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Abstract

Objective: To investigate the relationship between thyroid function and cognitive dysfunction in
patients with type 2 diabetes mellitus. Methods: 120 cases of type 2 diabetic patients admitted to
the author’s Health Screening Center from April 2023 to August 2023 were selected as the study
group. The patients with type 2 diabetes mellitus were divided into a non-cognitive impairment
group (n = 50) and a cognitive impairment group (n = 70) according to whether or not they had
cognitive impairment. We compared the differences in general information, thyroid function and
biochemical index levels between the two groups; A linear correlation analysis was used to explore
the correlation between the levels of thyroid-related hormones, biochemical indicators, general in-
formation and cognitive functions. The influencing factors of cognitive dysfunction in type 2 diabetes
mellitus patients were investigated by using univariate and multivariate logistic regression analysis;
Results: In the general information, the systolic blood pressure and age were higher while the dias-
tolic blood pressure and educational level were lower in the cognitive impairment group (P < 0.05).
In the biochemical data, the levels of serum free triiodothyronine (FT3) and free thyroxine (FT4)
were lower, while the levels of total cholesterol (TC), fasting blood glucose (FBG), high-density lip-
oprotein cholesterol (HDL-C) and thyroid-stimulating hormone (TSH) were higher in the cognitive
impairment group (P < 0.05). Correlation analysis showed that serum FT3 was positively correlated
with the Montreal Cognitive Assessment Scale (MoCA) score (r = 0.396, P < 0.001), and serum TSH
was negatively correlated with the MoCA score (r = -0.440, P < 0.001). Multifactorial regression
analysis showed that education level (OR = 0.752, 95%CI: 0.639~0.884), FT3 (OR = 0.24, 95%CI:
0.081~0.712), and TSH (OR = 2.098, 95%CI: 1.165~3.778) were the influencing factors of cognitive
dysfunction in type 2 diabetic patients. Conclusions: FT3 may be a protective factor for the develop-
ment of cognitive impairment in patients with T2DM, whereas TSH may be a risk factor for the de-
velopment of cognitive impairment in patients with T2DM.
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o358 FEE DN Th BB B AT () AR LI AN S8 A 2, W BB S i BIR AS 175 i J B AL 28K =) (Advanced Gly-
cation End-products, AGEs) (IR 8. #iE. %L BB, 1% 57 F&(Blood Brain Barrier, BBB)#5i17 L % i i &
TS E R R A K[6]. RITAPIAEY, FRIETIEE S 2 AR DI REREASAROC[7] [8], A SCERHE
TS HOIR BRI REA S H5 4% FT3. FT4. TSH S50 IR AR DI RERERG % 2

2. ‘P EH*E
2.1. fAEHR

4 2023 4 4 H & 2023 4F 8 H IR K55 R Bifg A A0 i) 120 41 2 AU PR A I AT
Y1, FERIE 40~75 % . PINFRE: O 2WRFS 2020 4ERR (T E 2 BB FRIEB A TE ) T T2DM (IS
WAE[9]; @ ZiTHIERE B . HbaiE: O 1 ARRHEE; @ O, . FESRsesE; @ &
HMALEARE M. S AMG S S EONA RIS s @ FIERMEEE: © & JF ™5 FRERHE
PIF: © MIRIABEIR W E:; @ GV RIEH; G I E BB R I ROE . @ R4
SINA T E . ZW T ROCLHE NS AENR S5 KYLL-2024884).

2.2. f5S4R

JITAT W e 5480 e 32 i A 22O B L TR I A BRI 58 B MOCA B3R IKIINGE , AR P00 45 R 70
BEAF L (n = 70 B)FNIEIA AR AS 2H (n = 50 f). MOCA &3R4 30 4, WZikEZHE FR <12 4,
WAL RN 1 70 DRZIE 2 B R fe, 50 mEARIZI e . MoCA ERVFI) < 26 70 iAKIFE
5, MoCA B3R 1F73>26 73 AR AN FEAT EI KN IEH

2.3. FIRIAE

(1) IFMABFFR . Al ZEE AT Wi, #F5kE. BMI S5, (2) il 4l B iR bn
0 B FUIR IR 25 (free thyroxine, FT4), = #t LR I J5 2 (triiodothyronine, FT3). fi& FUAR IR (thyroid
stimulating hormone, TSH). % 75 %% fil§ (glutamic pyruvic transaminas, ALT). 43 % % % i (glutamic oxaloa-
cetic transaminase, AST). & Mt # # I (Glutamyl Transpeptidase, GGT). B 14 B 2 i (Alkaline Phosphatase,
ALP). I JLEF(Creatinine, Cr). 'B/INERJEL % (Estimate Glomerular Filtration Rate, eGFR) A Ifil /X & (Uric acid,
UA). = fH[E B (total cholesterol, TC). =Mt H v (triacylglycerol, TG). &% 5455 (high density lipopro-
tein, HDL). {25 g 25 11 - IH & 2 g (low density lipoprotein-cholesterol ester, LDL-C). % fiff IfLk# (fasting
plasma glucose, FPG). #{k 1M1 & H (hemoglobin Alc, HbAlc) /K.

2.4. HIRAE

WA R A AT 2E & 2540R 8 /I, RABMEERIKIARAS G, SCENFEIE 210 R K5 R B a iR Ao i
RN 2 K4 B A BT (B K C702/502) 347Kl
2.5. GiitFAbIE

KH SPSS25.0 it #k A3t 47 Hdl 0, Seit 2z EISRH GraphPadPrism9.0 A, 140 # B H 7 b
For, HIEEBCR A g2 156, A SRR 2 T REE L x+s o, LR ELBCR ML AEA /DR,

FRIEZ 70 A B8 R ] M(P25, P75)%7, 4HIA] ELBEK FIAMSZAE A Mann-Whitney U #5246 . K H] Pearson A%
SHTHR DT FUIR AR D RE 5N D RE A G . RIFZ R Logistic [FIE 2 TR 2 UM PR S35 A RN D e
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3. R

3.1 BE—RARIH

5 T2DM JEINKIBERSLLAHEL, T2DM ARG A AR B2 10N B AKCF B3 FRK . Ui 5 B2
Fhi FFiKE B3 P 15 <0.05). mp4LEF ERIYER . BMI LR ZE R TS 152 X (P>0.05). W% 1.

Table 1. Comparison of general data between the diabetic cognitive impairment group and the diabetic cognitive norm group

= 1 HEREIAFIREISE SHEPRSIAFIE B 4H—RRZERHELER

WiH
51 [n(%)]
%

%
(D)
ZHE KT [n(%)]
N
g
T b
e i (mmHg)
£75K 5 (mmHg)

BMI (kg/m?)

INENFERS 2H (n = 70)

37 (51.39)
35 (48.61)

60.08 (58.45, 61.71)

28 (37.33)
40 (53.33)
7(9.33)
135.75 (132.53, 138.97)
80.72 (78.82, 82.63)

25.93 (25.03, 26.82)

N HIBEES £ (n = 50)

33 (63.64)
19 (36.54)

50.58 (48.44, 52.71)

0(0)
40 (70.18)
17 (29.82)
130.67 (126.83, 134.50)
83.93 (81.23, 86.63)

26.42 (25.25, 27.59)

Giit it

1.79

-7.21

30.28

—2.03

2.00

0.68

P 1A

0.18

<0.001™"

<0.001"*

<0.05"

<0.05"

0.50

E: P<0.05, ZREAG¥EN; "P<0.05 "P<0.01; ™P<0.001.

3.2. BEImKBIRI O

% T2DM AN FIBRAS AL, T2DM A FBfG 2 IfLiE FT3. FT4 /KT 5 FH K, 1 TSH. FBG.
HDL. TC /KFEZET & . WA EEE ALT. AST. GGT. ALP. UA. Cr. eGFR. LDL-C. HbAlc tt#
EREG T ERE X (P >0.05). W#E 2.

Table 2. Comparison of clinical data between the diabetic cognitive impairment group and the diabetic cognitive normal group

= 2. BEPRRIAFIRE IS 4E S HE PR A FNIE BB Im PR 2R EL 3L

izt NGRS 4L(n = 70) NSRS 4 (n = 50) 1z P
ALT (U/L) 15 (12, 20.5) 17 (14, 24) 2.98 0.297
AST (U/L) 16 (14, 20.5) 17 (15, 19) 1.13 0.428
GGT (U/L) 25 (17.5, 36.7) 18 (15, 26) -0.87 0.134
ALP (U/L) 67 (57.5, 87.5) 67 (56, 75) 2.23 0.24
eGFR (mmol/L) 98 (84.1,105.1) 94 (86.6, 103.5) 1.30 0.753
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gk
Cr (umol/L) 67 (59, 76.5) 73 (60, 80) 0.98 0.069
FBG (mmol/L) 8.96 (6.86, 11.20) 7.87 (6.18, 9.00) -2.33 <0.05"
UA (umol/L) 294 (246, 343) 295.5 (214, 381) -1.95 0.277
FT3 (pmol/l) 457 +0.57 4.99+0.48 4.23 <0.001™
FT4 (pmol/l) 11.46 (10.32, 12.97) 12.40 (10.79, 13.25) 2.42 <0.05"
TSH (ulU/ml) 2.32 (151, 3.12) 1.59 (1.05, 1.99) -3.87 <0.001""
TC (mmol/L) 5.16 (4.04, 5.62) 4.26 (3.39, 5.01) ~1.61 <0.05"
TG (mmol/L) 1.52 (0.94, 1.67) 1.78 (0.98, 2.02) 1.30 0.20
LDL-C (mmol/L) 3.99 (2.60, 4.44) 3.59 (2.69, 4.52) ~0.67 0.50
HbALc (%) 8.71 [7.00, 10.50] 8.26 [6.80, 9.60] ~1.22 0.23
HDL-C (mmol/L) 1.28 (1.01, 1.44) 1.09 (0.90, 1.29) -2.95 <0.05"

E: P<0.05 ZREAS¥E N "P<0.05 P<0.01; P <0.001.

3.3. ERBEBEIRAKBIES MoCA 5T RIS

BAHARMG 27Tk, BT, ZEEKT, Wik, &F5kE, FT3, FT4, TSH, FPG,
TC, HDL, LDL-C, 5 MoCA Vot ir. H 523 E /KF(r=0.47, P <0.001). FT3 (r=0.40,
P <0.001). FT4 (r=0.22, P =0.015) 22 E EFHRKR; Fid(r=-0.46, P <0.05). Wik (r=-0.18, P
<0.05). TSH (r=-0.44, P <0.001). TC (r=-0.17, P <0.05). FBG (r=-0.12, P < 0.05) £ I & 3 {55 %

. WFE 3. H 1.

Table 3. Correlation analysis between clinical data and MoCA score in diabetic patients

3. BERRREEIRAKIES MoCA TS RIMERX S

Bl r P
aa -0.46 <0.05*
ZHE KT 0.47 <0.001™*
k% 0.11 0.21
Wi -0.18 <0.05"
FT3 0.40 <0.001**
FT4 0.22 <0.05"
TSH -0.44 <0.001**
TC -0.17 <0.05"
HDL -0.27 0.06
LDL-C -0.10 0.24
FBG -0.12 <0.05"
H: P<005, ZRAFRITFEN; 'P<005 “P<0.01; ™P<0.001.
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Figure 1. Scatter plot of serum FT3, FT4, and TSH levels and MoCA scores in patients with type 2 diabetes mellitus
B 1.2 BIFERFBBEMLE FT3. FT4. TSH 7KF5 MoCA 4 HIAE KBS B

3.4. 2 BUBERRBEANMINGERERHIZEFE Logistic BYA5 4

V2 BUORE R R R WA AN D RE RS E N R B (TR =0, 42 =1), BRERSIEE LR
(ZHEIKF- FT3. FT4. TSH. TC. FBG)/EAAZREIITZ K3 Logistic BIH5-#7, Logistic [=1J5 534t
7R, TSH M PRI KN T REREAS R SL G R R 2, T FT3 A2 08 7K1 M & 4 PR3 WA %0 Dy e B i 11 £

PR, k4 2,

Table 4. Risk analysis of cognitive dysfunction in patients with type 2 diabetes mellitus

4.2 BIPEPR R B E AN RERE RS B KBS 24

(K3 EVEFY 3 SE(b) Wald 2 {8 P OR (95%Cl)
ZHE KT -0.285 0.06 -3.45 <0.05 0.752 (0.639, 0.884)
FT3 -1.425 0.13 -2.57 <0.05 0.240 (0.018, 0.712)
FT4 0.037 0.14 0.27 0.786 1.038 (0.795, 1.355)
TSH 0.741 0.63 2.47 <0.05 2.098 (1.165, 3.778)
TC 0.195 0.25 0.94 0.345 1.215 (0.811, 1.821)
FBG 0.157 0.11 1.69 0.090 1.170 (0.975, 1.404)
& OR (95% CI) P{H
1
FT3 0.240 (0.018, 0.712) ke 0.010
1
FT4 1.038 (0.795, 1.355) H- 0.786
1
TSH 2.098 (1.165, 3.778) (——— 0014
1
HHE KT 0.752 (0.639, 0.884) ol 0.001
1
I E 1.215 (0.811, 1.821) Ho—i 0.345
1
2 M 1L 1.170 (0.975, 1.404) b 0.090
T : T T
o 1 2 3

Figure 2. Risk analysis of cognitive dysfunction in patients with type 2 diabetes mellitus
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4. ¥1ig

B PRIE 2 FE RN TH BERE AT /2 T2DM FREE I AOREZ —, T SEM &4 N W f B ) 56 70 0 A= i
JR . B N D120 A A R PR3 BB SR RS n, T (100 PR 73 2 P U\ 0 o R P £ 2 50tk 4k
SRIEAN[L10]. WFFCRIL, T2DM a8 R R 1 U K 2042 13 NI AR [11]. S8 THE IR B A S Thie
BRI WAL O S 4%, HAETHE ARV AT RE SR N 280E . AR R RIRPTSE R A 0%, Mk T
WA RITER B, FUA A VR 2 AR (Ao R 57 SR IR 38 8L, O AR08 PRV 2 FE DL SN Ty RE B A 114 R0
R E .

ZOWER R, BRI S E R R PATER) W25 7 N, X 5K & fpE
e LT 55 0 100 AR 428 AN B AR R 3B A DG [12] o FE MBI R0 T2DM B, KILAsES S
T RESZ451AH C[13]. Mann HB 45 A0, ARSI A2 T2DM B A A Th e T B i w] SE T AR FR ,
SINRThfE T BRI SE[14] . AWF AR I, D\R0FERS2E 1) a7 A JEL [ 1 R 25 R AR /K-35 v T R A 0 o
REREAG AL, JEHINMIhAER BE MK, X S5EEAEM R —5.

XF T HARIRM G E N S, BRI, R HUR IR PRI R e, ORI D ARk
AL R (P ARE[15], 6 W 70 AR Ae R B HORBRAH OGRS N A B A AE A G [15] . HRIR
RRINREIRASFIARI TN BE T BEZ IR S8 R MAF S FRFFEIN N, TSH /K P55 0 AR T RE I fomn 3 B
fEiddZ . kR MEICIZASE[16]. Beydoun S5 7 KB, fEEERGEANSF, @mAKTH TSH 5 T{EiEZ.
R 2 18] BANE AL B 0 5 TR N RE ) R M 26 [17]. FE B33 — T AR BL FT3 AKCFREE AT AES MCI
o, JLHREXTRIZEONER IR T2DM B3 AT ShRE A 5d 12 i 52 ma[18].

TEAR T, MR Prai R E R, FT3. FT4 K15 T2DM &3 MoCA 1F75 2 IEAH M, TSH /K-
L5 T2DM &3 MoCA V¥4 2 A, T2 B R FIH M iR FT3 2 T2DM & & A ARG I {R
PHEFEZR, TSH NE T2DM 38 RAAFIBEAS I fE R R 2, BRI 90 45 3 5 WEAE o Fu 5 SRR A ), 7ERE
AW R I, FT3 /KSFHF B RENSs S SBUTE R A 25 A (T 5 2 R s 2 4, BT B S AT L
P28 20 i b S BBR AR B B 5 3 A K 5 M) 2 S0 RE (19 R AE [19] 5 177 TSH ZKSF- w5 A0 A P 0L A8 L9
HETT SR M X 2R, SEUEREER ST ICIZThEE. MR SHATIhAEGE, 51 kN RS
IR BT JE[20]. FLHIRR TRy, FARBREBCGRE PR A R G I A0 BT i T 40 f oAb S ad 72
R FEEEIER, HE R XA RGThEE, (R0 R RmG & i, (R R ERE S )10 12 S B Re T
3. i T2DM B3 HFHE - AW - BB KRG IR AL, 8 FUIR BRI E 1A B S o0 AR e A s
3, SERIRBMEACEREC, SUERE. . Ea RS, KR4 RIT AR, SECHIRME R4
T RE RS o

BIRA LA AR HREL, —RARAFOITR, JFEENT KFEARIFHTZ 0w 7T DU
I FE A R R G VE AN, R R R A . R Ak SRR R AR T AE VTG, X 20 PR FOIR AR T
REJBR AN R I PR FOR IR T RERGR , A I RO R B B pifds,  DURE A VA FOR IR DI REARAS .

g LATA, T2DM o B E AL BRI FFOR R IO RS, HH LS A ) 2 R TR B, CRAIE HUIR AR T B
AR AR E , XX T 17 T2DM i35 K A\ B D e B fig 2 2 T2DM A1 D) BERREAS 38 I TS B — € 1)
T FERH, ARdhos 7 EE AR E, R A,

& & TRk A
SLERS: IR BORGEIANT. (FIE MR SCRBES T SRRSO, &
&
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