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OBJECTIVES: This study examined socioeconomic inequalities in compliance with precautions and health behavior changes
during the coronavirus disease 2019 (COVID-19) outbreak using a representative Korean sample.

METHODS: This exploratory study utilized around 210,000 participants aged >25 years in the Korean Community Health
Survey 2020. Socioeconomic status was measured with educational attainment and household income. Outcomes included
non-compliance with 8 precaution measures and deterioration in 6 health behaviors. The relative inequality index (RII) was
calculated to quantify the degree of inequality by education and income level. RII values > 1.0 indicate that deprived people
have a higher frequency of health problems, and RII values < 1.0 conversely indicate a higher frequency of health problems in
more advantaged groups.

RESULTS: People with lower education or income levels tended to have higher rates of non-compliance with COVID-19 safety
precautions (RII range, 1.20 to 3.05). Lower education and income levels were associated with an increased smoking amount
(RII=2.10 and 1.67, respectively) and sleep duration changes (RII=1.21 and 1.36, respectively). On the contrary, higher educa-
tion and income levels were associated with decreased physical activity (RII=0.59 and 0.77, respectively) and increased delivery
food consumption (RII=0.27 and 0.37, respectively). However, increased alcohol drinking was associated with lower education
and income levels in younger men (RII=1.73 and 1.31, respectively), but with higher levels in younger women (RII=0.73 and
0.68, respectively).

CONCLUSIONS: Our findings suggest the need to develop customized strategies, considering the characteristics of the target

population, to decrease the burden and impact of the COVID-19 outbreak.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) outbreak was first
reported in December 2019 and continued to spread worldwide
[1]. In response to the COVID-19 outbreak, worldwide govern-
ments have imposed mask-wearing and social distancing to miti-
gate the pandemic [2]. Specifically, the Korean government im-
plemented a strong national social distancing campaign; people
were asked to leave their houses only when necessary, and many
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community facilities were closed, with the potential for non-com-
pliant facilities to receive administrative orders [3]. Additionally,
in Korea, isolation of confirmed cases and self-quarantine of con-
tacts have been the norm [4]. These policies have been helpful in
reducing or slowing the COVID-19 epidemic [5]. However,
strengthening quarantine measures and social distancing have
worsened health behavior and increased psychological stress [6,7].
Socioeconomic characteristics may affect the degree of compli-
ance with COVID-19 prevention measures and deterioration of
health behavior [8], as well as age or comorbidities [9]. Although
there are some differences according to types of behaviors or so-
cioeconomic status (SES) indicators, usually, people with lower
SES are more likely to engage in deleterious health behaviors
[10,11] and less likely to receive information on safety and health
precautions [12]. During pandemics, economic hardships may
affect lower-SES peoples access to material resources and health
services [13]; accordingly, the already existing-socioeconomic in-
equality in health behaviors may worsen. During the COVID-19
pandemic, several studies have reported differences in health and
safety behaviors according to SES [14,15]. However, the previous
studies cannot be generalized due to their limited sampling meth-
ods, size, and characteristics. Therefore, we analyzed a Korean
representative sample to explore SES inequalities in compliance
with safety precautions and health behavior changes during the
COVID-19 outbreak.

MATERIALS AND METHODS

Data and sample

We analyzed an anonymized research dataset obtained from
the Korean Community Health Survey (KCHS) for 2020. The
KCHS is a nationwide survey of health interviews conducted by
the Korea Disease Control and Prevention Agency (KCDA), aim-
ing to establish a standardized community survey with which to
develop health projects for all local districts. Detailed information
on the study design and aims of the KCHS has been previously
reported [16]. Briefly, before each year’s interview, sample house-
holds are selected to represent each of the administrative districts
of Korea. Based on registration data from the Ministry of the In-
terior and Safety and data on housing types from the Ministry of
Land, Infrastructure, and Transport, sample households are se-
lected. On average, 900 individuals are examined by each health
center in 255 local districts, yielding about 230,000 people in total.
Trained interviewers conduct one-to-one interviews with indi-
viduals aged 19 years or older. The KCHS is the only data source
that collects standardized health information from all administra-
tive districts in Korea. In the 2020 KCHS, all interviewers com-
pleted a COVID-19 polymerase chain reaction test and vaccina-
tions before the start of the survey. Interviewers checked their
health status every day, and those with symptoms did not partici-
pate in the interview. Additionally, while visiting households, in-
terviewers strictly followed precautions including wearing a mask,
sanitizing hands, checking body temperature, and maintaining
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physical distance from the participant [17]. In the 2020 KCHS,
questions about the degree of compliance with safety measures to
prevent COVID-19 and changes in health behavior after the
COVID-19 outbreak were added. In current study, we excluded
participants aged under 25 years since they may not have finished
their education or be economically inactive [18]. The final study
sample consisted of 214,703 individuals for the analysis using ed-
ucational attainment and 209,455 individuals for the analysis us-
ing household income in 2020. A flow chart of the selection of
study participants is presented in Supplementary Material 1.

Measurements
Educational attainment was categorized into 4 groups: elemen-

tary school or less, middle school, high school, and college or
more (reference group). Equivalized household income was de-
fined as the total monthly household income divided by the
square root of the number of household members. Participants
were divided into 4 groups according to the quartiles of equival-
ized household income, from Q1 (lowest) to Q4 (highest, refer-
ence group). The quartiles of monthly household income were
separately calculated by gender and age (<65 or >65) consider-
ing that those aged > 65 were mostly economically inactive. Self-
reported responses for compliance with COVID-19 safety pre-
cautions and deterioration of health behaviors during the COV-
ID-19 outbreak were utilized as the main outcomes. First, compli-
ance with COVID-19 safety precautions was evaluated through
questions asking whether the participants, in the last week, (1)
covered their mouth while coughing; (2) practiced regular disin-
fection; (3) practiced regular ventilation; (4) wore a mask in in-
door facilities such as public transportation, restaurants, and de-
partment stores; (5) wore a mask when it was hard to keep a dis-
tance; (6) adhered to recommendations on the minimal physical
distance (2 meters); (7) refrained from visiting patients in hospi-
tals; and (8) refrained from going out. These items had responses
of “completely complied,” “complied,” “failed to comply;” or “not
applicable” Participants were dichotomized according to respons-
es of “failed to comply” Health behavior changes were evaluated
using questions asking whether participants experienced changes
in (1) physical activity including walking or exercise; (2) sleep du-
ration; (3) amount of instant meal and soda consumption; (4)
amount of delivery food consumption; (5) alcohol drinking; and
(6) amount of smoking. These questions had responses of “in-
creased,” “did not change,” “decreased,” or “not applicable” Health
behavior deterioration was captured as increases in the smoking
amount, alcohol drinking, consumption of instant food and soda,
or consumption of delivery food; changes in sleep duration; and
decreases in physical activity.

Statistical analysis

The demographic characteristics of the participants were pre-
sented as weighted mean + standard deviation or frequency and
weighted proportion. Logistic regression models were used to es-
timate the associations between SES (educational attainment or
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household income) and outcomes of interest (failure to comply
with precautions and health behavior deterioration). Age-adjust-
ed odds ratios (ORs) and 95% confidence intervals (CIs) were
calculated using the PROC SURVEYLOGISTIC procedure to ap-
ply stratification, primary sampling units, and population weights.
Additionally, the analysis of compliance with precautions was ad-
justed for COVID-19-related characteristics including quaran-
tine/isolation experience due to COVID-19 infection and recent
experience of fever/coughing. For health behavior changes, smok-
ing status (past/current), alcohol drinking frequency, sleep dura-
tion, and moderate physical activity (yes/no) were additionally
adjusted in the models for increased smoking amount, increased
alcohol drinking, changed sleep duration, and decreased physical
activity. Furthermore, the age-adjusted frequencies of non-com-
pliance with precautions and health behavior deterioration were
estimated using the direct standardization method based on the
2015 Korean census.

The relative index of inequality (RII) was developed to quantify
the relative inequality gap between those who are positioned in
the lowest and the highest SES categories [19]. The RII indicates
the ratio between the most and least disadvantaged groups. If it is
equal to 1.0, there is no inequality, higher values indicate worse
outcomes in the most disadvantaged group, and values less than
1.0 indicate worse outcomes in the most advantaged group [20].
In the current study, RIIs by education or income levels were sep-
arately calculated. First, to estimate RII by education level, the rel-
ative position of educational attainment was obtained from resca-
ling the categorical educational attainment variables to have a con-

tinuous range from 0 (the highest education level) to 1 (the lowest
education level). The relative position of educational attainment
was assigned to each category based on the proportion of partici-
pants above the midpoint in the category. For instance, if 10% of
participants were included in the highest education level group,
they were assigned a relative position of 0.05 (0.0+0.5x 0.10). If
30% of participants were included in the next highest education
level group, a relative position of 0.25 (0.1+0.5 x 0.30) was assigned,
and so forth. Second, this relative position was treated as an inde-
pendent variable in binomial regression models, assuming a line-
ar association between education levels and outcomes. Lastly, the
coeflicient of the relative position was the RII value by education
level. RIIs by income levels were also calculated using the same
process. All analyses were conducted in the total population and
then stratified by gender and age group (< 65 or > 65). All statisti-
cal analyses were performed using SAS version 9.4 (SAS Institute
Inc., Cary, NC, USA) and R version 4.1.2 (R Foundation for Sta-
tistical Computing, Vienna, Austria). A 2-sided p-value less than
0.05 was considered to indicate statistical significance.

Ethics statement

The data in this study were obtained from the KCHS, KDCA,
Ministry for Health and Welfare in Korea. Our data from the
KCHS are freely available if researchers submit appropriate insti-
tutional review board clearance to the KDCA. This study was ap-
proved by the Institutional Review Board of Severance Hospital at
Yonsei University College of Medicine (IRB No: 4-2021-1256).

Table 1. Demographic characteristics of participants by gender and age in the Korea Community Health Survey 2020

o Total Men (n=97,250) Women (n=117,716)
Characteristics
(n=214,966)  Age <65 (N=66,924) Age =65 (n=30,326) Age <65 (n=75,230) Age =65 (n=42,486)

Age (yr) 51.49+0.05 44.90+0.05 73.39£0.05 45.65+0.05 74.17%£0.04
Educational attainment

Elementary or less 53,785 (13.7) 3,075 (2. 12,451 (31.9) 6,672 (5.0) 31,587 (63.7)

Middle school 24,825 (8.8) 5119 (5. 6,353 (20.3) 8,047 (7.4) 5,306 (15.7)

High school 67,002 (33.2) 26,078 (35.8) 7,702 (30.1) 29,028 (37.0) 4,194 (15.2)

College or higher 69,091 (44.3) 32,577 (56.5) 3,771 (17.6) 31,393 (50.6) 1,350 (5.4)
Monthly household income

Q1 (lowest) 63,353 (24.5) 19,916 (25.0) 8,759 (23.8) 22,114 (24.7) 12,564 (23.0)

Q2 53,417 (24.5) 15,300 (23.9) 7,829 (24.6) 18,886 (25.3) 11,402 (24.2)

Q3 43,256 (21.9) 12,277 (20.3) 7,361 (26.5) 13,906 (20.8) 9,712 (26.8)

Q4 (highest) 49,429 (29.1) 17,436 (30.9) 5,854 (25.1) 18,119 (29.2) 8,020 (26.0)
Job

Professional administrator 22,244 (14.5) 10,817 (19.5) 817 (3.9 10,418 (16.3) 192 (0.7)

Office worker 18,925 (12.5) 9,528 (17.3) 308 (1.4) 9,011 (14.3) 78(0.3)

Sales worker 27,048 (13.6) 8,577 (14.0) 1,138 (4.0) 15,165 (18.2) 2,168 (5.3)

Agricultural worker 22,358(3.2) 5,773 (2.7 6,846 (9.3) 4,205 (1.5) 5,534 (5.2)

Manual worker 41,987 (20.1) 22,137 (32.3) 5,178 (19.8) 8,840 (10.5) 5,832(10.8)

Other (homemakers or unemployed) 82,198 (36.1) 10,017 (14.2) 16,018 (61.6) 27,528 (39.2) 28,635 (77.7)

Values are presented as weighted mean + standard deviation or number (weighted proportion).

www.e-epih.org | 3




[ ]
Epidemiology H
and Health ep ’

44:2022013

7

Epidemiol Health 2022

‘(3sed/1UB.11N2) SN1e3S Buows 10} pAASNIpY,
'sa1puaNbaly bupjulp joyod|e 1oy parsnipy,
‘uoleinp das|s 4oy parsnipy;

‘(ou/sak) Ayiaioe [edisAyd ayesspow 1oy paisnipy,

"Buiybnod/19n3) Jo 92UBLIDAXD JUSDBI PUB UORIAJUI 61-JIAQD O3 NP 9dUdLIdXD UoIIe|oSI/auueIeNb Joj paisnipy,
*(|AID)UI DDUSPYUOD %G6) Ol1el SPPO se pajuasald ale sanjep

(99°L'9C°L) ¥¥'L
(00°L 18°0) 06'0
(LS'0¥70) L¥'0
(€£0'29°0) £9°0
(L'l €T
(#8'0'82°0) L8'0

(ceL'so) L1l
(€1 oryert

(L't ot
(¥0'L £8°0) 560
(29°0'95°0) 65°0
(€8'0'€£°0) £L0
(6LL'60°L) ¥L'L
(98'0°08°0) €80

(OLL160) €0°L
(67’1 LOL) €T'L

(8zL'00L)ELL
(¥0'L '68°0) 96'0
(18'0'5£°0)8£°0
(S56'0'£80) L6°0
(S0'L '96°0) LO'L
(06'0 '¥80) £8°0

(LL'L'€6'0) ¥O'L
(L€1'€60) EL'L

(®dua13)91) 00°L
(®dua19)91) 00°L
(®oua19)91) 00°L
(®oua13)91) 00°L
(92ua13431) 00°L
(S2uaI3421) 00°L

(9>ua13421) 00°L
(2>ua19421) 00°L

(€9L’eLL)og’L
(18'0'65°0) 69°0
(0€'0'52°0) 820
(0'0'2€0) 9€°0
(¥0'L '€6°0) 66°0
(1£°0'59'0) 89°0

(8LL'EEL) ¥S'L
(ss'L'coL)oTlL

(LoL'stL)ogL
(L0'L"££°0)68°0
(S°0'8€°0) L0
(85°0°£t'0) TS0
(XA WANNE 74}
(8£°0'LL0)¥L°0

(€T’1'68°0) ¥O'L
(¥rS'L'260)TTL

(LrLcel) veL
(¢1'L'86°0) SO'L
(L£0'2L0)¥L0
(680 ‘28°0) 58'0
(czLvr)slL
(#8'0'6£°0) 780

(S1'L'S6°0) SO'L
(os'Lzl'l)6TL

(9oua18)31) 00°L
(9oua19)31) 00°L
(9oua19)91) 00°L
(9dua19)91) 00°L
(2uaJ3)31) 00°L
(2ua19)31) 00°L

(@>ua19)21) 00°L
(@>ua13421) 00°L

Junowe Bupjows paseasnu|
L,BUBjULIp [0YyOde pasealdu|
pooy AISAII9p JO uolAdWNSUOD pasealdu|
BPOS/S|eaW JurISUI JO UOIAWNSUOD Pasealdu|
cuoneinp dag|s ui sabueyd
AuAnoe [edishyd paseanag
UO[}eI01I)3P JOIARYI(] Y}|edH
1no buiob wouy buiuiessas JoN
syuanjed pazijeydsoy bunisia woliy bujuiesyas JoN
2oue)sip [edisAyd

(91'1'56'0)S0'L (EL'L'¥P6°0) €0'L (PL'L'96°0) SO'L (SduUa49yal) 00°L  (L9'L'OEL) SP'L (SHLOL'L) 6T L (CTL'90°L) EL°L (S2UL4943) 00'L PapUSWILIOdAI WNWIUIW 3y} buldasy JoN
@I LD PEL (@TL'E80)L0L (PEL'06°0)0L'L (duUa49yal) 00'L  (PST'SLL) LL'T (20TOEL)T9L (0571 °80°L) 8T'L (S2Ua49431) 00'L aoue)sip dady 0} pley usym bulieam-yseus JoN
(TsT'6El) £8'L (89'L'S6'0) LT'L (POT'OL'L) ¥S'L (dUa4yal) 00'L  (E6'T¥9'L) 61T (£0TTL'L)TSL (0S°L'L60) 0T’ L (92Ud43431) 00'L Sa131|1>e Joopul ut Bulieam-jsew J0N
(€£1651) 9L (ETLPLL)6LL (LLI'L'20L)90°L (9dua4ya1)00'L  (68°L €L L) L8'L (OV'L'8TL)VEL (0TL'EL'L) L1l (92Ua19434) 00°L uoidaulsip Jejnbai Buiwiogiad J0N
(Z€190°1) LT'L (SO'L°L80)T60 (8L'LL60)¥O'L (S2Ua149y21) 00°L  (6€T'8L°1)90°T (8S'L'TL'L)EEL (PTL'00L) LL'L (S0U3439434) 00°L uone|uaA Jeinbas buiwiopad 10N
(L7197 1) 1oL (@rLol'L)8T'L (STL'TOL) L'l (Sduai9pel) 00l (0S5°T'S00) LTT (08'L'SH'L) 2oL (LS'L'8T'L)6€L (S2UI9434) 00°L Burybnod ajiym yanow BuLeA0d JON

,suonnedaid A1ajes yum A|dwod o3 ainjieq

(1s3m0)) 1D 40 €0 (153461Y) O >l [0y APPIN  [00US YBIH  +2362]0)

J1o Aeyuswa|g

(SS¥'60T=U) dwodul p|oyasnoH

(€047 1z=U) Juswuleye [euonednp3l

salleuuonsanb paie[ai-6 L-dIA0D

aWOoDU P|OY3sNOY 40 Juswiueyie

[euol}eINpP3 0} BuipI0IdE YLAIINO (61-AIAOD) 6107 9SESIP SNIIABUOIOD 3y} BulINp UOIIRIONSISP JolARYS] Yijeay pue suonnedaid A1ajes yyim A dwod o3 ainjiey 104 ol3el sppO *T 3jqel

I www.e-epih.org

4



Lee GBet al. : Socioeconomic inequality during COVID-19 epidemic

RESULTS

Table 1 presents the sociodemographic characteristics of all
study participants and by gender and age groups. Overall, women
had higher proportions of lower education levels (e.g., elementary
or middle school graduates) than men in both age groups. Addi-
tionally, more than half of men aged <65 were manual workers
(32.3%) or professional administrators (19.5%), while most wom-
en aged <65 were homemakers (39.2%) or sales workers (18.2%).
In the elderly (age > 65) group, both men and women were most-
ly unemployed or homemakers (men: 61.6%; women: 77.7%) or
manual workers (men: 19.8%; women: 10.8%).

Table 2 presents ORs for failure to comply with safety precau-
tions and health behavior deterioration according to educational
attainment or household income. Overall, participants with lower
SES tended to have higher odds of failure to comply with COVID-
19 safety precautions than the highest SES group. In health behav-
ior deterioration, the lower SES groups tended to have higher ORs
for changes in sleep duration and increased smoking amount,
while they had lower ORs for decreased physical activity, increased
instant/delivery food consumption, and increased alcohol drink-
ing. The gender-specific and age-specific results are shown in Sup-
plementary Materials 2-5.

Figure 1 shows RlIs by education levels for failure to comply
with safety precautions and health behavior deterioration in the
total population and by gender and age. Estimates of RIIs were
found in Supplementary Material 6. In the total population, the
RIIs by education level for failure to comply with COVID-19 safety

precautions were greater than 1.0, indicating that less-educated
people were more likely to fail to comply with safety precautions
than the more-educated people. However, in women, these edu-
cational differences in failure to comply with several precautions
tended to be weaker; the RIIs for not mask-wearing in indoor fa-
cilities, not refraining from going out, and not refraining from
visiting hospitalized patients were not significant in women. In
health behavior deterioration, the RIIs in the total population
showed different directions according to the type of health behav-
ior. Increased smoking amount and sleep duration changes
(RII=2.10 and 1.21, respectively) were prominent in less-educat-
ed people, while decreased physical activity, increased consump-
tion of instant meals, and increased consumption of delivery food
were prominent in more-educated people (RII=0.59, 0.42, and
0.27, respectively). In particular, the tendency for less-educated
people to experience worse changes in smoking and sleep dura-
tion were most prominent in younger men (RII=2.06 for in-
creased smoking; RII=1.69 for changed sleep duration) and
younger women (RII=3.35 for increased smoking; RII=1.11 for
changed sleep duration) but not in elderly men and women. Fur-
thermore, deterioration in alcohol drinking was apparent in
groups with different education levels by gender; it was associated
with lower education levels in younger men (RII=1.73), but with
higher education levels in younger women (RII=0.73). Forest
plots and estimates of RIIs by income levels are presented in Fig-
ure 2 and Supplementary Material 7, respectively, and the overall
results are similar to those of RIIs by education levels.

Total Men, <aged 65 Men, >aged 65 Women, <aged 65  Women, >aged 65

Failure to comply with safety precautions’ :

Not covering mouth while coughing .. o L J HH o

No mask wearing when hard to keep distance | I £ g —a— ‘ ——

No mask wearing in indoor facilities s o . —— —e— H——

No regular ventilation | | HH o~ - —e—

No regular disinfection ] e . © .

Not keeping minimal physical distancing . m HH L] -

Not refrain from going out 2 L2 o r o

Not refrain from visiting patients in hospital > |- e — —o—
Health behavior deterioration |

Increased in smoking amount? L o e —e— ———

Changes in sleep duration® ] e * » .

Increased in alcohol drinking* * e —o— o ——

Decreased in physical activity® ., ; o ® .

Increased in consuming instant meals/soda LI | e . o

Increased in consuming delivery food 0 . R ) e

0.1 1.0 10.0 0.1 1.0 10.0 0.1 1.0 10.0 0.1 1.0 10.0 0.1 1.0 10.0

RIl by education

Figure 1. Relative index of inequality (RIl) by education levels for failure to comply with coronavirus disease 2019 (COVID-19) safety precau-
tions and health behavior deterioration in the total population and by gender and age. Questions were sorted by descending order of RIl
values in the total population analysis. 'Adjusted for quarantine isolation experience due to COVID-19 infection and recent experience of
fever/coughing. *Adjusted for smoking status (current/past). *Adjusted for sleep duration. *Adjusted for alcohol drinking frequencies. *Ad-

justed for moderate physical activity (yes/no).
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Total Men, <aged 65 Men, 2aged 65 Women, <aged 65  Women, >aged 65

Failure to comply with safety precautions’ ! !

No mask wearing in indoor facilities | e —— —— -

No regular disinfection . . o n | m

Not covering mouth while coughing [} L - - -

Not refrain from visiting hospitalized patients | HH e 2! —— HH s

No mask wearing when hard to keep distance HH - - E P

Not refrain from going out :II rlli e »g '.'"'

No regular ventilation - HH = - Ha

Not keeping minimal physical distance [ ] B o '
Health behavior deterioration | | 1 '

Increased in smoking amount? 1 - : ] —f— J-.-. ._|;

Changes in sleep duration’ ‘. 'm - ‘" .

Increased in alcohol drinking* a - g - P

Decreased in physical activity® n '} & '} n

Increased in consuming instant meals/soda L] ‘ IE —— [ >—I-:-l

Increased in consuming delivery food . A - ;! -

0.1 1.0 10.0 0.1 1.0 10.0 0.1 1.0 10.0 0.1 1.0 10.0 0.1 1.0 10.0
RIl by income

Figure 2. Relative index of inequality (RIl) by income levels for failure to comply with coronavirus disease 2019 (COVID-19) safety precau-
tions and health behavior deterioration in the total population and by gender and age. Questions were sorted by descending order of RII
values in the total population analysis. 'Adjusted for quarantine isolation experience due to COVID-19 infection and recent experience of
fever/coughing. 2Adjusted for smoking status (current/past). *Adjusted for sleep duration. “Adjusted for alcohol drinking frequencies. *Ad-

justed for moderate physical activity (yes/no).

DISCUSSION

Overall, in the nationwide health survey conducted in 2020,
significant socioeconomic discrepancies were observed in com-
pliance with COVID-19 precautions and in health behavior chang-
es. People with lower education or lower income levels were more
likely to fail to comply with safety precautions, but the relative de-
gree of inequality differed by types of precaution measure and by
respondents’ gender and age. Socioeconomic discrepancies in
health behavior deterioration showed variation not only in their
magnitude, but also in the direction of inequality indicators.

Our findings of SES inequalities in safety precautions align with
those of a previous study analyzing the data of 6,000 individuals
from the United States, the United Kingdom, Italy, China, Japan,
and Korea, in that high-income people adopted more self-protec-
tive behaviors such as mask-wearing during the COVID-19 pan-
demic [15]. In the current study, although the overall rate of com-
pliance with safety measures and social distancing for the preven-
tion of COVID-19 was very high, the compliance rate was differ-
ent according to SES. In particular, the compliance rate for wear-
ing masks in indoor facilities or when it was hard to keep distance
and for regular ventilation was very high, ranging from 95% to
98%, in all education/income groups (Supplementary materials
8-11). Nevertheless, the RII by education level was greater than 1.0
for all 8 precaution measures, and the RII by income level was
also significantly greater than 1.0 for 7 out of 8 measures. We used
RII, which quantifies the socioeconomic gradient in relative terms,
to evaluate socioeconomic inequalities in the frequency of failure
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to comply with precaution measures. However, when making pol-
icy decisions, absolute estimates are also needed to evaluate the
cost-effectiveness of policy alternatives [21]. The observed socio-
economic inequalities in precaution compliance may amplify the
risk of COVID-19 infection among people with low SES, consid-
ering that deprived people are easily exposed to vulnerable envi-
ronments. Moreover, the link between low education levels and
non-compliance with COVID-19 safety precautions was more
clearly observed in men under age 65, most of whom were em-
ployed workers. Socially or economically deprived people are more
likely to live in worse living conditions or have jobs that do not al-
low telecommuting [13]. Therefore, the socioeconomic inequality
that presents in COVID-19 safety precautions or social distancing
needs to be considered more seriously when making policy deci-
sions.

Socioeconomic inequalities were also observed in deteriorating
health behavior after the COVID-19 outbreak, but the direction
and magnitude were different depending on the type of health
behavior. Our study findings align with those of a previous study
with 1,809 United States participants recruited through conveni-
ence sampling, which reported that people with higher education-
al attainment tended to decrease tobacco use or increase alcohol
consumption during the COVID-19 outbreak [14]. In the current
study, an increased smoking amount was observed more frequent-
ly in both groups with lower education and income levels, but
disproportionate changes in sleep duration were found only in
those with lower income levels. Unexpectedly, increased alcohol
drinking, decreased physical activity, and increased consumption
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of unhealthy food were observed more in people with higher edu-
cation or income levels. This is probably due to differences in the
baseline status of health behaviors, according to which people with
higher SES had better lifestyles before the COVID-19 outbreak.
Since an increase in smoking amount would usually occur only
among smokers, such baseline effects would not have an impact
on smoking behaviors. In addition, people with higher SES have
encountered more changes in working patterns such as telecom-
muting [13] and may have been more affected by the closure of
sports facilities [22]. Reasons for the greater increase in consump-
tion of delivery/instant food among higher SES groups may in-
clude more frequent telecommuting and the lower economic bar-
riers to buying such foods.

In the current study, socioeconomic inequalities in increases in
smoking amounts and changes in sleep duration were more prom-
inent in the younger group. Among young people, who are likely
to be economically active, those with lower education or income
levels showed greater fear of financial difficulties during COVID-
19 [13,23]. Studies have also reported that psychological stress as-
sociated with COVID-19 exacerbates sleep quality and increases
smoking volume [24,25]. Interestingly, increased alcohol drinking
showed different patterns in younger men and women. The in-
crease in alcohol consumption was more prominent in lower SES
groups in younger men, but more prominent in higher SES groups
in younger women. This finding partially aligns with the results of
a previous study using international data from 15 countries in
Europe and South America; heavy drinking was found in more-
educated women and less-educated men [26]. However, the age-
specific and gender-specific impact of COVID-19 on alcohol con-
sumption needs to be further studied.

An advantage of our study is that it used a representative sam-
ple that covered all administrative districts of Korea and used data
collected according to a standardized questionnaire and quality
control program. However, several limitations should be consid-
ered. First, there is a possibility of measurement error as both com-
pliance with COVD-19 precautions and changes in health behav-
iors were measured based on self-report surveys. We cannot com-
pletely rule out the possibility that these measurement errors may
have varied depending on the socioeconomic level. Second, our
study could be considered as an exploratory analysis in the asso-
ciation of SES with precaution compliance and health behavior
changes. Confirmatory studies are required to further evaluate
socioeconomic inequalities. Third, the RII is a relative indicator of
inequality and is useful for comparing the degree of inequality
between different health outcomes or subgroups, but these find-
ings need to be supplemented with data on absolute inequality
levels.

In conclusion, this study of a representative Korean sample found
that socioeconomic inequalities existed in compliance with COV-
ID-19 precautions and in health behavior deterioration. People
with low SES were more likely to fail to comply with safety pre-
cautions, but the magnitude of inequality varied by gender, age,
and type of precaution measure. The socioeconomic inequality in

health behaviors differed not only in its magnitude, but also in the
direction of inequality indicators. Our findings suggest that it is
necessary to develop a customized strategy that considers the char-
acteristics of the target population to reduce the burden and im-
pact of the COVID-19 outbreak.
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