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[ ABSTRACT] Aim  To investigate the effect of serum Ne-carboxymethy lysine (CML) on different degrees of
carotid calcification in patients with type 1 diabetes mellitus (TIDM) and type 2 diabetes mellitus (T2DM). Methods
From January 2016 to June 2017, 506 patients were selected from the Affiliated Hospital of Jiangsu University, including
148 T1DM patients, 191 T2DM patients and 167 patients without diabetes. ~ Color Doppler ultrasound was used to detect
bilateral carotid arteries in all patients.  The severity of carotid calcification was evaluated according to 0-8 points.  The
patients were divided into low calcification group (scores: 1-4) and high calcification group (scores: 5-8). The general
clinical data, physical examination results and laboratory examination results were recorded, and the serum CML level was

measured by enzyme-linked immunosorbent assay. ~ Multivariate Logistic regression analysis was conducted to determine
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During follow-up, CML was retested and ma-

Results

independent predictors of carotid calcification in TIDM and T2DM patients.
jor adverse cardiac and cerebrovascular event (MACCE) were followed up. In the high calcification group
and low calcification group, the CML, carotid intima-media thickness and low density lipoprotein cholesterol level of diabet-
ic patients were higher than those of non-diabetic patients (P<0.05), and the levels of T2DM patients were higher than
levels of TIDM patients (P<0.05). Multivariate Logistic regression analysis showed that CML was an independent pre-
dictor of carotid calcification degree in TIDM patients (OR 2. 025, 95% CI 1. 368-2.996, P<0.05), and also an inde-
pendent predictor of carotid calcification degree in T2DM patients ( OR 2.485, 95% CI 1.481-4. 171, P<0.05). The
significant increase of CML during follow-up was correlated with MACCE. Conclusion CML is an independent pre-
dictor of different degrees of carotid calcification in TIDM and T2DM patients, and to some extent, it can predict the occur-

rence of diabetic cardiovascular and cerebrovascular events.
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Table 1. Comparison of baseline data in each group
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2.1

TC PR 1 RUBE PRI 2 RUWE PRI
fithr IRl Al IRESIkdl  meSfedl fRESR4 R ieAl P
(n=82) (n=85) (n=74) (n=74) (n=91) (n=100)

(%) 55.26+8.61 56.52+10.44 59.22+13.39 59.99+12.72 62.7+10.01 64.37+8.48 9.765 0.000
WEPR I 5 (4F) - - 7.03£3.48  7.74%3.49  12.23%7.22  13.54%6.99 26.197 0.000
BMI(kg/m*) 20.78+3.14  21.02+4.01  21.20+3.99  21.27+4.09 21.90+3.40 22.90+3.32  4.198 0.001
HbAlc(% ) 5.63x0.61  5.35+£1.30  5.52+1.05  5.800.65  6.80x1.61  7.22+1.51  35.926 0.000
BUN(mmol/L)  9.7624.58  10.02%2.22  10.65+4.49  11.19+4.66 13.49+9.43 17.25+21.68 6.439 0.000
SCr(pmol/L)  60.67+14.27 65.16+22.14 67.00+19.07 71.79+24.82  78.34x30  77.72+38.39 6.229 0.000
TG (mmol/L) 0.60+0.31  0.67+0.37  0.75+0.31  0.87+0.42  1.19%0.50  1.30+0.58  39.463 0.000
TC( mmol/L) 3.9240.91  4.36x1.27  4.39+1.12  4.55+1.09  4.83x1.24  5.53%1.01  22.188 0.000
LDLC(mmol/L)  2.2120.41  2.41x0.83  2.47#0.43  2.6520.58  2.75+0.37  2.93+0.63  18.503 0.000
HDLC(mmol/L)  1.51%0.22  1.59£0.33  1.48+0.32  1.56x0.29  1.50£0.37  1.56+0.32  1.558 0.170
UMA(mg/L)  114.73235.19 117.38+36.99 121.17+39.22 123.43237.41 126.81+43.31 130.67+44.50 1.978 0.080
FBG(mmol/L)  5.91£1.02  5.72+0.75  8.72+1.60  9.45+2.67  9.70+4.10  10.49+4.33 42.678 0.000
CML(mg/L) 14.58+4.12  15.1925.97  37.79+4.47 56.91+6.47 54.9925.76  76.12+6.43 1697.584 0.000
IMT( cm) 0.57£0.23  0.55%0.27  0.56+0.19  0.69x0.25  0.75+0.38  0.87+0.45 15.558 0.000
2.2 | BUREIRRAN 2 BURBIRFMBNBR S Z B E &, 2N E Logistic BIHA T B8R CML K2 1 A
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Table 3. Multivariate Logistic regression analysis of predic-

tors of carotid calcification in type 2 diabetes mellitus

AT WH B S.E. Wald Sig. OR 95% CI1
BMI  0.259 0.155 2.799 0.094 1.296 0.956 ~1.757
2. SEE Logistic BIASH 1 BUERBADMGAAE  TC —0.113 0.411 0.075 0.784 0.893 0.399 ~1.999
LN EE LDLC 0.236 0.763 0.096 0.757 1.267 0.284 ~5.650
Table 2. Multivariate Logistic regression analysis of predic- CML 0.910 0.264 11.8840.001 2.485 1.481 ~4.171
tors of carotid calcification in type 1 diabetes mellitus IMT  1.847 1.427 1.674 0.196 6.340 0.386 ~104.011
S gE| B S.E. Wald Sig. OR 95% CI WL -66.714 19.540 11.657 0.001 0.000 -
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FBG  0.216 0.257 0.704 0.401 1.241 0.749 ~2.055 3 Logistic MR MHT4SA, 4 R ZIBE 0 ~ 100, B AT
FE7]3 . fAEL AN > 28 il
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Figure 1. Nomogram for predicting carotid calcification in type 1 diabetes mellitus
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Figure 2. Nomogram for predicting carotid calcification in type 2 diabetes mellitus
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Table 4. Comparison of CML retest level and MACCE in each group

- Tok b 1 BRI 2 BRI
EiEL7D — — — F/x* P
REsfbal  misfesd IRESIed sk IRESMR etk
CML &M (mg/L)  13.1427.41 15.19£9.96 39.19+12.63 60.56+15.23 59.66=12.15 88.14£6.53 579.655 0.000
CML(mg/L) 14.58=4. 12 15.195.97 37.79+4.47 56.91+6.47 54.99+5.76 76.12+6.43 1548.524 0.000
CML MK HE 3 -0.07+0.48 -0.04x0.45 0.06+0.37 0.08+0.31  0.09+0.23 0.17+0.12  5.437  0.000
MACCE[ (% ) ] 5(6.1) 6(7.8) 10(13.5)  20(27.0)  17(18.7)  45(48.9)  11.775  0.000
Ui

3 4t i

A5 E5 A A 2l ok ok A 5 A 1) I S0 48 A0, 7T {65 1
P RE R 3 8 U e R AT, L 2 R R R g 2
R i, e & S5 MACCE 19 & A4 A B
FERM, S ARAS A 5 5 30 B e i 7 5 A7 % U0 1B
F TR A 5 T TR A R 0 R U A7 4 AR
HEC F e E I E I A S B Y 1 A A Ak
Rl FBEAE CT BT Y I8 15 5 (digital sub-
traction angiography, DSA) B # X £k /&%, H 45
FERRS A T4 CT AT 85 Ak B A DN oot B 45 v
(ECH =B T IR 3l DR A5 AL B DAl i R AR A
R ES AL AR T 32 R R s DSA S5 £ G T
R BB e — PR 2R PRI, H 56 5 i K N RETE
A A T R R Xk R R A S AL A
A RYERAATFR , B H AU TR A B 1k 1)
PR XRER LA T RE ) 15 6 X R R B E5 A6 AR
3 PRHC AP foke =2 6 R ME B (9 R AR 7 B ik, AR
I FHFIE = B RS A i 35 DA R R R A
BRI, ST A8 G Ak A A AR A, e TR X R
A4 B P A B A A I R AT 42 07 A Y PEA X 2 H
T AL 46 A A S0 R P s AR BAR:

BT, BATERE T WE IR B P o R d
o BB SN DK A5 AL HEAT LU BB, STl Tk R Al A 4
THABFROL AV ES AL , ARG R, B
AT AR AR 14 S 100 PR R 3 A A T
WA, SR LA E5 AL 25 55 5 | 0 i 148 45 U AN R
(28 M s 3 A EAT BB D g Wi, A
BT RIZ M, AT (588 P12 W BV AT %o 25 5
JoCES A HEA T Ay R Afy ) 000 i/ I O AR Y

TEEZE OB L b, JB A MR AR | e I
JE R s DL KW PR BB E ) HbALe %5 I8 & T
IWE A5 55 S 30 DK A5 Ak 157 TCAH DG, 25 1 i A8 45 1k 02
PRI o A T A B 5 Ry A I TG AE 5, AR 4
FRAN BEAC PR LI PN A 28 £k, S BB 4 0 Jz 1l 56 3%
SRR A1

B EL AL 2K 7= ) (advanced glycosylation end
product, AGE ) 2K N 22 i S B T, S5 H IR
2 K A% R 25 1) ot 28 A Tl W Ak B 0 T B A 435+ R
EMAEY ., CML A HEZEN AGE Z—, 53k
SRIRERE PR Ji W 35 HE O (H AR FHAIL R 18 R 58 2 0F
e, ATRG R R i CML /K5 3503 Ik 5
SR TR AR DG, X 5 FRATHT I A 5T 4
0, WATHON AR ERY], CML i 5 H 7
k4 4, ¥ & CML/RAGE f5 %5, i i i ROS-
p38MAPK 175 5 R A0 45 1k G 1Bk s 107 5wl ok
CML/RAGE i/ 5 B REAN AR T, 48100 5 [ 3 3l bk
S LA LR B A, D2 2E 10 PR 995 1) B ok ok A A
TRasAE ) BANRATE R, 4 B AL 4l 5% 45 1L
g, 2 RUBE PRI B ) CML K3 F 1 BURE IR
g H 2200 0 2 DRtk FRATTHEI CML ZKF- 5 85 R 9
(O iR S

FRATIRIRE K BAE = A5 fk 4 LDLC & IMT
BIRFERE 2R AT R B R 5 R i Be A 5
HAEMAE ES b B R EZAEH . IMT Bk Sk
W2 K BES A RCa b, 1085 AT AE 2 3l bkoks
BERE AL B i A

DA A fa b R 3R F AR 5 4T Logistic [1]
VA AT I & B, AL CML A 351 57 Jok 85 Ak 7l S7. $0 3 P



CN 43-1262/R " [E s ik alifb 44 it 2020 4F55 28 %55 4 # 321

R, XWBH T CML A] IR — RS e R BT F8 AR 7E
FBh kSR LR . 249K, CML AR —F
G BpPERFE bR, 76 500 15 200 50 IS Ak 2R 47 A 56 43 AT
BRI —E R EDIR M, AR, AT 3 i 52
SO FEARICR I IO0T f E AT 4 B A S A AR
i, LAY HE A5 A5 AL X CML 7K - A 50
WA IRZE

TEL MG CML /K- a8 5 A B MACCE J5,
AT B CML 7K ¥ 1 25 T8 19 £ 55 & 4 MACCE
MEFR AR 1M CML 7K P38 IR 3 v, AR R AR
MACCE FMEt i /N F CML Ry /K -1 B (HH
B E AR SR N MACCE B9 & A2 A — g i m,
BRI, IS5 T X PR o R0 38 2 2 0 i I 4 2 40
JEA BT T CML AT Rz e B 2 F) 3k 4 2
PR, TUE B T CML Hy Ifi 45 465 Ak /% T00 46 A%, B
DL, FRATHEFE G PR S IR 75 102 58 CML /K ey HL3E K il
FEPLABE R B, LA AT T AT

AT —E R, (1) £ ZikE 25
FEARARG LI 2, LAHERR A SO ™ FH A5 fL X CML 7K
SRR 5 (2) R BE U s 18] BR 1, A7 7 58 43 2% 5k
P 5 (3) J& FH AL I RIS, R AR 1 5032 31— 2 B
il , "] RE SR MBI A 25 R IE

Zi b ARWFSE R, CML 1 A —Fh 5 T LS H.
RN 28 55 10 B 7 40, 2 90 8 kS Ak 1 2 ST A B TR
2, ELATTE— e R L 000 M B 2 o i I = A
(R A FRATEE U PR B 0l %5 U1 56 12 CML /K -7
G B P BE R A8, DU ST 1R 9T

[ &% 30Hk]

[1] Patterson CC, Karuranga S, Salpea P, et al. Worldwide estimates of
incidence, prevalence and mortality of type 1 diabetes in children
and adolescents: Results from the International Diabetes Federation
Diabetes Atlas, 9th edition[ J]. Diabetes Res Clin Pract, 2019,
157 107842.

(2] WAeBE R 2, ERIEEEIRRBIRE B A=,
I 23 M DR 7 3 A B R (2018) [J]. AR A RR R,
2018, 57(12) ; 885-893.

[3] Jeevarethinam A, Venuraju S, Dumo A, et al. Relationship between

carotid atherosclerosis and coronary artery calcification in asympto-

matic diabetic patients: a prospective multicenter study [ J]. Clin

Cardiol, 2017, 40(9) : 752-758.

Yahagi K, Kolodgie FD, Lutter C, et al. Pathology of human coro-

—
~
O

nary and carotid artery atherosclerosis and vascular calcification in
diabetes mellitus [ J ]. Arterioscler Thromb Vasc Biol, 2017, 37
(2): 191-204.

(5

[

Milzi A, Burgmaier M, Burgmaier K, et al. Type 2 diabetes mellitus
is associated with a lower fibrous cap thickness but has no impact on

calcification morphology: an intracoronary optical coherence tomo-

graphy study[ J]. Cardiovasc Diabetol, 2017, 16(1) : 152-160.

[6] Ma WQ, Han XQ, Wang Y, et al. Ne-carboxymethyl-lysine pro-
motes calcium deposition in VSMCs via intracellular oxidative stress-
induced PDK4 activation and alters glucose metabolism|[ J]. Onco-
target, 2017, 8(68) . 112841-112854.

[7] Hangai M, Takebe N, Honma H, et al. Association of advanced
glycation end products with coronary artery calcification in Japanese
subjects with type 2 diabetes as assessed by skin autofluorescence
[J]. J Atheroscler Thromb, 2016, 23(10) ; 1178-1187.

[8] Saremi A, Howell S, Schwenke DC, et al. Advanced glycation end
products, oxidation products, and the extent of atherosclerosis
during the va diabetes trial and follow-up study[ J]. Diabetes Care,
2017, 40(4) : 591-598.

[9] Liu KH, Chu WC, Kong AP, et al. US assessment of medial arterial
calcification; a sensitive marker of diabetes-related microvascular and
macrovascular complications[ J]. Radiology, 2012, 265(1) ; 294-302.

[10] Van den Bergh G, Opdebeeck B, D’Haese PC, et al. The vicious
cycle of arterial stiffness and arterial media calcification [ J].
Trends Mol Med, 2019, 25(12) . 1487-1500.

[11] Sun Z, Wang Z, Li L, et al. RAGE/galectin-3 yields intraplaque
calcification transformation via sortilin[ J ]. Acta Diabetol, 2019,
56(4) . 457-472.

[12

[

Nakahara T, Dweck MR, Narula N, et al. Coronary artery calcifi-
cation; from mechanism to molecular imaging[ J]. JACC Cardiovasc
Imaging, 2017, 10(5) ; 582-593.

[13

[

Agatston AS, Janowitz WR, Hildner FJ, et al. Quantification coro-
nary artery calcium using ultrafast computed tomography[J]. J Am
Coll Cardiol, 1990, 15(4) . 827-832.

[14] Rocha-Singh KJ, Zeller T, Jaff MR. Peripheral arterial calcifica-

[l

tion; prevalence, mechanism, detection, and clinical implications

[J]. Catheter Cardiovasc Interv, 2014, 83(6) : E212-E220.

—
—_
W

[

Kauppila LI, Polak JF, Cupples LA, et al. New indices to classify
location, severity and progression of calcific lesions in the abdominal
aorta; a 25-year follow-up study[ J]. Atherosclerosis, 1997, 132
(2) . 245-250.
TLHEBE , JEEUE, EHM A5, WO IR BB A8 5 s R AL
AL K SHEIKES SO AR ERT]. ) RE
2R 2014, 35(9) ; 1345-1347.
R, SRR, BORN, A SN SR R S AR A Sk
SRR PR R R[], P EZIMK AR, 2017, 25(4)
378-382.
(18] skFE%E, T Fi, #ALF, 55 BISHIKES L X i P4 o 2825 T
JERISEMALT] . P E G A A, 2014, 11(4) : 173-177.
[19] Wang Z, Li L, Du R, et al. CML/RAGE signal induces calcifica-
tion cascade in diabetes[ J]. Diabetol Metab Syndr, 2016, 8 83.
[20] Wang Z, Jiang Y, Liu N, et al. Advanced glycation end-product

[16

[

[17

[

Ne-carboxymethyl-lysine accelerates progression of atherosclerotic
calcification in diabetes [ J ]. Atherosclerosis, 2012, 221 (2):
387-396.

[21] Demer L, Tintut Y. The roles of lipid oxidation products and re-
ceptor activator of nuclear factor-kB signaling in atherosclerotic cal-
cification[ J]. Circ Res, 2011, 108(12) ; 1482-1493.

(R W



