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Correlation analysis between serum matrix metalloproteinase—2/tissue inhibitor of metalloproteinase—2 ratio and concurrent
aortic stiffness in elderly patients with type 2 diabetes mellitus

TIAN Xiaobo,LIANG Zhenhua , CAl Tiancong

Department of General Medicine, Wanning People's Hospital, Hainan Wanning 571500, China

[Abstract] Objective To investigate the relationship between serum matrix metalloproteinase—2/tissue inhibitor of metalloproteinase—
2(MMP-2/TIMP2) ratio and concurrent aortic sclerosis(AS) in elderly patients with type 2 diabetes mellitus(T2DM). Methods The clinical
data of 180 elderly patients with newly diagnosed T2DM admitted to Wanning People’s Hospital from January 2022 to April 2023 were ana-
lyzed retrospectively, and the patients were divided into AS group (n=69) and non—AS group (n=111) according to whether complicated with AS
[carotid femoral pulse wave velocity(cfPWV)>10 m/s]. And by means of propensity score matching, other 90 healthy people undergoing physi-
cal examination in the hospital during the same period were assigned simultaneously to the control group. The general information, laboratory
indicators, and serum MMP2, TIMP2 levels, and MMP2/TIMP2 ratio of subjects in the three groups were compared. Spearman correlation analy-
sis was used to explore the correlation of ¢fPWV with various indicators in elderly patients with T2DM. Multivariate logistic regression model
was used to analyze the influencing factors of concurrent AS in elderly patients with T2DM. Receiver operating characteristic(ROC) curve was

drawn to analyze and compare the diagnostic value of MMP2/TIMP2 ratio and multi-index combined detection for concurrent AS in elderly pa-
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tients with T2DM.Results The homeostasis model insulin resistance index (HOMA-IR), serum triglyceride (TG), MMP2 levels, and MMP2/

TIMP?2 ratio in the non—AS group were higher than those in the control group, while serum TIMP2 level was lower than that in the control group
(P<0.05). The age, proportion of hypertension in the AS group were higher than those in the non—AS group (P<0.05). The HOMA-IR, TG,
MMP2 levels, and MMP2/TIMP2 ratio in the AS group were higher than those in the control group or non—AS group, while serum TIMP2 level
was lower than that in the control group or non—AS group (P<0.05). The correlation analysis results showed that the ¢fPWV of patients in the
non—AS group was positively correlated with HOMA-IR,TC, LDL-C, MMP2 and MMP2/TIMP2 ratio (r=0.217, 0.264, 0.216, 0.197, 0.703, P<
0.05), and negatively correlated with TIMP2(r=—0.524, P<0.01). The c¢fPWV of patients in the AS group was positively correlated with MMP2
and MMP2/TIMP2 ratio (r=0.659, 0.857, P<0.01), and negatively correlated with TIMP2(r=—0.532, P<0.01). Logistic regression analysis
showed that ageing (OR=1.108, 95%CI: 1.022 ~ 1.201, P=0.012), hypertension (OR=2.877, 95%CI: 1.174 ~7.051, P=0.021), and elevated
value of MMP2/TIMP2 ratio (OR=5.147, 95%CI: 2.392 ~ 11.074, P<0.001) were independent risk factors for concurrent AS in elderly patients
with T2DM. The ROC analysis results showed that the area under the curve of MMP2/TIMP2 ratio and multi-index combined detection for diag-
nosing concurrent AS in elderly patients with T2DM were 0.850 (95%C1:0.789 ~ 0.899, P<0.01) and 0.886 (95%CI:0.831 ~ 0.929, P<0.01), re-
spectively, the sensitivity was 73.91% and 82.61%, respectively, the specificity was 89.19% and 82.88%, respectively, and the Youden index
was 0.631 and 0.655, respectively. The diagnostic efficiency of multi-index combined detection was significantly higher than that of MMP2/
TIMP?2 ratio, and the difference was statistically significant (Z=2.233, P=0.026). The optimal cut—off value of MMP2/TIMP2 ratio for diagnosing
concurrent AS in elderly patients with T2DM was 3.23.Conclusion The elevated value of MMP2/TIMP?2 ratio is an independent risk factor for
concurrent AS in elderly patients with T2DM, which has auxiliary value for diagnosing concurrent AS in elderly patients with T2DM, and multi—
index combined detection can improve the diagnostic efficiency.
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T P AP , LA e IUARE IR I 2R 93 DA R X A JE T
Jig I 2R HRHU A AT, 2 2% 280 M L5 1) 20 S 1
PRIER . LASIIROoR FE B Ak Sy 32 5 BRAEAE 1) O 1l 38 9
A5 T2DM fR A W AR IT RAEZ — WX 2R 0
RO R A T ) A= B B, O AR B
BE BRI R R F2 B kA Ak (aortic stiffness,
AS)J2 3 ik sk A B AL 1) L B B, — Mk = R e M i PR
FI, 38 H LA B0 Jok — e 2l Ik bk 45 05 A% 3 32 (carotid
femoral pulse wave velocity, cfPWV) >10 m/s 1§ k12
AS PG HRIED . BUR ofPWV KR4 AS 1 JCa )y
W ARAE R R B B R 52 I Ko AR T2DM R I
& AS BRI i oA 58 4 B W B BFFE A 3h ikoeE
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() R AE R S Ft v R B OISR . BRTERT
SR AW, FE 4 JE £ H -2 (matrix metalloproteinase—2,
MMP2) Fi1 43 J& £ 11 i 2 2140 i X F -2 (tissue inhibitor
of metalloproteinase—2, TIMP2 ) J& Z: 15 41 ifd 4 & J5 X 15
14 fre 2L i AR GE 2 — , FF H. MMP2/ TIMP2 FLAE AT L
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1.1 —fYOR EH 2022 4F 1 H & 2023 4 4 A7
T AR EBVIRIZE A T2DM 24 B3 180 fi
YERWFFERT S CRERAL) , Hoh BB 1 106 ], 2ok 74 i),
AR 65~ 83 %, 44 (73. 09+5. 50) % . A AbRifE: D
=65 % ; @T2DM Wi £ A (v [ 2 BUR BRI Bl iR
F6 /(2017 4FRL)) ) HH B2 Widn e, B iz Wi hy
T2DM; Qi R TR 25 . HEBRbRHE : DT2DM A
TR A S 0 AT A P A W% s @A T2DM
SV RE s R U8 O I I PR s DI &
P RGO A 1 ER B R | MR M b
LEPIRARY R E . RIG PWV K Z4E T2DM
F 4N AS A (efPWV=>10 m/s) 69 ] F1dE AS 4 (cf-
PWV<10 m/s) 111 "7 55 SR FE i) 4 9F- 533 DA AR 4%
P R DT C DR 2482 18 22 1 L 9] 5 B ) st 3000 oF e A G £t
BT 90 1) Ay %t REZH , o B3 1 48 f91], 2 Pk 42 9], AR 1%
65~ 83 %, 44 (72.96+3.95) % . WELLH 5 X M4
A (x’=0. 756, P=0. 385 ) FI4Ei#% (1=—0. 205, P=0. 838) [t
B, ST EE X BA A . AR 4B B
R ZE s (R 38 45« SL-2022-002) ; T 3515 5

MMP2/ TIMP2 FAE 5 T2DM B3 & AS A EHE R
TR DL SRS B 7R S HS W 4F T2DM
H ML MMP2, TIMP2 7K K MMP2/TIMP2 L AH i) A%
1k, I X e bR 5 AS BRI AS [ L By
B BB AR
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12,1 BoOBhicsE WS RTA B TS R B
AT I3 B AR BT i 45 48 (body mass index, BMI)
WA AR 5 0 i I s B0 25— BORE s BT A7 JR 5 A B



HASBE 1
2024 41 A

v BB
Anhui Medical Journal 61

JE U H R AR TG B RLR 2 B A
w5 mL, >R 4 B 3 A Ak 3 B A CRiE 8% 24 W)
MLD2016L.002, % = . C16000D ) £ M 55 5 Ifil 4 (fasting
blood glucose, FPG) | = [ H i (triacylglycerol, TG ) | &L
H [ i (total cholesterol, TC) . /& %% B I 25 14 AH [#] 5
(high—density lipoprotein cholesterol , HDIL-C) f&%)E 8
25 M JJE[5 B (low—density lipoprotein cholesterol , LDL~C)
HMWLET (serum creatinine, Ser) 5 5% FHE Ak 121 78 (10
AL (GEEMRA SR bio—rad 24 F], 15 : variant 1D Kl 1k
M1 H (glycosylated hemoglobin Alc, HbAle) ;2R 4>
H 3l LAk OGS P 3 B AL (% IR A w5 : Co-
base601) £ I 25 i Jik & 2 (fasting insulin, FINS) ; 331
AL BB S /NER U8 3 R (estimated glomerular filtration
rate, eGFR) Fll F2 A5 455 8 % 5 28 HEPT 45 24 (homeostasis
model insulin resistance index, HOMA-IR ) ; 5% FH fiff 3¢ 44
& W B ik 5% (enzyme linked immunosorbent assay,
ELISA) J7 % X i ELISA 357 & (i (54 A4 W Rk
A B | K MMP2, TIMP2 K SF-, I 31 5%
MMP2/TIMP2 FLAE .

1.2.2 ofPWVAI 55320 R4 A 3h3h ka1 ks
I ASC st AR Al 307 Bk A BR 23 ) AR 7 i BR Al e, Y5
AS=2000) #z il cfPWV, 2l H e % #f H = i AE 25°C
Le A RS A 2= AR B D 10 min S5, BUMEMY K483k
] 5 T A O S AR 5 e 3 Jok 48 3 e 5 i 7 3% 2 1 it ik
L, B A 2 W, O IAME

1.3 WEIR O E A H M — BB eGFR,
HOMA-IR LA K Ifi % TC.LDL-C,HDL-C.TG . MMP2,
TIMP2 7KF-Hl MMP2/TIMP2 [ AR 8925 5 @43 B #4F
T2DM [ ofPWV 545 I PR b5 A9 A oM s @70 b &
4 T2DM & JF & AS 1Ym0 B @43 7 Al EL 3K
MMP2/TIMP2 UAH 5 2 F8ARIKA AL %) 2 4F T2DM f§
HIFE AS iZW A

1.4 Bl Jrk RHAISPSS 26. 0 Gei b2 B
AT FFEIERAMATHRFEIL x + s R, 2
2 [A] A1 L AR T BRI R 7 22 43 M, AL ) 22 1 LE AR
F LSD— K 56 5 AR IE 25 0 A B IR BURHL M (P, Piy)
TR, ZH I R EAE S8 Kruskal-Wallis H K55 .
THECFE R LIRS 43 Fe 3R 2 R FE SR D @ R
K H Spearman #H & AT iR A OGP o SR 02k
logistic [A] A8 /3 Hr Z4F T2DM 3% IF & AS B0
£ Ll 2 H BAERHIE (receiver operating charac-
teristic curve, ROC) I8 73 M1 Fl LLAE MMP2/TIMP2 LY fE
5 238 bRBA R X AE T2DM B E I & AS 2 W
Ml. LA P<0.05 F2ERAGITEL.

2 #R

2.1 3HAZRFEIGIKTERLE 9 AS 41 HOMA-IR .
M3 TG . MMP2 /K F K MMP2/TIMP2 [ {8 & T % B
4, ML TIMP2 /KSR X B2, 22 a9 it L
(P<0.05) . AS ZHA W A Jf i s b= T HE AS
M, ERAHGI¥E L (P<0.05), AS 4] HOMA-
IR IfiL %% TG .MMP2 /KF }2 MMP2/TIMP2 Lt {H & T %F
FEZHFIAE AS 40, I3 TIMP2 KSR % BEZH AR AS
M, 2R EGIFE L (P<0.05) . WL 1.

2.2 cfPWV 5 &G RTE A5 1 AH G 3 B 48 Spear-
man A5G AT, AE AS 41 1Y ofPWV 5 HOMA-IR |
TC.LDL-C,MMP2, MMP2/TIMP2 I {f & iFE M % (P<
0.05), 5 TIMP2 &£ i #H & (P<0.01) ; AS 41 B cf-
PWV 5 MMP2. MMP2/TIMP2 It i & iF # 3¢ (P<
0.01),5 TIMP2 £ AHE(P<0.01), UK 2.

2.3 A T2DM 35 I K 3 3l kR Ak i 52 e IR 2R 43
Bro DEEIE R AS M E (M /=0, 2=1),L
dE AS 405 AS 41 18] lb % P<<0.05 f5 45 , 045 4E i
(DA & i R 9 (E : 75 =0, /&2 =1) .HOMA-IR
(SZIE ) (TG (S ) \MMP2 (SZHl{E ) \ TIMP2 (52
{E) \MMP2/TIMP2 FCAE (SE{E ) o B A8 &, 47 2 A
F logistic [ 537, 45 S /R AF W8 388 4 |5 Il R 9
MMP2/TIMP2 LW A8 T+ 8 & 4F T2DM B35 Jf & AS 1Y
fal 2 (P<0.05) . VL3R 3. 7 logistic A543 #1 5%
T, R 4R 7 R 0 A 45 2 B AR S L I R MMP2/
TIMP2 FLAE "% A “Covariates” 2630 , B “AS” 1 A “De-
pendent"ﬁi’ﬁ@j LB ATRER JE BIVAT 5 Rl P00 AR 76 g 4 7
FEAS ENZAF R R (9 H KRN 45 PR AR B ) R B, HE ok 2
ST RS 5 F2 R Logit (P) =—10. 997+0. 088X 4F %
+1. 297 5 Il s +1. 154xMMP2/TIMP2 [ff . [FI0, %
LA Hosmer— Lemeshow L & {0 BE A 56 45 2R 0 « =
12. 158,P=0. 144,

2.4  MMP2/TIMP2 [ {H K £ 8 b5 B¢ A K I %) 2 4%
T2DM B H I & ASIZIN(E  DAE4FE T2DM B3 &
I K& AS 1E A AR 7 (£5=0, J&=1) , X} MMP2/TIMP2
oA DA e 2 TR R A3 v 2 SR vh B et 28 L 45 T4
B IR AR E T ROC #h 420 M. ROC 1l k40 M 25
B IR , MMP2/TIMP2 FAE K2 2 5 AR Bk G K 2 W7 &
4E T2DM 8 3% Jf & AS iy i 2T 1 A2 43 5 ok 0. 850
(95%CI: 0.789 ~ 0. 899, P<0.01) F1 0. 886 (95%CI:
0.831~0.929, P<0.01) , R & & 43 %1~ 73.91% FI
82. 61%, 5 51 73 51 M 89. 19% H 82. 88% , 4 545 %L
53908 0. 631 Fl 0. 655, ZH8HRIEA A DN )12 Wi 4% Rg
B KT MMP2/TIMP2 LUfH, 2R BA S E (2=
2.233,P=0.026), DA (R +Re 78 — 1) i
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E LD X2 (n=90) JEASH (n=111) ASH (n=69) F/HE PIE
PN B 14, ) 48/42 70/41 36/33 2.815  0.245
() 72.9623. 95 72.31x5. 01 74.3526. 02% 3.599  0.029
BMI(kg/m®) 24.57+2.51 24.85+3. 01 25.37+2.92 1.602  0.203
W AR5 (% ) ] 23(25.56) 29(26. 13) 16(23.19) 0.205  0.903
W 51 (% ) ] 29(32.22) 32(28. 83) 25(36.23) 1.083  0.582
f i L (9% ) ] - 33(29.73) 40(57.97)% 14.077 <0.001
HOMA-IR 1.69(1.44,2.16) 2.20(1.20,3.67)" 3.63(2.03,6.84)"? 41.745 <0.001
eGFR[mL/(min-1. 73ni) ] 82. 65+12. 58 81.03+10. 96 80.21x10. 88 0.958  0.385
TC(mmol/L.) 4.25+0. 60 4.18+0.78 4.31+0. 89 0.731  0.483
LDL-C(mmol/L) 2.49+0. 51 2. 540. 69 2. 69+0. 75 1.918  0.149
HDL-C(mmol/L) 1.250. 20 1. 24+0. 31 1. 17£0. 36 1.716  0.182
TG (mmol/L) 1.29+0. 37 1.53+0. 657 1.92+0. 69™? 22.867 <0.001
MMP2(jg/L) 236.47(212.38,266. 14) 269.71(197.98,321.28)" 337.02(257.96,412.54)™®  42.261 <0.001
TIMP2( pg/L) 150.49(124.29,174.55) 131.25(89.78,200.66)”  80.85(61.95,100.28)"%  64.197 <0.001
MMP2/TIMP2 HAE 1.57(1.32,1.98) 2.06(1.27,2.69)" 4.12(3.10,5. 50)"2 89.997 <0.001

L CEXT B L, P<0.05;2 59 ASZHA L, P<0.05. BMI B4 B 4550, HOMA-IR Jgfa 28K s 12 X HEHIFEEL, e GFR Hy
A /NBR B 22, TC O BRI, LDL-C A% B g 2 1 IR T, HDL-C oA e 8 N8 2 (IR R, TG g =k Hih , MM P2 Sy 8 T
LB E H -2, TIMP2 A 4 J& & AR 26l K -2,

%2 JEASAMASHEE fPWV SEIGKISHRAIE X ES

21 5] 18%r  4E#4  BMI  HOMA-IR eGFR TC LDL-C HDL-C TG  MMP2 TIMP2 MMP2/TIMP2 L {H
i -0.016 -0.012 0217  0.032 -0264 -0216 -0.066 0.044 0.197 -0.524 0.703

e ASYL
P{i 0866 0902  0.022 0742 0.005 0.023 0489 0.646 0.038 <0.001 <0.001

st i -0.017 0.122  0.031 -0.084 -0.022 -0.134 -0.080 -0.069 0.659  -0.532 0.857
P{i 0.890 0319 0798 0493 0859 0272 0514 0573 <0.001 <0.001 <0.001

7 BMIA B AR B F5 40, HOMA-IR AR AR R [ 5 ZARPTTE AL, e GFR IAG B B /NBRE 1R , TC o BUIRE E, LDL-C iR
FE IR 25 (B & 5, HDL-C b 2% R 26 1 E B, TG S = Hoal, MMP2 Sk 3 i 43 s 45 (1l -2, TIMP2 b 45 i 25 1 iR 4L i) 1A
T2,
R3 ZET2DM EEH K AS Z00E =M £ [F X logistic 447

FES EVEEY FrifEiR Wald PiH OR{H 95%CI
RIS 0.103 0.041 6.259 0.012 1.108 1.022 ~ 1.201
e IR 1.057 0.457 5.336 0.021 2.877 1.174 ~ 7.051
HOMA-IR 0.065 0.054 1.452 0.228 1.067 0.960 ~ 1.185
TG 0.655 0.342 3.666 0.056 1.926 0.985 ~ 3.766
MMP2 -0.003 0.004 0.616 0.433 0.997 0.989 ~ 1.005
TIMP2 0.011 0.006 3.437 0.064 1.011 0.999 ~ 1.023
MMP2/TIMP2 M AE 1.638 0.391 17.566 <0.001 5.147 2392~ 11.074
pel -15.211 3.769 16.289 <0.001 0.000 -

B 2 [ -2, TIMP2 2 48 2 (A B S0 il H 72,
5 P S B AR R R A (1 B A B R R W I
MﬁmﬁbhﬁiﬁkiumﬁﬁﬁﬂAm W k&
L, T2DM & AS SR U] i T A B, I 53k
T2DM (1) F50 I 787 R0 A I P - A ) 24 i DU S
B, Bk X 2 B MR I PR T R R e

VE : HOMA-TR o Ra 25 M0 i 52 205 50, TG Sl = MHEMMmﬁﬁE
K 5 R E AR W E , 7 F MMP2/TIMP2 H{H 2 W%

A T2DM HBE & AS FIEIWTE S 3.23, IWIE 1.
3 itig

—Fft LA ik A BEBRIE B8 1R A7 1 A DL e
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Bl 1 MMP2/TIMP2 LA M £ 38 f5 Bk & K 2 87 & 4F
T2DM HE I % AS Y ROC HhH 2k

A B 5% 45 R R, ZAE T2DM B3 AS iR R Ny
38.33%(69/180) , It 55 Tseng 25/ F1 Su 252 [ HF 5%
I3 EE R 1 G R 38. 5% A1 39. 4% HAL., R, &
A T2DM A AR AS K%, %5 5 IR R ¢
L FHIITAL AS KA I AR BT iA R, %
WU IS R TS A B E . A AS T8 E G
B PRAEE R AR IR fPWV P, S T b 2,
PR b S AT 5 04 T A bR AR T e 2 A L 2
W AS.

MMP2 J& — Pl AR M 5 28 1 55 B 145 4 s 2 7 1
HE KSR, LA A0 I S5 R o 1 SR K RS, = 5 40
JiL A1 I8 5 1) E e Ak A0 T RS R G A 21 4 YR R
A AR s AR TIMP2 2 MMP2 (9 45 S v 1 o1
F, LA 11 A HE BB i MMP2-TIMP2 2 & %), FH Wt
MMP2 5 4 g 40 3 S5 i 90 (0 45 6, A 350 il MMP2 (1)
R NI e 1 B N S i Ry 1115 AR o
BT, ShIpk i 45 BE v MMP2/TIMP2 19 B 6] 5 28 it 4 5
T G IR R A Ak T Bh AP AR A . — B P
FIME , 356 0T BB S04 M A1 I 5 R4 gk 3 n L DA T8 sl ik
1038 1E H 20 2L 4504 1 BESR RLI A 48450 o At ¥
MMP2/TIMP2 Lt {5 F] & 5 & 4 T2DM & 3 Jf & AS
EEP

AT EE R B, SR A L, Z 4 T2DM
L7 MMP2 7K - . MMP2/TIMP2 L A& B & s, 1
TIMP2 7KF-HH {2 R %, 278 MMP2  TIMP2 7£ IfiL 35 ' &
RKM S5 T T2DM &4 8y A B 2 . Kostov
RS R B, T2DM SR LG MMP2 7K 85 g e 32
IR B WL TIMP2 7K SE B 5 B4, JF B 50
TH HbAle /K5 B 3 IEAH B A G, b 5 AHEIE 45
SR, 4R s e A 75 S A G R AR AE T B R Il T
MMP2  TIMP2 &35 58 09 I A [6] B A F 5% 45 SR &
L, AS ZLIfTE MMP2 7KF K MMP2/TIMP2 HEAE = TR
AS 4, 1L TIMP2 KPR TEE AS 40, JF H AS 4 of-
PWV 5 MMP2 . TIMP2 & MMP2/TIMP2 L AH A4 #H 56
BT AE AS 4, 328 175 MMP2 ., TIMP2 23k 5% ] fig

524 T2DM &I K& ASH —EXLFR . AL, logistic
[0l U3 20 4 SR AL 8 7, 2 T HL AR i R R R, MMIP2/
TIMP2 HLAE TH i 2 % 4F T2DM 1 & AS Byl 7 &
B PR 2, 2 BB T I MMP2  TIMP2 3R 3k 2% i 7]
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