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Association between Thyroid-Related Hormones and Cognitive Function

in Patients with Alzheimer’s Disease and Mild Cognitive Impairment
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Department of Psychiatry, llsan Paik Hospital, Inje University College of Medicine, Goyang, Korea

—| ABSTRACT

Objectives . The association between thyroid-related hormones and cognitive function has been controver-

sial. The purpose of this study is to compare the levels of thyroid-related hormones in patients with Alzheim-
er's disease (AD) and mild cognitive impairment (MCI). Furthermore, we investigated the relationship between
thyroid-related hormones and cognitive function.

Methods : From January 2011 to December 2018, we retrospectively reviewed 105 patients who were diag-
nosed with AD and MCI by visiting a dementia clinic at [lsan Paik Hospital. Thyroid-related hormones [triiodo-
thyronine (T3), thyroxine (T4), and thyroid stimulating hormone (TSH)] was measured using chemiluminescent
immunoassay. An independent sample t-test was performed to analyze the mean value of thyroid-related hor-
mones in patients of AD and MCI. To investigate whether thyroid-related hormones correlate significantly with
Global deterioration scale (GDS), Clinical dementia rating (CDR) and scores of each The Korean version of the
consortium to establish a registry for Alzheimer’s disease items, we conducted a partial correlation analysis with
geriatric depression scale-Korean version (GDS-K) scores as covariates.

Results : There was no significant difference in the mean serum T3, T4 and TSH levels between patients of
the AD and the MCI, but the Construction Praxis Test (CPT) showed a significant positive correlation with the
serum TSH concentration (p-value=0.004).

Conclusions : In our study, the positive correlation between serum TSH level and the CPT associated with ex-
ecutive function was found to be helpful in understanding the association between thyroid-related hormones and
the pathophysiology of dementia. Prospective studies in regard of the pathophysiology of thyroid-related hor-
mones on cognitive function will be necessary in the future.

KEY WORDS : Thyroid hormones - Alzheimer’s disease - Mild cognitive impairment.

Received: April 9, 2019 / Revised: May 28, 2019 / Accepted: June 9, 2019

Corresponding author: Kang Joon Lee, Department of Psychiatry, Ilsan Paik Hospital, Inje University College of Medicine, 170 Juhwa-ro,
Ilsanseo-gu, Goyang 10380, Korea

Tel : 031) 910-7260 - Fax : 031) 910-7268 - E-mail : Ikj@paik.ac.kr

60 Copyright © 2019 Korean Psychosomatic Society



Association between Thyroid Hormones and Cognitive Function in AD and MCI I DY Park, et al.

N E
Felvete drla] BN Adeee] P 9
sho] QI :=3lr} 5455] AFYE L Qlrh 654 o] =
0191 H-&-2 19804 3.8%0°114] 2005 9.1%, 2016 13.2%
2 Z718hglar, 202590l = 20% 2 2118 AMS]o] medt Al
o7 Awgy k) Aule dr)o] vrsks izl
ZJ/\]:g—oﬂi/\-] o]0l Lo] H|Zo] AR|HA Z|uj7} x}x]o}
+ HIF 3 A S7FsEe] o] fofo] thgt dqEo] 4

P

4l QA)7)50] Ao}
Faolth, g=sto|m g (Alzheimer's disease,
[¢]
o

g@ A A AHA A AsLo

it
ol
ol
rlr
N
o

%ﬁ]i A AEAAA N (Mild cognitive impairment,
MCDE= Holot mSES 183 A2l 7198 #s)
oF 1o wpE FEARL QIR o] T4 QAN 01% A
2ol glo] 7le4E2] A5t 21
A7) 50| HEEL A H4 Ak 7158 T Al71A] Y=
A].EHE_' 017_]1_1:]_1) 7} o S
NS 77| = veket R‘ﬂo] ‘34”54 H=dl, ARl S
Auf e 7hEE, W2 WEeE, 259 BAE, o ¢
&£AF 5] oL Xl E (Apolipoprotein E, ©]3} APOE)
e4 A7 @3 918 2@ E@Y, des, 1ZH A
HEZEZ, v 5) o] T ofojtt.

E3 A 7S O]“ Oﬂ/\] o =stoluH 2] ‘%}toﬂ% =7}

J FJ

o >
2oy
s
pacs
_\‘L
r
mﬁ,
Koo
_}L
ml:f.
FH
jﬂ
o
=
30
)
_EL
J
=
N
[
2
=
ol

g o
Ak
oﬂlﬁl

A=)

L
o
2
B
o
o [rl
_\Ir‘
2
flio
Sl
pae)
o 2
A
N
I
)
QL
lo
Lho
2
B

rJ
i)
o
rir
re
RO
i)
N
)
X0
U
r (
ok o

S
1 o
N
o
fe o ©
)
oo et
z
n)
o
o
T

o\
o

N

N
o
2ol

>
do n

-
ot
e
)

r'tgr{
B
e

o g
re o

o o o2 oo £ ofl X 2 of
=~
o
%,
o 4
=2
X
utal
i)
=t
2,
N

o
0,
o

N H i

2 o

> N ANy e}
E}; = 2
=
o)
r
fof
i
f
ofy
i)

Rlomy
2 ofy
>~ N

B
10X

ki

i

oN

ox

filo

12

foh ot

rlo S

ol
-
o

ok

S
o
jucd)

>,
I
H FU.?.,
e
i)
2
32
=

o Aol A BALA AT BERY Fado] l 49E
B4 A Z1 5 RZ 0l ekT St A 715 4
oAl A A5 TR S7elo] g A9 BEA
A 7% A3 E 0|2l Bt ql o] 04%HEolA
Fo Hol A 715 Fe] AR FEAe
9 ojurh W go} A 65%] 0|2 Aoz el
[e)] =0 0oOlA 75)]—

o} wolof A o] ZAHA 715 A5 AtolA] 7}
;{‘ﬂowﬂ He= WeH] Ao shuE, Age] F7tef o
P 7] olde] RI%7t sobA] 60 o]Ak o14d<] 4
20%0 A F-EAF A 7155 A 31E0] yrehd
d T Zuje] A7) 5ol T A= X]‘/} T
AsHAl o]FolHTt. A A A4
o] WAiaL o] Gickal dRby
MEA 7)1 ol idollA 3/
ol Qlth= Buvt 5 8
o] glo] A7 = E}O]
SRR F

P
2}

ol
]11-' L

Ho ol oM et
i
L o*

3
Ox

>,

Em

r\i

E oL
nE

oo

10
HU FA-
lo rF 2 rlo A

LTI D)

ol
_ﬁ

ok

0 1
o
—a
olN
o

N

L
ke r:i
fot

N
320

il
R

F

N

N o
o,
N
ne
B
) i,
1o
2 r_}i
|
N
o\
ROy

2
2
"
lo
=
ox, = 0
g e
e o ope 2o

r

ox [l

=

T

N r—YE
ol
ru
g o
off
H1
2
0
o
N
30,
rr
D)
f
R
=]
ol
H
4
fuk
i
2

o
5

o
e
I

r

o

pacs

fr ¢
)

2

£ o
)

o
ol
2
i
_|>i
N
oft
of
of
o
o,
>~
-
o,
2
2,
fu)
i
S~
>
>,
S
i
>~
>

417
& Y=sto]H= (NINCDS-
Aol (Petersen A7)

FA Aol thaof s
shoict @ 1) E=sfo|mH

2 AkE $AE fitos 3 &
ol B Q1 iAol A A9l

http:/fwww.psychosomatics.orkr 61



Korean J Psychosomatic Med I 2019;27(1):60-68

o]2]o] Th2 2ol oJgk Au = AL We A 2) T 9]
AF i wAre] B Ee] gl A9, ) S, WEE
W 5 7Ie AR E A Qo] gl A9, 4) oF Wao 3
ﬂaﬂ“L%$$ﬂﬂﬂ o ol g % 4= 9= 7144
BA, 3] A Aske] mA2o] gl 4.
Aqm%4ﬁ4m%ngfwlaﬂnﬂ%@4§g
oI S B 193 DY B2 A Aol &
% 82} 57 Aelstolct Ea WEFoR Ao 81

21, 14—?%‘—2& Ak g2} 19, 9249 (Fahr's desease) 2.
2 ke $R; 17, A Aeke] vpA o) 9}% Sk} 578
T A &fsto] 1057 0] o] Atoll ZFHE ek =
Ao il AT G2 5?’H‘ﬂﬂ(Instltutlonal Re-
view Board, IRB)2] 5-¢1(2018-09-019)& ottt

T= 9l

X
o

AFQ @ = E| & Y(Triiodothyronine, ©|8} T3), El=A1(Thy-
roxine, ©18} T4), A A= E =& (Thyroid stimulating
hormone, ©]8} TSH)= Q1A dAbE el I HAM
of Al SFelgH S AHESte] HARsIG on dH
A3z ob2) B Aleol4 Asioct, Al ke
A HApa o] AAF 71222 T3 0.80~2.00ng/mL, T4 5.1~14.1

A

2. 7MI-A-|I1}E'.1 §§Eg|

o

[e]
A
o

ug/dL, TSH 0.27~4.20mIU/Le] it}
3. MAAX7 IS H7t
Al

QA7 7k Ve ARl ol AlFE|in.
Bk w22l 243} vl
SO0, F A 7E B U Aol 106+

il

¢

A A w3 7} % (The Korean version of the
consortium to establish a registry for Alzheimer’s disease,
o]a} CERAD-K)i= CERAD A7 42|71 ol 23} =] 9l
= 107H4] 417 2 ARRL Zhol Al HAHMini-Mental
state Examination in the Korean version of the CERAD
assessment packet, ©]3F MMSE-KC), ©ol557] AL
(Word list memory test, ©|3} WLMT), @l =553]4; HAL
(Word list recall test, ©]3} WLRT), ©ro]&=Zx]ol #HA}
(Word list recognition test, |5} WLRcT), 1o 344 4

AH(Verbal fluency test, ©]8}F VFT), @3 HAE O]%EH
7] AAHBoston naming test, ©]3} BNT), 7-43%5 Ak
(Construction praxis test, ©]3} CPT), 74 34} HAHCon-
struction recall test, |3} CRT), 2 7H&7] A AHTrail mak-
ing test, ©]3F TMT) A, B, 2EE AHAKStroop test, ]} ST)
59 HARE jheroi = HiehkskaL

EI E

62

)41

| 412 7k wole
MMSE-KC+= MMSE®] gt 2 CERAD-MMSE®€]
A8 U 2w, A V1 5L FA8 vdkeh, AR
37 710 F=oll A d 2] ARE-H ol MMSE-KE
Lis}ﬁq DA A, 7 A, 7195E, 7193
AL, 2ol 71, ole) @ B
= PAHe,
714 & (Clinical dementia rating, ©]3} CDR)+&=
Apo] e E°H S| Q1] 715 AHE] 71
Eole}, v)ofe, A, ALE|EE, e
R 30, 8 9 Bl
gk o7l o] Al 52 220, 05, 1, 2, 339
ﬂiqﬂmiléﬂﬂoiﬂﬂd¢§ﬁﬂﬂqw
q |3} 2= (Global deterioration scale, ©|3} GDS)
] 7158 oheh S o4 QAT HEE 27
Sh= H7F =72 Ao o] YATAAE THAR Y Qiek T
AR A= A At FErt F7lshe Ao Bk
=919 iE(Genamc depress1on scale)+= 1983 9] 7}
e =5 3 g s ez 53t Hof
pLCA ikﬂﬂ =59 Xéﬂ—ﬁ’:%i%iiﬂ A4, 75 A
Hlofgl 8 55 1efRt B7F otk FujollA=
200449 30428+9] = Q1922 %= (Geriatric depression
0|3} GDS-K)& W9 & ic}”

A8

2
=

°
o
ot

Ié
I.EEI
[-o{:

A
o2
ol

]_

i

ool 2
EIe
Lo

olr

E.ISEL

Kodo e rﬂ

Y

o FN ro
(L
ny

o7
[

N

o)

scale—Korean version,

4, S7EH 24

=
sample t—test)= A|3Y5+ct T4
K9] 7} g5 i e 1o Aol ol
?|sto] GDS-KE EAIM= 5o HAFH-2A (partial cor-
Aldstiet FAA 9/ p<0.05
E V|Eog, BE EA BAL SPSS (18.0 version, SPSS
Inc, Chicago, IL, USA)E AH&-5F3 T

relation analysis)&

1. QRS AEN HE

EAG Aoz SEE F 10599 e F d=sto|H
Bt 74Y, AE Aol 310l it Hit AR
76.6141019101, FA 36™(34.3%), 914 6978 (65.7%)°] L
o}, gzsto|m el Wit AR 77.944019 01, FHAd
268 (35.1%), o4 487 (64.9%)°1 1L, A=A Aol L2



Association between Thyroid Hormones and Cognitive Function in AD and MCI I DY Park, et al.
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Table 1. Clinical characteristics in Alzheimer's disease and mild cognitive impairment group
Participants, n (%) male, n (%) Age, Years* Years of education* MMSE-KC* GDS* CDR* GDS-K*
AD 74 (70.5) 26 (35.1) 77.94 (7.25) 7.09 (5.15) 18.66 (5.26) 4.52 (2.88) 0.89 (0.42) 15.33 (7.38)
MCI 31 (29.5) 10 (32.3)  73.45 (8.30) 7.64 (4.83) 24.48 (3.62) 2.96 (0.71) 0.45(0.19) 13.87 (7.20)
p-value 0.007t 0.612 <0.001t 0.004t <0.001t 0.352

* . Independent t-test (mean+SD), T: Significant at p<0.05. AD : Alzheimer's disease, MCI : Mild cognitive impairment, CDR :
Clinical dementia rating, GDS : Global deterioration scale, GDS-K : Geriatric depression scale-Korean version

Table 2. CERAD-K scores in Alzheimer's disease and mild cognitive impairment group

MMSE-KC* WLMT* WLRT* WLRCT* VFT* BNT* CPT* CRT*
AD 18.66 (5.26) 9.76 (485  1.47 (1.76) 4.95 (3.31) 7.74 (3.60)  7.55(3.38) 7.86 (2.02) 1.26 (1.82)
MCI 2448 (3.62)  14.16 (4.51)  3.65(2.18) 7.68 (2.30)  10.61 (4.29)  8.81 (2.73) 8.58 (2.02) 3.10 (2.74)
p-value <0.001t <0.001t <0.001t <0.001t 0.001t 0.071 0.101 0.001t

* . Independent t-test (mean+SD), T : Significant at p<0.05. AD : Alzheimer's disease, MCI : Mild cognitive impairment, MMSE-KC :
Mini-Mental state Examination in the Korean version of CERAD assessment packet, WLMT : Word List Memory Test, WLRT : Word
List Recall Test, WLRcT : Word List Recognition Test, VFT : Verbal Fluency Test, BNT : Boston Naming Test, CPT : Construction Praxis
Test, CRT : Constructional Recall Test

Table 3. T3, T4, TSH level in Alzheimer’s disease and mild cognitive impairment group

Participants, n (%) T3 (ng/mbL)* T4 (ug/dL)* TSH (mIU/L)*
AD 74 (70.5) 0.90 (0.18) 6.75 (1.40) 2.40 (1.80)
MCI 31 (29.5) 0.94 (0.16) 7.14 (1.21) 2.35(1.88)
p-value 0.285 0.182 0.895

« . Independent t-test (mean+SD), T : Significant at p<0.05. AD : Alzheimer's disease, MCI : Mild cognitive impairment
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Table 4. Correlation analysis between T3, T4, TSH level and CERAD-K scores*

MMSE-KC CDR GDS WLMT WLRT WLRcT VFT BNT CPT CRT

T3

r 0.112 -0.078 0.038 0.122 0.146 0.011 0.141 -0.024 0.035 0.074

p-value 0.259 0.434 0.706 0.219 0.141 0.911 0.155 0.809 0.729 0.455
T4

r 0.104 -0.067 -0.004 0.125 0.105 -0.027 0.146 0.041 0.030 0.087

p-value 0.295 0.499 0.967 0.207 0.292 0.787 0.141 0.681 0.767 0.381
TSH

r 0.078 0.128 -0.020 0.037 -0.089 -0.085 -0.072 0.003 0.281 -0.106

p-value 0.432 0.196 0.840 0.707 0.370 0.396 0.471 0.978 0.004t 0.285

« : The statics were analyzed using partial correlation analysis (GDS-K scores were adjusted as covariates), T: Significant at p<0.05.
r . partial correlation coefficient, MMSE-KC : Mini-Mental state Examination in the Korean version of CERAD assessment packet,
CDR : Clinical dementia rating, GDS : Global Deterioration Scale, WLMT : Word List Memory Test, WLRT : Word List Recall Test, WL-
RcT : Word List Recognition Test, VFT : Verbal Fluency Test, BNT : Boston Naming Test, CPT : Construction Praxis Test, CRT : Construc-

tional Recall Test

>
)
s
kI
by
_O|L
52
5

oy
jus)
=
0
H
ot

£Q1goR2 3

free T4 29} 012|715 Alo]o| 6-2]3F AbatatkA| 7} ¢lck

TSHE 711 kol A ZJuljol] thgt :2ku](odd ratio)
7} 5 718t o9k fAlSHA Ceresini 5772 W
2 EH TSH =5 22l klwtolA /A7 At Ho

Aol §-9)51A| o e whstglon, Kalmijn 5

e r

64

[¢]
Grigorova 592 012]7]% o} 7HAHAl Aslo] 9l A
e S E 7 Aol A A Sl Woll EAshH= €%
free T3 &=t 4 ¥HE7] A AHTrail making test) A, B, 9

2
- AIZE Abolof f-oJ 3t QRO AR AIZE QS HarsiT
ol A WelAehe =& 4715 ezt H8
7|%5(executive function) ¥ *2] £=2] Aslel A3E] o]
Uths & Hol Zloltk E3 Lee 59 CDR 0.59]
Ao ooz B 654 o] =QlS e g
Aol A TSH w=7F Wold s dA7]s, 1 FoAe
A& 7152 Bt VFTY] A7t WolA = 25t A8
A2 BAZF A2 2l shich Whalin 5] 754|014
93A] Ato] 9] kgle o= S-&5del I Q1A W3}
£ HjAIEE TSHE}F IX|=3 9] A ool AAA] A+t
ek A}, TSH %9 5Pt -sAloll dol3 {3Hd (verbal
fluency)#+ A3t 5=lo] AskdS Bl st & A
A HREAQ1 ¥ 7]5= W9 st CERAD-K 4174 2] A

£ AT 22t Adto] glolov el ellAet

£ M 715 A, &, TSH 5= 44 9 free T3 5
7he A3 713 A3 A3t 7155 Astet T e A
olgtil 53 4= Tk thaFet 14| 762 gk A3
7150l AEAT} A, Agt 7eE AFAT S
o] 5 99 9 I uAs} FREA g, P AlE7t 7]
T AAE AR 5 =3, 9] A& 59, A 52 (praxis)



Association between Thyroid Hormones and Cognitive Function in AD and MCI I DY Park, et al.

Y A3 75-& BAl BRE 817 ufoltt.

TSH =2] 4o} d=sto|mrate] o) gt 7}
Ao FA= v Zt AR, AAEY R e A
A=EH]) & 2 X (thyroid releasing hormone, TRH)2] £-H]
7V ZaEa, O A A A2 R A 4= 9
o} £3F TRH7}F o EE 71 o] A a} Bu| S Z71A]7]
2 TRHE| fae otdldE o] A%l A4S 714
Aok B4, TSH =9 7has T3, T4 =2 $71E 2]
= Q= S7FE A S22 R AEE AEF A S
ZEY MAS A AE AFES st gzstolm )
ATRS 7HA 4= itk o= RE|E2g AFYolA] 2o = 23
B AbEEol 9ol T4 57 =4 SAENE 2 S

i

N

N

o
4 2 ¥

3 ok

£ Ao Al okt Aok AA, A7t obd A
tzgto] ZJHER] kol IMAT T ELEo] 1A] 7]l
1] 2= GRS 9ol dloll Algte] lSith &4, 1A7]52
4 & Aoletal 2= = GDS-K= FAISFAA T 1 4
o] d=slolmr o] 9H a1l &%, APOE e4, L&, T
W, Y AEHEE S, BN 52 FAISHA] Eiths o]
of AR, Ao il s o] ke WA o A 71E
o] & ¢ AlZe uidl X B2 AR free T3, free T4 thAl
T3, T4 55 o183k Aol WA, CERAD-K®| &

74 = = 7] ZAHTrail making test), 2~ES #
AHStroop test)= 2HI7E A7 A Qlar £A439] o &
o2 ZFA7IA LRtk Holok ohalA, dAtollA =23
H gAkso] B shute] A Zejd oA HYE 7]
o, 7 A7} HIFE S 4 Ark= ook oA5A, Tt
A3 3223} GDS, CDR, CERAD-K®] 7} 2= ¥ 3
T A WA B4 of| A thaH] Al (multiple compari-
son)7F == AL 2 AL o] 5 HASHA] Zahginh
2 Aqte oA &3k A 71 ol RIAV]E
A 5ke] T o thsto] dotEgton, o] dole Ao -
2] 2 A E QIR ol wte Aol A FTH= Tlofl 9
o7 Qleh. AL 71 o33 QA7) Astrt AdAd ol
Utk HaL7h B o] ghovt Xg7hA] I Aibe Yyt
A QkSkeh EZE, ol A QIA7]E At gAkEollAl Tt
A 223 1A7] 5o AT Bl Atk A9
U7| wzoll 2 AN =EH, At 4 5
W= CPTSF TSHEFS F-23h Aahd- Al
™

i)
=
i

¢

flo

N
ox
r>~
i
'
ol

I

t

~{
e
R
N
ofr
o)
10
re
)
%
=2
=
l
re
-

A3t AeEA) o ol 2 A7 vl Aot
AZE 9 25 AT SRR SR/ EUE R oottt
LA AR 5 AT B P9 T ATt ol
A7)l aEE TA 4 ol vl e BAZH 25
spol, QLo BAES 7] ol T oleiT ATHE
B it AR AT AAS o B SR
3} Q1A 715 he] Ae BAS olrt AT Bag Ao
2 Azt E3 AT B0 91x7)ko] n)x:
Wl 4] 71300) Bk 712 o3t 4750l o ol ol ol
AThE AT 2RI QA7) ARG U
Lol 2 Ege 4 9 Ao Aagn

Conflicts of Interest
The authors have no financial conflicts of interest.

REFERENCES

(1) Statistics Korea. Korean Statistical Information Service: Pop-
ulation [Internet]. Dacjeon (KR): Statistics Korea; ¢2017 [cited
2017 Jun 15]. Available from: http://kosis.kr/statisticsList/
statisticsList OlList.jsp?vwcd=MT ZTITLE&parentld=A.

(2) Henderson AS. Epidemiology of dementia disorders. Adv
Neurol 1990;51:15-25.

(3) Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos
EG, Kokmen E. Mild cognitive impairment: clinical charac-
terization and outcome. Arch Neurol 1999;56:303-308.

(4) Tan ZS, Beiser A, Vasan RS, Au R, Auerbach S, Kiel DP,

Wolf PA, Seshadri S. Thyroid function and the risk of Alzheimer

disease: the Framingham Study. Arch Intern Med 2008;168:

1514-1520.

Chaker L, Wolters FJ, Bos D, Korevaar TI, Hofman A, van

der Lugt A, Koudstaal PJ, Franco OH, Dehghan A, Ver-

nooij MW, Peeters RP, Ikram MA. Thyroid function and the

risk of dementia: the Rotterdam Study. Neurology 2016;87:

1688-1695.

Reiman EM, Chen K, Alexander GE, Caselli R], Bandy D,

Osborne D, Saunders AM, Hardy J. Functional brain abnor-

5

=

G

=

malities in young adults at genetic risk for late-onset Alzheim-
er’s dementia. Proc Natl Acad Sci USA 2004;101:284-289.

Freemantle E, Vandal M, Tremblay-Mercier J, Tremblay S,
Blachére JC, Bégin ME, Brenna JT, Windust A, Cunnane
SC. Omega-3 fatty acids, energy substrates, and brain function

7

~

during aging. Prostaglandins Leukot Essent Fatty Acids 2006;
75:213-220.
(8) Hogervorst E, Huppert F, Matthews FE, Brayne C. Thy-
roid function and cognitive decline in the MRC Cognitive Func-
tion and Ageing Study. Psychoneuroendocrinology 2008;33:
1013-1022.
(9) Toft AD, Boon NA. Thyroid disease and the heart. Heart 2000;
84:455-460.
(10) Hak AE, Pols HA, Visser T], Drexhage HA, Hofman A,

http:/fwww.psychosomatics.orkr 65



Korean J Psychosomatic Med I 2019;27(1):60-68

Witteman JC. Subclinical hypothyroidism is an independent
risk factor for atherosclerosis and myocardial infarction in el-
derly women: the Rotterdam Study. Ann Intern Med 2000;132:
270-278.

(11) Auer J, Scheibner P, Mische T, Langsteger W, Eber O,
Eber B. Subclinical hyperthyroidism as a risk factor for atrial
fibrillation. Am Heart J 2001;142:838-842.

(12) Breteler MM. Vascular risk factors for Alzheimer’s disease: an
epidemiologic perspective. Neurobiol Aging 2000;21:153-160.

(13) Kivipelto M, Helkala EL, Hinninen T, Laakso MP, Hal-
likainen M, Alhainen K, Soininen H, Tuomilehto J, Niss-
inen A. Midlife vascular risk factors and Alzheimer’s disease
in later life: longitudinal, population based study. BMJ 2001;
322:1447-1451.

(14) Bégin ME, Langlois MF, Lorrain D, Cunnane SC. Thyroid
function and cognition during aging. Curr Gerontol Geriatr
Res 2008:474868.

(15) Diez JJ, Molina I, Ibars MT. Prevalence of thyroid dysfunc-
tion in adults over age 60 years from an urban community. Exp
Clin Endocrinol Diabetes 2003;111:480-485.

(16) Hollowell JG, Stachling NW, Flanders WD, Hannon WH,
Gunter EW, Spencer CA, Braverman LE. Serum TSH, T(4),
and thyroid antibodies in the United States population (1988 to
1994): National Health and Nutrition Examination Survey
(NHANES I1I). J Clin Endocrinol Metab 2002;87:489-499.

(17) Lopez O, Huff FJ, Martinez AJ, Bedetti CD. Prevalence of
thyroid abnormalities is not increased in Alzheimer’s disease.
Neurobiol Aging 1989;10:247-251.

(18) Ganguli M, Burmeister LA, Seaberg EC, Belle S, DeKosky
ST. Association between dementia and elevated TSH: a com-
munity-based study. Biol Psychiatry 1996;40:714-725.

(19) van Osch LA, Hogervorst E, Combrinck M, Smith AD.
Low thyroid-stimulating hormone as an independent risk fac-
tor for Alzheimer disease. Neurology 2004;62:1967-1971.

(20) de Jongh RT, Lips P, van Schoor NM, Rijs KJ, Deeg D],
Comijs HC, Kramer MH, Vandenbroucke JP, Dekkers OM.
Endogenous subclinical thyroid disorders, physical and cogni-
tive function, depression, and mortality in older individuals.
Eur J Endocrinol 2011;165:545-554.

(21) McKhann G, Drachman D, Folstein M, Katzman R, Price
D, Stadlan EM. Clinical diagnosis of Alzheimer's disease:
report of the NINCDS-ADRDA Work Group under the aus-
pices of Department of Health and Human Services Task
Force on Alzheimer’s Disease. Neurology 1984;34:939-944.

(22) Winblad B, Palmer K, Kivipelto M, Jelic V, Fratiglioni L,
Wahlund LO, Nordberg A, Bickman L, Albert M, Alm-
kvist O, Arai H, Basun H, Blennow K, de Leon M, De-
Carli C, Erkinjuntti T, Giacobini E, Graff C, Hardy J, Jack
C, Jorm A, Ritchie K, van Duijn C, Visser P, Petersen RC.
Mild cognitive impairment-beyond controversies, towards a
consensus: report of the International Working Group on Mild
Cognitive Impairment. J Intern Med 2004;256:240-246.

66

(23) Lee JH, Lee KU, Lee DY, Kim KW, Jhoo JH, Lee KH. De-
velopment of the Korean version of the consortium to estab-
lish a registry for alzheimer’s disease (CERAD) Assessment
packet (CERAD-K): Clinical and Neuropsychological assess-
ment batteries. J Gernotol B Psyhol Sci 2002;57:47-53.

(24) Park JH, Kwon YC. Standardization of Korean Version of
Mini-Mental State Examination (MMSE-K) Part I: Develop-
ment of the Test for the Elderly. ] Korean Neuropsychiatr Assoc
1989;28:125-135.

(25) Motris JC. The clinical Dementia rating (CDR): current ver-
sion and scoring rules. Neurology 1993;43:2412-2414.

(26) Reisberg B, Ferris SH, de Leon MJ, Crook T. Global Dete-
rioration scale (GDS). Psychopharmacol Bull 1988;24:661-
663.

(27) Bae JN, Cho M]J. Development of the Korean version of the
Geriatric Depression scale and its form among elderly psychi-
atric patients. J psychosom Res 2004;57:297-305.

(28) Quinlan P, Nordlund A, Lind K, Gustafson D, Edeman A,
Wallin A. Thyroid hormones are associated with poorer cog-
nition in mild cognitive impairment. Dement Geriatr Cogn
Disord 2010;30:205-211.

(29) Hu Y, Wang ZC, Guo QH, Cheng W, Chen YW. Is thyroid
status associated with cognitive impairment in elderly patients
in China? BMC Endocr Disord 2016;16:11.

(30) Latasa MJ, Belandia B, Pascual A. Thyroid hormones regu-
late B-amyloid gene splicing and protein secretion in neuroblas-
toma cells. Endocrinology 1998;139:2692-2698.

(31) de Jong FJ, Masaki K, Chen H, Remaley AT, Breteler MM,
Petrovitch H, White LR, Launer LJ. Thyroid function, the
risk of dementia and neuropathologic changes: the Honolulu-
Asia aging study. Neurobiol Aging 2009;30:600-606.

(32) Mitchell TW, Mufson EJ, Schneider JA, Cochran E]J, Nis-
sanov J, Han LY, Bienias JL, Lee VM, Trojanowski JQ,
Bennett DA, Arnold SE. Parahippocampal tau pathology in
healthy aging, mild cognitive impairment, and early Alzheim-
er’s disease. Ann Neurol 2002;51:182-189.

(33) Gussekloo J, van Exel E, de Craen AJ, Meinders AE, Frolich
M, Westendorp RG. Thyroid status, disability and cognitive
function, and survival in old age. JAMA 2004;292:2591-2599.

(34) Roberts LM, Pattison H, Roalfe A, Franklyn J, Wilson S,
Hobbs FD, Parle JV. Is subclinical thyroid dysfunction in the
elderly associated with depression or cognitive dysfunction?
Ann Intern Med 2006;145:573-581.

(35) Annerbo S, Kivipelto M, Lokk J. A prospective study on the
development of Alzheimer’s disease with regard to thyroid-
stimulating hormone and homocysteine. Dement Geriatr Cogn
Disord 2009;28:275-280.

(36) Kim SH, Choi HJ, Lee HR. Thyroid status and dementia in
old age. ] Korean Acad Fam Med 2007;28:173-178.

(37) Ceresini G, Lautetani F, Maggio M, Ceda GP, Motganti S,
Usberti E, Chezzi C, Valcavi R, Bandinelli S, Guralnik JM,
Cappola AR, Valenti G, Ferrucci L. Thyroid function abnor-



Association between Thyroid Hormones and Cognitive Function in AD and MCI I DY Park, et al.

malities and cognitive impairment in elderly people: results of
the Invecchiare in Chianti study. ] Am Geriatr Soc 2009;57:
89-93.

(38) Kalmijn S, Mehta KM, Pols HA, Hofman A, Drexhage HA,
Breteler MM. Subclinical hyperthyroidism and the risk of de-
mentia. The Rotterdam study. Clin Endocrinol (Oxf) 2000;53:
733-737.

(39) Grigorova M, Sherwin BB. Thyroid hormones and cognitive
functioning in healthy, euthyroid women: a correlational study.
Horm Behav 2012;61:617-622.

(40) Lee SN, Jin HY, Moon SW. Thyroid Hormones, Cognitive
Impairment, Depression and Subjective Memory Complaint in
Community-Dwelling Elders with Questionable Dementia in
Korea. Korean J Biol Psychiatry 2014;21:175-181.

(41) Wahlin A, Bunce D, Wahlin TB. Longitudinal evidence of
the impact of normal thyroid stimulating hormone variations
on cognitive functioning in very old age. Psychoneuroendocri-

nology 2005;30:625-637.

(42) Zec RF. Neuropsychological functioning in Alzheimer’s dis-
ease. In: Parks RW, Zec RF, Wilson RS, editors. Neuropsychol-
ogy of Alzheimer’s disease and other dementias. New York:
Oxford University Press;1993. p.3-80.

(43) Kinoshita K, Kawashima K, Kawashima Y, Fukuchi I, Ya-
mamura M, Matsuoka Y. Effect of TA-0910, a novel thyro-
tropin-releasing hormone analog, on in vivo acetylcholine re-
lease and turnover in rat brain. Jpn J Pharmacol 1996;71:139-
145.

(44) Videla LA, Sir T, Wolff C. Increased lipid peroxidation in hy-
perthyroid patients: suppression by propylthiouracil treatment.
Free Radic Res Commun 1988;5:1-10.

(45) Chan RS, Huey ED, Maecker HL, Cortopassi KM, Howard
SA, Iyer AM, Mclntosh L], Ajilore OA, Brooke SM, Sapol-
sky RM. Endocrine modulators of necrotic neuron death. Brain
Pathol 1996;6:481-491.

http:/fwww.psychosomatics.orkr 6T



Korean J Psychosomatic Med I 2019;27(1):60-68

FExE

LEELS

AT B2t K75 0) Al §54 tegko] B et e=stoluln HEelx| o] 2ol 4
WRATA ER SEo] Hol7h QA ulas) K, Uobrt AR BER $E7} 914715 ofmgh

PG ol Ao tsf A-sl LAl sHl.
H

2011 195E 2018 12971A] 71918 AskE Far i FAd7 o)sh) 2o &2
o &=3sto]H Y (NINCDS-ADRDA Aet7|&) % = 1A & ol (Petersen XT7]E) S22 Zche
A Ao R 3 o8k AFtolnt, AT S22 E[4ER @ SE| 2 (Triiodothyronine, T3), El&A41(Thy-
roxine, T4), 1344 A= & 2 % (Thyroid stimulating hormone, TSH)]2] &7 slshiiH IS A WS
sto] HARSEATE dzsto|m it HE Ao 7He] AT SE2R0 W] 245 {5t =
HE - AAES At AT S 2Ro] AukA E3F A% (Global deterioration scale, GDS), 2|1
A7} = (Clinical dementia rating, CDR) ¥ 313 9J4*| vl 3 714 &= (The Korean version of the consor—
tium to establish a registry for Alzheimer’s disease, CERAD-K)9] Z} &&= ¥ HA-E3} §-9J5t AHto] Q1=
A ot 7] 95te] St 1 91222 & (Geriatric depression scale-Korean version, GDS-K)& EA|H42
Shof HAFTHEAZ AP s}eit.

)

Z 1059 9] At 5 g=sto|m B2 749, 7 =2 ot
ofjit 7+ & T3, T4, TSH 5 &=9] Bt 5 o7t Zpo|7} i3l o, CERAD-K &5 & 1/43%F AA
(Construction praxis test, CPT)7} @4 TSH =&} 3-2]t oFo] A A S B ¥ thp-value=0.004).
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E AFoA A7) A3E CPT7F % TSH =9k fol3h ¢F] A TAE Bl AL A EH
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o] QIX|7]5oll A= Hef g 7]Hof w3k A A5l TAT AC = AtRH)

S4 HO| AP SRR - ok sloluly - AE Lo,
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