0.96 0.90-1.03
Other 1.14 1.02-1.28
Likelihood-ratio test 276.46 11.46 6.44 4923 583
Prob > chi? 0.0000 0.0095 0.0399 0.0000 0.1203
Women
Age at census 1.14 1.13-1.14 1.14 1.13-1.14 113 1.12-1.14 1.05 1.04-1.06 1.05 1.04-1.06
Educational level
Primary or less 112 1.06-1.18 1.1 1.05-1.18 1.11 1.05-1.17 .11 1.05-1.16 1.10 1.04-1.16
Lower secondary 1.02 0.96-1.09 1.02 0.96-1.09 1.03 0.96-1.10 1.06 1.00-1.13 1.06 1.00-1.12
Upper secondary 094 0.86-1.02 094 0.87-1.02 0.95 0.87-1.03 097 0.90-1.06 097 0.90-1.05
Higher education 0.92 0.83-1.02 0.93 0.83-1.04 0.93 0.83-1.04 0.85 0.77-0.94 0.86 0.77-0.95
Missing 1.02 0.94-1.11 1.01 0.93-1.10 1.00 0.92-1.09 1.03 0.96-1.11 1.03 0.96-1.11
Income level
Low 1.03 094-1.12 1.07 0.98-1.17 1.04 0.95-1.14
Middle 098 0.89-1.07 1.04 095-1.14 1.06 0.96-1.17
High 0.99 0.88-1.11 1.06 0.94-1.20 1.00 0.89-1.13
Missing 1.01 0.81-1.26 0.85 0.67-1.06 091 0.70-1.17
Living situation
With partner 0.90 0.84-0.96
Without partner 083 0.79-0.88
Other 133 1.24-1.43
Likelihood-ratio test 732.75 1.78 7817 163.66 149
Prob > chi? 0.0000 0.6189 0.0000 0.0000 0.6855

MRR Mortality rate ratio, C.I. Confidence interval

difference in mortality in care homes, can be related to
differential health selection between men and women
into care homes: as care home residence depends both
on health and on availability of networks, more unhealthy
men than women enter into care homes. Whatsoever, the

very large increase of mortality in care homes undoubt-
edly resulted from the lack of means and staff and the
late governmental response to the COVID-19 pandemic
whereby the pandemic could not be managed efficiently
and timely in care homes. Lagasse et al. showed that
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the virus was present in Belgian care homes at the very
beginning of the outbreak and that it was able to spread
very rapidly within these facilities due to delayed gov-
ernmental measures [37]. Amnesty International even
concluded that fundamental human rights — such as the
right to medical care — have been violated in care homes
during the first COVID-19 wave [38]. It is clear that our
figures call for more staff, preventive testing and social
support in care homes.

In the active age groups aged 25-64, it was possible
to control for a proxy for co-morbidity illness. Analyses
revealed that persons with a pre-existing medical con-
dition experienced higher mortality risks both among
men and women, but that relative mortality inequalities
were significantly smaller during the first pandemic wave.
COVID-19 might have eradicated part of the differences
in life chances between people with and people without
co-morbidity.

This co-morbidity variable could only be calculated for
the active age groups. Our study has several other limi-
tations. At the time of the analyses, it was impossible to
isolate deaths due to COVID-19. Consequently, we could
not examine underlying mechanisms of the excess mor-
tality during the first COVID-19 wave. Excess mortality
however results from different counteracting causes of
death: the decline of mortality for specific causes — such
as traffic accidents — and the increase of other causes of
death. There is a clear risk that mortality among non-
infected persons has been affected, not in the least due to
the fact that planned surgery and other medical consulta-
tions have been postponed and due to the reduced capac-
ity to treat other acute conditions [39]. Hence, excess
mortality should be interpreted as mortality related to
the COVID-19 epidemic rather than people dying from
COVID-19. Nevertheless, even if cause-specific data
would become available, such data would need to be han-
dled with caution due to the difficulties in registration
of a decease as COVID-19 conditional upon the testing
capacity during the first wave and the interplay between
COVID-19 and other causes of death. Lagasse et al. [37]
argued in this respect that excess mortality is a good indi-
cator to estimate the total impact of COVID-19. For Bel-
gium specifically, it has been shown that excess mortality
and COVID-19 attributed mortality coincide perfectly,
which strengthens our research results [37]. Further-
more, no data were available on occupation, health seek-
ing behaviour and other determinants of mortality
differences. A final limitation relates to the operation-
alisation of migrant background. Given the large num-
ber of covariates in our analysis, we decided to include a
relatively rough variable that distinguishes Belgians from
non-Belgian first- and second-generation migrants. In
addition, due to the low number of migrants at older ages,
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especially in care homes, we could not include this varia-
ble in the older age groups. A paper by Vanthomme et al.
[20] used a more detailed migrant background variable.
Analyses showed that in middle-age mortality increased
in all origin groups during the first COVID-19 wave, with
significant excess mortality for Belgians and sub-Saharan
African men. At old age, excess mortality was observed
for all groups as well. In relative terms, most male elderly
migrant groups showed higher mortality than natives, as
opposed to 2019 and to women. Adding the sociodemo-
graphic and socioeconomic control variables decreased
this excess mortality.

The strength of our study mainly relates to the exhaus-
tive dataset that allowed for a detailed analysis of sub-
groups. All deaths in the country were captured in our
dataset and we could include a wide variety of SE and SD
variables some of which have played an important role in
the spread of the COVID-19 virus. Our study is one of the
first studies to dig into SE inequalities in Covid-19 excess
mortality in Belgium. The earlier analysis of Decoster
et al. [7] essentially focussed on income differences in the
population aged 40-64 and 65+. They showed that the
negative income gradient in mortality during the pan-
demic was comparable to the gradient in non-pandemic
time in the younger population. For the elderly, slightly
higher relative income differences were observed during
the pandemic. Our paper partly corroborates these find-
ings: the relative gradient did not change much, but we
observed slightly lower relative differences by income in
the population aged 25-64. This could be due to several
reasons, mainly related to methodological issues, such as
differing study populations and income variables, differ-
ent methods of analysis and statistical models.

Future information on deaths during the second
COVID-19 wave will reveal how different causes of
death have interacted with COVID-19 mortality and
through which other causes of death mortality excesses
were generated. Notwithstanding the inconsistent pat-
terning of excess mortality during the first COVID-19
wave, inequalities in overall mortality persisted and
hardly changed. Policy makers should therefore keep in
mind that a ‘one size fits all’-policy is not the best public
health response for the future. Specific policy measures
and communication strategies should be set-up that take
the particular risks of population subgroups into account.
Important in this regard would be e.g. assuring the safety
at the workplace since deprived groups may be more
likely to be employed in sectors that are not allowed
working from home or in protected environments.
Future research should without any doubt focus on the
impact of the subsequent COVID-19 waves on mortality
by SE/SD characteristics and compare results with what
happened during the first wave.
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