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Abstract

This study aimed to complement the previous studies conducted within a short period of time by
examining the long-term trends in depression levels of older adults through a longitudinal study
that includes the period following the onset of COVID-19. For analysis, this study used the data
from the 12th (2017) through 16th (2021) Korea Welfare Panel Study, and 2,716 data of older
adults 65 years and older were included. Variables included gender, age, equalized annual income
(USD$), education background, residential area, living alone and disability status. As a result, two
types of changes in depression were identified: the ‘rapidly rising’ type and the ‘steadily
increasing’. We found that the lower the equalized annual income, women, the lower the
education, living in urban and living alone showed a higher likelihood of belonging to the ‘rapidly
rising’ type. The result suggests that those at risk of depression are atmuch higher risk during and
after the COVID-19 pandemic. It is also necessary to provide timely and effective guidelines to
prevent depression in older adults when implementing policies in response to an outbreak of
infectious diseases, such as COVID-19.

Impact statement

This paper expands the reader’s understanding of the lasting impact of COVID-19 on themental
health, particularly depression, of older adults in Korea. Using a longitudinal approach and
growth mixture model, it uncovers longitudinal patterns of depression, categorizing them into
‘steadily increasing’ and ‘rapidly rising’ types. Examining demographic factors, including
gender, income, education and living arrangements, few specific vulnerabilities of depression
among older adults were found. Women, individuals with lower socioeconomic status, and
individuals living alone or in urban areas were identified as high-risk groups for particular
depressive patterns; the ‘rapidly rising’ type. This study is expected to significantly enhance the
understanding of mental health attribution among older adults, providing insights for research
and tailored health policies to support the mental health of older adults in the aftermath of the
pandemic.

Introduction

Theworld is currently living in an era of COVID-19.WorldHealthOrganization (WHO)declared
coronavirus disease (COVID-19) a pandemic in March 2020, and Korea upgraded the crisis alert
level to the highest level and strengthened its response system (Ministry of Health and Welfare,
2020; World Health Organization, 2020). Strong social distancing, movement restrictions and
voluntary isolation were implemented as effective measures to reduce the spread of COVID-19 in
many countries, including Korea (Anderson et al., 2020; Wilder-Smith and Freedman, 2020). In
Korea, quarantine policies were implemented considering the stage of disease infection. Based on
social distancing, such as minimizing contact with others, individuals were encouraged to limit
going out, gatherings, eating out, hosting events, traveling and use of multiuse spaces. Depending
on the region, the government strengthened quarantine management, such as administrative
orders prohibiting gatherings at certain facilities, suspension of operation of public facilities,
refraining from operating multiuse facilities and restrictions on going out, accommodations and
in-person visits in facilities that are vulnerable to infection (Ha et al., 2023).

It is significant, however, that the implementation of strong quarantinemeasures at the national
level had an impact on both the individual and societal levels (Qiu et al., 2020). As the epidemic
spread, society lost daily lives, experienced a depressive atmosphere and became socially discon-
nected as well. According to a study comparing anxiety and depression levels prior to and post-
COVID-19 in Organization for Economic Co-operation and Development member countries and
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204 countries worldwide, depression levels increased significantly
after COVID-19 (OECD, 2021; Santomauro et al., 2021).

There is a high likelihood that this phenomenon will exacerbate
social isolation among the socially disadvantaged, especially the
aging population, who frequently interact outside the home and
depend heavily on public services (Armitage and Nellums, 2020).
Some studies have shown that the psychological risk of COVID-19 is
lower in the aging population than in the younger generation due to
the resilience (García-Portilla et al., 2021; Santomauro et al., 2021).
However, it is undeniable that refraining from going out, regardless
of their will, during or after COVID-19, the aging population has
also experienced depression, stuffiness, loneliness and helplessness
to a greater extent than before COVID-19 (Lee and Kang, 2020;
Atzendorf and Gruber, 2021; Krendl and Perry, 2021; Mishra et al.,
2021; Seong et al., 2021). In light of the negative effects of changes
(Santini et al., 2020; Atzendorf and Gruber, 2021) such as social
isolation brought about by COVID-19 on older adults, and mental
health issues such as depression on their quality of life (Sivertsen
et al., 2015), and the adverse effects of COVID-19 on their mortality
(Luo et al., 2012) and suicide rates (Waern et al., 2003), it is highly
essential to focus on the older population and examine the impact of
COVID-19 on them.

The effects of COVID-19 on depression among older adults have
previously been studied in exploratory settings, using qualitative
methods (Lee and Kang, 2020; Krendl and Perry, 2021), or in cross-
sectional settings after COVID-19 (Robb et al., 2020; Atzendorf and
Gruber, 2021; Liang et al., 2021; Seong et al., 2021), or a short
interval before and after the onset of COVID-19 (within 1 year)
(Herrera et al., 2021; Mishra et al., 2021). Consequently, this study
aims to complement the previous studies conducted within a short
period of time by examining the long-term trends in depression
levels of the older adults through a longitudinal study that includes
the period following the onset of COVID-19. As the impact of the
pandemic may vary by individual (Saunders et al., 2021), this study
seeks to derive the type of change in longitudinal depression through
a growth mixture model (GMM) that can be tracked by considering
heterogeneity within the population rather than focusing on average
changes or trajectories.

Moreover, this paper will provide a discussion on the influence
of demographic characteristics, which have been reported to have
an impact on the level of depression due to COVID-19 and which
have been major factors influencing the depression of the older
adults (Silva et al., 2023). To be more specific, based on the findings
of Liang et al. (2021), who studied older people living in Hubei,
China during the COVID-19 pandemic, persons who are not
married, have low educational attainment, and have low household
incomes report higher levels of depression (Liang et al., 2021).
According to a study of 60-year-old retirees in 25 countries as well
as Israel, living alone significantly increases feelings of loneliness
and depression (Atzendorf and Gruber, 2021). In another study,
women who reported being single, widowed, divorced, or living
alone were more likely to experience depression and anxiety the
younger they were, according to a study of older adults (average age
70.7 years) in London, United Kingdom (Robb et al., 2020). Spe-
cifically, in a study aimed at the general public, it was reported that
women suffer from higher levels of anxiety and depression after the
COVID-19 epidemic than men (Pierce et al., 2020; Sønderskov
et al., 2020; Santomauro et al., 2021). Additionally,McElroy-Heltzel
et al. (2022) found that pandemic-induced resource loss affects low-
income or vulnerable aging population with chronic diseases
(McElroy-Heltzel et al., 2022). Individuals with disabilities may
experience much more vulnerability to mental health problems

due to the triple jeopardy of increased risk due to the disease itself,
reduced access to routine medical care and rehabilitation and
negative social impacts of pandemic mitigation efforts
(Shakespeare et al., 2021). In light of this, this study examined the
factors affecting the depressive changes of the older adults before
and after COVID-19, with particular emphasis on gender, age,
income, education, residential area, living alone and disability
based on previous studies.

The goals of this study are as follows: first, to identify longitu-
dinally the types of depressive changes in the older adults before
and after COVID-19, and second, delve into the factors that deter-
mine the type of change in depression among older adults.

Method

Data

The study was conducted between 2017 and 2021 using the 12th
through 16th Korea Welfare Panel Study (KoWePS). KoWePS is a
representative panel survey on Korean welfare, aimed at providing
policy feedback regarding the implementation of new policies and
improving institutions by analyzing the living conditions and wel-
fare needs of various population groups and evaluating the effect-
iveness of the policy implementation. A total of 12,790 individuals
responded to the 12th Korea Welfare Panel Survey, while the 16th
survey received responses from 11,278 individuals due to relocation
or death. Among them, approximately 30% of the survey partici-
pants were older adults. The KoreanWelfare Panel Survey utilized a
sampling method that considered age, allowing it to be considered
representative of various age groups. For this study, changes in
depression among individuals aged 65 years or olderwere estimated
from 2017 (12th survey) to 2021 (16th survey), with a final analysis
conducted on 2,716 individuals who had nomissing values inmajor
variables. Further information on the KoreanWelfare Panel Survey
can be obtained from the following website: https://www.koweps.
re.kr:442/eng/main.do

Variables

Independent variable: Demographic and sociological
characteristics
Demographic and sociological characteristics included gender (male
= 0, female = 1); age (continuous variable); equalized annual income
(continuous variable); education background (under elementary
school = 1, elementary school = 2, middle school = 3, high school
= 4, university and above = 5); residential area (urban = 0, suburban
and rural = 1); living alone (living together with someone = 0, living
alone = 1) and disability (having no disability = 0, having disability =
1). Specifically, equalized annual income is calculated by dividing
household annual income by the square root of the number of
household members, and the logarithm is transformed into a nor-
mal distribution.

Dependent variable: Depression
Kohout et al. (1993) developed the abbreviated version of the Center
for Epidemiological StudiesDepression (CESD) scale tomeasure the
level of depressive symptoms in a nondiagnostic way (Kohout et al.,
1993). This study used an abbreviated CES-D developed by Radloff
(1977) and shortened to 11 items by Kohout et al. (1993). Finally,
this study utilized the CESD-11 (Korean version of the 11-item
CESD) instrument developed by Chon (2001). A 4-point scale is
used to measure depression (1 = very rare, 2 = sometimes, 3 = often

2 Kyu-Hyoung Jeong et al.

https://doi.org/10.1017/gmh.2023.90 Published online by Cambridge University Press

https://www.koweps.re.kr:442/eng/main.do
https://www.koweps.re.kr:442/eng/main.do
https://doi.org/10.1017/gmh.2023.90


4 = the most of the time). The subquestions numbered 2 (indicating
howwell one was doing) and 7 (assessing whether one lived without
major complaints)were reverse coded. The average depression score
was then calculated and utilized based on these calculations. As the
score is higher, depression is considered to be of higher severity. In
this study, the reliability of the depression scale (Cronbach’s α) was.
888 in 2017,. 875 in 2018,. 873 in 2019,. 859 in 2020 and. 879 in 2021.

Statistical analysis
In this study, SPSS version 27.0 and M-plus 8.0 were used for data
analysis, and the analysis method and procedure are as follows:
First, a descriptive statistical analysis was conducted to identify
the demographic characteristics and characteristics of the major
variables of the analysis. Second, in order to confirm the type of
change in depression among older adults, GMM was conducted.
Third, in the mixed growth model, the optimal number of change
types was determined through the p values of Akaike’s informa-
tion criteria (AIC; Akaike, 1987, Bayesian information criteria
(BIC; Schwarz, 1978, sample-size adjusted BIC (SSABIC; Sclove,
1987, entropy (Jedidi et al., 1993) and bootstrapped likelihood
ratio test (BLRT; McLachlan and Peel, 2000. AIC, BIC and SSA-
BIC values are better correlated with smaller indices. This study
attempted to select a model with the smallest AIC, BIC and
SSABIC values. A higher entropy indicates the clarity of a latent
group classification, and a higher entropy indicates a more accur-
ate classification. The BLRT method is used to select a better
model based on the likelihood ratio of both the k-1 group model
and the k-group model. A statistically significant value of BLRT
rejects the null hypothesis that the k-1 group is more appropriate
than the k group. In the fourth step, a binary logistic regression
was conducted to determine the factors that determine the type of
change in depression among older adults.

Results

Descriptive statistics

The demographic characteristics of the older adults are shown in
Table 1. There were 970 men (35.7%) and 1,746 women (64.3%),
which is about twice the number of men. The average age of the
participants was 71.91 years (SD = 4.77), and the equalized research
incomewasUSD $12,574.91 (SD = 9,176.26). A total of 587 (21.6%)
were uneducated, 1,196 (44.0%) were elementary school graduates,
432 (15.9%) were middle school graduates, 350 (12.9%) were high
school graduates and 151 (5.6%) were university graduates or
higher. Over half of the participants accounted for educational
attainment below the elementary school level. There were 957 par-
ticipants living in urban areas (35.2%), and less than 1,759 people
(64.8%) living in suburban and rural areas. The number of people
who lived with someone was 1,773 (65.3%), which was double the
number of people who lived alone (34.7%).

According to a descriptive statistical analysis of depression, the
average depression score of the older adults increased from 1.43
points in 2017 (SD = .48) to 1.57 points in 2021 (SD = .51),
indicating a gradual rise over time (Table 2). As a result of con-
ducting a paired-sample t test on older adult depression in 2017 and
2021, there was a statistically significant difference (t =�12.535, p <
.001). In other words, it was found that depression in older adults in
2021 was significantly higher than depression in 2017. Particularly
in 2020 and 2021, as the Korea COVID-19 outbreak began to gather
momentum, depression among older adults increased significantly.

Types of depression changes among older adults

AGMMwas conducted to identify patterns of change in depression
among older adults. The indicators used to find the optimal type are
the p values of AIC, BIC, SSABIC, entropy and BLRT. AIC, BIC and
SSABIC of class 4 fitted eachmodel less well than the classes 1, 2 and
3. The entropy of class 3 was closer to 1 than for the other classes. As
a result, class 2 was selected for the final analysis as classes 3 and
4 contain a group that composes less than 1% of the total cases
(Table 3).

Depression changes in older adults were classified into two
types, and the names of each type were determined by the charac-
teristics of the pattern of change (Figure 1). The first type was
analyzed as having an initial value of 1.325 (p < .001), a linear
change rate of. 046 (p < .001) and a quadratic change rate
of. 001 (p > .05). Since depression gradually increased from 2017
to 2021, it was referred to as a ‘steadily increasing’ type. Then, 2,428
participants (89.4%) were classified as this type. The second type
was analyzed as having an initial value of 1.787 (p < .001), a linear
change rate of. 794 (p < .001) and a quadratic change rate
of. 106 (p < .001). Depression stagnated from 2017 to 2019 and
then increased significantly from 2020, thus being classified as a
‘rapidly rising’ type, with 288 participants (10.6%).

Table 1. Demographic characteristics of the participants (n = 2,716)

Variable Categories N %

Gender Men 970 35.7

Women 1,746 64.3

Age (M(SD)) 71.91(4.77)

Equalized annual
income (M(SD))
(USD $)

12,574.91(9,176.26)

Educational
background

Under elementary school 587 21.6

Elementary school graduate 1,196 44.0

Middle school graduate 432 15.9

High school graduate 350 12.9

University or above 151 5.6

Residential area Urban 957 35.2

Suburban or rural 1,759 64.8

Living along No 1,773 65.3

Yes 943 34.7

Disability Having no disability 2,294 84.5

Having disability 422 15.5

Note: M, mean; SD, standard deviation.

Table 2. Descriptive analysis on depression (N = 2,716)

Variable Min Max M SD

Depression – 2017 year 1.00 4.00 1.43 .48

Depression – 2018 year 1.00 3.91 1.43 .44

Depression – 2019 year 1.00 3.91 1.47 .47

Depression – 2020 year 1.00 3.64 1.49 .47

Depression – 2021 year 1.00 4.00 1.57 .51
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Determinants of depression change types among older adults

An analysis of binary logistic regression was performed in this
paper in order to determine the factors that determine the type of
depressive change in older adults (Table 4). The dependent variable
in this analysis was the type of change in depression, with 0 set to a
‘steadily increasing’ and 1 set to a ‘rapidly rising’. There were
significant determinants of depression type (Coefficient; Coef. =
.368, p < .05), equalized annual income (Coef. = � .937, p < .001),
educational background (Coef. = � .170, p < .05), residential area
(Coef. = � .565, p < .001) and living alone (Coef. = .346, p < .05).
In other words, women were more likely to belong to the ‘rapidly

rising’ type rather than a ‘steadily increasing’ type, if they live in a
large city compared to a small or medium city, or live alone
compared than living with someone or have the lower their equal-
ized annual income. To be specific, the odds ratio for gender was
found to be 1.445, and it was shown that for women compared to
men, the odds of belonging to the ‘rapidly rising’ type increased by
44.5% rather than the ‘steadily increasing’ type. The odds ratio of
equalized annual income was found to be. 392 and it was found that
when equalized annual income increases by 1%, the odds of belong-
ing to the ‘rapidly rising’ type decrease by 60.8% rather than the
‘steadily increasing’ type. The odds ratio of educational attainment
was found to be. 844, and it was confirmed that when educational
attainment increases by one grade, the odds of belonging to the
‘rapidly rising’ type decrease by 15.6% rather than the ‘steadily
increasing’ type. The odds ratio of the residential area was found
to be. 568, and it was confirmed that among participants who live in
small- andmedium-sized cities compared to large cities, the odds of
belonging to the ‘rapidly rising’ type rather than the ‘steadily
increasing’ type decreased by 43.2%. The odds ratio for living alone
was found to be 1.414, and it was confirmed that the odds of
belonging to the ‘rapidly rising’ type’ rather than the ‘steadily
increasing’ type increased by 41.4% among participants living alone
compared to living with someone. Conversely, neither age nor
disability significantly determined depression type changes.

Discussion

This study aimed to examine the negative effects of COVID-19
among older adults, including social isolation and mental health

Table 3. Model fir of growth mixture modeling (N = 2,716)

Class

Model fit Groups

AIC BIC SSABIC Entropy BLRT p-value n (%)

1 15,461.94 15,544.64 15,500.16 – – –

2 14,761.48 14,867.81 14,810.61 .917 <.001 2,428(89.4); 288(10.6)

3 14,769.48 14,899.43 14,829.53 .947 <.001 2,428(89.4); 267(9.8); 21(0.8)

4 14,435.04 14,588.62 14,506.00 .895 <.001 2,269(83.5); 267(9.8); 159(5.9); 21(0.8)

Figure 1. Estimation of Depression Change Types among Older adults

Table 4. Binary logistic regression model of types of change in depression
(N = 2,716)

Variables Coef. S.E. Exp(B)

Gender (ref. men) .368* .175 1.445

Age .024 .014 1.024

Equalized annual income (log) �.937*** .142 .392

Educational background �.170* .075 .844

Residential area (ref. urban) �.565*** .134 .568

Living alone (ref. living with someone) .346* .145 1.414

Having disability (ref. no disability) .317 .166 1.374

Constant 4.554 1.816 5.028

*<.05, **<.01, ***<.001
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issues. The purpose of this study is to identify and analyze the types
and determinants of depressive changes among older adults before
and after COVID-19.

Using a GMM to examine the patterns of change in depression
among older adults, COVID-19 tends to make older adults more
depressed the longer it continues. Notably, in 2020–2021, there was
a substantial increase in depression among older adults. A phased
social distancing policy was implemented inMarch of the following
year (Ministry of Health and Welfare, 2020) following the first
death from COVID-19 in Korea in February 2020 (KCDC regular
briefing, February 21, 2020). The correlation between the rise in
depression and time can be seen to be significant.

The fact that depression is a significant risk factor for older
adults, evenwithout taking into account the COVID-19 situation, is
not surprising (Copeland et al., 1999), and increase in age is
associated with reduced income, physical disability, diseases and
exacerbating depression symptoms (Rodda et al., 2011). A similar
pattern of depression was found in the older adults in this study. A
study of the types of changes in depression among the older adults
identified two types of changes: the ‘rapidly rising’ type and the
‘steadily increasing’. The ‘steadily increasing type’, which accounts
for 89.4%, showed the association between older adults and depres-
sion. In addition, 10.6% of the older adults showed depressive
patterns that were similar to the ‘rapidly rising’ type after the
COVID-19. The two types of depression met the expectation that
depression would gradually increase as social distancing policies
were strengthened as a result of the COVID-19 outbreak in 2019.

An analysis was conducted to determine which determinants
were associated with the type of change in depression among older
adults. These determinants included gender, equalized annual
income, educational background, residential area and whether
the individual lived alone. In the case of women compared to
men, the lower the equalized annual income, the lower the edu-
cational level, if the residential area is a large city compared to a
small- or medium-sized city, and if living alone compared to
individuals living with someone, the probability of belonging to
the ‘rapidly rising type’ rather than the ‘steadily increasing type’
increased. Based on the findings in previous studies (Vink et al.,
2008; Fiske et al., 2009; Kim et al., 2021; Silva et al., 2023), it can be
concluded that mental health vulnerability factors affecting older
adults had a significant negative impact on depression among
older adults during COVID-19. It can be inferred that the older
adults who reside in large cities where restrictions of COVID-19
are applied relatively intensively, the limitations of convenient
urban infrastructures may have led the older adults to experience
more severe restrictions than individuals in smaller and medium-
sized cities, leading to an increased rate of depression among
older adults.

The results were consistent with previous studies in which
women experience higher levels of depression due to the cessation
of their health and social services as a result of the COVID-19 (Qiu
et al., 2020). A previous study also indicated that the COVID-19
pandemic is more deadly among groups with lower educational
attainment and equalized annual income due to socioeconomic
consequences such as income uncertainty and social isolation
(Xiong et al., 2020). Furthermore, the type of change in depression
among older people was influenced by a person’s residential area.
As a result of outbreak phases concentrated in urban areas, differ-
ences in the intensity of local health measures, and fears about
infecting large numbers of people during periods of rapid growth in
COVID-19 cases, deaths and stigma, older adults living in urban
areas were at a higher risk of depression (Mazza et al., 2020).

A new daily life has emerged as a result of social distancing
implemented worldwide in the era of COVID-19, such as a non-
face-to-face format and emphasis on other family members’ care
and support. Families are known to be powerful coping mechan-
isms for depression in older adults (DuPertuis et al., 2001); how-
ever, as the COVID-19 spreads, older people living alone are at a
greater risk of experiencing an increase in depression. The lower the
equalized annual income, women than men, the lower their edu-
cation, living in urban compared to rural areas, and living alone
compared to living with someone, showed higher likelihood of
belonging to the ‘rapidly rising’ type instead of the ‘steadily increas-
ing’ type. This suggests that those at risk of depression are at much
higher risk during the COVID-19 pandemic.

The findings of this study suggest that in the event of a pan-
demic, high-risk individuals who are vulnerable to depression
should be identified and social support interventions should be
made as early as possible. Indeed, during the COVID-19 situation
in 2021, the Watch-type CarePredict Tempo was developed in the
United States to allow older people to check their health status and
daily life patterns on their own and to provide information to family
members and caregivers (CarePredict, 2022). In this regard, it could
be regarded as one of the services that facilitate the transmission
and preemptive handling of the situation.

Similar services have been implemented in Korea as well. In
2021–2022, 180 older Koreans were provided with AI companion
robots from 15 general welfare centers for the older adults in Seoul
as AI companion robots gradually spread throughout this field.

As a result of this project, depression levels among older adults
were reduced from 10.3 points before the project to 7.4 points
afterward, resulting a positive outcome (Community Chest of
Korea & Korea Association of Senior Welfare Center in Seoul,
2021). In an emergency such as COVID-19, in which strict regu-
lations (self-quarantines, social distance etc.) are inevitably neces-
sary, new approaches to prevent depression in older people who are
at high risk of health, should be intensively and actively reviewed.

It is also necessary to provide timely and effective guidelines to
prevent depression in older adults when implementing policies in
response to an outbreak of infectious diseases. To achieve this,
vaccinations for herd immunity and control of the transmission
rate of infectious diseases are two of the most efficient methods. In
addition to reducing the likelihood of infection with COVID-19,
vaccination against COVID-19 can improve an individual’s quality
of life (Lin et al., 2022). It is also important to support leisure
activities in order to prevent depression among older adults. Leisure
activities can reduce psychological stress and increase enjoyment
and vitality in older adults (Marufkhani et al., 2021); therefore,
measures such as improving accessibility to leisure activities and
developing various programs will be necessary.

Limitations

This study has the meaning of analyzing the increase in depression
among older adults in the depression risk group and identifying the
determinants of the type of depression change. However, we still
have a few limitations. The data used in this study is the largest
panel in Korea; however, since the Korea Welfare Panel Survey is
data with a high proportion of low-income groups, and there may
be a bias in stratification according to demographic characteristics.
In addition, due to the limitations of using secondary data, this
study was not able to consider physical aspects of older adults, such
as physical resilience, as control variables, despite the fact that they
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can serve as important factors in the development of depression. It
is recommended that studies on depression in older adults be
conducted in the future with an appropriate distribution of popu-
lation groups such as age and income.
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