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ABSTRACT Objective: To study the relationship between serum uric acid (UA), cystatin C (CysC), galectin 3 (Gal-3), serine
protease inhibitor B1 (Serpin B1) and blood glucose and carotid atherosclerosis (CAS) in patients with type 2 diabetes mellitus (T2DM).
Methods: 110 patients with T2DM who were treated in the Department of Endocrinology of Qingdao Hospital of Traditional Chinese
Medicine from April 2020 to April 2022 selected, and they were divided into 36 cases in CAS group and 74 cases in non CAS group
according to the presence or absence of CAS. The levels of serum UA, CysC, Gal-3 and Serpin B1 were detected and compared between
the two groups. Pearson/Spearman correlation coefficient was used to analyze the correlation between the levels of serum UA, CysC,
Gal3, Serpin B1 and blood glucose indexes in patients with T2DM. The basic data of patients were collected, and the influencing factors
of CAS in patients with T2DM were analyzed by multivariate Logistic regression. Results: The levels of serum UA, CysC, Gal-3 and
Serpin B1 in CAS group were significantly higher than those in non CAS group (P<0.05). The average age of CAS group was higher than
that of non CAS group, and the proportion of patients with smoking history, fasting blood glucose, glycosylated hemoglobin (HbAlc),
insulin resistance index (HOMA-IR) and low density lipoprotein cholesterol (LDL-C) were higher than those in non CAS group (P<0.05).
Correlation analysis showed that the levels of serum UA, CysC, Gal-3 and Serpin B1 in patients with T2DM were positively correlated
with HbAlc and HOMA-IR (P<0.05). Multivariate Logistic regression analysis showed that older age, higher levels of HbAlc,
HOMA-IR, serum UA, CysC, Gal3 and Serpin B1 were the risk factors of CAS in patients with T2DM (P<0.05). Conclusion: Elevated
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levels of serum UA, CysC, Gal3 and Serpin B1 are closely associated with blood glucose level of patients with T2DM, and it is also the

influencing factor of CAS in patients with T2DM.
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2 KUHE R (type 2 diabetes mellitus, T2DM )& — 7 L, if 4%
Fh-vei FUHHE R A QIR L A S B R 2 19 PN i s |, g
g 2 A R AL 5 B A B 2 AL I B ko A 6 AL
(atherosclerosis, AS), J&: T2DM 0 & BIRIET- 1 32 7
PRI, Sl ik B ik , A8 T il B 8 8 75 AF AR F AR T
A% 5 B Jlk 75 #E 68 4k (carotid atherosclerosis, CAS ) F& FF | J2 Jz e
A5 AS E BRI, WFFERUL, RAE AR A S 300 1
& N iz 4 fifd (vascular endothelial cells, VEC)Fiffi /& AS & 4= (1)
EEFRH®, FRER (uric acid, UA ) Sy A AR A RSERAA2 1 B2 1Y) 0 fit
U=, [ B N 7= A ) — A, AR TR UA K
R B AR P AR AR AL R E R 9, BRI C
(cystatin C, CysC)J&—F=: ez B 2R I B 7], 25 RAE
AR R, P FUBEEELR K -3 (galectin 3, Gal-3) 2 H7 i & I
W —FhRAER T, REE AL #F 22 Fh 58 RE 4B R R IR, 5
HRAESER Y, 2z BRE D EEHIF Bl (serine protease in-
hibitor B1, Serpin B1 )J&—fift 22 2 iR 2 11 BERE PR35 71, = 518
FEAMATTE . RAE . BEIMAEA A ER LT R P, HAT, UA,
CysC .Gal3 ,Serpin B1 5 T2DM & CAS W) R WA, AR
WF5E 8 3 F i T2DM B2 1.7 UA . CysC . Gal3  Serpin B1 7K
- JR4r AT T2DM (B3 R CAS FISCR BT .

1 7R 5 J7

L1 —RREH

TEIR 2020 4F 4 J1 2022 4F 4 J 7 5117 R R e 1 A
ifi i 110 44 T2DM [ R 55 64 ], 2 46 il 47l 37~
79(56.85+7.68) % ; MR i F5 4 20.5~29.7(24.56£1.83 )kg/m?,
NADRIE:0 756 (2 BUBEDRANBEZ2T 46 R (SRR - 2019))1
LWTERE; 0 18~80 250 HOUHSUTEH 0 BH LMY
I B A . HEBRARE 0 SIFEMERE 0 AIF R
JE O TI5E TEEUHA A AR A B 0 A IF O T E
DrfE ™ B E BOE I SRR E 0 T 3 A H Al
TTHRAMEIRZIN ;0 FETEIE 3 H 0BT 0 DT YOk AR
450 BIFHUARREI | SHE I3 25 5 i 50 50 ool 7 A 0 95 05
o RBFGTLT BT B AT B

1.2 MERAE
121 MEpkBERERSE S5 (P ESL IS kAL
IS TR I BT A B3 EA T S kR e A, SR RS E V1]
T 2000 F 8228 1 P2 WS BUN LR Bk . 30N B ik
MBS, RIS R A B, LSSl fk Py o j R
= 0.9 mm 2y CAS 2 Witri. #R4EH JC CAS ¥ T2DM i
#53h CAS 41 36 i FIHE CAS 41 74 f
1.2.2 RIS EIERAREA W T2DM B3E AR K H G =
5 mL 23 KL, 1500xg B0 15 min J5 4085 M35 FeA i . R
JH ERER B 922 W82 B3k A0 1L 7% UA  CysC . Gal3  Serpin B1 K-,
BRI G B FHERES A YRR R W) SR A A e AL
AN 23 i 1fit 4 (fasting blood glucose , FBG), 75 g %525 4 i}
T AG I % I JB 5 3R (fasting insulin, FINS ) , @ 20HAR €4 3% 1
K AR 1L 217 78 1 (glycated hemoglobin Alc,HbAlc), H A< H
7. 800s 4= [ ZhA: Ak 4B AR 0 i B PO [ IR FE S Hlh =
fig . =% ERE ANME R (HDL-C). K% & 15 & H N0 & i
(LDL-C)], %4 75 1% I 3F £ (homeostasis model assessment,
HOMA) 18 S ZHPr5 %L (insulin resistance, IR ) =FBG
(mmol/L)xFINS(uIU/mL)/22.5,
123 EfiERgE @ EL R TRIER RGNE T2DM
BE MR AR ARBTE R EC RIS (2 1 3/ R, ELR
JH= 6 A~ H ) ABERT IR (e s &7 5K ) S5 908
L3 GgitZE S

TEF SPSS28.0 # A4 it . THECSERIL n(%6)FRm R
FH o Km0 A7 LA TR OB E RS A0 LA (wes ) FR , HUESR
TUSTREAS t MGG, IR A A0 LA M(Pas, Pos) rm, HEECRH U K
45 ; iz [ Pearson/Spearman AH 3¢ £ 504> #r T2DM i & IfiL 7
UA CysCGal3 Serpin B1 /K- 5 MR bR YA OCHE s RHIZ
[ # Logistic [FJ443#T T2DM i35 & : CAS g E % . P<
0.05 2R AR L.

2 &R

2.1 FLAINE UA CysC,Gal3, Serpin Bl 7K ELb %
CAS 4 Il UA .CysC .Gal-3 .Serpin B1 7K V-8 B 5 T
i CAS 4H(P<<0.05), W% 1.

%+ 1 A4S UA, CysC,Gal3,Serpin Bl 7k F L
Table 1 Comparison of the levels of serum UA, CysC, Gal3 and Serpin B1 between the two groups

Indexes CAS group(n=36) Non CAS group(n=76) /U P
UA(umol/L, x=s) 410.40+40.70 359.77+50.24 5.261 <0.001
CysC[mg/L, M(PysP;s5)] 1.23(1.17, 1.34) 1.07(0.92, 1.21) 4.763 <<0.001
Gal-3(ng/mL, xzs ) 3.22+0.60 2.57+0.66 4.988 <0.001
Serpin Bl(ng/mL, xs ) 0.72+0.17 0.50+0.23 5.226 <0.001
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2.2 PRAERMBT IR MAEEIRILE

CAS VAR TFIE CAS 241, WA s 883 b 5] .FBG .

SRR R AR R e R T K FINS R R R H i

HbAlc HOMA-IR \LDL-C /K& T3E CAS 21 (P<<0.05), HidH

Table 2 Comparison of basic data and blood glucose indexes between the two groups

2 AR B RR MAESIRILER

—Jif HDL-C £ HEHEBTE 5 2257 (P>0.05) . WL3% 2.

Items CAS group(n=36) Non CAS group(n=74) x/tU P
Gender(male/Female) 23/13 41/33 0.716 0.397
Age(years, x+s ) 59.22+8.38 55.69+7.09 2.308 0.023
Body mass index(kg/m?, x:s ) 25.08+22.23 24.31+1.55 1.894 0.064
Smoking history[n( % )] 16(44.44) 17(22.97) 5.317 0.021
Systolic pressure(mmHg, x+s) 121.53+15.86 117.47+17.65 1.168 0.245
Diastolic pressure(mmHg, x+s) 90.00(74.75, 98.00) 90.00(74.00, 98.00) 0.692 0.489
FBG(mmol/L) 9.98+1.31 9.34+1.17 2514 0.015
FINS(wIU/mL, xs) 62.30+22.05 63.95+21.22 0.378 0.706
HbA1c[%, M(Ps, Pr)] 7.83(7.48,8.47) 7.38(7.15, 7.66) 4339 <0.001
HOMA-IR[M(Pys, Ps)] 9.18(6.45,12.11) 5.93(4.03,7.94) 4.692 <<0.001
Total cholesterol(mmol/L, x+s) 4.33+0.83 4.11+0.68 1.532 0.128
Triglyceride(mmol/L, xzs ) 1.92+0.39 1.81+0.35 1.452 0.149
HDL-C(mmol/L, x+s ) 0.96+0.25 1.04+0.30 1.211 0.229
LDL-C(mmol/L, x:+s) 3.26+0.34 3.07+0.37 2.611 0.010

2.3 T2DM g 1% UA.CysC.Gal3,Serpin Bl 7k F 5 m#EE
FREIAE X
Pearson/Spearman A 5 £ £ 43 ¥ i 7~ , T2DM & 3 1fiL V5

UA .CysC.Gal3 ,Serpin B1 7/KF- 5 HbAlc . HOMA-IR £ [FAH%
(P<<0.05), IfiE UA CysC.Gal3 Serpin Bl 7K -5 FBG JoAH
KE(P>0.05), W33,

% 3 T2DM &F & UA.CysC.Gal3,Serpin Bl 7k F 5 M #E5FRE4E X 14
Table 3 Correlation between the levels of serum UA, CysC, Gal3, Serpin B1 and blood glucose indexes in patients with T2DM

Blood glucose UA CysC Gal3 Serpin B1
indexes o, P r, /. P , P
FBG 0.129 0.179 0.154 0.108 0.105 0.275 0.155 0.106
HbAlc 0.519* <<0.001 0.546 <<0.001 0.607* <<0.001 0.589* <<0.001
HOMA-IR 0.573* <<0.001 0.587 <<0.001 0.541* <<0.001 0.628* <<0.001

Note: * was Spearman correlation analysis.

2.4 T2DM EE % 4E CAS HZE 3 Logistic @341

Pl T2DM %A T CAS A & (MME:.0=TC,1=F),
DI ER# 1 3R 2 2R G40t 2 Cnydsbn / W H b H AR &, 1
7% UA .CysC .Gal-3 Serpin Bl 4F % . FBG .HbAlc HOMA-IR .
LDL-C ¥ JRAEACA , AR s (KR 0=TC, 1= 6 ), WA ZH
% Logistic I #EA . A3 745 2R oK, BB K HbAlc,
HOMA-IR . Ifil 5 UA .CysC .Gal3 Serpin B1 7K F-%5 5 J& T2DM
B R4 CAS MfEEER(P<0.05), N3 4.

3 Wig

TR S AR Nk TUAE 1), I 5 3 DM PR A R o
Bk 11.9% JEAERE {1, AS J& T2DM B # WA K AE 3%
T 5 T2DM 5 I BHR 25 T e 30D 3 AL 28 K 7 0 % 1l ot 3
VEC Bicfe 46 755 e VEC Bifif )¢ 1, BuRgeiH wR,

T2DM B R X SR B K235 AR 45O L XU
BOER AHEEIN 2~4 4% [ pO LA SOt T2DM B8 8
FAET R, CAS S4B gk AS (/R & 8L, #F5¢ T2DM
B CAS AHRAER P 2 X R IR R PG HoA B 258 .

AS BRZWRZ 5 g e, Hrb VEC il AS &/
(RSN R, T AT A RS A VEC B4 A% E 24
FHEA UA i (RN EERS Ze AR S AR AR AL, (e el UA
JEAEFE L AR B UA Z NRAAT 1 R IR KT B4R
AR AE P AR N UA BERSBRZ 1 A h SEf 3 s 21 40 I
BB A A, R AT AL |, ARk J3E I T SR A o 8k
VEFIAR I nT S ECAAC DA 0, 7 e vk B2 IR BB 5 | 76 25 PR R I
i, EU G ALIN G 2 MR B 27, BEFERE , =R R I
JiESE T2DM A RIfER R ™. s, @k-F UA gl
HENEER E AR/ AS B, R UA KFRERGEIX —
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% 4 T2DM EE K 4 CAS IS E XK Logistic B4 #7
Table 4 Multivariate Logistic regression analysis of CAS in patients with T2DM

Factors B SE Waldy? P OR 95%CI

Age 0.176 0.065 5.453 0.020 1.192 1.050~1.354
Smoking history 0.762 0.913 0.696 0.404 2.142 0.358~12.824
FBG 0.217 0.412 3.488 0.062 1.243 0.554~2.788
HbAlc 0.032 0.009 7.150 0.007 1.032 1.014~1.052
HOMA-IR 0.524 0.166 9.933 0.002 1.688 1.219~2.338
LDL-C 0.249 0.132 3.571 0.059 1.283 0.991~1.660
UA 0.022 0.006 8.230 0.004 1.263 1.077~1.482
CysC 0.064 0.029 6.785 0.009 1.066 1.007~1.127
Gal3 0.234 0.081 6.448 0.011 1.263 1.077~1.482
Serpin B1 0.248 0.120 10.140 0.001 1.281 1.013~1.621

SRR, ARSI BRI UA 7K T2DM #3% CAS i)
ML fERRER, SO UA JKFE-£s38Hn T2DM 35 CAS X
W , 55 51 MU A5 0S5 1 IS UA K- FH i 28 hn T2DM 3%
BRI RERT AL o M 45700 KU 25 AR AT . 43 i il UA
K- SEU A ZEELREINE T2DM B E A EERL, 8 VEC
WA 56 WF9E R, 7K F UA BEE 158 AMP 380 & i
T BRI AAE 75 [ VEC SSREfiff, Il iR A —4%
AU A BRI 20 VEC S LI s, f2ut AS i Jgusm,
FREEE M S 5 T2DM KA FIFE A& AS ME 225 R0, A-ff
FREESL R, T2DM #1175 UA K5 HbAlc HOMA-IR £
TEARSE  $R I UA 7K F8 v] e ELHEm 1 52 e i s K -2
5 AS kA, WA GREATIRE R UA IAESs3E i T2DM
KBS 4504, IR J& T2DM By AR H oI 78, 9 R0 IR
SE—FE MR S ARAE , SEARE RE LA 1 A T A Y AR AE S
NAF S0 E (555 2 R EIRY, i UA KFES5 RAE
SRt AR DRI FT R i AR SE IR AR AT IR, SR LR Ko 3
WIS IA B /KT UA e 90 il R 5 2975 T 10 A A v
B 4 5 00, W A BE R BT 5 IR, 38 2 — B OB
il AMP 380 3 R IR L RE 2 KT UA 59 IRM,
VSRR B RS 5 40 I W R BRI P 2 R T
B —F R A, S 5 AR S A Y38, CysC 1E 21 ek
AR BRI , AEIE A 2 e 2 A ) 0 1 9 5 4 B A A
UK, TS5 RAE LR R R R, JLF
AWk L 2] 21 b 59745 2 4UR (B, T REE S
EMiTHE, 25 M BEH , 117 CysC eI 2 2V (= B M
ik, U B, 5 IR R I, CysC 6 N2 3l ik hd
BEH AL IR T, misKF CysC REIRIIR & E 5 51
JNELASE, ST CysC 7E AS H R HE(P VR fHAK
o R wn, M7 CysC /KA T2DM ## CAS A7 fE
SRR BB IMLTE CysC /K F-2314 /i T2DM B35 CAS XU, 5
BEAE LU0 A5 A — 32, I PRIFR AR IE , 3% CysC /K F-f
F VKRR A0 PR SR TR B Do 2R N hii A 22 Rt
FAVA AT BRI CysC 7K F-FH i BALAR R — B Ak R,
DU LA ZUVE BRI . A4S R Bk, T2DM 3 1M

CysC 7k F 5 HbAlc . HOMA-IR 2 IFAHX:, #RIMTE CysC 7K
ST RS I MUK, 5 R CysC REMIHI SR I A % HiF
T2, CysC 76 B AR IR &5 T B9 IE BN Bt i s L 21 3
K FR BEIE A UL R R UL A (R 26 4 A R 2R A DI A
PR A S RO IE TR,

Gal3 ShB- AT BB E R R, MU EES SR
AL | B W5 200 i 5 A i AN IR | 30 el L i & 2415 5 5
FRIPIRAG , TR AEANTEAL , BB 2 S 5E B LUK
KIGRE NS, AER—Fp 25E B F, Gal3 fEil it H 438555
W RVE R T EVRANA, T i b2 10 R 7 R 42 48
Mi, 25 VEC #5175 AS #HES, 5256 R, Gal3 7R IR IR &1
SN RS RR AR B R IR, RESE S NOD FEAZ IR
A EADCER 1 3 (R RAE/IMATEL, 11 Gal3 Rikfg
Mz AS P ARRFREE R BN, LT Gal3 /Kl T2DM
CAS [ 7 fEf R 2, S IiTE Gald /KF-438 )0 T2DM B4
CAS XU, % 185 Gal3 & SRR IE O R E AS 3F AT .
SR R, T2DM B3 13 Gal3 7k F 5 HbAlc . HOMA-IR
SIEFHC, ORI Gald KFEFH R e K, % &S
Gal3 8 i HOR S0 R e fE IR HEfRAT 3¢, AF5E KA, Gal3 £
RHMAESEVEAINE IR -, BB T Toll #E3Z 14k 4/ Bk -
R F «B {550 AR 2 E W20 S A 40 R, I Gal3 B
2o IR ORI N 28 B R P 220,

B T T 3 2 P A TG BB K A SN, B P TR S I g
MK T AT BT PR TS R LT A, Serpin B1 ARy
— P EE A B B R , REE AT 2 A B AT S A R
FOOK AT , At A= 4 RS AR R O Mol 2 48 R
BISE— N, SAERAS T Ay 40 it 2 i 71 B B (neutrophil
extracellular traps, NETs) &30 i3 i [ B Gy I 20 S0
145 VEC 72k AS #E P, JEAFEHFFT M, Serpin Bl
&= NETs f A B iz — , BEBERR {3 e 40 I e 48R IR
A NE , XAREMR S NETs j= A faE oifg™, {HET Serpin Bl
5 AS X R MG FRIRGE . AR BN, M7 Serpin Bl
7K T2DM (35 CAS Ay a2 Ui 1L 7E Serpin Bl
TKIFEL180 T2DM H % CAS KUK, HED 2 Serpin B1 fEZE K rf
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PAORLZ LA I 5], 3358 b Mok 20 AT 00 RAEAE I AS E %

A K ARRTG L SERAIESE . AR NETs {2 5 T2DM

St PRI IIREE T AR AL A7 G, ot v ko 240

SEH AR 2R NETs, JEIMT75 5 2 R R AR, S 205

AR MIDRES AT IRP, Serpin B1 22 NETs A1 , 76 = i

MRFEAY/N U, R FER Serpin B1 /)N BRI Serpin B1 /MR

LR S A R BEAR B AN ffsg s B, SRS R PR,

T2DM 3 1L 3% Serpin B1 /K5 HbAlc HOMA-IR £ 1EAH

K, X5 Serpin B BEfeBEBRIR B MU A A AR, B

El 5P 4238 , Serpin B1 547 T2DM AR fE s 3R 32 i# IR

SIEA, SR IGRBISEHE, 1M Serpin B1 /K F-7E T2DM

BF IS, 5 HbAle BIEAEP, EL SEPHEN AT fE 5 ik

KA R 65 PEdEBRIR B AN f CR g B A G (R T

Serpin B1 15 T2DM 4 MUK F-#Y K R E T E— D ik, A<

WFIELE9E R, B T HbAle . HOMA-IR 41 4Fif% \ T2DM Jjfe

/2 T2DM 3% CAS RS fER R, 25 5 4F iR A

T2DM Jig LB Y T2DM BB M4 S2 50 S J A G
25 TR, T2DM B3 (1 MK P28 16 5 13 UA CysC,

Gal3 Serpin B1 KA 5%, Il UA CysC.Gal3 Serpin B1 7K F-

T [E] )2 T2DM 35 & A: CAS 2R E, RN

Ko AWFFEREARBYN, [T UA CysC,Gal3  Serpin Bl

X T2DM (835 AN CAS (2 ma LA 75 i — LRSSk
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