
Copyright © 2023 Korean Neuropsychiatric Association  325

INTRODUCTION

South Korea is one of the fastest aging countries in the world.1 
While it took 114 years for France’s population aged 65 or old-
er to rise from 7% (aging society) to 14% (aged society) and 
24 years for Japan’s, it took only 19 years for South Korea.2 Con-
sequently, increased burden on dementia care were already at 
the forefront of public health concerns. In 2020, the total num-
ber of Korean adults aged 65 or older was 8,134,675; of these, 
the estimated number of dementia patients was 840,191, thus 
reaching a prevalence rate of dementia of 10.33%. The nation-
wide estimated cost of managing dementia was 18.7198 tril-
lion won, about 21.24 million won per person.3 Protecting cog-
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nitive function in later life is an important prerequisite for 
healthy aging, and social connectedness is one of the crucial 
modifiable risk factors.4 However, social distancing policies 
due to the global pandemic may have increased the risk of so-
cial isolation of older adults, who are already at the risk of re-
duced social connectedness during the aging process.5

Since the first case of coronavirus disease-2019 (COVID-19) 
was reported on January 20, 2020, South Korea was able to 
flatten the epidemic curve quickly without closing business-
es, implementing many of the stricter measures such as issu-
ing stay-at-home orders, avoiding mass gatherings, closure 
and delayed opening of schools and day care centers, adopt-
ed by other high-income countries until late 2020.6 However, 
these social distancing measures for preventing the spread of 
the virus may have had unintended consequences. Studies 
have shown that a wide range of social distancing measures 
is closely related to having fewer social contacts and less en-
gagement in social activities, which in turn influence mental 
health.7-17 

Even before the pandemic, social isolation has been shown 
to affect many aspects of both mental and physical health18,19 
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as well as cognitive function.20 While good health is a prereq-
uisite for high quality of life, good cognitive function is a key 
determinant of quality of life and independence among older 
adults.21 Previous studies have already highlighted how social 
isolation20,22,23 and loneliness24-27 can be detrimental for cog-
nitive functioning, particularly among older adults, as they 
are more at risk of losing social connectedness.28-30 Hypothe-
ses on the mechanisms by which social relationships can re-
duce cognitive decline include: delay of cognitive atrophy 
(“use it or lose it”),31 higher cognitive reserve,32 and prevent-
ing stress-related cognitive declines.22 As such, a myriad of 
studies has highlighted the importance of social connected-
ness and preventing social isolation in later life. While aging 
is generally associated with increased risk of social isolation,5 
forced social distancing after COVID-19 may have exacerbat-
ed social isolation among older adults, which can in turn af-
fect cognitive function. Despite the increased risk of social 
isolation after COVID-19, there has been a scarcity of litera-
ture focusing on the cognitive function of older adults. There-
fore, the purpose of study is to test whether the association 
between social isolation and cognitive function among older 
adults has changed between before and during the COV-
ID-19 period by using the Korean Longitudinal Study of Ag-
ing (KLoSA).

However, it is difficult to empirically estimate the causal ef-
fect of social isolation on cognitive function. For example, in-
dividuals with poor social networks are likely to have distinct 
characteristics from those who have good social networks. 
Differences in observed or unobserved characteristics may 
thus lead to different cognitive functioning between the two 
groups. Differences in cognitive function may also be caused 
by unobservable factors other than social networks (omitted 
variable bias).33 Moreover, social networks are expected to in-
fluence cognitive function, but reversely, cognitive decline may 
also be a cause of poor social networks rather than a conse-
quence (reverse causality).28,30 To overcome omitted variable 
bias or reverse causality bias, we use instrumental variable 
(IV) regression to estimate the effect on cognitive function 
through two-stage least squares (2SLS) regression. Assessing 
cognitive decline caused by social distancing during the CO-
VID-19 pandemic provides an opportunity to create a quasi-
experimental research design in that social networks for all 
individuals were influenced by social distancing during the 
pandemic. Thus, we can estimate the causal effect of social 
isolation on cognitive function. 

While COVID-19 is the global pandemic and many coun-
tries have implemented social distancing, Korea was one of 
the first countries to be hit by the COVID-19 and experienced 
the sharp increase in the confirmed cases when the highly 
concentrated local transmission was detected in Daegu on 

February 19, 2020. Korea government immediately declared 
Daegu as management zones and implemented strict nation-
wide social distancing policies from the very early period.34 
These changes provide quasi-experimental setting to estimate 
the causal effect of social isolation (connectedness) on cogni-
tive function. 

This study contributes to the literature on estimating the ef-
fect of social isolation on cognitive function by addressing 
omitted variable bias or reverse causality. To our knowledge, 
this study is the first to estimate the causal effect of social iso-
lation (connectedness) on cognitive function using the CO-
VID-19 period as an IV. 

METHODS

Data
We used data from the KLoSA, a nationally representative 

longitudinal survey of non-institutionalized Koreans 45 years 
old or older.35 To allow for international comparative studies 
on population ageing, the survey categories and topics have 
been drafted in reference to the US, UK, and European ver-
sions of the panel study: Health and Retirement Study, English 
Longitudinal Study of Ageing, Survey of Health, and Ageing 
and Retirement in Europe. A basic survey has been conduct-
ed every other year, and the present study uses the sample pe-
riod from 2016 to 2020, which consists of three waves of the 
survey. The baseline sample included 7,746 respondents. Be-
cause Seoul and adjacent Gyeongi province have had higher 
number of cumulative confirmed cases per 1,000 than other 
regions due to higher population density and Daegu and the 
adjacent Gyeongbuk province had the first large outbreak of 
the COVID-19 on February 2020, our analytic sample was re-
stricted to those respondents who resided in the four regions 
of Seoul, Gyeongi, Deagu, and Gyeongbuk. We also excluded 
those respondents who had missing values on social isolation 
and cognitive function, thus resulting in a final sample size of 
7,746. The sample in this study is split into two periods: before 
and after COVID-19. To consider how the COVID-19 pan-
demic has influenced social isolation and cognitive function, 
the sample period includes time covering the COVID-19 
pandemic. The KLoSA was designed to provide information 
regarding family, health status, economic status, and health 
behavior. Specifically, variables measuring cognitive function 
and social isolation are collected. Table 1 provides the sum-
mary statistics for the outcome variables and control vari-
ables. This study was approved by the Institutional Review 
Board of University of Seoul (IRB number: 2022-10-004).
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Measures

Social connectedness (social isolation)
Social connectedness was measured by the frequencies of 

social interactions, i.e., the frequency of meeting with friends, 

relatives, or neighbors. They were drawn from the survey 
question in the KLoSA: “How often do you meet friends or 
relatives in person?” We recoded respondent’s answers as the 
number of meetings per month. Table 1 presents the average 
number of meetings with friends or relatives in person per 

Table 1. Basic statistics before and after COVID-19

Variables
Before COVID-19 After COVID-19 

t-test stat (p)
Number

Mean or 
percentage

Number
Mean or 

percentage
Gender -0.4034 (0.6866)

Male 2,250 42.1% 1,002 41.6%
Female 3,090 57.9% 1,404 58.4%

Age (yr) 5,340 69.3 2,406 71.4 -8.5881 (<0.0001)***
Marital status 1.5806 (0.1140)

Married 4,025 75.4% 1,773 73.7%
Education -0.7934 (0.4275)

Dropout 2,719 50.9% 1,191 49.5%
High school grad 1,835 34.4% 861 35.8%
College or above 786 14.7% 354 14.7%

Labor status -3.2046 (0.0014)***
Employed 1,911 35.8% 771 32.0%
Unemployed 3,429 64.2% 1,635 68.0%

Family income, unit: 1,000 won 5,340 3,399 2,406 3,754 -3.5154 (0.0004)***
Drinking status 3.1468 (0.0017)**

Currently drinker 1,743 32.6% 699 29.1%
Former drinker, non-drinker 3,597 67.4% 1,707 71.0%

Smoking status -0.2037 (0.8386)
Currently smoker 1,526 28.6% 693 28.8%
Former smoker, non-smoker 3,814 71.4% 1,713 71.2%

Self-rated health 0.8123 (0.4166)
Very good 48 0.9% 27 1.1%
Good 1,208 22.6% 444 18.5%
Normal 2,462 46.1% 1,291 53.7%
Bad 1,248 23.4% 519 21.6%
Very bad 374 7.0% 125 5.2%

Chronic disease -3.2682 (0.0011)**
No 505 9.5% 173 7.2%
Yes 4,835 90.5% 2,233 92.8%

Region -0.8556 (0.3923)
Metropolitan 2,792 52.3% 1,224 50.9%
City 1,965 36.8% 919 38.2%
Town 583 10.9% 263 10.9%

Frequency of meeting with friends, 
  relatives, and neighbors (mo)

5,340 5.54 2,406 4.54 6.8126 (<0.0001)***

MMSE, score: 0–30 5,340 25.5 2.232 25.1 2.6947 (0.0071)*
*p<0.05; **p<0.01; ***p<0.001. COVID-19, coronavirus disease-2019; MMSE, Mini-Mental State Exam
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month before and after COVID-19. The average number of 
meetings with friends, relatives, or neighbors in person per 
month decreased from 5.54 to 4.54. 

Cognitive function 
The KLoSA includes the Korean version of Mini-Mental 

State Exam (K-MMSE) as a measure of global cognitive func-
tion. The K-MMSE consists of 11 items in seven categories 
including items measuring orientation in time, space, and 
person, registration of three objects, attention, and calcula-
tion, recall of three words, language, and visual construction. 
Scores on the K-MMSE range from 0 to 30, with higher 
scores indicating higher cognitive functioning. A K-MMSE 
score of 24 or more was regarded as being indicative of nor-
mal cognitive functioning. 

Covariates
The analyses were adjusted for a range of demographic 

variables, such as age, gender (male=0, female=1), marital 
status (others=0, married=1), educational attainment (drop-
out=0, high school or less education=1, high school grad=2, 
some college=3, a bachelor’s degree or more=4), area of resi-
dence (metropolitan=0, city and town=1), employment sta-
tus (currently employed=0, unemployed=1), and household 
income. Household income was included in the analysis as a 
log transformation. In addition to basic sociodemographic 
variables, we also considered health-related covariates that 
could affect the outcome variables (social isolation and cog-
nitive function): smoking status (current smoker=1), alcohol 
use (current drinker=1), and self-rated health. 

Analysis
To better understand how the COVID-19 period has influ-

enced social connectedness and cognitive function, we com-
pare outcome variables before and during COVID-19. Basi-
cally, we attempted to control for time-constant unobserved 
characteristics to estimate the causal effect of the variable of 
interest. This study used panel data to set up fixed or random 
effect (RE) models. The fixed effect (FE) model is an appro-
priate specification if there are correlations between control 
variables and error terms. Further, to control for time-invari-
ant unobserved characteristics, we use IV regression (2SLS). 
For example, those with less social contacts may be statisti-
cally different in terms of demographic characteristics from 
those with relatively higher social contacts. A wider range of 
characteristics related to social connectedness may also be 
related to cognitive function, which in turn leads to biased es-
timators. The COVID-19 pandemic provides a randomly cho-
sen group of people with less social contacts as a result of so-
cial distancing measures compared to the sample before the 

pandemic. Thus, we assign the pandemic period, which is the 
year 2020, as an IV for social isolation to consider the causal 
relationship between social isolation and cognitive function.

To show how IV regression can solve the omitted variable 
bias, we first use the following cross-sectional equation to 
measure the effect of social isolation on cognitive function 
(structural equation). 

Yit=X’itα0+β1SCit+ε1it,                               (1)

where Yit is respondent i’s cognitive score in year t, and SCit is 
i’s frequency of social interaction per month. Xit is a vector of 
i’s demographic characteristics in year t. Suppose that unob-
served characteristics impact both social isolation and cogni-
tive function. Without additional information, the parameter 
of interest β1 cannot be identified. If an IV, denoted Zit, exists, 
then the identifying assumption is that (1) Zit is uncorrelated 
with the omitted variable in the error term and (2) Zit is cor-
related with social connectedness. Then, an IV estimate of 
social connectedness is the sample analogue of Cov(Yit, Zit)/
Cov(SCit, Zit). Thus, the first stage and reduced form are as 
follows: 

SCit=X’itα2+β2 Zit+ε2it,                            (2)

Yit=X’itα3+β3Zit+ε3it.                              (3)

The coefficient of interest is the ratio of population regres-
sion of Yit on Zit, which is called the reduced form (3), to the 
population regression of SCit(CESDit) on Zit, the first stage (2).

RESULTS

Table 1 lists the descriptive statistics for the sample before 
and after the COVID-19 period (2016, 2018 vs. 2020). Of all 
older adults aged 50 or over, proportions of male and female, 
marital status, educational attainments, smoking status, self-
rated health, and regions are not statistically different between 
before and after COVID-19. However, the mean differences of 
age, working status, family income, drinking status, chronic 
illness status, social connectedness (frequency of meeting with 
friends, relatives, or neighbors), and cognitive function are all 
statistically significant at the conventional levels. This implies 
that older adults’ socioeconomic or health-related status may 
have changed during COVID-19 compared to before the 
COVID-19 outbreak. Given the fact that distinct characteris-
tics between before and after the COVID-19 can be correlat-
ed with both social connectedness and cognitive function, 
unobservable characteristics may also influence them, which 
would in turn lead to a biased estimator in Eq. (1).
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Table 2 shows results from estimating Eq. (1) without an IV, 
which is the COVID-19 period. Table 2 also presents both RE 
and FE estimates of the effect of social connectedness on cog-
nitive function. The results of the RE and FE models suggest 
that an increase of one unit in frequency of meeting with fa-
miliar people such as friends, relatives, or neighbors leads to 
an increase of 0.0926 or 0.0286 in cognitive function, respec-
tively. However, since these results can be biased estimators 
caused by omitted variable bias or reverse causality, we use an 
IV, the COVID-19 period (year 2020), to estimate the causal 
effect of social connectedness on cognitive function.

To estimate the causal effect, we first estimate the effect of 
the COVID-19 on social connectedness using the first-stage 
Eq. (1). For the identification of the model, an IV closely re-
lated to social connectedness should be used. As shown in 
columns (1) and (2) of Table 3, during the COVID-19 pan-
demic, the frequency of social meeting was reduced relative 
to periods before the COVID-19. The frequency of meeting 
with friends, relatives, or neighbors per month decreased by 
1.12 or 0.57 depending on the specifications. Consistent with 
the previous studies, social distancing measures during the 
COVID-19 period may have decreased social interaction. 
However, Hausman tests statistics suggest that time-constant 
unobserved characteristics are correlated with a main vari-
able of interest: the frequency of social interaction. Thus, the 
FE model is preferred to the RE estimator. 

Secondly, columns (3) and (4) of Table 3 report the results 
of the reduced form regression regarding the effect of the CO-
VID-19 on cognitive function. The results suggest that cogni-
tive scores declined during the COVID-19. In the RE model, 
the cognitive score decreased by 0.1190, but the coefficient 
was not statistically significant. However, the coefficient on 
the FE model was statistically significant, which implies that 
the cognitive scores decreased by 0.3131 during the COV-
ID-19 period. Since the Hausman test implies that the coeffi-
cients between the RE and FE models are statistically differ-
ent, the FE model should also be preferred in the reduced 
form regression. In addition, results indicate that education 
contributes to higher cognitive scores and better self-rated 
health is closely related with better cognitive performance. 
Those who rated their health as very bad have lower cognitive 
scores by 3.57 relative to those who rated self-rated health as 
very good.

Thirdly, Table 4 presents the results of the second stage least 
square regression which is an IV estimator. To control for un-
observed heterogeneities that influence both the frequency of 
social meeting with and cognitive function, we use the year 
2020 as an IV to estimate the causal effect of the frequency of 
social interaction on cognitive function. Columns (1) and (2) 
show the causal effect of social connectedness on cognitive 

Table 2. Relationships between social connectedness and cogni-
tive function (structural models) (N=2,792)

Cognitive score (MMSE)
OLS regression

(1) Random 
effect [SE]

(2) Fixed 
effect [SE]

Frequency of meeting with friends, 
  relatives or neighbors per month

0.0926
[0.0079]***

0.0286
[0.0093]***

Age (yr) -0.2161
[0.0089]***

-0.2369
[0.0222]***

Married 0.8184
[0.1705]***

0.9044
[0.3553]**

Gender, female -1.0572
[0.2110]*** -

Education 
Dropout (Base) (Base)
Highschool grad 0.9182

[0.1724]***
-0.4706
[0.6423]

College grad or above 1.1355
[0.2320]***

1.3844
[1.0926]

Unemployed -0.1319
[0.1315]

-0.0403
[0.1666]

Log, household income 0.0382
[0.0529]

0.1908
[0.0667]***

Region
Metropolitan (Base) (Base)
City 0.3975

[0.4155]
0.7020

[0.5403]
Town 0.6209

[0.4129]
0.0824

[0.5871]
Drinking status 0.2462

[0.1474]*
0.6238

[0.2303]***
Smoking status -0.1465

[0.2049]
0.3951

[0.7632]
Self-rated health

Very good (Base) (Base)
Good 1.0684

[0.4065]***
1.0194

[0.4328]**

Normal 0.8297
[0.4056]**

0.9256
[0.4333]**

Bad -0.1578
[0.4172]

0.3602
[0.4484]

Very bad -3.4180
[0.4549]***

-1.9205
[0.4962]***

Existence of chronic disease 0.2567
[0.2354]

0.2049
[0.4006]

Hausman test 357.23***
Observation 7,249 7,249
All statistics are based on a dataset created by the Korean Longitu-
dinal Study of Aging for 2016–2020. *p<0.05; **p<0.01; ***p<0.001. 
OLS, ordinary least squares; SE, standard error; MMSE, Mini-Men-
tal State Exam
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function, which indicates that an increase in the frequency of 
social interaction leads to an increase in cognitive scores in 
both RE and FE models. Specifically, an increase of one unit 
in the frequency of meeting familiar people increases cogni-
tive scores by 0.1470 and 0.5035 depending on the specifica-
tions. However, a statistic for the Hausman test implies that 
the difference in the coefficients between the RE and FE mod-
els is not statistically significant. Thus, the coefficients in the 
RE model are considered to be more efficient than those in 
the FE model. Based on the results of the RE model, an in-
crease in social connectedness increased the cognitive score. 
Compared to the results of structural models without an IV, 
IV estimators, coefficients on 2SLS models, are greater than 
those on structural models. IV estimators in Table 4 can be 
larger than the ordinary least squares (OLS) estimators in Ta-
ble 2. While OLS estimators indicate the average treatment ef-
fect over the whole population, IV estimators imply the local 

average treatment effect, which estimates the effect of only for 
the population who changed their social connectedness by 
social distancing during the COVID-19. Therefore, the coef-
ficients in Table 2 are likely to be smaller than coefficients in 
Table 4. 

Finally, to be a valid instrument, an instrument variable 
must further satisfy the exclusion restriction, which implies 
that social distancing has an effect on cognitive function only 
through its effect on social connectedness. Social distancing 
caused by the COVID-19 may have influenced several fac-
tors, which in turn affected cognitive function. Marital status, 
employment status, smoking or drinking status, or health sta-
tus can all be related to cognitive function. Previous studies 
have concluded that there are several factors that affect cog-
nitive function.36-40 Thus, for robustness, we test whether there 
are other pathways through which cognitive function is influ-
enced. Supplementary Table 1 (in the online-only Data Sup-

Table 3. Effects of COVID-19 on social connectedness (first-stage and reduced-form regressions)

Frequency of meeting with familiars per month Cognitive score (MMSE)
(1) Random effect [SE] (2) Fixed effect [SE] (3) Random effect [SE] (4) Fixed effect [SE]

COVID-19 -1.1205 [0.1163]*** -0.5651 [0.2212]** -0.1190 [0.0767] -0.3131 [0.1407]**
Age (yr) 0.0366 [0.0114]*** -0.1797 [0.0644]*** -0.2128 [0.0095]*** -0.1690 [0.0410]***
Gender, female 0.9578 [0.2526]*** - -0.9582 [0.2181]*** -
Married -0.6440 [0.2132]*** -0.1442 [0.5477] 0.7684 [0.1749]*** 0.8917 [0.3555]**
Education

Dropout (Base) (Base) (Base) (Base)
Highschool grad -0.2509 [0.2102] 0.0641 [0.9480] 0.4092 [0.4201] -0.4809 [0.6427]
College grad or above -0.7179 [0.2803]*** -0.7675 [1.6139] 0.7597* [0.4183] 1.3015 [1.0933]

Unemployed -0.0937 [0.1823] -0.1325 [0.2629] -0.1343 [0.1327] -0.0366 [0.1667]
Log, household income -0.2061 [0.0729]*** -0.0923 [0.1005] 0.0342 [0.0538] 0.1919 [0.0667]***
Region

Metropolitan (Base) (Base) (Base) (Base)
City -1.0074 [0.5833]* 1.6460 [0.8494]* 0.4092 [0.4201] 0.7333 [0.5404]
Town 1.1199 [0.5686]** 1.0010 [0.9148] 0.7597 [0.4183]* 0.0371 [0.5886]

Drinking status 0.2628 [0.1919] 0.5955 [0.3541]* 0.2929 [0.1501]* 0.6382 [0.2303]***
Smoking status -0.2475 [0.2460] 0.6715 [1.2105] -0.1601 [0.2119] 0.4630 [0.7638]
Self-rated health

Very good (Base) (Base) (Base) (Base)
Good -0.2476 [0.6129] -0.0433 [0.6860] 1.0325 [0.4057]** 1.0110 [0.4330]**
Normal -0.5566 [0.6108] 0.2123 [0.6884] 0.7973 [0.4048]** 0.9381 [0.4335]**
Bad -0.9423 [0.6265] -0.2783 [0.7114] -0.2109 [0.4167] 0.3424 [0.4486]
Very bad -3.2194 [0.6674]*** -1.8359 [0.7747]** -3.5716 [0.4546]*** -1.9951 [0.4964]***

Existence of chronic disease 0.0215 [0.3032] 0.2842 [0.6286] 0.2664 [0.2408] 0.2107 [0.4008]
Hausman test 109.77*** 216.05***
Observation 7,743 [2,882] 7,743 [2,792] 7,249 [2.792] 7,249 [2,792]
All statistics are based on a dataset created by the Korean Longitudinal Study of Aging for 2016–2020. *p<0.05; **p<0.01; ***p<0.001. COV-
ID-19, coronavirus disease-2019; SD, standard error; MMSE, Mini-Mental State Exam
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plement) shows that these are not likely to be potential mech-
anisms in this study. Risky behaviors, such as smoking and 
drinking status, did not change between before and during 
COVID-19. Moreover, social distancing during COVID-19 
did not affect marital status, employment status, or self-rated 
health status among older adults in Korea compared to be-
fore COVID-19.

DISCUSSION

The association between social connectedness and cogni-
tive function is likely a bidirectional relationship, where cog-
nitive decline can lead to altered social relationships.41-43 To 
overcome omitted variable bias or reverse causality, this study 
used the COVID-19 period as a natural experiment and used 
an IV to estimate how social interaction influenced cognitive 
function. Those who have low social connectedness are likely 
to be different from those who have more social connected-
ness in a wider range of observed and unobserved character-
istics, which may be related to cognitive function. Further, 
this leads to biased estimates. Thus, we assigned the pandemic 
period as an IV for social connectedness to consider the caus-
al relationship between social connectedness and cognitive 
function. We used the longitudinal panel data collected be-
fore and during the COVID-19, KLoSA, which comprises 
data that are comparable to the Health and Retirement Study 
in the US as well as the English Longitudinal Study of Ageing.

First, the frequency of socializing with friends, relatives, or 
neighbors was reduced during COVID-19. Although this de-
crease in objective social connectedness was an expected find-
ing after the Korean government implemented strict social 
distancing, our finding is the first study to confirm that social 
connectedness was actually reduced using nationally repre-
sented data collected before and during COVID-19. 

Second, and more surprisingly, our finding shows that the 
cognitive function of those aged 50 and older has significant-
ly reduced during COVID-19. One possible explanation for 
this finding is that unwanted and prolonged social distancing 
severely obstruct basic human needs, such as those for social 
contact, affiliation, affection, and support,44 which may in-
crease overall stress level and undermining cognitive func-
tion. Alternatively, this finding may support previous find-
ings that social networks are a source of cognitive stimulation 
whereby such sudden and prolonged restriction in everyday 
social interactions could have significantly reduced cognitive 
stimuli, leading to a decline in cognitive function even within 
a relatively short term. Further studies are needed to under-
stand the mechanism of this sharp decrease in cognitive func-
tion within just two years, but as a response to address the 
immediate needs around social disconnectedness and cogni-

Table 4. Effects of social connectedness on cognitive function 
(two-stage least squares) (N=2,792)

Cognitive score (MMSE)
(1) Random effect 

[SE]
(2) Fixed effect 

[SE]
Frequency of meeting with 
  familiars per month

0.1470
[0.0677]**

0.5035
[0.2853]*

Age (yr) -0.2149
[0.0149]***

-0.0880
[0.0936]

Gender, female -0.9584
[0.3889]**

-

Married 0.9344
[0.2399]***

1.0252
[0.4539]**

Education

Dropout (Base) (Base)
Highschool grad 0.6434

[0.3024]**
-0.6972
[0.8214]

College grad or above 1.2098
[0.4332]***

1.8975
[1.4120]

Unemployed -0.0688
[0.1330]

-0.0352
[0.2102]

Log, household income 0.1781
[0.0546]***

0.2161
[0.0855]**

Region

Metropolitan (Base) (Base)
City 0.4792

[0.4313]
-0.2441
[0.8870]

Town 0.1946
[0.4589]

-0.6818
[0.8710]

Drinking status 0.4522
[0.1772]**

0.3458
[0.3350]

Smoking status -0.0111
[0.3547]

-0.1035
[1.0080]

Self-rated health

Very good (Base) (Base)
Good 1.0428

[0.3589]***
1.1571

[0.5520]**
Normal 0.8919

[0.3589]**
0.9016

[.05467]*
Bad 0.2701

[0.3717]
0.5716

[0.5796]
Very bad -2.1076

[0.4237]***
-1.1488
[0.7786]

Existence of chronic disease 0.1932
[0.2907]

-0.0023
[0.5203]

Hausman test 8.97

Observation 7,249 7,249
All statistics are based on a dataset created by the Korean Longi-
tudinal Study of Aging for 2016–2020. *p<0.05; **p<0.01; ***p< 
0.001. MMSE, Mini-Mental State Exam; SE, standard error
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tive decline, several virtual adaptations for older adults have 
now been developed. For instance, Zubatsky45 describes Cog-
nitive Stimulation Therapy, Circle of Friends that have been 
effective in in-person settings and are transitioned to virtual 
delivery during the pandemic. These virtual versions of pro-
grams could be effective in virtual settings provided they were 
appropriately retrofitted. The government and local commu-
nities, therefore, need to increase their effort to develop way 
for providers and community partners to establish groups to 
connect adults through the remainder of the pandemic and 
beyond.

Third, some changes in covariates in the descriptive statis-
tics need to be noted. Family income has been reduced and 
the proportion of unemployment among those aged 50 and 
over has been increased. In other words, the economic status 
of those aged 50 and over has worsened during COVID-19. 
The average replacement rate of pension benefits, which is the 
ratio of pension benefits to pre-retirement average earnings, 
is currently 40%.46 In fact, one in three older adults work for 
pay, but most of them work in low paying, unstable, and 
non-regular jobs (e.g., temporary or day labor), which do not 
provide sufficient income.47 With a lower replace rate of pen-
sion benefits and increased unemployment, COVID-19 
could have increased the poverty rate of Korean older adults, 
which was already exceptionally high among OECD average 
of 13.5%.46 Although some local governments and commu-
nities have taken steps to include daily phone calls, home vis-
its, online care programs, meal delivery services, and GPS 
tracking for cognitively impaired older adults to fill the gap, 
further monitoring and interventions strategies are need to 
meet increased financial and caring needs. 

Another noteworthy finding is that drinking has increased 
during COVID-19. It is not clear whether drinking “alone” 
or drinking “with others to compensate outdoor activities” 
have increased, but since binge drinking is one of the risk 
factors for dementia,3 alcohol consumption behavior need 
to be monitored. 

This study has some limitations. First, the results in this 
study are derived from a relatively short sample period. Giv-
en that the pandemic persists, we only considered the early 
stage of the pandemic including the year 2020. If the sample 
period were extended, older adults’ behavior or status might 
have exhibited different patterns. Second, the results are based 
on the longitudinal representative sample of Korean older 
adults. Therefore, it is not clear whether the results can repre-
sent older adults across the world. Despite these limitations, 
this study is the first to estimate the causal effect of social con-
nectedness on cognitive function using the COVID-19 pan-
demic period as an IV. The results from 2SLS using an IV 
show that the magnitude of the estimator in simple OLS can 

be overestimated if omitted variable bias or reverse causality 
is not considered. To consider another mechanism by which 
cognitive function can be influenced during the pandemic, 
we also consider the effect of the COVID-19 on other factors 
such as smoking, drinking, and marital status, which may 
influence cognitive function. Potential factors other than so-
cial contact or depressive symptoms during the pandemic 
are not influenced by the COVID-19 pandemic. 
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Supplementary Table 1. Robustness: other mechanisms that affect cognitive function

Alcohol Smoking Working status Self-rated health Marital status
(1) Fixed effect [SE] (2) Fixed effect [SE] (3) Fixed effect [SE] (4) Fixed effect [SE] (5) Fixed effect [SE]

COVID19 -0.0068 [0.0089] 0.0029 [0.0026] 0.0176 [0.0482] -0.0272 [0.0237] -0.0016 [0.0058]
Observation   7,743 [2,882] 7,743 [2,882] 7,743 [2,882]   7,743 [2,882]   7,743 [2,882]
All statistics are based on a dataset created by the Korean Longitudinal Study of Aging for 2016–2020. SE, standard error; COVID-19, coronavirus 
disease-2019


