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Local socio-structural
predictors of COVID-19
incidence in Germany

Alisha I. Qamar, Leonie Gronwald, Nina Timmesfeld and

Hans H. Diebner*

Department of Medical Informatics, Biometry and Epidemiology, Ruhr-Universität Bochum,
Bochum, Germany

Socio-economic conditions and social attitudes are known to represent

epidemiological determinants. Credible knowledge on socio-economic

driving factors of the COVID-19 epidemic is still incomplete. Based

on linear random e�ects regression, an ecological model is derived to

estimate COVID-19 incidence in German rural/urban districts from local

socio-economic factors and popularity of political parties in terms of their

share of vote. Thereby, records provided by Germany’s public health institute

(Robert Koch Institute) of weekly notified 7-day incidences per 100,000

inhabitants per district from the outset of the epidemic in 2020 up to December

1, 2021, are used to construct the dependent variable. Local socio-economic

conditions including share of votes, retrieved from the Federal Statistical

O�ce of Germany, have been used as potential risk factors. Socio-economic

parameters like per capita income, proportions of protection seekers and social

benefit claimants, and educational level have negligible impact on incidence.

To the contrary, incidence significantly increases with population density and

we observe a strong association with vote shares. Popularity of the right-wing

party Alternative for Germany (AfD) bears a considerable risk of increasing

COVID-19 incidence both in terms of predicting the maximum incidences

during three epidemic periods (alternatively, cumulative incidences over the

periods are used to quantify the dependent variable) and in a time-continuous

sense. Thus, districts with high AfD popularity rank on top in the time-average

regarding COVID-19 incidence. The impact of the popularity of the Free

Democrats (FDP) is markedly intermittent in the course of time showing two

pronounced peaks in incidence but also occasional drops. A moderate risk

emanates from popularities of the Green Party (GRÜNE) and the Christian

Democratic Union (CDU/CSU) compared to the other parties with lowest risk

level. In order to e�ectively combat the COVID-19 epidemic, public health

policymakers are well-advised to account for social attitudes and behavioral

patterns reflected in local popularities of political parties, which are conceived

as proper surrogates for these attitudes. Whilst causal relations between social

attitudes and the presence of parties remain obscure, the political landscape in

terms of share of votes constitutes at least viable predictive “markers” relevant

for public health policy making.
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1. Introduction

Socio-economic conditions have long been known to

constitute epidemiological determinants (1), which is also the

case within the context of epidemiology of viral infections (2),

including the recent COVID-19 pandemic with a focus on

incidence (3–5) or on fatalities (6, 7) as dependent outcome.

Socio-economic factors such as income, wealth, and education

have been spotted as fundamental causes of a wide range

of health outcomes (1). However, within the context of the

COVID-19 pandemic, researchers’ attentions have additionally

been drawn to socio-behavioral aspects and political attitudes

as crucial predictors of the pandemic activity (8–11). Recently,

within this latter context of COVID-19, migration background

has been suggested to constitute an additional risk factor

for SARS-CoV-2 infection (5) due to, e.g., social isolation

and mistrust of the health system. It is likely that all the

influencing variables mentioned are more or less strongly

correlated with each other. Here, the term “socio-structural”

is used to comprise socioeconomic as well as behavioral and

political aspects. Knowledge is still rudimentary regarding

the combination of the influencing factors mentioned. We

here attempt to determine COVID-19 incidence depending

on prevailing social attitudes captured by means of affinity

to certain political parties and use the most important socio-

economic factors in a multivariable regression model to control

for possible correlations.

Previous analyses of socioeconomic determinants of

COVID-19 incidences (and fatalities) exist for other countries

like the USA (6) or Austria (12), however, the results might not

be applicable to Germany. Other studies have been conducted

at an early pandemic phase and need to be updated to the

recent epidemic activity (3, 4, 11). In references (3, 4), a

single aggregated parameter, the so called German Index

of Socio-economic Deprivation (GISD), has been used as a

predictor for COVID-19 incidence. Interestingly, the latter

study revealed the more wealthy, i.e., less social deprivated

sub-population as an early driver of the epidemic in Germany

up to the so called “first wave,” with a change to the opposite

in the subsequent course of the epidemic. An obvious reason

can be seen in ski tourism, which attracts more wealthy

classes of society and which has been identified bearing an

Abbreviations: GISD, German index of socio-economic deprivation;

BW, Baden Württemberg; MV, Mecklenburg-Vorpommern; NRW,

Nord-Rhein-Westfalen; RP, Rheinland-Pfalz; SA, Sachsen-Anhalt; SH,

Schleswig-Holstein; Low edu, lower degree secondary education;

Middle edu, middle degree secondary education; High edu, higher

education entrance qualification; AfD, Alternative for Germany; SPD,

Social Democratic Party of Germany; CDU/CSU, Christian Democratic

Union of Germany; FDP, Free Democratic Party; LINKE, The Left Party,

Die Linke; GRÜNE, The Green Party, Bündnis 90/Die Grünen.

important epidemic driver function during the onset of the

pandemic (13). In a seroprevalence study restricted to one

German region (5), the focus was on ethnicity and adjustments

for possible socio-economic confounders, however, leaving

comparisons between regions pending. In the latter study,

ethnicity as a significant risk factor has been concluded from

an overproportionate seroprevalence of the corresponding

subpopulation. Having said that, all socio-structural variables

are strongly correlated, therefore, Ruck et al. (6) tried to

shrink the set of variables down to the statistically most

important subset using the least absolute shrinkage and

selection operator (LASSO) regression method, however, with

ambiguous meaning.

Apparently, Germany currently faces a prevalence of

more or less unspecific gestures of political opposition (10),

which resulted in the foundation of protest parties like the

“Alternative for Germany” (Alternative für Deutschland, AfD).

Recent studies suggest that regions with high popularity of

the right-wing AfD exhibit higher COVID-19 incidences

when being compared to regions with moderate or low

AfD popularity (11). Similarly, a study focusing on the

impact of vote shares in Austria (12) identifies correlations

between political orientations and COVID-19 infection risk

and/or mortality. Recent interview-based surveys confirm

that radical opponents of anti-corona measures are over-

proportionately attracted by the AfD (8–10). However,

another large fraction of these opponents is constituted

by people with strong concerns with respect to modern

medicine or reject some medical interventions like vaccination

completely as, e.g., anthroposophists (8–10). Frequently, this

group refers to the self-healing power of humans to express

their reservations about medical research achievements.

Often, this sub-population has an affinity toward the

Green Party (Bündnis90/Die Grünen) or similar parties

with an emphasis on environmental and bio-ecological

aspects (9).

Since previous quantitative analyses left some questions

open with respect to potentially correlated socioeconomic

factors, we here focus on a multivariable regression model for

COVID-19 incidence and refrain from using a score parameter

and instead aim at separately assessing crucial socio-structural

parameters. Besides the share of votes, the set of covariates

includes unemployment rate, educational level, proportion

of refugees, proportion of welfare recipients, income, and

population density. Among the available census parameters,

the proportion of refugees (called “protection seekers” in

the German census database) comes closest to the intended

consideration of migration background. Including population

density is motivated by the hypothesis that metropolitan areas,

e.g., might be more prone to high incidences than sparsely

populated rural areas. Thus, our analysis adds substantial

insights with respect to existing studies, particularly to Richter et

al. (11), due to its updating and rigorous methodical extensions.
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2. Materials and methods

2.1. Data

Publicly available data are used exclusively. Three age-

stratified time series at the level of 411 rural/urban German

districts (Landkreise, kreisfreie Städte) of the registered COVID-

19 7-day-incidence (per 100,000 inhabitants) have been

retrieved from the database provided by the Robert Koch-

Institute (14). Final retrieval date has been Dec 1, 2021. Thereby,

the three age classes (in years) [0–14] (referred to as kids),

[15–19] (juveniles), and >19 (adults) are used. Of note, due to

unobserved COVID-19 cases, these data do not contain true

incidences. For the analysis, three episodes of the epidemic time

course are used spanning report weeks [41–60], [61–80], and

[81–100], respectively, where the report weeks are counted from

the first week of 2020 onward. These episodes enclose so called

epidemic waves 2, 3, and 4, respectively. Since the peaks of the

waves differ among districts, the maximum incidence within

each of the periods is used as outcome to be predicted, whereby

the period enters the model as one of the independent variables.

In a parallelly performed analysis, the cumulative incidences

over each of the three periods (“epidemic waves”) have been used

as outcomes to be predicted, following the rational that the bulk

of each period could be a better measure for the strengths of the

epidemic waves. The age class is a further covariate. For brevity,

we use “incidence” to refer to the 7-day-incidence per 100,000

inhabitants in the sequel.

Furthermore, socio-economic and census data have

been retrieved from the Regional German Database

(Regionaldatenbank Deutschland) operated by Federal

and State Government Census Bureaus (Statistische Ämter

des Bundes und der Länder) (15). The following data,

retrieved at the rural/urban district level, have been used as

independent variables:

• share of the vote (percentages) resulting from the European

election 2019 available for the following parties: CDU/CSU,

SPD, GRÜNE, AfD, LINKE, FDP, and Other Parties

(cf. see abbreviations) focussing on eligible voters, voter

turnout as well as valid second vote. The general vote

statistic is established on a full census (Totalerhebung)

and uses official transcripts as well as documents from

electoral bodies (secondary statistics). In addition, the voter

participation has been included to the set of covariates.

• unemployment rate (percentage) regarding the dependent

workforce in 2020. The unemployment rate relates

the numbers of registered unemployed people to the

workforce (workforce and unemployees) as a quota given

in percentage. The unemployment rate is focused on

the dependent civil workforce, meaning all employees

who are subject to social insurance including trainees

(Auszubildende), minor (geringfügig) employees,

and officials (Beamte) (excluding soldiers) including

unemployed people. The data used is based on secondary

statistics and gained through administrative processes by a

complete survey (Vollerhebung) of regional employment

agencies as well as registered people at the Jobcentre.

• graduates of 2019 within the population (percentages)

holding particular degrees of education (w/o graduation,

Hauptschulabschluss (lower degree secondary education),

Mittelschulabschluss [middle degree secondary education),

Hochschulreife (higher education entrance qualification)]:

The data is based on a full census (Totalerhebung) due to

the duty of disclosure for public as well as private schools.

• proportion of the population with the status of protection

seekers in 2019 based on data of the Central register of

foreigners (Ausländerzentralregister AZR).

• proportion of the population receiving social

assistance benefits in 2020 (Empfänger von Hilfe

zum Lebensunterhalt) based on a complete survey

(Vollerhebung), as well as secondary statistics since already

gathered administrative data, is being prepared.

• per capita income of private households in Germany from

1995 to 2019 provided by the task force “national accounts

of federal states” (Volkswirtschaftliche Gesamtrechnungen

der Länder) on behalf of 16 states’ statistical offices,

federal statistic office, and registration office, Frankfurt.

The data used focuses on the primary income of

private households including non-profit organizations per

inhabitant measured in Euro in 2019.

• population density given by inhabitants per square

kilometer (last database update 2021).

• the federal state to which a given district belongs serves as a

further determinant.

Of note, data are provided in a consistent way with a

nationwide coverage at the spatial levels of entire Germany,

16 federal states, and 411 rural/urban districts (or counties,

“Landkreise” or “kreisfreie Städte” in German, respectively).

Data are given in a fragmented way at other levels, e.g.,

cities or metropolitan areas and could, therefore, not be used.

The 411 districts are the statutory COVID-19 reporting units

which explains why for the regression analysis in the following

these districts have been chosen as the “natural” geopolitical

units. Furthermore, we added the population density as

crucial correlate which allows for an adjustment of differences

in agglomeration.

2.2. Statistical methods

Within the framework of an ecological study (16), linear

random effects regression modeling (17) is used to predict

the maximum incidence calculated at the rural district level

within one of three pre-defined epidemic periods, depending on
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the share of the vote. Of note, causal relations usually remain

undetermined in ecological studies, which is why the typical

paraphrase “prediction model” for a regression in which an

outcome depends on an explanatory variable has to be taken

with a grain of salt and preferably interpreted as an association.

In a parallel (sensitivity) analysis, the cumulative incidences over

the periods are used.

In addition, a linear random effects regression is applied in

increments at each point in time (i.e., weekly) during the entire

observation time in order to obtain the temporal behavior of the

regression parameters. Predictors of the regression, i.e., possible

risk factors or correlates, are the socio-economic parameters and

covariates listed above. The district index has been supplied as

random variable. Statistical modeling has been performed using

the “lme4” package of “R statistical programming language”

(version 4.1.2) (17, 18). We report the estimates along with

their p-values derived from t-statistics (two-sided). Models are

compared using likelihood ratio tests (LRT). Significance level is

α = 0.05. A summary table of descriptive statistics is presented

along with univariate statistical tests (t-test for continuous and

chi-squared for categorical variables).

The share of votes of all parties add up to 1. Taken

as independent variables in a regression analysis, this

entails some degree of multicollinearity. Based on the

method “leave one variable out” a sensitivity analysis is

performed. The full discussion of this matter will be moved to

Supplementary Figure S4.

3. Results

The summary of socio-structural, demographic, and

geographical characteristics included as independent variables

in our regression analysis over all 411 rural/urban districts is

compiled in Table 1. Hereby, the districts have been separated

into districts with AfD share of vote below the median over all

411 districts and share of vote above the median. Obviously,

all districts belonging to one of the five East German federal

states have AfD share of votes above median. Some of the

differences of the districts with high vs. low AfD share of vote

with respect to the characteristics considered are significant

in terms of univariate tests. Note, the p-values resulting from

univariate tests are presented here for explorative reasons only,

without adjusting for multiple testing. Consequently, some of

the characteristics should be considered to be adjusted for in a

regression model of COVID-19 incidence with the AfD share of

vote as independent variable. This will be rigorously assessed in

the following.

The scatterplot Figure 1A depicts maximum incidence

within epidemic period [81–100] of the adult population vs.

the share of vote of the AfD for the 411 rural/urban districts.

The analogous scatterplot with maximum incidence replaced by

cumulative incidence is shown in Figure 1B. The AfD enjoys

high popularity in East Germany which gives rise to well-

separated point clouds corresponding to these two regions. A

comparably strong difference in share of vote between East

and West can be observed for the left-wing party “Die Linken”

(LINKE), whereas differences in share of vote aremoremoderate

for the other parties, although not negligible (see the full set

of scatter plots for the maximum incidence as outcome in

Supplementary Figure S1 and cumulative incidence as outcome

in Supplementary Figure S2, respectively).

The incidence of a rural/urban district significantly increases

with the district’s percentage of AfD-vote as shown in Figure 1

by means of linear regression lines. Thereby, we fitted regression

lines to the full set of data yielding slopes s in 1incidence (scum
in 1cumulative incidence) per percentage point (s = 33.9,

p < 0.0001; scum = 80.19, p < 0.0001) as well as to the two

subsets belonging to East (s = 62.14, p < 0.0001; scum = 201.3,

p < 0.0001) and West Germany (s = 16.72, p = 0.005;

scum = 80.86, p = 0.0027), respectively. It turns out, that

the increase of incidence with increasing share of vote is by far

stronger in East Germany, which suggests that the regions with

their differing socioeconomic conditions might constitute a set

of additional, possibly correlated, determinants, which will be

analyzed in detail in the following.

In the same vein, for explorative reasons, we performed

univariate linear regressions for all the other combinations of

the triple set of predictors/correlates: party, epidemic period,

age class. Please see the Supplementary Figure S1 for the

full set of scatterplots using maximum incidence per period

as outcome variable and Supplementary Figure S2 with the

cumulative incidence as “bulk” measure of each period as

outcome, including regression lines. A qualitative assessment

of the results strikingly reveals a dominant impact of the

share of vote of the AfD. However, particularly the obvious

differences observed for East and West Germany entail a

rigorous multivariable regression beyond these explorative

univariate analyses, including the required adjustments.

In a first step, a full multivariable linear random effects

regression model including the following independent variables

is fitted to the age-stratified (using three age classes) COVID-19

incidence data given at rural/urban district resolution:

• share of vote per party excluding “other parties” (cf. section

Methods),

• federal state,

• age class with kids as reference,

• epidemic period with weeks [41–60] as reference,

• unemployment rate,

• proportion of protection seekers,

• proportion of social benefit claimants,

• proportion of population with a given level of education

excluding the group “w/o graduation,”

• per capita income,

• population density.
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TABLE 1 Summary table of characteristics (first column) of rural districts with AfD share of vote below the median value taken over all 411 German

districts (second column) and above median (third column), respectively. For an explanation of the characteristics confer the Methods section.

≤Median (N = 206) >Median (N = 205) Total (N = 411) p-Value

EAST/WEST < 0.001

EAST 0 (0.0%) 76 (37.1%) 76 (18.5%)

WEST 206 (100.0%) 129 (62.9%) 335 (81.5%)

Federal state < 0.001

Bayern 66 (32.0%) 30 (14.6%) 96 (23.4%)

Berlin 7 (3.4%) 5 (2.4%) 12 (2.9%)

Brandenburg 0 (0.0%) 18 (8.8%) 18 (4.4%)

Bremen 1 (0.5%) 1 (0.5%) 2 (0.5%)

BW 16 (7.8%) 28 (13.7%) 44 (10.7%)

Hamburg 1 (0.5%) 0 (0.0%) 1 (0.2%)

Hessen 9 (4.4%) 16 (7.8%) 25 (6.1%)

MV 0 (0.0%) 9 (4.4%) 9 (2.2%)

Niedersachsen 38 (18.4%) 7 (3.4%) 45 (10.9%)

NRW 34 (16.5%) 19 (9.3%) 53 (12.9%)

RP 16 (7.8%) 20 (9.8%) 36 (8.8%)

SA 0 (0.0%) 14 (6.8%) 14 (3.4%)

Saarland 3 (1.5%) 3 (1.5%) 6 (1.5%)

Sachsen 0 (0.0%) 13 (6.3%) 13 (3.2%)

SH 15 (7.3%) 0 (0.0%) 15 (3.6%)

Thüringen 0 (0.0%) 22 (10.7%) 22 (5.4%)

Unemployment < 0.001

Mean (SD) 5.65 (2.33) 6.66 (2.55) 6.15 (2.49)

Range 2.40–12.80 2.20–16.20 2.20–16.20

Protection seekers 0.541

N-Miss 1 2 3

Mean (SD) 0.02 (0.01) 0.02 (0.01) 0.02 (0.01)

Range 0.01–0.13 0.00–0.11 0.00–0.13

Soc. Benefit claim. 0.011

N-Miss 1 2 3

Mean (SD) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

Range 0.00–0.01 0.00–0.01 0.00–0.01

Per capita income < 0.001

N-Miss 0 1 1

Mean (SD) 30199.24 (5212.83) 26438.84 (4553.45) 28328.21 (5239.72)

Range 19048.00–52783.00 18326.00–47353.00 18326.00–52783.00

Higher edu 0.014

Mean (SD) 0.34 (0.10) 0.32 (0.08) 0.33 (0.09)

Range 0.00–0.59 0.00–0.64 0.00–0.64

Without edu < 0.001

Mean (SD) 0.06 (0.02) 0.08 (0.03) 0.07 (0.02)

Range 0.02–0.13 0.03–0.15 0.02–0.15

Middle edu 0.004

Mean (SD) 0.42 (0.07) 0.45 (0.07) 0.43 (0.07)

Range 0.22–0.61 0.20–0.65 0.20–0.65

Low edu 0.035

Mean (SD) 0.17 (0.05) 0.16 (0.05) 0.17 (0.05)

Range 0.08–0.40 0.06–0.32 0.06–0.40

Population density 0.052

Mean (SD) 718.38 (982.44) 544.87 (817.98) 631.84 (907.23)

Range 40.00–4790.00 36.00–4112.00 36.00–4790.00
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FIGURE 1

Maximum 7-day-incidence per 100,000 (A)/cumulative 7-day-incidence per 100,000 (B) within/over the epidemic period [81–100] of the adult
population by the AfD share of vote for the 411 rural districts. Data points corresponding to East German districts are depicted in blue, West
German districts in green. Three linear regression lines are shown for the full set of points (black), only the East German (blue), and only the West
German (green) parts, respectively.

As before, we parallelly used the maximum incidence and

the cumulative incidence as outcome variable, respectively. The

resulting parameters and p-values are reported using the “/”

as separator for the two cases, i.e., “value for maximum/value

for cumulative” incidence. Instead of using the two-level factor

East/West we switched to the federal state with 16 levels, which

proved necessary according to a LRT (p < 10−4/p < 10−4).

Thus, also North-South gradients in the percentage of votes for

distinct parties as well as incidences can be observed. Thereby,

unemployment rate, proportion of protection seekers, per capita

income, as well as the proportion of social benefit claimants all

turn out to constitute non-significant risks with p > 0.55/p >

0.60 for all corresponding p-values obtained by means of a

LRT. In addition, skipping all these aforementioned variables

simultaneously from the list of covariates and comparing full

and reduced model fits yields p = 0.98/p = 0.93 resulting from

a LRT.

Likewise, the educational level does not pose a high risk

of elevating the incidence above the average. However, the

proportion of the population with a low degree graduation

may be conceived as a relevant correlate with an estimate of

β = 5.84 (p = 0.08)/β = 23.08 (p = 0.18), although below

statistical significance (see Table 2). Therefore, education is kept

within the list of relevant covariates, however, unemployment

rate, proportion of protection seekers, and proportion of social

benefit claimants are removed due to their irrelevance. To the

contrary, population density turns out as a relevant covariate

(β = 0.03, p = 0.003/β = 0.31, p < 0.001), as expected

(see Table 2). In full analogy to Supplementary Figures S2,

S3 contains all individual univariate correlations “cumulative

incidence vs. socio-economic parameter” for all age classes and

periods, respectively.

The reduced model resulting from the model reduction

process described above yields the results listed in Table 2. The

most striking result of the regression is the highly significant

effect of the AfD’s share of vote for the prognosis of COVID-

19 incidence. Even after inclusion of several socioeconomic

and epidemiological covariates, a strong risk of high incidences

can be observed when being compared to the share of vote of

other parties.

Due to the constraint that the percentages sum up to

100%, the impact has to be interpreted in a relative sense.

More specifically, this constraint may entail some degree of

multicollinearity [cf. (19)]. However, a perfect multicollinearity

would be present if and only if the coefficients of collinearity

would be identical for all districts. In contrast, the 411

German rural/urban districts exhibit considerable heterogeneity

in terms of popularity of parties expressed by their share

of votes. A common procedure to assess the degree and

impact of multicollinearity is to drop one of the variables

from the set of covariates. The full discussion of the results

obtained from a corresponding sensitivity analysis is moved

to Supplementary Figure S4. To summarize the result, leaving

one party out leads to an approximately constant shift of the

values of the regression parameters of the remaining covariates,

whereby the magnitude of the observed shift depends on the
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TABLE 2 Result of a linear random e�ects regression predicting maximum incidence (estimates indicated by “max”) or cumulative incidence

(estimates indicated by “cum”), respectively, per epidemic period.

Predictor β (max) p-Value (max) β (cum) p-Value (cum)

Federal state

Bayern 0.395 0.999 3286.174 0.143

Berlin -34.611 0.939 3210.232 0.167

Brandenburg 115.055 0.801 3636.901 0.120

Bremen 30.711 0.947 3831.774 0.108

BW 19.867 0.965 3524.750 0.127

Hamburg -39.974 0.932 3438.733 0.153

Hessen -57.591 0.899 3304.622 0.157

MV -63.378 0.890 3019.638 0.201

Niedersachsen -43.469 0.924 3118.805 0.183

NRW -7.703 0.987 3604.655 0.125

RP 17.159 0.970 3505.172 0.129

SA 140.166 0.756 3651.953 0.115

Saarland 96.533 0.834 3991.444 0.092

Sachsen 287.240 0.529 4431.647 0.059

SH -143.821 0.750 2434.284 0.293

Thüringen 123.857 0.788 4271.552 0.071

Age class
Juveniles 78.969 <0.001 839.001 <0.001

Adults -112.772 <0.001 -239.226 <0.001

Period
[61–80] -3.253 0.759 -374.344 <0.001

[81–100] 445.519 <0.001 1217.538 <0.001

Education level
Low edu 5.842 0.080 23.084 0.177

Middle edu 3.735 0.199 12.294 0.409

High edu 4.091 0.152 15.196 0.298

Population density 0.033 0.003 0.312 <0.001

Share of vote

AFD 24.537 <0.001 101.449 <0.001

SPD -9.256 0.023 -58.548 0.005

CDU 2.263 0.552 2.694 0.890

GRÜNE 3.242 0.480 8.521 0.717

LINKE -12.623 0.027 -107.939 <0.001

FDP -16.895 0.010 -100.145 0.003

Vote participation -4.417 0.002 -39.023 <0.001

Reference levels of the categorical predictors are: kids for age class and weeks (41–60) for epidemic period. The metric covariates are given in %, thus the corresponding βs have to

be interpreted as 1incidence (or 1cumulative incidence, respectively) per percentage point. Due to the constraints that the percentages corresponding to share of vote and education,

respectively, sum up to 100% we skipped the variables “Other Parties” and “w/o graduation” in order to avoid singularities. The random effect of the rural districts yields a standard

deviation of 28.23 (“max”) and 319.7 (“cum”) for the intercept and 262.4 (“max”) and 1036.6 (“cum”) residual.

omitted party. The observation of such a bias in moderately

collinear covariates is a known phenomenon, consequently, the

estimates have to be interpreted in a relative sense. Inferences

drawn from these results are unchanged when being compared

with the inferences drawn from the full model.

In this line, CDU/CSU as well as GRÜNE rank between

AfD and the other parties in terms of the magnitude of

risk. Obviously, rural/urban districts with high percentages of

votes of the AfD exhibit characteristics that constitute risk

factors for COVID-19 incidence. The increasing risk resulting

from an increasing popularity of CDU/CSU and GRÜNE is

more moderate or neutral, whereas the increasing percentages

of the other parties seem to unfold a lowering in risk of

incidence. Independently, of whether the local characteristics

that determine higher incidence rates are directly related to the

political agenda of the corresponding parties or not, the very fact

of increased incidences entails that the politicians are in charge

to reflect these characteristics of their districts.

The impacts of most of the other covariates are not

very surprising. Saxony (Sachsen) faced the by far highest

incidence during the fourth wave (weeks [81–100]), whereas

Schleswig-Holstein (SH) exhibited an incidence well below

the country average, consistent with the observed statistical

significance of the two federal states and the epidemic period,
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respectively. Of note, an increasing vote participation turns

out to statistically significantly lower the risk of COVID-19

incidence. A shared hostile stance with respect to public health

and other policies between AfD voters and non-voters might

by a possible, although speculative interpretation. To complete

the report, the random effect of the rural/urban districts yields a

standard deviation of 28.23/319.7 for the intercept (262.4/1036.6

residual), hence pointing to a considerable random variation

between the districts not captured by the fixed effects of

the model.

In a second explorative approach, we applied the random

effects linear regression at each instant of time in order to

obtain time series of the regression parameters. The rational

behind doing so is to reveal possible temporal effects with

impact on the prediction. The result is shown in Figure 2. The

dominant role of the AfD share of vote in being positively

correlated with incidences can be confirmed: the magnitude

of the corresponding regression parameter almost persistently

remains on top from end of 2020 on (Figure 2, second panel).

This “time-dependent” regression also reveals a short period

(around week 90) in which the Free Democratic Party (FDP)

is on top. The moderate risk emanating from the GRÜNE and

CDU/CSU can now apparently be attributed to the last episode

roughly from week 90 onward.

The remaining two panels of Figure 2 are devoted to

show the time courses of estimated effects corresponding to

federal state, age classes, and unemployment rate. The latter

effect remains well below significance throughout the entire

observation time and has here been chosen as a proxy for

all the other socio-economic determinants. All included socio-

economic parameters do not show any role on predicting

COVID-19 incidence after week 40. The federal states as well as

the age classes, however, turn out to be significantly predictive

from this time-dependent version of regression modeling as

well, as already shown above where we aggregated the incidence

time series into maximum or cumulative values of three

dominating periods. Apparently, phases of higher and lower

incidences alternate in an almost reciprocal way between West

and East German states. Kids and juveniles play an increasing

role as correlate with high incidences, most likely due to the

increasing vaccination rate of the adult cohorts, but periods of

school closures and openings and unstable interventions may

also play a decisive role.

4. Discussion

We have shown that a multivariable linear random effects

regression modeling yields popularity of the AfD (in terms of

share of the vote) as a covariate significantly correlated with

high incidence even after adjustment for several socioeconomic

covariates. In contrast, an increasing percentage of votes for

most of the other parties is associated with a reduced COVID-19

incidence with the exceptions of Christian Democratic Union

(CDU/CSU) and the Green Party (GRÜNE) whose percentage

of votes are insignificant in absolute terms for predicting the

incidence. However, due to the constraint that percentages

of votes sum up to 100% the results have to be interpreted

in a relative sense. Thus, in relative terms, popularity of

the AfD is strongly correlated with an increase in incidence,

whereas popularity of CDU/CSU or GRÜNE is associated with

medium risk, respectively, and the lowest risk emanates from the

other parties.

One of the limitations of this analysis is the fact that

correlations do not allow to draw inferences on causality.

However, a comprehensive sociological interpretation is beyond

our aim which is driven by the demand to supply relevant

information for public health policies. From this point of view

it is crucial to be able to spot locally given conditions that are

informative for epidemiological control strategies, whether these

conditions have causal or mere correlative structures.

Furthermore, our analysis is limited by the fact that the

officially registered incidences depend on local COVID-19

test policies and the corresponding infrastructural conditions.

Policies with respect to opening of schools and corresponding

test strategies are particularly important since the impact of

kids and juveniles as possible epidemic drivers is controversially

debated (20–25). However, it seems more plausible that the

average frequency of testing is even less in regions with a

high “anti-corona attitude” prevalence, which thus would even

amplify our result. Having that said, an in-depth analysis of the

impact of both children-related policies and epidemic dynamics

is encouraged.

In addition, the usage of aggregated data (proportions and

population averages) might limit validity. Therefore, we engage

the reader in relating our result with the insights gained by

surveys based on individual interviews (8–10). We focused on

predicting local incidences, however, it is suggested to also

include fatalities in future studies [for a seminal work see (6, 7)].

Another limitation is the neglect of pandemic-relevant

working conditions or high-risk occupations. For example,

meat processing plants proved to be pandemic hotspots both

in Germany and the USA (26–28). As far as Germany is

concerned, there is a lack of reliable information on the spatial

distribution of corresponding industrial branches. Access to

reliable information regarding the spatial coverage of nursing

homes and comparable vulnerable facilities turns out to be

similarly problematic. However, a strong correlation with

the spatial distribution of vote shares does not seem very

plausible. More generally, due to limited availability of detailed

socio-cultural variables and in order to avoid difficult to

analyze hierarchical correlation structures of these variables,

we have decided to differentiate the common German index

of socio-economic deprivation only to a manageable degree

by including the arguably most important components. We

further assume that controlling for federal states and the
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FIGURE 2

Time courses of regression parameters obtained from random e�ect linear regression modeling sequentially applied at all available time points
during the observation time. Panel on top: the German COVID-19 7-day-incidence per 100,000 curve (to allow for a mapping of the results to
the epidemic history). Other panels from top to bottom: regression parameters in units “per percentage point” corresponding to (i) the share of
votes (including voter participation), (ii) the federal states (for a better visibility all West German states depicted in green, East German states in
blue), (iii) age classes (adults are reference) and percentage of unemployment.

selected socio-structural variables constitutes a sufficiently

good basis for a reliable regression. However, we advocate

conducting in-depth multi-variable analyses as reliable data

becomes available.

Finally, we did not include vaccination coverage in our

analysis due to unavailable high-quality data with required

spatial resolution. However, rough estimates regularly published

by the Robert Koch-Institute on their online COVID-19

dashboard (29) suggest that incidence and vaccine coverage is

negatively correlated. In addition, vaccine coverage might have

an impact on hospitalization and severe COVID-19 illness, but

is arguably considerably less important as protective factor for

asymptomatic infections since the SARS-CoV-2 immunization

is generally not sterile. Importantly, in our context, AfD-

politicians officially propagate an anti-vaccination attitude

consistent with findings in related surveys (8–10), which thus

renders a significant impact of vaccination coverage on ourmain

result as very unlikely.

In the same line, other locally differing COVID-19

containment strategies may play roles in predicting incidences.

However, thorough research to determine locally applied

containment measures revealed inconsistency coupled with

opaque documentation. In this context, it is appropriate to

point out the discrepancy between rule and compliance and it

Frontiers in PublicHealth 09 frontiersin.org

https://doi.org/10.3389/fpubh.2022.970092
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Qamar et al. 10.3389/fpubh.2022.970092

appears to be likewise important to determine which factors

drive (non-)compliance (30), so that we have again arrived at

the political culture. Once again, it is plausible that most of

these local differences are already contained in the popularities

of certain parties as appropriate surrogate measures. Generally,

the legislative responsibility for containment measures is at

the federal state level in Germany. Therefore, as mentioned

above within the context of the industrial landscape, we

are convinced that the federal states already take sufficient

account of the need for adjustment. A reliable evaluation

of the aforementioned aspects within the scope of our

ecological study appears impracticable, therefore, we refrain

from comprehensive sociological analyses and refer to published

work instead (8–11, 31) where motivations of the protest

movement have been discussed. In reference (31), the Austrian

situation is discussed revealing an impact of the right-wing party

FPÖ similar to the GermanAfD. In following the cited literature,

the prevalence of conspiratorial attitudes is above average among

the new protest movement which might in turn be intensified by

the extensive use of newmedia communication tools [cf. (32, 33)

for a critical discourse, also see (31)].

Of note, we refrained from presenting an analog analysis

using logarithmized 7-day-incidences as outcome since checks

hereof led to irrelevant differences only. Finally, we did not

consider spatial correlations. Although we do not regard

this as a serious limitation it might be worthwhile to

elaborate on this aspect in future studies based on spatial

regressions.

5. Conclusions

Conclusive inferences have to be drawn with utmost care.

The presented analysis of sociostructural risk factors aims in

informing public health and epidemiology policymakers. We

refrain from any accusation which appears to be inappropriate

due to unclear causality. We use the share of the vote of a

particular party as an approximate surrogate parameter that

presumably captures sociobehavioral aspects and correlates with

COVID-19 incidence beyond other socioeconomic factors and

we strongly advocate a subsequent reflection of our results

from a sociopolitical perspective, including representatives of

the corresponding parties. We adopt the conclusions from a

similar study (12) focusing on the impact of vote shares in

Austria: “While these parameters are apparently only single

elements of complex causal chains that finally lead to individual

susceptibility and vulnerability levels, our findings might

have identified ecological parameters that can be utilized to

develop fine-tuned communications and measures in upcoming

challenges of this and other pandemics.”

Specifically, locally observed high COVID-19 incidences

are associated with local popularity of the right-wing party

AfD. Multivariable linear random effects modeling with

adjustments for the most important socio-economic public-

health determinants and the inclusion of epidemiological

covariates yields a high degree of reliability of this result. It is

particularly worth of note that a set of the most important socio-

economic factors plays a minor role in driving the epidemic. As

expected, population density has a statistically significant impact

on COVID-19 incidence, however, an adjustment of estimates

of the other correlates including the share of votes cannot be

observed and we thus conclude that the share of votes are

not correlated with population density. Speculatively, social and

anti-governmental attitudes play a more important role where

the popularity of a party can be conceived as a proper surrogate

measure [cf. (8, 10)].

Local popularities of other parties by means of their share

of vote lead to much weaker or even negative associations with

COVID-19 incidences within the corresponding rural districts,

with the exceptions of CDU/CSU and GRÜNE. In addition,

during a short period of time the popularity of the FDP appears

to pose a risk of increased COVID-19 incidence.

To conclude, COVID-19 incidence appears to be age-

dependent. Incidence is higher amongst adolescents when

being compared with the younger kids and the adults

throughout the course of the epidemic. In agreement with the

information provided at the online dashboard operated by

the Robert Koch-Institute [RKI, (29)], the adults’ incidence

continued to stay below the children’s incidence from the

start of the vaccination campaign onward. However, the

age-stratified incidence curves exhibit a waxing and waning

in the course of time which certainly reflects corresponding

regulations at schools and daycare facilities for children.

Partially, age-specific measures and regulations also depend

on local policies and, therefore, at least in part on locally

prevalent social attitudes. Thus, we herewith encourage

further studies into spatio-temporal epidemic dynamics

that account for the spatio-temporal variability of related

epidemiological containment policies which is urgently needed

for a comprehensive understanding not only of the SARS-

CoV-2/COVID-19 pandemic but also for being prepared

for similar potentially disastrous public health challenges in

the future.
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