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Objective: Area-level socioeconomic status (SES) is associated with coronavirus

disease 2019 (COVID-19) incidence. However, the underlying mechanism of the

association is context-specific, and the choice of measure is still important. We aimed to

evaluate the socioeconomic gradient regarding COVID-19 incidence in Korea based on

several area-level SES measures.

Methods: COVID-19 incidence and area-level SES measures across 229 Korean

municipalities were derived from various administrative regional data collected between

2015 and 2020. The Bayesian negative binomial model with a spatial autocorrelation

term was used to estimate the incidence rate ratio (IRR) and relative index of inequality

(RII) of each SES factor, with adjustment for covariates. The magnitude of association

was compared between two epidemic phases: a low phase (<100 daily cases, from

May 6 to August 14, 2020) and a rebound phase (>100 daily cases, from August 15 to

December 31, 2020).

Results: Area-level socioeconomic inequalities in COVID-19 incidence between the

most disadvantaged region and the least disadvantaged region were observed for

nonemployment rates [RII = 1.40, 95% credible interval (Crl) = 1.01–1.95] and basic

livelihood security recipients (RII = 2.66, 95% Crl = 1.12–5.97), but were not observed

for other measures in the low phase. However, the magnitude of the inequalities of these

SES variables diminished in the rebound phase. A higher area-level mobility showed a

higher risk of COVID-19 incidence in both the low (IRR= 1.67, 95% Crl= 1.26–2.17) and

rebound phases (IRR = 1.28, 95% Crl = 1.14–1.44). When SES and mobility measures

were simultaneously adjusted, the association of SESwith COVID-19 incidence remained

significant but only in the low phase, indicating they were mutually independent in the

low phase.

Conclusion: The level of basic livelihood benefit recipients and nonemployment rate

showed social stratification of COVID-19 incidence in Korea. Explanation of area-level

inequalities in COVID-19 incidence may not be derived only from mobility differences in

Korea but, instead, from the country’s own context.
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INTRODUCTION

Since the first case, reported in December 2019 in China,
the severe acute respiratory syndrome coronavirus-2 (SARS-
CoV2; COVID-19) pandemic has caused unprecedented global
challenges due to rapid interpersonal transmission. This virus
causes symptoms ranging from mild, such as sore throat and
fever, to severe pneumonia resulting in death (1). Due to a higher
transmission rate than other coronaviruses (reproduction ratio:
2.44–4.18) and a high proportion of asymptomatic infectious
people (2), the global pandemic has grown significantly, causing
nearly 271.4 million cases with 5.3 million deaths (as of 16th
December 2021) according to the World Health Organization
(3).

In Korea, since the first case of COVID-19 in a person
who visited China was identified on January 20, 2020, multiple
clustered outbreaks associated with religious followings, call
centers, and courier services led to a surge in the number
of disease occurrences; this was followed by enhanced strict
counteractive measures, including social distancing, that were
enforced by health authorities, which reduced the weekly average
number of cases to single digits (4). However, due to increased
outdoor activities, large-scale gatherings during the holiday
season and seasonality, the number of newly infected cases grew
dramatically to more than 1,000 cases daily, mostly driven by
a substantial increase in infections in the capital region, where
25.92 million people live within 11,851.26 km², one of the most
densely populated areas in the world.

Historically, disadvantaged people have been highly
vulnerable to emerging infectious diseases, especially when
they become a persistent epidemic (5). In recent studies on
COVID-19, historic evidence showed that socioeconomically
vulnerable individuals were more likely to have higher incidence
and case-fatality rates of COVID-19 (6, 7). This indicates that
underlying socioeconomic gradients are strongly associated with
the distribution of incidence and fatality rates of COVID-19, due
to variations in personal hygiene, access to testing and treatment,
compliance level with social distancing policy, and the ability to
work remotely (8). In recent studies regarding COVID-19 in the
United States, low-income individuals were less able to reduce
their mobility or maintain social distancing, indicating that
economic activity is highly associated with behavioral responses
to social distancing policy (9, 10).

In addition to individual socioeconomic vulnerability,
area-level socioeconomic disadvantages have consistently been
associated with COVID-19 incidence. Area-level socioeconomic
status (SES) tends to depend on territory-based communities that
characterize human society because of a shared socioeconomic
basis, commonality in available services, living culture, and
lifestyle (11). Area-level socioeconomic measures have been
identified in various ways and typically measured using an
aggregate variable (e.g., median household income) or a
composite measure (e.g., deprivation index). Each measure
represents a unique contribution to the socioeconomic
association. Specifically, associations with COVID-19 were
consistently observed for median household income (12, 13) and
minor ethnicity (1, 14, 15) but findings for deprivation index

(16, 17) and unemployment rate (13, 14) were inconsistent,
indicating that area-level SES measures have different values
across time and place and that how they are measured is
important (18).

Individuals from lower SES areas are more likely to be infected
for various reasons; however, in most studies, the primary cause
was the lack of mobility reduction resulting in the inability
to maintain social distancing. However, the mediating role of
mobility was advocated in other studies to explain area-level
socioeconomic inequalities in COVID-19 infection based on the
high correlation between area-level SES and mobility reduction
(10, 16, 19, 20). Despite wide acceptance of the explanation,
studies in which the underlying relationship was investigated
using both measures are scarce. Thus, firm empirical evidence
is lacking on whether the effect of area-level SES on COVID-
19 incidence depends on the level of mobility. This concept
may be particularly relevant in countries like Korea, where
socioeconomic inequalities in COVID-19 incidence may not
be straightforward because affluent areas are also a central
business place.

As noted below, Korea had been undergone a relatively lower
level of COVID-19 incidence compared to other countries (21).
Nevertheless, a better understanding of regional disparity in
COVID-19 incidence is a huge challenge because it is essential
to monitor the pattern of spread into subsegment of the
population, let alone the incidence from the entire population.
Thus, we investigated the socioeconomic inequalities in COVID-
19 incidence at the level of a primary administrative unit of local
government in Korea, using a diverse range of socioeconomic
indicators including a mobility measure. In this study, we
investigated (1) whether area-level socioeconomic measures
are associated with COVID-19 incidence at the municipality
level; (2) whether the associations’ differences in the association
between socioeconomic inequalities and COVID-19 incidence in
two different epidemic phases with disparate social distancing
enforcement; and (4) whether socioeconomic inequalities in
COVID-19 infection are mainly due to mobility differences.

MATERIALS AND METHODS

Study Base
Overall, Korea experienced favorable outcomes of COVID-
19 compared with other countries in terms of incidence and
mortality through the pandemic and the study period (21, 22).
To evaluate the effects of socioeconomic inequalities on COVID-
19 incidence at different epidemic levels, the epidemic period
was divided into two phases based on the daily number of cases
and the accompanying social distancing intensity level as shown
in Figure 1: low phase (from May 6 to August 14, 2020) in
which less than 100 mean daily cases were confirmed with the
eased social distancing regulation (level 1) and rebound phase
(from August 15 to December 31, 2020) in which more than 100
mean daily cases were reported with stricter distancing imposed
(level 2). Because the early phase of the epidemic was induced
by a specific religious congregation concentrated in very limited
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FIGURE 1 | The epidemic curve of coronavirus disease 2019 (COVID-19) in the Korea during the study period (from May 1 to August 14, 2020, for low phase and

from August 15 to December 31, 2020, for rebound phase). The gray bar represents the daily number of newly reported COVID-19 cases.

municipalities, the starting time point in this study was March 5,
2020, to ensure the validity of the results (23).

The social distancing level enforced by the Korean
government was classified into two levels during the study
period through the guidelines underwent several changes
afterward. For example, under level 2 social distancing, the use of
face masks in public became mandatory, social gatherings with
more than a certain number of individuals were prohibited and
restaurants must be closed after a specific time point but without
movement restriction. Lower social distancing regulation (i.e.,
level 1) began from May 6 to August 14, 2020, and stricter
social distancing measure (i.e., level 2) was enacted from
August 15, 2020.

Socioeconomic Status Measures and
Covariates
The information on COVID-19 incidence as an outcome variable
was collected from 229 municipalities and compiled from the
KCDC and the local administration’s official websites. As listed in

Table 1, six area-level (i.e., municipality) socioeconomic factors
were used to investigate the effects of inequality on the incidence
of COVID-19 in Korea. The indicators were classified into
two subcategories, SES, and economic activity, based on the
corresponding attributes. SES measures included the following:
national insurance contributions as the proxy of area-specific
income level; material deprivation index (MDI); nonemployment
rate; the proportion of basic livelihood security recipients;
financial autonomy of the area. Economic activity included
mobility at risk. Data on national insurance contributions in the
first quarter of 2020 were obtained from the Korean National
Health Insurance Services. MDI for each area was a composite
index derived from the sum of standardized Z-scores for eight
measures based on data from the national population and
housing census conducted by the National Statistical Office of
Korea; the proportion of nonemployed males, manual laborers,
households under the minimum housing standard, nonsecured
housing tenure, nonapartment housing, lower educational level
(≤middle school), single-parent household and school dropouts
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TABLE 1 | Description of the variables used in the study with the source of data.

Category Variable (units) Description Source (period)

Outcome COVID-19 (No. of Cases) The sum number of cases of COVID-19 by municipality Korean center for disease

control and local

administration (May 6, 2020

– December 31, 2020)

Socioeconomic status National insurance contributions (US

Dollar)

Average amount of personal national insurance

contributions per month by municipality

Korean national health

insurance services (1st

quarter of 2020)

Material deprivation index (Z-score) Composite index derived from the sum of standardized

Z-scores for eight measures; the proportions of

nonemployed males, manual class, households under

the minimum housing standard, insecure housing tenure,

living apartment, nonapartment housing, lower

educational achievement (≤middle school), single-parent

household, school drop-out between 9 and 24. Data

were driven from the National population and housing

census by the National Statistical Office of Korea by

municipality

National population and

housing census of the

National Statistical Office of

Korea (2015)

Nonemployment rate (%) The proportion of individuals who were unemployed or

out of the labor force aged from 30 to 64 years

National population and

housing census of the

National Statistical Office of

Korea (2015)

Basic livelihood security recipient (%) The total number of households receiving basic

livelihood security over total number of households

according to national basic living security act

Korea social security

information service (2019)

Financial autonomy (%) The ratio of revenue generation to total expense by

municipality

Korean statistical

information service (2020)

Economic activity Mobility at risk (Z-score) The volume of public transportation times works related

movement divided by total amount of traffic volume

Korean Transport Institute

(2018)

Covariates Population density (No. of inhabitants

/km2 )

Human population on resident registry over the land size

estimated

Korean statistical

information service (2020)

Median age (years) Median age of residents in registry by municipality Korean statistical

information service (2020)

Health care workforce (No. of health

care workers per 1,000 persons)

The sum of total number of medical doctors, dentists,

pharmacist, and health care worker

Korean statistical

information service (2020)

between 9 and 24 years of age (24). The higher the MDI
score, the more the area is deprived. The nonemployment
rate was calculated as the proportion of individuals who were
unemployed or out of the labor force (e.g., early retirement,
studying, and disability) between 30 and 64 years of age (25),
based on data from the National Population and Housing
Census in 2015. The proportion of basic livelihood security
recipients at the area level in 2019 was retrieved from the
Korea Social Security Information Service. Financial autonomy
for each area was defined as a ratio of total revenue generation
to the total expenditure per municipality as provided by the
Korean Statistical Information Service for 2019. To determine the
socioeconomic strata of socioeconomic factors, those continuous
values of socioeconomic factors were converted into quintiles of
their distribution (i.e., each stratum accounted for 20% of the
number of municipalities) (26).

In addition, the municipality-specific economic activity
variable, including the volume of traffic for mobility at risk
represented by a Z-score, was added. Mobility at risk was
equal to the proportion of the traffic volume of work-related
movement utilizing public transportation, which was calculated

by multiplying the volume of public transportation and the
volume of works-related traffics (e.g., commuting to work and
field trips). This variable was obtained from a transportation
survey conducted by the Korean Transport Institute in 2018.
Finally, three covariates, namely, municipality-specific median
age, population density, and the number of healthcare workers
per 1,000 inhabitants, were used to adjust for the demographic
composition and the local health care capacity of the areas in
our analysis. The variables were derived from the data obtained
from the Korean Statistical Information Service for 2020. The
data in our study were extracted from open sources, which are
aggregated by administrative subdivisions. Therefore, do not
contain any information that is indicative of information about
personal or household level. The Institutional Review Board
(IRB) of Korea University granted an exemption for this study
(IRB exemption number: KUIRB-2020-0297-01).

Statistical Analyses
Several steps of the analytical process were applied to examine
socioeconomic inequalities in COVID-19 incidence. Due to
the nature of spatial data, spatial autocorrelation on the
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FIGURE 2 | Geographical distribution of municipality-specific incidence rate for COVID-19 in Korea between two epidemic phases. The number of incidences for

COVID-19 per 100,000 inhabitants at the municipality level is denoted by five different color levels in the low phase of COVID-19 (left) and rebound phase of COVID-19

(right). Darker red shedding represents the highest strata, whereas brighter red shedding denotes the lowest strata along with white color representing noncase.

SES variables and three covariates were examined using
Global Moran’s I test before investigating the association
between SES measures and COVID-19 incidence. The statistical
significance of the Global Moran’s I was estimated with 999
simulations. Following identification of the presence of spatial
autocorrelation in socioeconomic indicators, the association
between socioeconomic measures and COVID-19 incidence
was estimated as an incidence rate ratio (IRR) using a spatial
negative binomial model with marten correlation function for

spatial correlation term (Model 1). To account for potential
confounding factors, adjustment was initially made for three

covariates (i.e., median age, population density, and healthcare
workforce at the area-level) (Model 2). In addition, we conducted

a regression with a further adjustment for economic activity

to evaluate the mediating effect of mobility on the association
between area-level SES and COVID-19 incidence (Model 3).

We built a Bayesian generalized linear model to estimate the

posterior marginal distribution of IRR of each SES measure.

Because the observed incidence rate by the municipality, used
as the outcome of interest, was overdispersed, it was modeled

as a negative binomial random variable with overdispersed
variance instead of Poisson regression. In addition, the Besag,

York, and Mollié (BYM) model was used to account for spatial
autocorrelation of residuals by adding a spatial random effect
using intrinsic conditional autoregressive (iCAR) function and
extra residual term for spatially independent variation that was
independent, identical, and normally distributed as follows:

Yi∼NB (πi,ri) ,Yi: Number of COVID− 19 cases

by municipality i

πi=
ri

ri+λi
,E (Yi)=λi

log (λi)=α+log
(

populationi
)

+β
1
×SESi,k

+

N
∑

j=2

βj×covariatei+ui+εi

u1:229∼ICAR
(

W,σ 2
u

)

ε ∼N
(

0,σ 2
ε

)

u∼N0, I−C−1
×M,C=γ×W,M=I× σ 2

u

where ui is the conditional autocorrelation regression term, the
covariance matrix of the parameters calculated based on the
neighboring regions, εi is the nonspatial structured term, u
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is the spatial correlated random effect calculated by averaging
neighboring random effects, I is the identity matrix, and W is
the spatial weights matrix constructed by an inverse distance
function with the exponents followed by row-standardized such
that each row sums to 1 for interpretation of the parameters (27).
The neighboring region at each municipality was defined as the
administrative division located within the geographical distance
that was not spatially correlated in a variogram generated using a
Bayesian generalized linear model without the spatial correlation
term. The spatial correlation parameter denoted as γ was
set to 1.

The models were run with three chains with different starting
values in which sampling values in the MCMC process with a
burn-in of 4,000 iterations and a thinning rate of 10, and 50,000
iterations were used for each posterior distribution of parameters
for SES and covariates. Convergence of the chains was assessed by
visual inspection of the posterior distributions and computation
of the Gelman–Rubin statistic. The Deviance Information
Criterion (DIC) was used to measure and compare the goodness
of fit for themodel. The prior distribution for each parameter and
hyperparameter is described in the Supplementary Material.
R2WinBUGS R software package version 2.1 (28) withWinBUGS
software version 1.4.3 was used to carry out given statistical
approaches (29). The map presented in this study was created
by Esri ArcGIS software version 10.8.1 using the South Korea
map which is publicly available (30). All analyses were separately
performed for two different phases of the COVID-19 pandemic;
the low and rebound phases.

We repeated a similar analysis to estimate the relative index
of inequality (RII) as a supplementary measure of inequalities
in the COVID-19 incidence rate at the area level. RII is a
commonly used measure of health inequalities that summarizes
the distribution of a health outcome measure against an SES as a
relative difference of the least and most deprived subgroups (31).
RII in this study corresponds to the relative risk of the incidence
for COVID-19 in the lowest and the highest socioeconomic
strata and, therefore, is directed by changes in two strata
(Supplementary Material). The RII was also estimated using a
spatial negative binomial model withmarten correlation function
for spatial correlation term, 95% CI was estimated by bootstrap.
RII estimation was made as follows.

Yi∼NB (πi,ri) ,Yi: Number of COVID− 19 cases

by municipality i

πi=
ri

ri+λi
,E (Yi)=λi

log (λi)=α+log
(

populationi
)

+β
1
×SESi,k

+

N
∑

j=2

βj×covariatei+ui+εi

u1:229∼ICAR
(

W,σ 2
u

)

ε ∼N
(

0,σ 2
ε

)

u∼N(0, (I−C)−1
×M),C=γ×W,M=I×σ 2

u

where xi denotes the mid-point of municipality i in
socioeconomic class k with number 1 assigned to the highest
class of SES, as opposed to the lowest strata. The mid-point was
derived for each SES class. In addition, SES variables are likely to
be mutually correlated. Thus, Spearman’s correlation coefficient
between two paired SES variables was estimated to exclude the
correlated combinations for subsequent multivariate analyses.

RESULTS

Overview of COVID-19 Incidence and
Socioeconomic Characteristics
The COVID-19 epidemic in Korea showed two distinctive
phases in terms of the incidence level over the study
period as illustrated in Figure 1. In the low phase (from
May 6 to August 14, 2020), 2,906 cases were reported
in 141 municipalities with 28.8 daily new cases for 100
days, in which no escalating pattern was observed in the
epidemic curve. In contrast, in the rebound phase (from
August 15 to December 31, 2020), 40,545 cases were
reported in 224 municipalities with 291.7 daily cases for
139 days, in which two distinctive peaks were observed in the
epidemic curve.

Geographically, a significant difference was observed in the
area-level COVID-19 incidence rate as shown in Figure 2.
On average, 12.7 cases were reported per area [minimum
(min) – maximum (max) = min – max = 0–127 cases]
in the low phase and 177.1 cases (min – max = 0–1,653
cases) were reported in the rebound phase. The majority of
COVID-19 cases were reported in the Seoul metropolitan area
(81.8% in the low phase and 72.8% in the rebound phase)
where 50.28% of the total Korean population resides within
11,851.26 km² (11.8% of the land size of Korea). The average
nonemployment rate was 13.9 and 4.9% of households received
basic livelihood security (Table 2). All variables, in particular,
economic activity, showed significant spatial autocorrelation in
the Global Moran’s I test indicating that the association of those
variables with COVID-19 should bemeasured with consideration
of spatial autocorrelation.

Generally, socioeconomic measures were significantly
correlated with each other (Figure 3) but heterogeneous in
direction. For example, national insurance contributions as
the proxy of personal income level had a negative correlation
with indicators of social exclusion and poverty [e.g., MDI
(Spearman coefficient = −0.84], the proportion of basic
livelihood security recipients [Spearman coefficient = −0.75),
and the nonemployment rate (Spearman coefficient = −0.13)].
Notably, a negative correlation of economic activity (i.e.,
mobility at risk) was observed with indicators of social exclusion
and poverty such as the proportion of basic livelihood security
recipients (Spearman coefficient = −0.38) but not with
nonemployment rate (Spearman coefficient = 0.69), and a
positive correlation of mobility at risk was shown with national
insurance contribution (Spearman coefficient= 0.69), indicating
economic activity (i.e., mobility at risk) was characteristic of
affluent areas.
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TABLE 2 | Overview of socioeconomic status measures, economic activity variables, and covariates for 229 municipalities in Korea.

Variables Descriptive statistics

Mean SD Min Max CV Global morans‘I
†

Socioeconomic status (unit)

National insurance contributions (US dollars) 43.18 10.58 27.76 100.43 0.25 0.71 (0.001)

Material deprivation index (Z-score) 0.00 5.61 −12.41 14.59 - 0.48 (0.001)

Nonemployment rate (%) 13.86 3.12 4.53 24.10 0.23 0.34 (0.001)

Basic livelihood security recipient (%) 4.48 1.57 1.27 9.79 0.26 0.62 (0.001)

Financial autonomy (%) 24.96 12.60 6.60 68.00 0.33 0.57 (0.001)

Economic activity

Mobility at risk (Z-score) 0.00 1.00 −1.48 2.84 - 0.87 (0.001)

Covariates

Population Density (No. of inhabitant/km2 ) 45.78 87.66 0.20 516.19 1.92 0.36 (0.001)

Median Age (years) 47.47 6.08 37.20 61.00 0.13 0.49 (0.001)

Health care workforce (No. of workers per 1,000 persons) 8.21 6.87 2.57 54.02 0.84 0.23 (0.002)

SD, standard deviation; Min, minimum; Max, maximum; CV, coefficient of variance = standard deviation/mean.
†
The significance of the statistics of Global Morans‘I was estimated with 999 simulations, expressed in parenthesis.

FIGURE 3 | Correlation plot between socioeconomic status and economic activity variables. The number inside the cell corresponded to Spearman correlation

coefficient estimates. The intensity of correlation was expressed by colored gradient where dark blue represented one (a complete positive correlation) and dark red

represented minus one (a complete negative correlation). All correlation coefficients estimates were statistically significant (p < 0.05).
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TABLE 3 | Incidence rate ratios for the association between socioeconomic status and economic activity and incidence for COVID-19 over the low and rebound phase in

229 municipalities in Korea.

Variables Low phase

(no. of cases = 2,906)

Rebound phase

(no. of cases = 40,545)

Model 1
†

Model 2 ‡ Model 3§ Model 1
†

Model 2 ‡ Model 3§

Socioeconomic status

National insurance contributions 1.01

(0.99, 1.03)

1.00

(0.98, 1.02)

- 1.01

(1.00, 1.02)

1.07

(0.82,1.40)

-

Material deprivation index (Z-score) 0.99 (0.95, 1.02) 0.98 (0.92, 1.04) - 0.99 (0.97, 1.01) 1.00

(0.97,1.02)

-

Nonemployment rate 1.11

(1.06, 1.17)

1.20

(1.13, 1.28)

1.61

(1.09, 1.25)

1.02

(0.99, 1.05)

1.05

(1.02, 1.08)

1.02

(0.99, 1.06)

Basic livelihood security recipient 1.10

(1.02, 1.18)

1.23

(1.07, 1.40)

1.16 (1.02, 1.32) 1.04

(1.02, 1.06)

1.35

(0.93, 1.93)

1.04

(0.98, 1.09)

Financial autonomy 1.00

(0.98, 1.01)

0.98

(0.97, 1.00)

- 1.00

(1.00, 1.01)

1.00

(1.00, 1.01)

-

Economic activity

Mobility at risk 1.69

(1.23, 2.35)

1.67

(1.26, 2.17)

1, 59

(1.22, 2.06)

1.23

(1.05, 1.46)

1.28

(1.14, 1.44)

1.26

(1.13, 1.41)

Covariates

Population density 1.00 ¶

(1.00, 1.00 ¶)

- - 1.00 ¶

(1.00, 1.00 ¶)

- -

median age 0.99

(0.95, 1.03)

- - 0.99

(0.97, 1.00)

- -

Health care workforce 1.02

(1.01, 1.04)

- - 1.01

(1.00, 1.02)

- -

The incidence rate ratio (IRR) was estimated using a Spatial and Bayesian negative binomial model with marten correlation function and BYM for spatial correlation term, 95% confidence

interval was estimated by bootstrap, denoted in the parenthesis.
†
Model 1: unadjusted model.

‡ Model 2: socioeconomic indicators were remained to estimate the associations, adjusting for covariates (human density, median age, and health care workforce).

§ Model 3: two significant variables in Model 2 were retained to estimate the associations, adjusting for covariates from Model 2+ mobility at risk, separately. In turn, the incidence rate

ratio for mobility at risk returned two estimates for each of two corresponding socioeconomic status variables. The incidence rate ratio of mobility at risk in this table was given as an

adjustment factor for basic livelihood security recipients variable.

¶ denotes a given value is >1.

Associations Between Area-Level
Socioeconomic Measures and COVID-19
Incidence
Table 3 shows the estimation of IRR for the association between
area-level SES measures and COVID-19 incidence using a
Bayesian negative binomial regression. Overall, two area-level
SES measures, nonemployment rate and the proportion of
basic livelihood security recipients, were consistently associated
with COVID-19 incidence based on unadjusted and adjusted
modeling in the low and rebound phases. Specifically, in the low
phase, the adjusted IRR corresponding to an increase in 1% of
the nonemployment rate and the proportion of basic livelihood
security recipients was estimated as 1.20 (95% credible interval
(Crl) = 1.13–1.28) and 1.23 (95% Crl = 1.07–1.40), respectively
(Model 2). In the rebound phase, the same SES measures
presented inconsistence association with COVID-19 incidence.
For example, the nonemployment rate showed a significantly
negative association with COVID-19 incidence adjusted for only
covariates (model 2), but for both covariates and mobility at
risk (model 3), while the proportion of basic livelihood security

recipients had an only univariate association with COVID-19
incidence (model 1) (Figures 4, 5).

An economic activity indicator (i.e., area-level mobility

at risk) was positively associated with COVID-19 incidence

rate in both the low (IRR = 1.67, 95% Crl = 1.26–2.17) and
rebound phases (IRR = 1.28, 95% Crl = 1.14–1.44). When

assessing the mediation of mobility at risk in the association

between two SES measures and COVID-19 incidence, the

magnitude of the associations was attenuated but remained

significant in the low phase, but no associations were

observed in the rebound phase (Model 3). For instance,
the area with a higher nonemployment rate had a higher
risk of COVID-19 incidence in the low phase (IRR = 1.61,
95% Crl = 1.09–1.25) but independent associations were
not observed in the rebound phase (IRR = 1.02, 95% Crl

= 0.99–1.06). When assessed with RII, nonemployment
rate and the proportion of basic livelihood recipients

showed a similar pattern of associations with COVID-19

incidence (Supplementary Table).
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DISCUSSION

In this study, a significantly positive association was found
between area-level nonemployment rate and the population
share of basic livelihood security recipients and COVID-
19 incidence. However, area-level socioeconomic effects were
stronger in the low phase when the prevalence of COVID-19
was low, with less strict governmental measures (Figures 4, 5).
In other words, the strength of the association of those SES
measures decreased as the level of COVID-19 incidence rate
across the country increased. Similarly, the inequalities in the
COVID-19 incidence rate concerning nonemployment and basic
livelihood security recipients were significantly high in the low
phases. In addition, higher mobility at risk, indicating active
economic activity at the area level, increases the risk of COVID-
19 incidence in both phases. In this context, when both area-level

SES measures and mobility were simultaneously adjusted, SES
measures remained significant in the low phase, suggesting they
were independent of each other in the low-risk period. However,
in the rebound phase, adjustment for economic activity variables
showed no association between SES measures and COVID-19
incidence. Overall, partial existence of COVID-19 inequalities in
some measures may have occurred as a result of counteraction
between risk raising and lowering area-level effects (e.g., poor
communities are less mobile).

Among five measures of area-level SES, the areas with a higher
level of basic livelihood security recipients and nonemployment
rate showed a higher risk of COVID-19 incidence; however, an
association was not observed for other area-level socioeconomic
measures. A partial observation of area-level socioeconomic
inequalities in COVID-19 incidence differs from most previous
studies from the United States (32), the United Kingdom
(20), and Spain (33, 34), and is similar to a previous Korean
study (35) in which no or a partial association was observed.
Inconsistency in inequalities in COVID-19 incidence across
measures may possibly be interpreted using the socioeconomic
context of Korea. Korean government measures were impartially
imposed regarding case-identifying processes, awareness of the
process, access to COVID-19 testing, and contact tracing, which
may provide a relatively equal chance of being diagnosed.
Close supervision by national mandatory conduct systems was
uniformly applied regardless of area-level SES. This universal
approach is not exclusive to Korea, but the outcome may be
proequity in countries with high levels of public support for
strong governmental measures. In addition, inequalities may
be greater in places where COVID-19 diagnostic testing is
often delayed, and choosing which patient to care for first
is an issue when the number of patients is overwhelming
(36). In contrast, Korea has maintained a lower COVID-19
incidence by enhancing rigorous contact tracing and extensive
testing with no discrimination, which may have minimized
some forms of socioeconomic disparity across areas. Inconsistent
inequalities may be also explained by different conceptualizations
of the five area-level SES measures. Basic livelihood security
recipients are mostly older adults, and the age composition
of this measure better reflects diagnosed COVID-19 cases; the
majority (35.1% in the low phase and 31.6% in the rebound
phase) were older adults (≥60 years of age), according to the

Korea Central Disease Control Headquarters (http://ncov.mohw.
go.kr/en/). This finding is in agreement with an individual-based
Korean study in which higher SES was associated with higher
COVID-19 incidence in the older population, and both higher
and lower SES were associated with the younger population (37).
Similarly, the area-level nonemployment rate largely depends on
the proportion of individuals who are not in the labor force.
However, the national health insurance premium and financial
autonomy address directly the income level of the working
population. The deprivation index is a composite measure
developed using six variables of material circumstances. Deriving
the material deprivation index by assigning the same weight
to each individual variable may mask socioeconomic patterns
existing in the COVID epidemic (18).

In this study, a high level of mobility was associated with an
increased risk of COVID-19 incidence, consistent with recent
studies from the United States. However, this study results
are in contrast to previous studies in terms of which areas
are more mobile. In most previous studies, socioeconomically
disadvantaged areas were reportedly more likely to have higher
mobility (9, 10); however, this study results showed that a high
level of mobility was characteristic of affluent areas in Korea. This
finding is understandable becausemobility using public transport
is concentrated in densely populated areas in the capital and
large cities in Korea and within-city mobility is distributed across
places of social gatherings and business meetings.

High mobility observed in affluent areas may offer another
plausible explanation as to why socioeconomic inequalities differ
based on the measure. Collectively, area-level socioeconomic
disadvantages concerning COVID-19 incidence were mixed
with lower economic activity in poor communities. Notably,
when simultaneously adjusted for mobility, SES measures of
basic livelihood security recipients and the nonemployment rate
remained significant in the low phase but not in the rebound
phase. This result indicates that mobility is a major contributing
factor to the association between area-level SES and COVID-19
incidence in the rebound phase, but mobility alone does not fully
explain the association; other vulnerabilities (e.g., a larger poor
older population) are likely to be involved.

The area-level socioeconomic effect was stronger in the low
phase, when the prevalence of COVID-19 was low, with less
strict governmental measures, indicating that the area-level
socioeconomic gradient is less likely to affect the variation
in COVID-19 occurrence. Hypothetically, the socioeconomic
inequalities in COVID-19 incidence were not exacerbated in the
rebound phase. A larger inequality in the low phase may be
attributed to people in poor communities being less responsive to
an initial spread of COVID-19 when government public health
measures were not sufficiently implemented nationwide. With
progression to a widespread stage (rebound phase), the Korean
government launched the testing and contact tracing system
as a key part of the control strategy. The relatively effective
performance of the strong government measures, with public
compliance, applied in a nondiscriminatory manner, irrespective
of SES, led to subsequent improvement in regional variations
in incidence.

The strength of this study includes the use of nationwide
incidence data and various socioeconomic measures. In
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FIGURE 4 | Geographical distribution of nonemployment rate coupled with COVID-19 incidence rate by 229 municipalities during the low phase of the epidemic (left)

or the rebound phase (right). The size of the circle is proportional to the cumulative number of reported COVID-19 cases per 100,000 inhabitants during the

corresponding period. Blue gradient represents the magnitude of the nonemployment rate.

particular, concurrent use of SES measures with mobility
measures enabled us to obtain a better-fitted model and identify
any existing associations. This study had several limitations.
First, the mobility measure was obtained from the previous
year and does not reflect the mobility changes induced by
the COVID-19 pandemic. However, to some degree, the use
of previous mobility data may serve as a proxy indicator in
this interpretation because mobility change depending on SES
appears minimal in Korea. The only study in which the average
mobility patterns were compared during the COVID-19 period
in Korea showed no significant change in mobility shaped by
socioeconomic differences (38). Second, the findings in this
study are limited to area-level interpretation, due to the inherent
nature of ecological studies, which could not be directly applied
at an individual level. Third, the variables associated with living
conditions, such as poor hygiene conditions and overcrowding,
could not be included due to data availability, although this
would be relevant information regarding the association between
SES and COVID-19 incidence. Furthermore, it is noteworthy
to investigate the impact of inequalities on the incidence of
COVID-19 in countries with a relatively lower number of

cases and during the post-vaccination period to understand
the direct effect of SES disparity on the infection adjusted for
vaccination coverage.

In conclusion, COVID-19 does not occur randomly but
follows socioeconomic patterns; socioeconomic inequalities in
COVID-19 incidence occur concerning the unique context
of a society in response to the pandemic. Despite similar
contexts, each SES measure represents a specific factor and
has a different ability to identify socioeconomic stratification
caused by COVID-19. In Korea, where government control
measures were effectively applied, with high compliance and
with relatively low incidence, SES measures, such as basic
livelihood security recipients, reflecting age stratification, may
be preferable. Mobility was associated with COVID-19 incidence
and partly explains the correlation between area-level SES and
COVID-19 incidence during a high incidence period in countries
such as Korea, where mobility is characteristic of affluent
areas. The results confirm the necessity for emergency policy
priorities concerning the older population in disadvantaged
areas, including faster vaccination, and underscore a further need
for socioeconomic support, including emergency relief funds.
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FIGURE 5 | Geographical distribution of the proportion of basic livelihood security recipients with COVID-19 incidence rate by 229 municipalities during the low phase

of the epidemic (left) or the rebound phase (right) The size of the circle is proportional to the cumulative number of reported COVID-19 cases per 100,000 inhabitants

during the corresponding period. Green gradient represents the magnitude of the nonemployment rate.
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