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a b s t r a c t 

Over the course of the second pandemic wave in late 2020, new infections with severe acute respira- 

tory syndrome coronavirus-2 shifted from the most affluent to the most deprived regions of Germany. 

This study investigated how this trend in infections played out for deaths due to coronavirus disease 

2019 (COVID-19) by examining area-level socio-economic disparities in COVID-19-related mortality during 

the second pandemic wave in Germany. The analysis was based on nationwide data on notified deaths, 

which were linked to an area-based index of socio-economic deprivation. In the autumn and winter of 

2020/2021, COVID-19-related deaths increased faster among residents in Germany’s more deprived dis- 

tricts. From late 2020 onwards, the mortality risks of men and women in the most deprived districts 

were 1.52 (95% confidence interval [CI] 1.27 −1.82] and 1.44 (95% CI 1.19 −1.73) times higher than among 

those in the most affluent districts, respectively, after adjustment for age, urbanization and population 

density. To promote health equity in the pandemic and beyond, deprived populations should receive in- 

creased attention in pandemic planning, infection control and disease prevention. 

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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During the first pandemic wave of severe acute respiratory 

yndrome coronavirus-2 (SARS-CoV-2) from early March to mid- 

ay 2020, the regional socio-economic patterning of infections 

n Germany differed from that reported from other high-income 

ountries, revealing lower infection rates in socio-economically de- 

rived areas of Germany in the early phase of the first wave 

 Wachtler et al., 2020a,b ). However, during the second pandemic 

ave from late September 2020 to early March 2021, this pat- 

ern reversed, so that Germany’s more deprived areas ended up 

ith higher infection rates as of the end of 2020 ( Hoebel et al.,

021 ). At present, it is unclear how this trend played out for deaths

elated to coronavirus disease 2019 (COVID-19), the respiratory 

isease caused by infection with SARS-CoV-2. This study investi- 
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ated socio-economic disparities in COVID-19-related deaths over 

he course of the second pandemic wave in Germany. 

ethods 

Data were derived from the German database on notifiable in- 

ectious diseases (date: 23 March 2021, 0:00 am), which is admin- 

stered by the Robert Koch Institute in accordance with the Ger- 

an Infection Protection Act. Mortality rates were calculated as 

he number of deaths among laboratory-confirmed COVID-19 cases 

er 10 0,0 0 0 population in Germany. The observation period cov- 

rs the second pandemic wave in Germany, from late September 

020 (calendar week 40/2020) to early March 2021 (calendar week 

/2021). 

The notification data were linked with the German Index of 

ocio-economic Deprivation, which is a composite index of area- 

ased socio-economic indicators in the domains of education, em- 

loyment and income ( Kroll et al., 2017 ). The use of an area-based

easure was necessary because the notification data do not con- 

ain individual socio-economic data. Linkage was achieved at the 
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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Figure 1. Standardized coronavirus disease 2019-related mortality rate among men and women by quintiles of area socio-economic deprivation and calendar week of death 

over the second pandemic wave in Germany. 
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evel of Germany’s 401 districts, with district being the smallest 

rea level available in the notification data at the time of analysis. 

Mortality rates were stratified by quintiles of socio-economic 

eprivation, and age-standardized to the 2013 European standard 

opulation using direct standardization ( Eurostat, 2013 ). In the 

ulti-variable analysis, adjusted mortality rate ratios were esti- 

ated by deprivation quintiles using multi-level Poisson regres- 

ion models with 5-year age groups within districts as first-level 

nits and districts as second-level units. The dependent variable 

as the count of deaths notified in each first-level unit. The natu- 

al logarithm of the population size in the first-level units was in- 

luded as an offset term to account for the varying number of per- 

ons at risk ( Hoebel et al., 2018 ). The regression models included 

ummy variables for age group and urbanization (metropolitan, ur- 

an, rural, sparsely populated), and a continuous covariate for the 

atural logarithm of the district-level population density to con- 

rol for these factors (Table S1, see online supplementary mate- 

ial). The regression analysis was conducted separately for an early 

tage (calendar weeks 40/2020 −51/2020) and a later stage (calen- 

ar weeks 52/2020 −9/2021) of the second wave of the pandemic 

n Germany. The early stage was marked by an exponentially in- 

reasing incidence of infections, peaking in mid-December 2020. 

he later stage was the wave’s post-peak period, with a declining 

ncidence of new infections ( Robert Koch Institute, 2021 ). 

esults 

During the observation period, a total of 32,193 men and 31,319 

omen died with a laboratory-confirmed diagnosis of COVID-19. 

he age-standardized mortality rate increased continuously un- 

il calendar week 52/2020 and declined thereafter. Mortality in- 

reased faster among people in more deprived districts, which re- 

ulted in widening socio-economic disparities in COVID-19-related 

ortality over the course of the second pandemic wave in Ger- 

any ( Figure 1 ). Figures S1 and S2 (see online supplementary ma- 

erial) show map-based illustrations. From calendar week 52/2020 

nwards, the mortality risks of men and women in the most de- 

rived districts were 1.52 and 1.44 times higher, respectively, than 

mong those living in the most affluent districts, after adjustment 

or age, urbanization and population density ( Table 1 ). These dis- 

arities in COVID-19-related mortality by socio-economic depriva- 

ion were evident in both the working-age population (aged < 65 
345 
ears) and the elderly population (aged ≥65 years), but began to 

merge earlier in the pandemic wave among people aged < 65 

ears (Table S2, see online supplementary material). 

iscussion 

The main results indicate emerging socio-economic disparities 

n COVID-19-related mortality to the disadvantage of residents 

n deprived areas over the course of the second pandemic wave 

n Germany. To explain socio-economic disparities in COVID-19- 

elated outcomes, the literature usually distinguishes at least four 

otential pathways: increased vulnerability (due to higher burden 

f pre-existing health conditions), increased susceptibility (due to 

eakened immune function; e.g. as a result of chronic stress from 

ong-term exposure to adverse circumstances), increased exposure 

e.g. due to working conditions), and increased transmission (e.g. 

ue to crowded housing) in disadvantaged socio-economic groups 

 Bambra et al., 2021 ). However, most of these explanations ap- 

ear fairly consistent throughout the pandemic period. Therefore, 

hey alone may not explain why the socio-economic patterning of 

OVID-19 in Germany changed over the course of the pandemic 

rom the first to the second wave. In this context, it is worth 

onsidering factors that changed differently across socio-economic 

roups over the pandemic period. 

Specifically, the first COVID-19 cases in Germany were related to 

usiness travel from China and skiing trips to European ski resorts 

activities more common among more affluent people – which 

ay explain the higher COVID-19 rates in Germany’s more affluent 

reas in the early first wave ( Wachtler et al., 2020b ). An important

actor that may have changed differently across socio-economic 

roups as the pandemic progressed was mobility. Whereas privi- 

eged groups, such as white-collar and managerial workers, were 

ble to reduce their mobility sharply by working from home dur- 

ng the lockdowns, this was not necessarily the case for more dis- 

dvantaged groups. For instance, essential workers in the service, 

are and production sectors were possibly more likely to have to 

o to work during the lockdowns, including the need to use public 

ransport to do so ( Bambra et al., 2021 ). Lockdowns may there- 

ore have been less effective in more deprived areas, and dispari- 

ies in mobility reductions may help explain why COVID-19 rates 

ropped early in affluent areas, but increased in deprived areas at 

ater stages of the pandemic. Other explanations could be related 
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Table 1 

Adjusted coronavirus disease 2019-related mortality rate ratios for men and women by quintiles of area socio-economic deprivation (quintile 

1 − most affluent to quintile 5 − most deprived) and stage of the second pandemic wave in Germany 

Early stage (weeks 40/2020 −51/2020) Later stage (weeks 52/2020 −9/2021) Total period (weeks 40/2020 −9/2021) 

RR (95% CI) p -value RR (95% CI) p -value RR (95% CI) p -value 

Men 

Quintile 1 Ref. Ref. Ref. 

Quintile 2 1.09 (0.89 −1.34) 0.388 1.15 (0.97 −1.37) 0.103 1.13 (0.96 −1.33) 0.129 

Quintile 3 1.01 (0.82 −1.25) 0.908 1.12 (0.94 −1.33) 0.189 1.07 (0.91 −1.26) 0.401 

Quintile 4 1.03 (0.83 −1.28) 0.786 1.40 (1.18 −1.67) < 0.000 1.24 (1.05 −1.46) 0.012 

Quintile 5 1.07 (0.86 −1.33) 0.534 1.52 (1.27 −1.82) < 0.001 1.35 (1.15 −1.60) < 0.001 

Women 

Quintile 1 Ref. Ref. Ref. 

Quintile 2 1.07 (0.86 −1.33) 0.555 1.21 (1.01 −1.44) 0.043 1.14 (0.97 −1.35) 0.122 

Quintile 3 0.91 (0.73 −1.14) 0.409 1.15 (0.96 −1.38) 0.136 1.03 (0.87 −1.22) 0.714 

Quintile 4 0.93 (0.74 −1.17) 0.559 1.34 (1.11 −1.61) 0.002 1.15 (0.97 −1.37) 0.115 

Quintile 5 0.93 (0.74 −1.17) 0.522 1.44 (1.19 −1.73) < 0.001 1.22 (1.02 −1.45) 0.027 

RR, rate ratio from multi-level Poisson regression with adjustment for age, district type and population density; CI, confidence interval; Ref., 

reference group. 

p -values for pairwise comparisons with the reference group. 
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o health care, including comparatively limited access to medical 

are or less frequent opportunities for testing in deprived areas. 

owever, as having health insurance is compulsory in Germany, 

ccess to hospitals and intensive care units is likely to be largely 

niversal across the population. 

This study is not free of limitations. Due to the ecological 

tudy design, causation cannot be inferred from the findings, and 

he possibility of ecological fallacy cannot be ruled out. However, 

igher COVID-19-related mortality rates in socio-economically dis- 

dvantaged groups have also been found in other countries, not 

nly in ecological but also individual-level studies ( Drefahl et al., 

020 ; Marmot et al., 2020 ; Wachtler et al., 2020a ). Moreover, it

hould be noted that area-level data from 2017 were used, as these 

ere the most recent available. Nonetheless, the area-level charac- 

eristics included are highly stable over time. For example, area- 

evel deprivation and population density had very high intraclass 

orrelation coefficients of 0.98 and > 0.99, respectively, over the 

ast 4 years available. 

In conclusion, these findings indicate that deprived populations 

hould receive increased attention in infection control, pandemic 

lanning and disease prevention to promote health equity in the 

OVID-19 pandemic and beyond. In addition, this study highlights 

he importance of investigating dynamics during pandemics, and 

hat socio-economic disparities in pandemic viral respiratory dis- 

ases can depend on pandemic stages and phases. 
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