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KLoSA (Korean Longitudinal Study of Aging) baseline year, 2006
110,254

Exclusion criteria 1: 5,520

4,841 Who ever excluded in follow-up period (2008-2018)
679 Who died by any reason

A

Who were consecutively followed-up until 2018
: 5,586

Exclusion criteria 2: 1,460

827 K-MMSE

235 BMI

223 Disposable household income
111 Vision

64  Education

A

Final study population
14,126

Figure 1. Flow chart representing the selected study population
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Table 1. General characteristics of study sample of the Korean Longitudinal
Study of Aging (KLoSA) at baseline (2006)

Characteristics Fall % No fall %  p-value
Total 4,126 134 32 3,992 96.8
Sex <.0001"
Men 1,767 31 1.8 1,736 98.2
Women 2,359 103 44 2,256 95.6
Age, [mean = 65.5; SD = 9.7] <.0001
45-54 1,414 2 16 1,392 98.4
55-64 1,449 49 34 1,400  96.6
05-74 1,031 50 48 981 952
=75 232 13 5.6 219 944
BMI(kg/m?) 014
Underweight(<18.5) 99 5 51 94 949
Normal(18.6-23.0) 1,709 48 2.8 1,661 972
Overweight(23.1-25.0) 1,299 40 3.1 1,259 96.9
Obese(25.1-30.0) 933 33 35 900 96.5
Severely obese(>30.0) 86 8 93 78 90.7
Alcohol drinking status 109
Non drinker 2,429 88 3.6 2,341 964
Drinker 1,697 46 2.7 1,651 973
ADL difficulty 1.000
No 53 1 19 52 98.1
Yes 4,073 133 33 3,940  96.7
Subjective vision status <.0001
Very good 70 1 14 69 986
Good 1,374 32 23 1,342 977
Normal 1,815 47 2.6 1,768 974
Bad 798 49 6.1 749 939
Very Bad 69 5 72 64 928
Subjective hearing status .090
Very good 521 18 35 503 96.5
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Good 2,596 78 3.0 2,518  97.0

Normal 830 27 33 803  96.7

Bad 159 11 69 148 93.1

Very Bad 20 - 00 20 100.0
Marital status <0001

Currently married 3,539 93 2.6 3,446 974

Currently separated* 587 41 7.0 546 93.0
Educational level <.0001

Elementary education 1,697 8 52 1603 948

Middle school completed 767 19 25 748 97.5

High school completed 1,252 24 19 1,228 98.1

College unrolled 410 205 408 995
K-MMSE, mean + SD 262 + 44 244 £ 52 262 £ 4.6 <0001
Houschold income(LOOOW. 26305 = 24788 1967.4 + 24875 26443 = 24768 <0001

Abbreviations : SD, standard deviation

"Results from Fisher exact test

‘Separated marital status consists of individuals who were widowed, divorced, separately

living, and never married.
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of Wi, REAR, FAF, ARAFE ettt
12 Z2AFEE 20066 dA K-MMSE #2669, :t=HxF 373, 9
0

0, AHE$I4 400019000, 20066 thE] 2008 K-MMSE H#< 0204
FA AN 20081 tiH] 20106 0.065 ] #HAste]l A ZALgiH] MMSE
P Az AreE= ATS wo] 20189 73 A AE 20169 thH] 0.64

2914 6.000] %1}
A= K-MMSES] wWalgre 4237 98] d5e We 4=g 29~
21, “20~-11, “10~-1, ‘0, “+1e]y’ B4l 1§o= TR, 1§ 98

= AR M= E geatgle=dl, 20061 12 AR diH] 2008 23k %
Atell Al K-MMSEZF =29~ =210l sl el L2 0.68%(28%), —20~-11"¢
Fsts 1w 218%(907), -10~-1'° siFst= Lw 60.37%(2,49178),
Vo® A 1 36.74%(1,616%), ‘+10]’ o= K-MMSEZlF S7Feh 1+
= 0.06%(19M)o2 Fxan. AxA o s 20060 12 ZAF tiH] 2008'd 22k
ZAbl A FHAF 158 63.23%, AT Lae 36.74%, S7FF 1w 0.05%
Atk 3abell M 62k 2ARAA S10~-1°ll sjFeh= 2ol 7HE
AR S Blom, 20189 72 ZAMelA K-MMSEZF 7HA%
66.31%, A% 1w 3342%, S7FF 1w 027%= ¥ Av (Table
2).
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Table 2. Changes in

cognition function

over 6 survey years (2006-2018)

Total sample

KLoSA Survey Years

(N = 4,126) 2006 2008 2010 2012 2014 2016 2018

K-MMSE (0-30)

Mean 26.69 26.49 26.43 26.44 26.01 25.83 25.19

(SD) 3.74 3.76 4.04 415 4.47 4.60 5.48

Median 28.00 28.00 28.00 28.00 27.00 27.00 27.00

(IQR) 4.00 4.00 5.00 5.00 6.00 5.00 6.00
ﬁfii‘?oﬁhiﬁrgfsyf;"éé‘r ; 2020 -0.06 0.01 0.43 20.18 -0.64
Size of changes between survey years, N(%)

29 to -21 - 28 (0.68) 25 (0.61) 35 (0.88) 65 (1.58) 33 (0.80) 63 (1.53)

20 to -11 - 90 (2.18) 88 (2.13) 98 (2.46) 105 (2.54) 150 (3.64) 184 (4.46)

-10 to -1 - 2,491 (60.37) 2,393 (58.00) 2,287 (57.48) 2,483 (60.18) 2,468 (59.82) 2,489 (60.32)

0 - 1,516 (36.74) 1,618 (39.21) 1,557 (39.13) 1,473 (35.70) 1,475 (35.75) 1,379 (33.42)

+1 or more

1 (0.05)

2 (0.05) 2 (0.05) -

11 (0.27)

Abbreviations

: K-MMSE, Korean-Mini Mental Status Examination, SD, standard deviation

.27 -



3. AA7s W3ket GFE e #EA

i
M

SEREEEDIERERED

F Mg B Fastac

g B g8 wus 2w o

ju)
i

WA gHg Aoz K-MMSE ¥W3 Axo wa -29~—-21"S Group 1,
‘~20~-11'% Group 2, -10~-1'E Group 3, ‘0= Group 4, ‘+1 °]A'S Group
52 Wysldal, AA Vs M F2 Group 55 7Vl IAFoE st WA
el dEAde 24T A3, A7 ol v Group 2(-20~-1D)llA
Ao =NT7E = A HASH(OR : 239, 95% CI : 1.24-4.59), Group
1(-29~—-21)7} 1 A& ©|ATHOR : 1.88, 95% CI : 1.49-2.38).

gae G 71F IFOR G W, oJgelM e =ust E%(OR

rlo

D211, 95% CI @ 1.75-254), 182 ol Igo=2 739, Yo7t 7+ 4
S 45544 IFE VI AFoE st A% A, yolrt B AFUTE
e =u 7L Eokal, 75M ol LgelA Mg EAUTHOR ¢ 2.82, 95% CI ¢
2.01-3.95). EAFHANAN = ERAAFS 7T IFo=E g Ay, ol&-HdA A}
He-nE TFo] SN 7E 29 (0R ¢ 2,06, 95% CI @ 1.72-247), W&
=& 2 71 1wl W o] 1E sl
w, 25sul olst 1Fo WHH=uZE 7B ESITHOR ¢ 252, 95% CI ¢

1.78-3.55).

ws)
=
1
)
[
el
o
frt
Sh
il
o
k=l
ol
o
[-40
[
it

B8 7l AFoE o] YL

Z=HlE A Ay, nERRt aFo] 7B :ALOR 215 95% CI

1.30-355), AAlT 1F =22 =UTHOR : 1.81, 95% CI @ 1.24-2.65).

7Y SFIFAAY ez E9kI(OR 073, 95% CI
1-0.8

7), ADLell ojgf%eo] = ZFANM F4e=17F =UTHOR : 443,

- 28 -



95% CI : 313-6.26). AlEdel= wi-¢ vmpi §udh TFolA S =y
7} = 3(0R : 891, 95% CI : 1.16-68.62), ¥ 94

TFA G =u vt kAR A= fFosA @ StHOR ¢ 1.92, 95% CI
: 0.89-4.12).

g B4 Fdd e AFoRE s 249 Z3E vugds o
K-MMSE+= <IA7]50] 7h o -29
2 =SHHOR 241, 95% CI @ 1.87-3.10).

AEE G divste] o oA e =r7t %3k (OR 1 1.88, 95%
CI : 150-2.35), &> w@¥ly B4 Anpel wmp7bA 2 vol7t B IF5ds
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o A 7hd =THOR : 252, 95% CI @ 1.67-3.80).
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wol Fe=nrt oy SAHeE FostA = ZUTHOR © 1.20, 95%
WHFEE 7IE 2w W ol 2w Husde W, o

M A Aol #Zo] xeetul ofdt e G =nHIF B =dARt

sAACE T3 A= obYJATHOR 1 112, 95% CI 1 0.76-1.66).

BMI= A7)l Zsthviste] aevint Z5o] G =u7F 7Hg s ok nt
A= FoshA] &%IOR : 1.50, 95% CI @ 0.90-2.52), &FLwollAe] S
Q287 E=9E3(0R ¢ 115, 95% CI @ 094-14D Aoy Adpe= folshA] sk
th ADLel of#&o] = ZFolAMe] g e=n7F =ATOR : 266, 95%
CI : 1.80-391). AlEde= w9 il S93 Zaoy] vy S93 1
wol A gL =u 7t %

CI : 0.89-4717), FH¥el+= Fval S9F LwolA G e=n7F =RA,

A= §98k4 ZUTHOR @ 0.99, 95% CI : 0.44-2.20) (Table 3).



Table 3. Associations between K-MMSE score changes and experience of fall

Experience fall

Characteristics Univariable model Multivariable model
OR 95% CI Adj.OR 95% CI

K-MMSE score (0-30) change groups

Group 1: -29 to -21 1.88 (149 - 2.38) 2.41 (1.87 3.10)

Group 2: -20 to -11 239 (124 - 4.59) 1.22 (0.60 2.46)

Group 3: -10 to -1 1.19 (097 - 1.47) 1.15 (0.92 1.44)

Group 4: 0 0.82 (0.63 - 1.07) 1.05 (0.79 1.40)

Group 5: +1 or more 1.00 [Reference] 1.00 [Reference]
Sex

Men 1.00 [Reference] 1.00 [Reference]

Women 211 (1.75 - 2.54) 1.88 (1.50 2.35)
Age

45-54 1.00 [Reference] 1.00 [Reference]

55-64 1.50 (1.07 - 2.10) 1.75 (1.23 2.49)

65-74 222 (1.60 - 3.09) 2.30 (1.59 3.31)

=75 2.82  (2.01 - 3.95) 2.52 (1.67 3.80)
BMI(kg/m?)

Underweight(<18.5) 1.81 (1.24 - 2.65) 1.36 (0.92 2.01)

Normal(18.6-23.0) 1.00 [Reference] 1.00 [Reference]

Overweight(23.1-25.0)  0.77 (0.63 - 0.95) 0.79 (0.64 0.98)

Obese(25.1-30.0) 1.00 (0.81 - 1.23) 0.94 (0.76 1.17)

Severely obese(>30.0) 2.15 (1.30 - 3.55) 1.50 (0.90 2.52)
Alcohol drinking status

Non drinker 1.00 [Reference] 1.00 [Reference]

Drinker 0.73 (0.61 - 0.87) 1.15 (0.94 1.41)
ADL difficulty

No 1.00 [Reference] 1.00 [Reference]

Yes 443 (3.13 - 6.26) 2.66 (1.80 3.91)
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Subjective vision status

Very good 1.00 [Reference] 1.00 [Reference]

Good 3.72 (0.52 - 26.74) 3.83 (053 - 2791

Normal 345 (048 - 24.70) 3.37 (0.46 - 24.60)

Bad 874 (122 - 62.61) 6.46 (0.89 - 47.17)

Very Bad 891 (1.16 - 68.62) 493 (0.63 - 38.87)
Subjective hearing status

Very good 1.00 [Reference] 1.00 [Reference]

Good 1.02  (0.75 - 1.38) 0.99 (044 - 2.20)

Normal 092 (0.66 - 1.27) 0.75 048 - 1.17)

Bad 1.80 (1.21 - 2.70) 0.57 (0.40 - 0.81)

Very Bad 1.92 (0.89 - 4.12) 0.79 (0.57 - 1.09)
Marital status

Currently married 1.00 [Reference] 1.00 [Reference]

Currently separated’ 2.06 (1.72 - 247) 1.20 (098 - 1.47)
Educational level

Elementary education o 55 (178 - 355) 112 (076 - 1.66)

Middle school completed 1.06 (0.71 - 1.59) 0.73 048 - 1.12)

High school completed 1.07 (0.74 - 1.56) 0.89 0.61 - 1.31)

;%);Leege unrolled or 1.00 [Reference] 1.00 [Reference]
Experience of fall in a previous survey

No 1.00 [Reference] 1.00 [Reference]

Yes 6.04 (450 - 8.11) 4.89 (3.59 - 6.65)
E&@Z{uﬁﬁfﬁ; in a 094 (092 - 0.95) 100 (098 - 1.02)
Household income(1,000W) 1.00 (1.00 - 1.00) 1.00 (1.00 - 1.00)
Abbreviations : BMI, body mass index, ADL, activities of daily living, Adj.OR,

adjusted odds ratio

TSeparated marital status consists of individuals who were widowed, divorced,

separately living, and never married.
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Table 4. Subgroup analysis for the associations between K-MMSE change groups and experience of fall, according to sex, age,

BMI, and marital

status

Experience of fall

Characteristics Group 1: -29 to -21 Group 2: -20 to -11 Group 3: -10 to -1 Group 4: 0 Gﬁzlirs‘
A o5 cr A 95% CI e e Adj.OR

Sex

Men 203 (105 3.93) 0.43 003 - 589 128 (0.73 224) 125 (064 - 244) [Reference]

Women 261 (196 3.49) 1.65 078 - 3.50) 1.12° (0.86 1.45) 101 (072 - 141) [Reference]
Age

45-54 1.89 (0.83 4.33) 026  <0.001 - >9.999 0.69 (022 2.14) 1.56 (059 - 4.10) [Reference]

55-64 231 (159 3.36) 0.33 0.01 - 1499 1.12° (0.76 1.65) 123 (081 - 1.86) [Reference]

65-74 240 (1.60 3.60) 223 081 - 6.13) 136 (0.95 1.96) 1.00 (0.61 - 1.64) [Reference]

=75 220 (1.19 4.08) 0.83 031 - 225 1.14 (078 1.66) 096 (055 - 1.68) [Reference]
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BMI(kg/m?)

Underweight
(£18.5)

Normal
(18.6-23.0)

Overweight
(23.1-25.0)

Obese
(25.1-30.0)

Severely obese
(>30.0)

Marital status
Currently married
Currently separated'

3.11

1.87

3.09

2.28

5.38

2.29
2.87

(0.83

(1.25

(1.89

(1.39

(1.30

(1.69
(1.81

11.58)

2.78)

5.05)

3.73)

22.20)

3.10)
4.56)

3.49

1.74

0.96

<0.001

0.02

1.25
1.37

(0.51

0.72

(0.11
<0.001

<0.001

(0.48
(0.49

23.63)

4.17)

8.07)

>9.999

3.24)
3.85)

2.19

1.15

1.25

0.88

3.26

1.15
1.26

(0.79

(0.83

(0.77

(0.56

(0.76

(0.87
(0.84

6.09)

1.60)

2.01)

137)

14.04)

1.50)
1.88)

1.21

0.90

1.39

0.99

220

1.27
0.59

(0.26

(0.59

(0.79

(0.58

(027

(0.92
(031

5.60)

1.39)

2.42)

1.70)

18.04)

1.75)
1.12)

[Reference]

[Reference]

[Reference]

[Reference]

[Reference]

[Reference]

[Reference]

Abbreviations : K-MMSE, Korean-Mini Mental Status Examination, Adj.OR, adjusted odds ratio

Adjusted for sex, age group, BMI group, alcohol drinking status, ADL status, subjective vision status, subjective hearing status, marital status, educational
level, household income
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ABSTRACT

Association Between Cognitive function and fall

of elderly Koreans : A Longitudinal study of KLoSA

Jeong Hee Ahn
Graduate School of Public Health

Yonsel University

(Directed by Professor Sung-In Jang, MD, PhD)

As improvements in health insurance coverage and the quality of medical
services have increased life expectancy in South Korea, the elderly
population has reached 15.8%6 of the total population in 2020, and the
country 1s expected to become a super-aged society by 2025. In an aging
society, issues such geriatric disease and medical expenses are becoming
prominent social concerns, and one of the major factors threatening the
quality of life of the elderly is falls. Socioeconomic losses, including costs
related to medical treatments for fall-related injuries— which are common
among the elderly —are also expected to continue increasing; therefore, it is

important to identify the groups at highest risk of falls and properly
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manage risk factors to prevent them from occurring. This approach will
improve the overall health of the elderly and reduce medical costs for
society as a whole.

The purpose of this study was to analyze the association between
cognitive function and falls in middle-aged and elderly adults (aged 45
years and older). The participants were 4,126 individuals. Data on cognitive
functioning and falls were obtained using the K-MMSE and the Korean
Longitudinal Study of Aging (2006 - 2018) conducted by the Ministry of
Employment and Labor and the Korea Employment Information Service,

respectively.

In terms of statistical analyses performed, chi—-square tests and t-tests
were used to examine sociodemographic variables and health-related
behavioral factors. Changes in K-MMSE scores over time were analyzed
by calculating the mean, standard deviation, median, and quartiles of
subjects’ K-MMSE scores by year. Then, subjects were divided into five
groups according to the degree of change in the K-MMSE score and the
frequency was measured in each group. Further, the odds ratio of falls
was determined. Repeated measurements were taken from the subjects, and
a generalized linear mixed model (GLMM) was applied using the LOGIT
function for the link option and the binary function for the distribution
option. SAS version 94 was used for all statistical analyses, and

significance was defined as a p-value less than 0.05 in a two-tailed test.

Results demonstrated that 3.296 of the subjects experienced falls, and the

incidence rate of falls among females was significantly higher (males,
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1.8%; females, 4.4%). Furthermore, the group that experienced falls
displayed significantly higher K-MMSE scores compared to the group that
did not.

Subjects were divided into five groups according to the degree of change
in cognitive function, and frequency was measured in each group.
Additionally, the relationship between a change in cognitive status and the
incidence rate of falls was measured. The results showed a significantly
higher odds ratio of falls in groups with worse cognitive function,
particularly in females, in the elderly compared to younger subjects, in
obese subjects compared to those of average weight, and in separated,
divorced, bereaved, or single subjects compared to subjects who were

currently married.

Findings of this study are valuable as they provide important evidence
for the development of programs and nursing interventions to help prevent
falls among middle-aged and elderly adults in the local community. We
hope that this study will lead to continued efforts to improve the quality of
life of the elderly.

Keywords: Cognitive function, K-MMSE, Fall, KLoSA
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