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Participants of KLoSA
2012 - 2020 year

(N = 7,486)

Participants without
a spouse in 2012 year

( Excluded (N = 1,783)

( Excluded (N = 27)

Independent variables

'L Missing data of

Participants of KLoSA
2012 - 2020 year

(N =5,676)

( Excluded (N = 2,018)

KLoSA 2012 - 2020 year

'L Failed to follow up

Final Participants

(N = 3,658)

Participants of KLoSA
2012 - 2020 year
(N = 5,703)

Figure 2. Flow chart of subject inclusion and exclusion.
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Table 1. Selection of Variables

Variables Categorization
Dependent Cognitive . .
variable function K-MMSE score Continuous variable

Interesting Marital status

1) Spouse -> Spouse
2) Spouse -> No spouse

variable 3) No spouse -> No spouse
Sex Male, Female
Demographic . 45-54. 55-64, 65-74, >75
factors g ) ’ >
Region Urban, Rural
Cohabiting children Yes, No
Household income Quartile 1(low) - Quartile 4(high)
Socioeconomic  Educational level Middle school or below,
£ High school or above
actors
Economic activity Employed, Unemployment
Independent
variable

Social activities

Yes, No

Chronic disease

Health related
factors

ADL*

Depression scale
(CES-D)

0, 1 or more

Normal, Abnormal

0-3, >4

Baseline K-MMSE
Other factor ¢ (2012year)

Normal (24-30)

- MCI+ (20-23)

Moderate dementia (10-19)
Severe dementia (0-9)

*ADL : Activites of Daily Living +MCI : Mild Cognitive Impairment



of A7 AtRE A| 4xb-8xF LHStATIE EAF ARES ZEoto] BAGHY
2E #A2 SAS ver 9.4(SAS Institute Inc., Cary, NC, USA)E o]&st¥ot, &
27 0.05014 SAK oS AYSATh AR TARA WHe cheu 2ot

A, ATAARY AuR Syut BEE spobsts] ¢s) Al 53H20141) mA AL
=25 oA 2kjloz Fof Al 4xp20129)1 A Al 5AF RAH20141) Afo] Bi-AF &
A ddoRe st a9l ARGAIE a9l A gAE I 29 oigh HEEA
= sk on, olg vl=et NEE2 LEG.

=M, Al AxH20129)ol A A 5AF £AH2014'3) Ate] Bi@AF A3 o Feb Q1A]7]
s Ae9 duds dEsH] Asto] Al (One-way ANOVA)S AAISHIT

A, Al 52H20149)FH Al 8xH20203)7H819] Ate & AtEstol gHE 544 QIA]7]
s A JREAE LestA wieAr G dTe] ddde Felstr] fiste 4t

L

T

stx=Aut™ Al(Generalized Estimating Equation, GEE)o& BEA5tYct Est N-1X}f
Ao A NAF RAFAE Ato] v-AF AAo] g ®sto] tjsl 29l F-201 {AI(Hs)

9ley, ‘ol Z-°jQx} AMA’ WA} AAI-UfQA} AFAIOX]' 9] 371K] S oz BHE

WAL, o] Aol Aol what oAl Al cfsh ol £ AbEE PRste] x|
s Astetel ABYe ZrbHoz RAlsteth ®3 2012d%E 202097HA] 2
AA0R &AM 599 M Auo] s N-1x A= NAFAES] QAL U2 <
g wato] thsh AlZrel 0] wiek A 24 ol 44 49 oy, A 84 oluy=
TR AR Aot ool JE2 ol ATYe shlstyrt.

A

o] A= ANdaY A 1A Y3](Institutional Review board, ©]3t IRB)oj|A]
IRB HoHA tidez AAASAS WotHutA S 2 4-2022-1193).
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rr

Table 2. Study population of changes in marital status by year

Changes in marital status

Variables Spouse No Spouse
Spouse—Spouse —No Spouse —No Spouse
Total N % N % N %
Year
2014 3658 3582 97.9 76 2.08 0 0.00
2016 3656 3477 95.1 103 2.82 76 2.08
2018 3656 3388 92.7 89 2.43 179 4.90
2020 3652 3266 89.4 120 3.29 266 7.28
JA| AT A 5 20143 5E 20160 ZAF 713t &9 ol S23 Ee] sAl(ZAest
N gi$)ez YT 29 diaAke A Et 080 BRI} Bibsslol A4 AA
o|% thdxtolA AelstRtt. £t 2018FHE 2020G7HA] AA BigAL 5 old SE2
ge] SA02 SR oA 23T ALER AL 230l ohsl &AL A olF bR



2 Al9|stgic
o) ZAPAE ofch MR AROA F o 23%E vt AL FEalHL AR
SO AjEat 2o chAte Alelehn woAt A HHH YA BT wjeAr A

JHiE FAIsHIH

. wjoAt HeEpdst Sy wACARL &

AR AT} 3,658 HlAL AE] Wato] Cjsh 20149 20209714 & 4%
SRS EY3S W MleA JEIMe 9 RAGYA At g 2ok A A
WAt 14,6228 F ARIS wiQALLL EQAEo] Walyl Qi ChgAL: 13713
(93.8%), MI9ALS AU SRR 388%(2.7%). HIAI A 5 ElOAL Gt A

S FAIE tidAts 521%3(3.6%)0]tHTable 3).

o8

Table 3. Study population of changes in marital status by person moment

Variables Total population Funct(i:o(ilf.?ll(itily/ﬁ\/[SE)
Person % Mean S.D  P-value
Total moment
14,622 100.0
Changes in marital status <.0001
Spouse — Spouse 13,713 93.8 26 4.3
Spouse — No Spouse 388 2.7 23 5.6
No spouse — No Spouse 521 3.6 23 5.8




ch. AChgRLe] QU 54 (201263 201449 AFEE vpFoR)

ugst AFmE RAF Atm & Al 4xH2012'9)9F Al 5xH2014'd) At S vl o=z 45
Al old &35 wieA 248 dAVIEY dHdS SAT A 7IEdol |

L ATyt Quby S48 Chea 2rk(Table 4)

Table 4. General characteristics of the baseline study population (2012-2014 vyear)

N % Mean S.D P-value
Total
3,658 100.0
Changes in marital status <.0001
Spouse — Spouse 3582 97.9 26.54 3.98
Spouse — No Spouse 76 2.1 22.93 5.35
Sex <.0001
Male 1714 46.9 26.99 3.68
Female 1944 53.1 26.01 4.28
Age <.0001
45-54 320 8.7 28.21 2.35
55-64 1527 41.7 27.58 2.96
65-74 1242 34.0 25.99 4.11
>75 569 15.6 23.57 5.26
Cohabiting children 0.8613
Yes 1439 39.3 27.00 3.80
No 2219 60.7 26.13 4.16
Region <.0001
Urban area 1600 43.7 27.04 3.72
Rural area 2058 56.3 26.03 4.22
Educational level <.0001
Middle school or below 1998 54.6 25.38 4.48
Highschool or above 1660 454 27.78 2.96



Household income
Quartile 1 (low)
Quartile 2
Quartile 3
Quartile 4 (high)

Economic activity
Employed
Unemployment

Chronic disease
0
1 or more

ADL
Normal
Abnormal

Depression Scale
CES-D <4
CES-D =4

Social activities
Yes
No

Baseline MMSE score

(2012 year)
<9
10-19
20-23
24<

972
966
975
745

1696
1962

1756
1902

3624
34

3293
365

597
3061

18
185
367

3088

26.6
26.4
26.7
20.4

46.4
53.6

48.0
52.0

99.1
0.9

90.0
10.0

16.3
83.7

0.5
5.1
10.0
84.4

24.57
26.73
27.19
27.67

27.27
25.78

27.15
25.85

26.53
19.65

26.84
23.18

23.52
27.04

13.61
19.63
23.13
27.35

4.84
3.63
3.55
3.03

3.16
4.56

3.50
4.39

3.94
7.34

3.72
5.20

5.44
342

6.95
5.06
4.23
3.09

<.0001

0.3393

<.0001

<.0001

<.0001

<.0001

<.0001
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Table 5. Linear regression model using the GEE with K-MMSE in 2014-2020
Cognitive Function(K-MMSE)

Variables
B(adjusted) 95% CI

Changes in marital status

Spouse — Spouse Ref.

Spouse — No Spouse -0.60 (-0.98 - -0.22)
No Spouse — No Spouse -0.62 (-1.15 - -0.10)
Sex

Male Ref.

Female -0.28 (-0.45 - -0.10)
Age

45-54 Ref.

55-64 -0.14 (-0.40 0.11)
65-74 -0.38 (-0.68 - -0.08)
275 -1.59 (-1.96 - -1.22)
Cohabiting children

Yes Ref.

No 0.17 (0.02 - 0.32)
Region

Urban area 0.34 (0.18 - 0.50)
Rural area Ref.
Educational level

Middle school or below Ref.

Highschool or above 0.96 0.77 - 1.15)



Household income

Quartile 1 (low)
Quartile 2
Quartile 3
Quartile 4 (high)
Economic activity
Employed
Unemployment
Chronic disease
0

1 or more
ADL

Normal
Abnormal

Depression Scale
CES-D <4
CES-D =4

Social activities
Yes
No

Baseline MMSE score

(2012 year)
<9
10-19
20-23
24<
Year
2014
2016
2018
2020

Ref.
0.43
0.54
0.71

Ref.
-0.20

Ref.
-0.30

Ref.
-4.07

Ref.
-1.16

Ref.
-1.19

-9.90
-5.60
-2.74
Ref.

Ref.
0.01
-0.31
-0.43

(0.22
(0.31
(0.46

(-0.33

(-0.45

(-5.15

(-1.43

(-1.39

(-12.38
(-6.28
(-3.09

(-0.10
(-0.43
(-0.57

0.65)
0.76)
0.96)

-0.06)

-0.14)

-2.99)

-0.90)

-0.99)

-7.42)
-4.93)
-2.38)

0.12)
-0.18)
-0.28)

* GEE with Distribution = Normal, Link = Identity, Correlation structure = CS
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Table 6. Subgroup analysis using the GEE of Cognitive function with marital status in 2014-2020
Cognitive Function(K-MMSE)

Variables Spouse—Spouse Spouse — No Spouse No Spouse — No Spouse
B B 95% CI B 95% CI

Sex

Male Ref. -0.81 (-1.77 - 0.15) -1.31 (-2.70 - 0.09)
Female Ref. -0.59 (-1.00 - -0.18) -0.47 (-1.01 - 0.08)
Age

45-54 Ref. -0.11 (-0.96 - 0.75) - - -
55-64 Ref. -0.16 (-0.88 - 0.57) -0.20 (-0.93 - 0.52)
65-74 Ref. -0.46 (-1.13 - 0.20) 0.09 (-0.57 - 0.76)
275 Ref. -0.57 (-1.18 - 0.04) -0.73 (-1.65 - 0.18)
Cohabiting children

Yes Ref. -0.67 (-1.32 - -0.03) -0.54 (-1.37 - 0.29)
No Ref. -0.59 (-1.06 - -0.11) -0.66 (-1.28 - -0.04)
Region

Urban area Ref. -0.51 (-1.09 - 0.07) 0.20 (-0.46 - 0.86)
Rural area Ref. -0.68 (-1.17 - -0.19) -1.31 (-2.02 - -0.60)



Educational level

Middle school or
below

Highschool or
above

Household income
Quartile 1 (low)
Quartile 2
Quartile 3
Quartile 4 (high)
Economic activity
Employed
Unemployment
Chronic disease

0

1 or more
ADL

Normal

Ref.

Ref.

Ref.

Ref.

Ref.
Ref.

Ref.
Ref.

Ref.
Ref.

Ref.

-0.63

-0.28

-0.45

-1.29

0.21
-0.94

-0.42
-1.08

-0.50
-0.57

-0.70

(-1.04

(-1.02

(-1.00
(-2.06
(-0.75
(-2.17

(-0.85
(-1.84

(-1.10
(-1.03

(-1.06

-0.21)

0.47)

0.10)
-0.52)
1.17)
0.30)

0.00)
-0.33)

0.09)
-0.11)

-0.33)

-0.46

-0.40

-0.83

-0.48

0.08
-0.25

-0.45
-0.46

-0.94
-0.26

-0.59

(-0.99
(-1.39
(-1.58
(-1.30

(-0.97
(-1.44

(-1.00
(-1.24

(-1.72
(-0.85

(-1.06

0.08)
0.59)
-0.07)
0.35)

1.12)
0.95)

0.11)
0.33)

-0.15)
0.32)

-0.12)



Abnormal
Depression Scale
CES-D <4
CES-D >4
Social activities
Yes

No

Baseline MMSE
score 2012

<9
9-19
20-23
24<

Ref.

Ref.
Ref.

Ref.
Ref.

Ref.
Ref.
Ref.
Ref.

GEE with Distribution = Normal, Link = Identity, Correlation structure = CS

291

-0.55
-0.72

-0.58
-0.42

-2.84
-0.33
-0.88
-0.49

(-0.54

(-0.95
(-1.60

(-1.22
(-0.85

(-6.41
(-1.59
(-1.89
(-0.91

6.36)

-0.15)
0.15)

0.07)
0.01)

0.73)
0.93)
0.13)
-0.06)

-1.32

-0.59
0.33

-0.18
-0.44

3.23
-0.27
-1.93
-0.42

(-5.33

(-1.09
(-0.74

(-0.98
(-0.98

(-0.63
(-2.10
(-3.13
(-1.03

2.68)

-0.09)
1.41)

0.63)
0.09)

7.10)
1.56)
-0.74)
0.19)
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Figure 3. Results of the subgroup analysis of cognitive function index by sex.
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Table 7. Subgroup analysis stratified by marital status change

Cognitive  Function(K-MMSE)

Variables Male Female

B(adjusted) 95% CI B(adjusted) 95% CI

Types of marital status change

No change in spouse Ref. Ref.

Within 2 years of the loss of a spouse -0.82 (-1.78 - 0.13) -0.59 (-1.00 - -0.18)
Within 4 years of the loss of a spouse -1.05 (-2.51 - 0.40) -0.37 (-0.92 - 0.18)
Within 8 years of the loss of a spouse -1.79 (-3.61 - 0.04) -0.59 (-1.27 - 0.08)
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ABSTRACT

Effect of spouse loss on cognitive impairment in middle-aged and elderly

: Using an 4th-8th KLoSA

Hye Yeong Choi
Graduate School of Public Health

Yonsei University

(Directed by Professor Eun-Cheol Park, MD, PhD )

Objective

The loss of a spouse is one of the major life events in old age and causes
emotional problems such as isolation and loneliness, as well as economic
problems, diseases, and suicidal thoughts. Recently, the psychological aspect
has been emphasized in previous studies on the causes of cognitive
dysfunction. In particular, social isolation and depression in old age have
been found to have a significant impact on cognitive impairment. Numerous
studies have proven the relationship between cognitive impairment and the
presence of a spouse who supports minimal social relationships, but studies
on detailed causes of marital change have not yet been actively conducted in
Korea. Considering the rapid increase in the number of elderly patients with

cognitive dysfunction along with the global aging of the population and the



increase in medical expenses due to dementia, the need for related research
is further raised. This study was conducted to examine the characteristics of
subjects with a greater risk of cognitive impairment due to spouse loss
experience by analyzing the relationship between spouse loss experience and

cognitive impairment.

Methods

In this study, data from the 4th to 8th KLoSA (2012 to 2020) were used. At
the time of the 2012 survey, subjects without a spouse were excluded, and
finally 3,658 persons were selected as subjects for analysis. As for the
statistical analysis method, one-way ANOVA was conducted on demographic
factors, socioeconomic factors, and health-related factors to confirm the
relationship between each variable and cognitive function. To assess the
association between spouse loss experience and cognitive function, the
Generalized Estimating Equation (GEE) was used in consideration of the
cognitive function score repeatedly measured over time. All variables
including demographic factors, socioeconomic factors, and health-related
factors were calibrated. As for the analysis result, the B value and 95%
confidence interval (95% Confidence Interval, CI) were calculated by setting

the K-MMSE score as a continuous variable.

Results

As a result of the study, 76 subjects (2.1%) experienced loss of a spouse
between 2012 and 2014 among all subjects. Those who experienced spouse
loss had lower cognitive function scores than those who did not, which was
statistically significant(B= -0.60 95% CI=-0.98 to -0.22). Those who sustained

the loss of a spouse had lower cognitive function score than those who did



not experience loss of a spouse(B=-0.62 95% Cl=-1.15 to -0.10). Also, for
each variable for cognitive function decline, there was a difference in the
tendency to lower K-MMSE score in the early stage of spouse loss and the
tendency to lower K-MMSE score when the loss was maintained.

As a result of analyzing the decline in cognitive function according to
gender by dividing spouse loss experiences into divorce and bereavement,
both men and women had lower cognitive function scores in cases of
bereavement than divorce, but in cases where spouse loss continued. showed
a different orientation. For men, cognitive function was further reduced in
cases of divorce (B = -1.26 95% CI = -1.98 to -0.54) and bereavement (B =
-1.32 95% CI = -3.06 to 0.42) with continued loss of spouse than at the time
of loss. On the other hand, in the case of women, there was no significant
difference in cognitive function scores after bereavement, but when there was
no change in spouse after divorce (B = 1.32 95% CI = 0.05 to 2.59), cognitive
function scores were higher compared to the reference group.

As a result of analyzing the cognitive decline according to gender by
dividing the type of spouse change into 4 types according to the passage of
time, there was a large difference in cognitive function decline over time
according to gender. In the case of women, there was no tendency for
cognitive function to decline further with the passage of time, but in the case
of men, cognitive function tended to deteriorate more significantly as time

passed due to the continued loss of a spouse.

Conclusion

This study found that middle-aged and elderly people who experienced the
loss of a spouse were vulnerable to cognitive decline. Men who are widowed,

in particular, are at greater risk of cognitive decline over time. Based on this



result, policy support should be strengthened to address the issues faced by

vulnerable to cognitive dysfunction in South Korean population.

Key words : loss of spouse, cognitive impairment, K-MMSE, generalized

estimating equation



