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The bi-directional causal relationship between depressive symptoms
and cognitive decline among Korean older adults
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Objectives: This study investigated the relationship between depressive symptoms and cognitive function trajectories
among older adults. This study contributes to the literature by applying a reciprocal effect model to determine
the causality of the associations found. Methods: Data of 1,612 participants from the Korean Longitudinal Study
of Aging (2006-2018) (aged 65 and over at wave 1 and followed up until wave 7) were selected. Using data from
waves 1 (2006), 4 (201y), and 7 (2018) depressive symptoms and cognitive functioning were measured based on
the Center for Epidemiologic Studies Depression 10-Item Scale and the Korean version of the Mini-Mental State
Examination. Autoregressive cross-lagged model analysis was employed to estimate bi-directional relationships
between depressive symptoms and cognitive function over time. Results: We identified a bi-directional relationship
between depressive symptoms and cognitive decline. First, depressive symptoms and cognitive function at the prior
wave had a statistically significant effect at a given wave (p{.0001). Second, higher levels of depressive symptoms
(t-1) predicted lower levels of cognitive function (t: wave 1—wave 4, wave 4—wave 7, B: —.087, —.055), and higher
levels of cognitive function (t-1) predicted lower levels of depressive symptoms (t: wave 1—wave 4, wave 4—~wave
7, B: =123, -.140). Conclusion: This study identifies bi-directional and reciprocal causal relationships between
depressive symptoms and cognitive decline over time.

Key words: aging, cognitive decline, depression, autoregressive cross-lagged model, causal relationship, longitudinal
study
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(Table 1) Characteristics of study participants (2006)

: % or
Variable n M+SD

Age (years) 1,612 70.3+4.4

Men 642 39.8
Sex

Women 970 60.2

Elementary school 1115 692

or less

. Middle &

Education level High school 393 24.4

University or

beyond 103 04

Metropolitan 635 39.4
Residential area

Rural 977 60.6
Number of Alone 231 14.3
cohabiting Not alone 1.381 85.7

Working 369 22.9
Working Status

Non-working 1,243 77.1

Yes 1,299 80.6
Owner occupier

No 313 19.4

Yes 563 34.9
Regular exercise

No 1,049 65.1

Yes 208 12.9
Smoking

No 1,404 87.1

Yes 481 29.8
Alcohol intake

No 1,131 70.2
No. of chronic None 586 36.4
medical 1 602 373
conditions > 9 424 263

Active 1,134 70.3
Social activity Normal 229 14.2

Inactive 249 15.5
K-MMSE 1,612 24.34+4.9
CES-D10 1,612 1.5£1.8

st Olo| 2FMI QRIS Motelel A4S emk ¢ 61

54T A5 BRI 4 9l CES-DI0 H:
ot K-MMSE Hk9| 7|&8A 9 AJUAARS dies
(Table 2)9} Zt}. o] W2 HAAFE] & T4 Al
2re] s8] wet Avtdes Fretan(1.52—1.86—
2.13), A5 ALHHQ A BUS & 5 A
(24.25—23.58—21.08). +-&35/47 AA7|59] =t A
S5 B4R A =9 Adigho] 3% @AY k9] 4
tigko] 82 WA] gh= 20 R Hol & HaTl ARE RO
A4 718L =510 Yot Br1elich

FIEAONA 2 T A TS A= 29 A
TA7} = A2 = YEth CES-DI0SE Wekeh &
3] B A 17}, 4218} 7210l A 9-259] AAIA] A
Q1 432 AR B2 AR Bl ZH2F oF 90%(1,450)
ofl A 85%(1,374), 1B 83%(1,330)2 A+ Eo1E%1Y,
23 A9 AARAE -2 AR HlE2 oF 10%(162)
ol A 15%(238), L)1l 17%276)% HA} 716t A=
& 4= Uk K-MMSEZ #ehst Q1A]7]%5-9] 49 ZA)
12}, 4219} 72 A QA7 |5 A vl 22 64.5%
(1,041), 58.9%(950), 42.5%(686)= ZHAI5I4.0H, Q7%
ofjo] A= 27} 25.2%(407), 26.8%(432), 29.9%(482), A

s}

(Table 2) Descriptive statistics and correlation matrix
between depressive symptoms and cognitive
function over time

DS1 DS4 DS7 CF1 CF4 CF7

DS1

DS4  0.25™*

DS7 0.11%* 0.34**

CF1 -0.16"* -0.19"* -0.13**

CF4 -0.18"* -0.35"* -0.24™* 0.51**

CF7 -0.13** -0.26"* -0.26"* 0.45** 0.58"*

M 1.52 1.86 2.13 2425 2358  21.08
SD 1.82 2.24 2.21 4.85 5.58 6.85
Max 10 10 10 30 30 30
Min 0 0 0 3 1 1

S 1.76 1.71 1.54 -1.09  -1.09  -0.68
K 3.60 2.76 2.34 0.95 0.98 -0.27

Notes. M=Mean, SD=Standard deviation, DS=Depressive symptoms,
CF=Cognitive function, S=Skewness, K=Kurtosis, Numbers 1,
4, 7 denote the wave, 1: 2006, 4: 2012, 7: 2018. *** p{.001.
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f O)49] B9 ZH7F 10.2%(164), 14.3%(230), 27.5%(444)= £ A7 BPAYE 255 FRIgH Aok= (Table 3)
Ueh, 9] g A Eotaal, JAVIs otk Al o Ao BAE SHA] G2 Model 12 RMSEA ).12 2
o] A= S7IRIL eSS 4 i o] HgoHA| ok A= HeEof A ofaralt. AEt
B2 HAT Model 29t g3 A9 9ol wa2 F71=

3. REBM} QX[7|50 ChEt X17|2|Hu AKX 2 B3 Model 3, 183 Model 30| o2 Wzt HSES
#s 24 F712 HAR Model 49 A9E 52 Hladt 23

Model 49] RMSEA Z|* .063, CFI A]4= .987, SRMR A5
L 0052 7M Hest mgo g mokslqit,

FE7F AL AFEF B TR 1, 1Al gijkR
Y 29 AEASG FHX|= (Table H&} [Figure 1190 242t
AAEo] 9ot BE El_\:%]oﬂ/\-] ©.9 =4 1l 0]2]7]%-9] &}
713 HAGE Fo5FE 001914 BAZ R Fou)st A

T AUA wizteiths thdo] 9lo] g da] o)] o o & SRl ]7@ S AlHoA olF S AlHeR
g — U — =3 _4 oo _/(1.7} %ﬂ_ﬁiﬁ] E*r‘ zo]xPo]M_,_ o]

om TLIS| 7% o] Bt B A7t Wobd &= 9l A 27 ;\]xqoﬂ/q 5 22 JHozol o7 AL 7+
L 3 0] SFA] X9k
t= eA7F 3lol aefatA] egttH(Hong, 2000). Rz AL —‘:r 30|14} 5 os} 2:0]Qit} o]

(Table 3) The comparative summarized table of model fit A9 & A A QA5 APt BF o]& AJHe] &

£ AFollde AEARAAY ZDHFE7 Huet
Bentler (1999)7} AJAIgE 7] w2} RMSEA <.08, CFI
».90, SRMR <.08Y 7 G2t o= wesiit). o
Qo] & Mplus £4] T2 Iof|A 2 Fol5Z3} TL A5
£ U 5 lov & Ao At WA= A2t
et x* ASY A B F7|9F BP9 22 ELA|

indices < 24 ‘Mﬂw W5} AHo] 4714 ke Zrhe A
Model RMSEA CH SRMR o /\] /\]_—5—]_]:}_
Model 1 107 958 029 =TT
Model 2 081 978 017 WAA A& FA| BE Modelol|Ad] L3t FoeEsS
Model 3 066 986 011 Heow, IA0 AL & JAo] FF QA7 WSl
Model 4 063 %7 05 HlA Ay Qe ol 001014 foluE Ao

Notes. Model 1: unadjusted, Model 2: adjusted for sex, age, Model 2 Ueigtt a8 dA9 QA f£Eo07 222

3: adjusted for sex, age, education level, Model 4: adjusted — O e m L — s A0
for sex, age, education level, residential area, number of Aol 37t 7FsAd= clSEs= E—X}X]Oqzﬂ o] A% 12344

cohabiting, working status, owner occupier, regular exercise, x ' x
smoking, alcohol intake, number of chronic medical conditions, Eoﬂ _1 4;(]- :15'4 a5 ‘l'r‘—’] 00101] 1 _l.r__,] 0]'_1_ 411'

social activity HAEoA 73 = {0 Oloﬂ A 9-93kS golsta

olN

(Table 4) Parameter estimation of autoregressive cross-lagged model

Model Model 2 Model 3 Model 4
Path B SE. ; B SE. ; B SE. 8
DS1— DS 4 0.276*** .030 225 0.278™* .030 226" 0.269*** .030 219
DS 4 —DS7 0.284*** .025 2874 0.2817* 281 .285% 0.270™* .025 273
CF1—CF4 0.474** .027 411 0.449*** .028 3907 0.437* .028 379
CF 4 — CF7 0.588™* .028 L7970 0.556*** .028 453" 0.549%* .028 A4
DS1—CF4 -0.295** .065 -.096*** -0.2817*** .065 -.091"** -0.268™* .065 -.087""*
DS 4 —CF7 -0.170™* .064 -.056*** -0.183™* .064 -.060™** -0.169*** .064 -.055%"
CF1—DS 4 -0.057"* .012 - 124%* -0.061*** .013 -.131%* -0.057"* .013 =123
CF 4 —DS7 -0.053** .011 -.134** -0.059™ .011 -.149** -0.055™ .011 -.140**

Notes. DS=depressive symptoms; CF=cognitive function; B=Unstandardized coefficient; S.E.=Standard error; A=Standardized coefficient;
Numbers 1, 4, 7 denote the wave, 1=2006, 4=2012, 7=2018, Model 2: adjusted for sex, age. Model 3: adjusted for sex, age, education
level. Model 4: adjusted for sex, age, education level, residential area, number of cohabiting, working status, owner occupier, regular
exercise, smoking, alcohol intake, number of chronic medical conditions, social activity. ** p{.01, ** p<.001.
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[Figure 1] Autoregressive cross-lagged model of reciprocal relationship between depressive symptoms and cognitive

function

Notes. () inside: Model 4 unstandardized coefficient, () outside: Model 4 standardized coefficient. Model 4: adjusted for sex, age, education
level, residential area, number of cohabiting, working status, owner occupier, regular exercise, smoking, alcohol intake, number of
chronic medical conditions, social activity. ** p<.01, *** p<{.001.
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