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(# ZE] BH ETIMHEMMOBEZR(miR)-351 miR-638 K-FHy 8 2 BUEEIRNG (T2DM ) 35 25080 ik ok A i
FE(CAS) BYFEIA N R FN LR EI WAL R I FPR40 , ik 2EH 2021 4F 3 H—2022 4F 12 H Hrsm Al K28 — it B Be
WATIREHIGA 1Y T2DM SR 182 Bil/E IS4, i) 36 B Bt R A PR A (R 2 91 il f A g X MR 2, Lhd 2 41 i i miR-
351 .miR-638 K IUHE LA /KF- 22 55, T2DM ARG & A3 CAS 4328 CAS W4 (n =79) FlE CAS W4 (n=103),
IFL0E 2 WA G R AF 22 57 2R K Logistic M58 T2DM G I CAS RYFGE IR & ; 4R 405 f& 16 K £ A4 £ T2DM 4 I
CAS JetE MUK 5 28 B TR A ; 3212803 TAEFRAE (ROC) HIZR AT M B AL BE , L Bootstrap 1% B3R 1 2k 0 M iz A5 AL AL o
ESdkfe ), &R WS M miR-351 ACER TR B, M7 miR-638 KK T X R (1/P =9.999/ <
0.001,12.051/ <0.001) , WL /&% B2 i 4 A IELRET ( HDL-C) ZK P AIR T X BRZ4H (¢/P = 11. 060/ < 0. 001 ) , %5 i
MLBE (FPG) A5 2 h IifE (2 h PG) BEALIMLALEE F1 (HbA,, ) G AH E R (TC) =t H il (TG) AR B i 2 1 I [
(LDL-C) 7K -2 785 T FE X B 4H (¢ = 18. 034 ,20. 355 .21. 744 7.991 .20. 682 .13. 256, P 3] <0.001) ; Z & Logistic [l
V44387 B8 HDA,, \TC . TG .LDL-C .miR-351 F}&5 4 T2DM & 3 CAS By 7 [l % [ OR(95% CI) =8.129(3.377 ~
19.567) .1.444(1.093 ~1.908) .7.868(2.254 ~27.459) 2.728(1.241 ~5.997) .1.337(1.039 ~1.721) ], i miR-638
T N HARF R R [ OR(95% CI) =0.046(0.006 ~0.337) ], ROC 730 #7758 , HbA,, [ TC TG LDL-C miR-351 ,miR-638
TR B AR 7Y By it 28 R AR ( AUC) 4 0. 863 ,0. 670 ,0. 693 ,0. 726 ,0. 776 .0. 655 .0. 936, L Fl A B Y AUC %K
(7 =3.468 .6.602 . 5.832.5.599 .5.064 .6.674,P 4 <0.001) ;K H Bootstrap %X 51 £& FI BRI E 47 PN ERIEAIE, 542 4
F£ 1000 (B =1000) 7R, C-index 2 0. 871, &R IZHN L IR R T I B 7 BT . P3R40 7 | B 7R 1) 1 (i AR 2%
0.01 ~0.97, iz % >0, @ TRATRL, &1 T2DM B F MG miR-351 K FF 5, miR-638 /K FREAL, 25T
T2DM % CAS &L K iEfE, HbA, TC TG LDL-C .miR-351 J}&5 i T2DM 45 I CAS [0 <7 16 16 IF 25, miR-638 Ft
FR AT E T miR-351 \miR-638 K oAb 37 /6 B P R A HE Y 51 28 I O ASE A6 T2DM A& 9 CAS A R 45 Ftil
M8, 7T TIPS T2DM S5 49 CAS KA XU,
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[ Abstract] Objective To construct and evaluate a nomogram prediction model of influencing factors of carotid
atherosclerosis (CAS) in patients with type 2 diabetes mellitus (T2DM) base on serum microribonucleic acid (miR)-351 and
miR-638 levels. Methods One hundred and eighty-two T2DM patients admitted to the Department of Endocrinology of
The First Affiliated Hospital of Xinjiang Medical University from March 2021 to December 2022 were selected as observation

group, and 91 healthy cases who underwent physical examination in the hospital during the same period were selected as
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healthy control group. The expression levels of serum miR-351 and miR-638, as well as differences in blood glucose and
blood lipid were compared between two groups. T2DM patients were divided into CAS subgroup and non-CAS subgroup
according to whether they were combined with CAS, and the differences in clinical characteristics in two subgroups were
compared. The risk factors of T2DM combined with CAS were analyzed by multivariate Logistic regression. The risk nomo-
gram prediction model of T2DM combined with CAS was constructed according to the risk factors. The predictive efficacy
was analyzed by receiver operating characteristic (ROC) curve, and the calibration and decision-making ability of the model
were analyzed by Bootstrap method and decision curve. Results The serum miR-638 level in observation group was lower
than that in control group, and the serum miR-351 level was higher than that in control group (¢/P=9999/ <0.001, 12.051/ <
0.001). The level of high-density lipoprotein cholesterol (HDL-C) in observation group was lower than that in control group
(/P=11.060/ <0.001), and the levels of fasting blood gluicose (FPG), 2-hour postprandial blood glucose (2hPG), glycosylated
hemoglobin (HbA, ), total cholesterol (TC), triglyceride (TG) and low-density lipoprotein cholesterol (LDL-C) were higher
than those in control group (¢=18.034, 20355, 21.744, 7991, 20.682,13.256, P<0.001); Multivariate Logistic regression analy-
sis showed that, elevated HbA ., TC, TG, LDL-C and miR-351 were independent risk factors for T2DM combined with CAS
[ OR(95% CI)=8.129(3.377 - 19.567), 1.444(1.093 — 1.908 ), 7.868 (2.254 - 27.459), 2.728 (1.241 - 5.997), 1.337(1.039 -
1.721) ],and elevated miR-638 was protective factor [ OR©95% CI)=0.046(0.006 —0337) ]. ROC analysis showed that the ar-
ea under the curve (AUC) of the levels of HbA ., TC, TG, LDL-C, miR-351, miR-638 and the prediction model were 0.863,
0.670, 0693, 0.726, 0.776, 0.655 and 0.936 respectively, the AUC of the prediction model was the largest (Z=3.468, 6.602,
5.832, 5599, 5064, 6.674, P<0.001); The nomogram model internally was verified by Bootstrap method, the repeated sampling
of 1000 times (B =1 000) showed that the C-index was 0.871, suggesting that the nomogram model had better predictive abil-
ity. The decision analysis shows that the threshold probability of the model was 0.01 —097, and the net return rate was >0,
which was higher than two invalid lines. Conclusion The levels of serum miR-351 and miR-638 in T2DM patients are ab-
normally express, which are involve in the occurrence and progression of patients with CAS combine with T2DM. Elevated
HbA,,, TC, TG, LDL-C, miR-351, and decreased miR-638 are independent risk factors for T2DM combine with CAS, nomo-
gram prediction model base on miR-351, miR-638 and other independent risk factors has good predictive value for T2DM
combine with CAS, which could be used to evaluate the risk of patients with CAS combine with T2DM.
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Oy, AEHFIE R miR-351 A g i Gk i 4y
WERR AR A2 2F 58 1 S 07 F0 40 L0 T2 554 FH AR i#F AS
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SRR 25— B B o - i RIS 1 T2DM AR 3
182 B AWEEAH , Hod 3 107 1], % 75 I, 455 50 ~ 74
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EXC(BMI)19.3 ~31.5(24.74 £1.56) kg/m”; BEJR G
R 2 ~17(9.16 £2.41) 4 533k B2 B[] 401 1A 4G i g
& o1 WA HRLL | 5 54 4], £ 37 9], 4% 49 ~ 73
(58.72+5.94) % ; BMI 21.5 ~27.4(24.51 £1.38)
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1.2 SRBEREARE (1) AFRHE. DT2DM B &£
AR E 2 BRI B i6 16 R (2020 AFRR) )T I2 iR
e QIRIRTE R EHE O > 18 &, (2) HEBRAR .
DA 1 RUPE PRI al At 4k & P PRI ; @7 AE H IfiL
PR O NS R MR 5 DAk T 4% i 208 1
1.3 bR 5k

1.3.1 Ifil¥E miR-351 .miR-638 7K A6 st 45 Hi & A
B Je 28 H T = 0 B X AR A ARG A s R i ik
5ml, B0 EZEW, BT - 80°C BT T RAF1F
I, TRIzol 157 ( /e 5% & B AE W) AR B9 i ) 42
B RNA K RNA 005451 cDNA FEUEFT U AGIG . il
FH S5 0 15 2R A Wil X U (qRT-PCR AR W H
R4 E A Y TRARAF) %R miR-351
miR-638 [ 7K °F-, LL U6 fE W NS5 W, 163 5% 14
94°C HF4E 15 min, ZRJ5 94°C £54E 30 s.60°C FF4E 30 s,
72°CHFEE 30 s, JEHFEAT 40 WK e Js 72°C ZEAH 8 min,
a2 7229544 miR-351 \miR-638 HIAHRT # ik
i, miR-351 L i 51 ¥ 5 -ACACTCCAGCTGGCTC-
CCTGAGGAGCCCTTGG-3" , T i 51 ¥ 5’ -CTCAACT-
GCTCTCCTGGAGTCGGCAATTCAGTTGAGTCAGGCTC-
37 ;miR-638 5|4 5 TTGGCCTACCTATAACT-GG-
37, FiE5 14 5<CTGTAATATGCGCTAAGTCTC-3,, NS
U6 B b3 51 4. 5 -GCTrCGGCAGCACATATACTA-
AAAT-3" | FiE514) .5 -CGCTTCACGAATTTCCCTCT-
CAT-3" .

1.3.2  CAS PEHIbRME  ARAE B A A Fe ma ) ' A
JE CAS, Fish ik 7 Kl B2 CAS 704 R Z DI RE#
23 1) S R &R 4e (96 [E PHILIPS 2 A], A1 5
HDIS000) , kA% 5.0 ~ 12. 0 MHz, 2% % B Fp
A7, i RS 8 7 o s A A 3 R Bl Bk, 1 SR o BE
HOU S 72 6 O AR g 20 Jok B A e o J2 5
(IMT) #E47HI8: . <1.0 mm NIEH,1.0<IMT <1.5 mm
IR IMT=1. 5 mm A EEH, H b3 SRR 48
XM CAS,

1.4 GiitsEorss R SPSS 26. 0 B AF 48140 i gk
o THECGOR LU (% ) R, BT X R
ERAM AR R x5 308, AT ¢ 16560 R
P EMEZINE Logistic [01J443HF T2DM I % CAS Ky
ST ERY P2 F R 3575 RMS B2 52 R A A |
RHEINZR , A7 32180 TARRRE (ROC) HZe 7 B 46 b
X} T2DM 3% CAS B AL HE , >R F Bootstrap 7% % 47
2R BRI T N ERIHIE , FH Rstudio H rmda B2 P12
IR HIZE, P <0.05 NESFAG 4B X,

2 &% B

2.1 2 4% miR-351 .miR-638 Fik/KFHiE W
FEA MG miR-351 7P T BT R ZH, 1l %5 miR-638
AR TR A, 2R B ARITFE XL (P <
0.01),03% 1,

K1 X IRAH S5MEH I miR-351 .miR-638 /K-
HEE (x£9)

Tab.1 Comparison of serum miR-351 and miR-638 levels be-
tween the healthy control group and the observation group
@ 5l %k miR-351 miR-638
et R Bt 441 91 3.87 £1.07 1.18 £0.16
WEEH 182 6.33+2.22 0.81 +0.27
Rl 9.999 12.051
P1H <0.001 <0.001

2.2 2 I s K LeAS WER4] HDL-C KF
T4 B XF B4, FPG .2 hPG  HbA, . TC TG, LDL-C
AKEE g IR, ZF WA G2 E (P <
0.01),WL3% 2,

F2 (RN IR S WS LLINWE IR KOF R (2 2s)
Tab.2 Comparison of blood glucose and lipid levels between the

healthy control group and the observation group

fa T B4 WZEA

i b5 (n=91) (n=182) ti P

FPG (mmol/L) 5.16+0.87  8.21+1.49  18.034 <0.001
2 hPG(mmol/L)  6.69+1.37  11.90+2.24  20.355 <0.001
HbA, (%) 5.17+0.54  7.59+0.99  21.744 <0.001
TC(mmol/1.) 4.26+1.69  6.07+1.80  7.991 <0.001
TG (mmol/L) 1.16 £0.46  2.49+0.52  20.682 <0.001
LDL-C(mmol/L)  2.76+0.42  3.83+0.71  13.256 <0.001
HDL-C(mmol/L)  1.63+0.36  1.09+0.39  11.060 <0.001

2.3 A[FYETE T2DM 591 CAS F837 I R RF s A
T2DM £ 182 B 45 & & & I CAS 432 CAS W4
(n=79)FIHE CAS W4 (n =103), 2 W2H HEHH |
AR W E S AR B E R B L BMIL FPG 2 hPG |
HDL-C /Kb, Z 5 g B X (P >0.05) , 53
CAS W.4H He %L, CAS W4H i %% HbA,, \TC TG LDL-C,
miR-351 F+ & , miR-638 /K-FEREAG (P <0.01) , W3k 3,
2.4 0 T2DM & 3 CAS I Z IR E Logistic 4 7
PIFER T2DM &9 CAS R AR & (WME . J& = 1575 =
0), U EiRgE Y P<0.05 Wi H (HbA,, \TC TG ,LDL-
C.miR-351 \miR-638) i H L i 17 Z A &K Logistic [1]
43 #7 , 45 52 @78 . HbA,, . TC . TG .LDL-C .miR-351 J}
=24 T2DM & 3 CAS M S & F B 3R (P < 0. 05 5
P <0.01) 1 miR-638 F+H°A T2DM & Jf CAS Ay7H 57
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BAYHE (P <0.01), £ A4,

%3 dE CAS W4L5 CAS W 2H 35 I PR A o L

Tab.3  Comparison of clinical characteristics between non CAS
subgroup and CAS subgroup patients
S 4 S 4

m H j'i fi? dg)ﬂ C(iifgj)i v i PE

PRI HI(%)] 9 61(59.22) 46(58.23)  0.018 0.892
4 42(40.78) 33(41.77)

AEWE (v x5, %) 58.89 £6.46  57.28 £4.90 1.919 0.057
iR (2 +5,4E)  9.03+1.98  9.29+2.12 0.851 0.396
BMI(x +s,kg/m?) 24.69+2.16 25.19+2.09 1.570 0.118
WS [ (% ) ] 44(42.72) 42(53.16)  2.341 0.126
R (% ) ] 52(50.49) 44(55.70)  0.487 0.485
FPG(x +s,mmol/L) 7.95%1.45  7.99+1.32 0.181 0.857
2hPG(x £s,mmol/L) 11.75+2.28 12.10+2.18 1.038 0.301
HbA, (x%5,%) 7.08£0.80  8.27+0.79 9.960 <0.001
TC(x +s,mmol/L)  5.62+1.69  6.66+1.79 3.983 <0.001
TG(x+s,mmol/L)  2.27+0.33  2.76+0.48 8.152 <0.001
IDL-C(x%s,mmol/L) 3.76 +0.64  4.15+0.68 3.965 <0.001
HDL-C(x#s,mmol/L)  1.11£0.40  1.05+0.38 1.059 0.291
miR-351(x +5) 5.38+1.61  7.57+2.31 6.349 <0.001
miR-638 (% +5) 0.87£0.29  0.73+0.22 5.218 <0.001

R4 YW T2DM 59 CAS MZH K Logistic [BIIF 4347
Tab.4 Multivariate Logistic regression analysis of factors affecting

T2DM combined with CAS

moH B SE{H Waldfi P1{E OR(95% CI)

HbA | & 2.095 0.448 21.861 <0.001 8.129(3.377 ~19.567)
TC & 0.367 0.142 6.685 0.010 1.444(1.093 ~ 1.908)
TG & 2.063 0.638 10.462  0.001 7.868(2.254 ~27.459)
LDL-C &  1.004 0.402 6.240 0.012 2.728(1.241 ~ 5.997)
miR-351 & 0.290 0.129 5.078  0.024 1.337(1.039 ~ 1.721)
miR-638 & -3.080 1.017 9.178  0.002 0.046(0.006 ~ 0.337)

W (B=1000) 7%, C-index H 0. 871, #E/niZ 5 £k A
BERVFI G 7 80y, WL 3, PR3 A4 SR iR A Y
BI{EAE 2 0. 01 ~0.97, 1§25 K >0, & T A& LA
2, ILE 4,

%ﬁ [ 10 20 30 a0 50 60 70 80 90 100
HbAlc 4 45 5 55 6 6.5 7 75 8 85 9 9.5 10 10.5
TC CTE TS e

TG ] 0.4 08 1.2 1.6 2 2.4 28

LDL-C F 3 ] 5 6
miR=351 <5~

miR-638 18 14 1 08 0.4 0

S
oy o 20 40 60 80 100 120 140 160 180 200 220

S

0,20,40.60.8
iy
0.1 0.30.50.7 0.9

1 T2DM & 3f CAS &A= KU i 31 £k &

Fig.1 Nomogram of the risk of T2DM merging with CAS

x5 AIEARXT T2DM 47 CAS HM AN {E

2.5 T2DM &I CAS & Az KU 51 2 1] P il A5 75U 44

HTF LIRZ A K Logistic /MHT45 5 , MR I 7 fE B K]
K (HbA, . TC, TG, LDL-C, miR-351 , miR-638 ) 4 &
T2DM 53 CAS %A AU (4 51 4 I T A 0, UL 1,
2.6 FILEFIFEAIL ROC HiLk AvElh< skl
LB ARYE F1) e IR T A A 45 2] T2DM 5 9
CAS & XU Pt 455 B 45 4% , B HbA, . TC TG ,LDL-
C.miR-351 \miR-638 7K S P A U 8 A 1 Ay A 3 A%
it A IRASAR 5, 57 ROC 2k, 9115 4k
THEA(AUC) 258 B8 HbA,, .\ TC TG LDL-C .miR-
351 .miR-638 7K~F-  FU A5 Y g it 26 T AL (AUC) 2y
0.863.0.670.0.693 0. 726 .0. 776 .0. 655 .0. 936 , LA i
MFAIAY AUC Fx K (Z =3. 468 .6. 602 .5. 832.5.599
5.064 .6.674,P ] <0.001), W5 K 2. KH Boot-
strap %Xﬁﬁﬂ%@*ﬁﬂiﬁﬁ?ﬂ%@ﬁﬁ,ﬁi’ﬁﬁh#l 000

Tab.5 Predictive value of various indicators for T2DM combined
with CAS
R 4 A% i cut-off f  AUC 95%Cl  HURE FiRE SR
H
HbA,, 7.45% 0.863 0.810~0.916 0.899 0.680 0.579
TC 6.75 mmol/L 0.670 0.591 ~0.749 0.532 0.738 0.270
TG 2.50 mmol/L 0.693 0.614 ~0.773 0.671 0.728 0.399
LDL-C 4.06 mmol/L 0.726 0.652 ~0.800 0.595 0.796 0.391
miR-351 7.68 0.776 0.705 ~0.847 0.532 0.942 0.474
miR-638 0.81 0.655 0.576 ~0.734 0.911 0.388 0.299
B LR R A Y 0.378 0.936 0.900 ~0.971 0.971 0.810 0.781
2 AHRRR BRI BN ROC I
Fig. 2 ROC curves of various indicators and nomogram

prediction models
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B3 5Lk P o s A g A vfe i £

Fig.3 Calibration curve of nomogram prediction model

B4 H0ZE P TR i) b it 2k

Fig.4 Decision curve of nomogram prediction model
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T2DM s&—Fh i WLt P AR AR , R AR 7
T 2 AN R BB B R AT, 5| & OB K
o T2DM K bl 52 Bt A% | R4 T e 55 22
[RIZR A 52 , X S8 R R B FE AN [ B B L 5 e o e ) R
A4 I FABUREPE Y L 5 T2DM HR 3 1 ok /K S 31 8
AR BAREE S, AT RE T & — R RAE , B4 K
AR L AR A 2 AR S Horh & JF CAS 1Y
RO 2T CAS J&—Fig vk R M P, 24k
TIEA Bk P R BAR B O AR | 4 4 B B A5 Ak S A2
Al e FESIKZE MFHZE, T2DM 591 CAS 1Y &Sk
il 3 YR T AU 25 AL A0 /= OB | i B | s i e, LA
RV BRI R EA E AR BRETRES
MM 2R ZE HEEREERGLERU, DL Z
S BT PR] OV A I A RE IR 5K SR RN (S i) £
P A I e, P EE L A s M s, AL, BRI T iR
I3 T2DM 77 CAS 2 XHEL,

L3 miR-351 Fl miR-638 J& Tf#/s RNA 201, &
TTAE A= 1 oy B 2 R A T, 3 2 0 1Y) I 2 %
RNA 7T 14 550 mRNA 2565k 5200 36 R 2k, AT

FERE SR JG K R 8 F A i, miR-351 FEAE
T IR e T R AR, T 0T LA e Ik O 40 Y 43
L FITIRE , 25 G 9% 22 FN 4 M 5 7 9 98 15 ; miR-638
FEAERM L, S 5 i T0 1) T Re Fpf 28 T 4
ML 4L BFSE B, miR-351 1l miR-638 7E.L» IfiL
I I 28 2R GU i Hh A 2R 7K 5 00 19 & A2 AN
KRB L, — Xt AS /N BUAY BF 58 & B
miR-351 1338 K- 78/ UM E o 3 T, 3R B S
AS P EFEFE A, Zhang 2517 XF AS BFH I &
M, miR-638 HYRIAAK -5 AS P ™ ERE A, A
WFFE 4 3 o, AR AL I35 miR-351 7K i T B i
HRZH, IMLTE miR-638 7K PR T{at BT R ZH ; CAS WZ2H fi
7 miR-351 ZKF 7 T3F CAS W4 , miR-638 /KA T
4k CAS W41, #hi W] 1ML { miR-351 , miR-638 Al i & 5
T2DM &9 CAS kAR, A Hnl g, — i,
T2DM A e I PR 25 W BE X6 1 45 PN B2 440 s et i i
TR D) RE XSO0 A T 10 BE I, T 5%
AP NS 52 E . miR-351 A BE 1 52 0 145 1N Bz
YU IGHE ol R T AR R | S — 20 R I A i 1)
ik, SRR RS LI, miR-351 A AR 1 6 4
P S YU A T A I A T RE AR 5% ) 2 TR RN 53
B, 10 PI3K/ Akt MAPK \VEGF 45 3 1T 5% Wi 145 9 Bz
YA A BRI B R AN B DR R R R S
AT BE S B A 45 A1 CAS B % 42, Chen 251
8RB, miR-351 3l i ¥ [m] 4% NF-kB  TNF-o  IL-6 55
SR EEPR (0 FR 3k, DT 52 1) 48 14 2 o7 119 56k B LR
Sk, TR REUMAE P9 R A0 Y D BE SR A
18 5 S I BB 1, e IR CAS B % fé ., miR-
351 AT AE A TR X5, Badacz 251 A 5T K BE, miR-
351 sk ) A 4 5 0 B 1 AE OC A 2 IR AL
#% 4N PPARy .SREBP-1c \AMPK %5 SYIRBEAS & B .45
fiff RN 5 A5 AR e R K nT RE S UM A S, e JIE
B SRR AR, SR CAS WAL R, A
—J7 T, miR-638 W] FE i o8 #1148 1 S i >k i) CAS
W& AR S, miR-638 1] 3 i 2 Fp 5 s 4% R P
L% I A8 A A . — Sl it 5 MR T A5 il RNA 45
B, T B o AR B AR 48 1 IR 19 R 3K 7K OF-; Lin
SEUOTRE g 3 W, A I A OF Wi UL AR i (VSMC)
miR-638 1] L) N 1L-6 A1 IL-8 %548 M K 1 i K 15 /K
116 F1TL-8 S22 98 40 il I, ‘& AT 7E 3 ok ok A i
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