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Correlation of serum thyroxine and Apelin with cognitive impairment

in patients with cerebral small vessel disease
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[ Abstract] Objective : To investigate whether serum thyroxine (TH) and Apelin are associated with cognitive impairment (CI) in pa-
tients with cerebral small vessel disease (CSVD). Methods : A total of 85 consecutive patients with CSVD and 30 healthy controls (HC)
were recruited in this study. The patients were assessed via the Montreal cognitive assessment scale (MoCA ) and further divided into
non—cognitive impairment (NCI) group and CI group. The levels of serum TH and Apelin were detected by enzyme—linked immunosor-
bent assay. MoCA was used to assess the cognitive function. The relationship between the TH, Apelin and CI was explored through
Pearson correlation analysis and univariate linear regression analysis. Logistic regression analysis was used to determine risk factors
associated with CI onset. The receiver operating characteristic (ROC) curve was used to analyze the diagnostic value of TH and Apelin
in CSVD associated CI. Results : Compared with HC group and NCI group, patients in CI group had significantly lower free triiodothyro-
nine (FT3) levels and higher Apelin levels. The correlation analysis revealed a negative correlation between Apelin and MoCA in
CSVD patients. The logistic analysis adjusted for confounding factors showed that the increase in Apelin and decrease in FT3 signifi-
cantly correlated with CI risk. ROC curve analysis suggested that FT3, Apelin, and the combination of FT3—Apelin had a significant

diagnostic value for CI. Conclusion : The decrease of FT3 and increase of Apelin are independently associated with CI and their combi-

nation may be useful in identifying who is at risk for CI in CSVD
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CSVD 875 To W] W RAE IR o e Ab , 4 X B A 5
I3 2 eI & B A X CSVD R CEYA2 I A4 2
INFEAE—E RIXE. PRI, 30 V155 22 8T A T 5E Y
S FARAEYH T GA IR CLAY CSVD /B, DL T
B FIAEIR CI &A= o HUR R (thyroid hormone,
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WAEETL . 7E—SEHE R, HR B )RR A B Al J2
P2 W Y — > L R 2, I G AR R
R AZ R TC AR Apelin 258 & B0 R IRME K, A2 1R J2:
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PR R I I R WE bR

1 FERATTE

L1 BT %

MESRIAE 2021 4F 4 A 25 20224F 5 A T 001145 BE 22 Rl
B - )1 N RS Be 2 4R BRI 1 CSVD B, AR
i OGS T E CSVD 2R R, R T R B R [ A5
ASH B AT RE PR SRR ; @483k /5 MRI#12
IR SV /AN ol A i G RPN ) 8 = 7SS R
ANF 15 mm, TEARIKIE R 2 RS ; @S K s TE
WSS SN KA s O E AR IR 40~85 %, B/ Z it SAEH
Ho HEBRFRUE : O T ARAE 2 sl I A P AR 5 i
FIRT G 1 S A2 R s QA B AR B 0T A NI R 5 D
R O R AR B AR A PR i I R G
SR @ IR 38 FERT R R A S B WA 1 SR s @I 2
R . ARBETEXT 85 FAF 6 CSVD F (1 B ih AT T e 2
A3HTe BEIYS CSVD R AR #E MBI AE L H.JE CSVD itk 5k
i 39 S i 28 IR 1 B A A6 2 30 44 1 Ay i BRE XS B (healthy

control, HC) 4L IFATHH [RIFE R AN o 4 323038 A ATF 5% N
7, AR F G R A, HWFTE N AR I )14 B2 o B -
V) A AR BE B A IS D3 25 W Al A
1.2 U6 RS

0 SRAZ A M SRR, AL AE N D Ge 2415 B (ARIE
S ZBE AR B s e i He sl OB B2 L e A LA e
TEEAR BN IR S A R AL O JIE T 52 ), R A s (SF-34 3 R A 1 32
KU EIF B2 VAR K DL 38 ) AR s (SF- 2 R AR 50 ¢
KL PR H#ESE VAR R UL ), R B8 U (body mass index,
BMI) .
1.3 iNFm 3 pesrAE

A 52 R AR I PTFA £ % (Montreal cognitive assess-
ment scale, MoCA ) HEATINFI TN BETTAY . 2% 36 ELO 2R 4
(American Heart Association, AHA )/3% [E 25 th 222> ( American
Stroke Association, ASA) Ifil 4 ¥k TA K0 B B3 12 W b i R
MoCAP, CSVD £ 35 # 43 2 WA\ 1 B % (cognitive impairment,
CI) 21 (MoCA<26 43 ) Al 2 A M1 B % (non—cognitive impair-
ment, NCI) £ (MoCA>264}) .
1.4 S£3E AR R

S S R B DK L L AR B A S0 R S 1 a2 A I
[Ny v SN A AR IR X (A EARE R I N E
i A C RN R TR . TH . Apelin ¥ BEARG I - 5243 25 i
IR BRI 5 mL A2 A7, 850 10 min, 43 8 1LV b A, G AE T
~20°CUKA A o SR FHRUT AR S B IBG S 2 W B 590 00 5 ¥
(enzyme—linked immunosorbent assay, ELISA) . TH ., Apelin ¥
JEE I 7 He AR D R e e 3R] & Rtk A 4 V9 ) R
Apelin & A IR & (B SC A Y, B ) L] Bt
1.5 %itsa

K I SPSS 23.0 A AT S 2740 0 T BERAT & IE
A3 BB + b 22 (v = ) TR AR IR S0 A AT TR 90k
PAM, (P, Prg) R o 45 B8 I ZS 70 A, 22 20 ) L R
One-way ANOVA LN Z 7 22 501 5 AR IE 2850 A (9 i DAY
2 4 W) [ %R F Kruskal-Wallis H ARG 86 o 380008 DL 3R 36
7 2R TE] PO T R D5 A o % 728 dik 8] 9 AH DGR ] Pear-
son FHIC 3BT B —JCEMEIH 7347 logistic BIF 43472
PRI, K 2L R 40T b P<0.05 12 RGN A 2 T R A0 HT
P53 B L (odds ratio, OR) Fl1 95% W] {5 X [i1] (confidence in-
terval, CI) o FIUNE R 132108 TAEHRHIE (receiver operating
characteristic, ROC) fi & 1FAl . K56 7K i «=0.05,

2.1 —RFH
85 44 CSVD H3g K 30 44 fd e X B i h AWF 5% . K
P MoCA P43, CSVD FBF 9 it —25 75 NCT 4 (n=46) .CT 41
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(n=39) . ZIXFHRHENIR 1, &R MAEZ CSVD & AR %
R RIRHL 2 — o AL & BUAR 3 HC 4, NCT 4  CT 4177
7E LA LDL 7K 1 3 528 (P=0.017; P=0.027) . 1lii NCI £ F0
CIZH Z 0] T 7E4E# (P=0.011) F1 52 # & 4E BR (P=0.000) 1f
TEG 2 25 5 2 A0 PR U AR A i s O R s B I
i AR T | AT e R R R IR R AR b
A ML 1 FRER 40 AE 8 B C R by B (1 B TE ] e 12
25,
2.2 Apelin TH K #9 pb £

AHHC NCLEH , i 25 =t IR IR 5L R (free triiodothyro-
nine, FT3) 7K *F-7E C1 20 W] . F B (P=0.034) ; 11 £ HC 21 5
NCI 40 22 18] W) 3% A W . 2% 5% (P=0.332) . NCIZHHY Apelin 7K
AR L HC 2 T i  AHIR A Seit 5 22 57 (P=0.245) , C14H Ape-
lin 7K °F- o NCI41AT C1 419 .7 &5 (P=0.000; P=0.021) . =
T FF PR A J52 42 7% (triiodothyronine , T3) | F R A 2 (thyroxine,
T4) 7 55 BRI 2 (free thyroxine , FT4) 754420 22 [6] A 1 35

265 (3R2),
23 CSVD & # %4 FT3, Apelin K F 5 MoCA #F 4 % 1 #4 48
E3E

FASCHE ST BT 7R, CSVD B35, FT3 5 MoCA S IEAHX
(r=0.269, P=0.013) , {HAHSCHEMR 55 , r (5 R35 0.3; 11 Apelin 5
MoCA 555 1140 5% (r=-0.318,P=0.003) , WL 1, #E—2k
[BE AT R, FT3 5 MoCA 528 M 56 F8 (L k[l 3 05 72 4=
24.266+0.324x) , Apelin 5 MoCA 281 56 28 (£ 1 [0 )9 7 74
y=26.766-0.012x) .

2.4 FT3.Apelin & CSVD 3+ £ CI#4 e A &

ARVRELE A T 22 9 % logistic 1811943 B 58 46 3633 2
AP hR PR CSVCLZ 8] 19 DGk o 78X T 76 5 1 [R 3R (4F:
W 2 HCE AR ) HEAT A IE T, 45 SR S AT R R K S 1Y FT3
(OR=0.697, P=0.043) Fil % & 7K *F A9 Apelin (OR=1.018, P=
0.002) & CSVD [ 2 B CL Ay i Aty fa oy BRI 3%, L3R 3.
AP B2 ZUE BRI 2 AR A T L2 3

F1 SEBRABER(xxs5:0,%)

24 HC 41 (n=30) NCIZ (n=46) C141(n=39) FIYME Pla
AR Y 62.40 = 7.81 59.17 9.04 64.56£11.27" 3.412 0.036
T 14(46.7) 23(50.0) 25(64.1) 2.547 0.280
HEBREAE 11.42+4.35 11.91+4.20 823+347" 9.872 0.000
BMI/(kg-m™) 23.89 = 1.11 23.92+1.08 23.86 = 0.95 0.040 0.960
lII0ES 5(16.6) 9(19.5) 8(20.5) 0.172 0.918
B PR I 4(13.4) 7(15.2) 10(25.6) 2.127 0.345
1= B IR 8(26.7) 19(41.3) 15(38.4) 1.774 0.412
A 7(23.3) 11(23.9) 15(38.4) 2.754 0.252
el 6(20.0) 9(19.5) 5(12.8) 0.861 0.650
TCH/(mmol - 1.7") 4.05£1.59 4.64 +1.44 4.95+1.63 2.914 0.058
HDL/(mmol - L") 1.23 £0.41 1.22£0.26 1.24 £0.30 0.060 0.942
LDL/(mmol-L™") 2.07 £ 1.08 2.87+1.61° 2.84 + 1.34" 3.457 0.035
GH/% 5.83+1.59 6.35£2.76 6.88 +2.80 1.475 0.233
UA/(umol - L) 301.89 + 84.19 329.76 + 87.89 325.74 + 94.97 0.960 0.386
WBC/( x 10°4~-L™") 422+2.19 427 £2.07 4.65+2.03 0.476 0.623
CRP/(mg-L™) 3.92+3.11 4.95 £4.01 5.65+4.54 1.589 0.209

T TCH, S JIH [ 15 s HDL /&5 25 B N8 4 [ IH [415 ; LDL Al 255 B NE 4 17 ; GH AL M ZT 85 11 ; UA BRI ; WBC: [T41 L ; CRP: i C R B [T 5a: 5

HC 20 H%E, P <0.05;b: 5 NCI H#5 5 P <0.05

F2 H4AApelin THAKF LR x £5, M, (Py, Pyg)]

28 HC 41 (n=30) NCI41(n=46) CIZH (n=39) F/ZA8 PA
T3/(pmol - L") 1.48 0.56 136 £ 0.51 1.23 £0.66 1.615 0.203
FT3/(pmol - L") 5.14+1.12 4.80 £ 1.65 411 %151 4.488 0.013
T4/(pmol - L") 108.83 +53.22 109.67 + 42.71 110.10 + 41.24 0.007 0.993
FT4/(pmol - L") 19.11+7.78 18.02 = 6.04 18.46 = 5.84 0.258 0.773
Apelin(pg-1™") 53.80(44.00,60.40) 70.50(39.80,83.20)* 96.90(55.50,142.90) ** 17.440 0.000

:a, 5 HCH AL, P<0.05;b: 5 NCIH#L, P <0.05
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E1 CSVDEEH FT3.Apelin 7k 5 MOCAES 2 8 BI85

%3 CSVD¥ £ ClHHXZTEM logistic B I35 #7

28 OR B 95%ClI Py
AR 1.048 0.046  0.995~1.103 0.076
ZHH R 0.749 -0.289  0.643~0.873 0.000
FT3 0.697 -0.361  0.492~0.988 0.043
Apelin 1.018 0.018  1.006~1.029 0.002

2.5 ROC W5 £ 5 #7 FT3, Apelin £ X % CSVCI ¥ # #i-1&

kA ROC Hh £k, 115 #h 48 T T8 F2 (area under the
curve, AUC) o AU ITAL T FT3 . Apelin 7£ X 43 CSVD &
FH CLAINC th AN E A ERR PE o FT3 AT Apelin ] T %51 C1
5 NCIH AUC 435124 0.628 1 0.683, 1M FT3 55 Apelin B¢ & (i
AUC 5 0.688, 295455051 71 1.279.1.402 F1 1.424.
Apelin B IN CT RSO BE 1 0.641, K5 5 BE 0 0.761; 454
FT3 5, BUBEE R 55050 0.641.,0.783(554) .

#4 ROC %2 FT3.Apelin ZEX 4> CSVCI I/ &
S8 AUC 95%Cl HBE  BURE R P
FT3 0.628 0.509~0.748  4.809 0.587  0.692 0.043
Apelin  0.683 0.565~0.800 83.050 0.641  0.761 0.004

T A 0.688 0.571~0.805 0.641 0.783 0.003
3 3t it

CSVD = 2 fhy i/ L8 B 5 1 /6L , AT 32 B4 i
R 72 LA B TR K T R 1 o 22 kT R P AR A
REAE A ) 2 T (e SO 0 M S R i s [l
SEORM A Bk R P 0 A% R A% 2
(] B i SEL T, e 2 S B0 {5 Ak B 2 D08 L T )
FARAT I REREAR . CSVD 2 5 Bl A 1 I\ 1 B A
i BN TR AR, 2 H AT ME— ] LT B
F89 981 A%, R T i L A 9 g ) T o A A
G, — B JR% s A R IR ) 2R B B S A AT gt
(4, T L CSVCT Y B 1y 76 7 4 PR3 sl 0, 5 %o

PR i1, SR, CSVCT I FER: R R BR T
e ML Fs R I IAUAE B PR 45 2 Ab . I ik = AT e
() B AL TN A A

FHBR R 980 25 76 AR B 28 R G0 1 e AR R R R IE
WIOREM AR R EEAER I S SR R
Y. Bolaris S S MR, 7 K B K2 5t 58 fgh b A7
SR PE T3S AL, P8 T3 5 R il DA K.
Salazar P ZESRG B9 B, T3 . T4 2 50 22 o 40 i 1)
A3 Ak B 28 e T 4 ML 1 B FE . Gan EH 45
AN 642 FITFTERT G2, 45 0 Won FT3 T R 2 i
W, SR N R AR AT A A XU B 3, IR
FT3 5 CIRBAAAE B R Ak FIRIRE S
MR RINZ N EMN . Ichibangase A 55"
KB, EAR T3 T4 /K- Te W B 25 53  H E R 4L i)
I3 FT3 A BAR T 1% 2 AN . #2225
B 7 I P 1 2 2 ) FT3 7K S B AR T Bl JR 9%
VBRI AL, T 22 R R iR S FT3 K B
A, HABXS R 5 T Im AP . AR Es R B
N, 5 HCH NCITAHA L, CTZH B ML 7 FT3 /K- i 3
TR, RIS, 75 CSVD BE R FT3 K- 50 F 1)
REAZ 0 S CLERR NS B DA OG . Bl 4 SRR 7
FFOPR I 8 2% Hp AR T3 AT LAAE Sy Sz ek 60 B e el 12
() —AFr s, DR Rl %) T REBR A B R BRI R K
AT RE R CSVD H BLIA KN B fis A 52 e R R 22—

i 20 ik R B0 Jok 45 1A 21 2UFE AE Apelin 256
7 1., 7F Apelin 25 5900 G 8 FARBICZ K5 , il & 4%
POk IMAE EMENU AR SR B B ik
FEFE £ ML 3E Apelin i T fEFHEXTEE, FLBEE #h
2 e R B (0 N EE , LT Apelin 7K P 3% i TH =
Yildiz Z 25 HRE , M4 PR B IR R LT Ape-
lin ZAKEFH 5, 3275 Apelin A] 825 T IA 40 & 1 3
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J& ., AP AE RGN CSVD £F & CLER 3 1L Apelin
KT A B A B R, AR IR A L &
B, 552 B9 Apelin 7K FJ& CSVD #2351 BN IR
(A ST e PR R 22—, 3K 5 B 4% B 458 =5 1) Apelin 7K
RS CSVCIAHG . SR, A AFFEHF Apelin {3 51
) 0t A R R A RUARE AR A i = v )5 2 B, Apelin 1]
3 3oF B I T 2K 1 caspase—3 . caspase—9 7K - 417 1l
P22 A0 B R T, O S B0 A 0 ) RE AR B 4R
Walsh J 2551507, CSVD £ 1ML7E Apelin T &5 A9 5
PRI AT i 2 : (D Apelin Fr & J2 HLAA XS A0 35 1 — A~
N TE R AL, DUR SRR RE IR &, RN
M RE HE— A0 E s @CSVD H 1% i i i
B, w2 g0 b ot S 1Y Apelin i 2o ifi i 5 B 5135
HREFEER , NI 5 R 1M 7 Apelin THi .

AR PR ZH A4 45 5 7R FT3 Fl Apelin & CSVD &
B A ) ST TN PN A AR R
IR E HE— 28 FT3 F1 Apelin S 75 HLA /2 9% 11 B¢
JRE 1K X 43 CSVD B 2 & A MRS . ROC
23 BT 5%, FT3 1 Apelin (9 AUC 43514 0.628 Fil
0.683, H & 7E 4 5] CSVD & CLAINCL 7 ¥ A
A 2 57 B BB AR S L L Apelin B 256 51 v Aff
PET FT3. Z45 R ERW, 7] 2% oK FT3 A1 Apelin 1
k1 CSVD 24035 1 BN At g P i A T HL . it
Hh,7E ROC 20 # H , FT3 Fl Apelin BE 4 fifi FH 19 AUC
4 0.688 , UL A 0.641, 55 57 o0 0.783 , =y F
fifi I FT3 F1 Apelin, 3X 58 20 45 7R W6 2 Bk 4 4l FH
CSVD &3 C1 B 12 W7 10 WA PR O F 2 b o AT A

=
— AR

g5 Lk A5 R W] FT3 I AT Apelin
T 5 CSVCUE YIAH G o i T A58 Ay [l ot 14 fF
58, AR A BEHERR CSVCT B 2 A AU L Fifi
FEAE R ) FT3 AL 219 Apelin BT REYE . SR 1M,
AT IS (DN AR TR, DL — 20
1 FT3 F1 Apelin J2& 75 75 CSVCI A4 A& i AL il o & 4% 56
SR
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