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[Abstract] Objective To investigate whether serum cystatin C (Cys C) concentration correlates with the
severity of carotid atherosclerosis (CAS) in patients with type 2 diabetes mellitus (DM). Methods This study
enrolled 633 type 2 DM patients met the inclusion/exclusion criteria. All the patients were subjected to the
measurement of serum Cys C, concentration, complete blood count, and blood biochemical test. The severity of
CAS was evaluated by Doppler ultrasound to define intimal medial thickness (IMT) of carotid artery, the location
and size of atherosclerotic plaque. Based on the estimated glomerular filtation rate (eGFR), the patients were
divided into DM with chronic kidney diease (CKD) group (DM-CKD) and DM without CKD group (DM-NCKD),
then were further divided into two subgroups by IMT and AS plaque. The relationship of serum Cys C with the
severity of CAS was evaluated by the comparison between the two groups, correlation analysis and multiple linear
regression analysis. Results In 396 DM-NCKD patients with the eGFR =60 mL/(min » 1. 73 m*), Cys C
concentration of IMT thickening group was higher than that of normal IMT group [(1.0040. 20) mg/L vs. (0. 90
+0.30) mg/L, P<C0.05J, but the difference was not statistically significant after the adjustment for confounding
factors. The patients with obvious CAS plaques formation had higher Cys C concentration than those without AS
plaques formation [(1.05%0.27) mg/L vs. (0.89%+0.22) mg/L, P<C0.05). Moreover, the concentration of Cys
C was correlated with the severity of CAS (+=0. 338, P<C0.001), even after the adjustment for confounding factors
(r=0.14,P=0.005). Multiple linear regression analysis also showed a close correlation of Cys C with the severity
of CAS (B=0.071,P=0.001). Analysis of variance showed that the severity of CAS was increased accordingly
with the increasing level of Cys C. However, the concentration of Cys C was not correlated with the severity of CAS
in 237 DM-CKD patients. Conclusion The concentration of Cys C was positively correlated with the severity of
CAS, it may be a candidate marker of CAS severity in type 2 DM patients without CKD.
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(63.3% vs. 53.0%), HM 4 TG.CHO,LDL-c, C¥WeBEEH 1.13(0.87,2.13) mg/L, DM-CKD 41 5

HDL-c.IMT 2R & iT2¢ & L (P>0.05), DM-NCKD 48] Cys CHEZ R EH S it %3 X
2.2 £ Cys C LR (P<<0.05), W3 1., IrF B EFE P, IMT # )5 360

2.2.1 PR &EF Cys Coaksr FrAMEM Cys I, IMT IE % 273 6] , # 24 Cys C ¥ J& 4> 5 N
% 1 DM-CKD 5 DM-NCKD B & &l 5K & # b &
Table 1 Baseline characteristics of the DM-CKD group and DM-NCKD group

Characterisics (3 e s
Sex (male/femal) 378/255 131/106 247/149
Age (yr.) 62.06412.74 65.60+11.01 60.01413.21"
Duration of diabetes (year) 10 (4.13.5) 10.5 (6.5,16.88) 7.5 (2.5,12) "
HBP (yes/no) 369/263 190/46 179/217~
BMI (kg/m?) 24.3543.96 24,6544, 26 24.16+3.76
SBP (mmHg) 138. 64420. 60 145.53+21. 38 134.53+19.02"
DBP (mmHg) 80.35412.94 80.70413. 86 80.13412. 39
ALB (g/L) 37.1246.91 33.71£6.78 39.1346.16"
Hb (g/1) 118.47427.56 97.15422. 60 131.104+21. 86"
Cys C (mg/L) 1.13 (0.87,2.13) 2.68 (1.86,3.64) 0.93(0.79,1.09) "
Creatinine (pmol/L) 159.15+25. 13 304.12+50. 54 73.04416.41*
eGFR (mL/(min * 1.73 m?)] 71.17410. 32 27.414£5.21 96. 96425, 69"
HDL-c¢ (mmol/L) 1.4243.47 1.67+5.66 1.2640.43
LDL-c (mmol/L) 2.68+1.41 2.78+E1.27 2.62+1.06
TG (mmol/L) 1.87+1.98 1.81+1.23 1.91+2. 31
CHO (mmol/L) 4.68+1.51 4.80+1.71 4.60+1.39
HbA,C (%) 8.5442.55 9.14+2.55 7.4042,12"
IMT (mm) 0.8240. 24 0.8140.23 0.8340. 24
Whether the thickening of IMT (yes/no) 360/273 129/108 231/165
AS plaque (yes/no) 360/273 150/87 210/186

* P<C0.05, vs. DM-CKD group. HBP: High blood pressure; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic
blood pressure; ALB: Albumin; Hb: Hemoglobin; Cys C: Cystatin C; eGFR: Estimated glomerular filtration rate; HDL-c: High-
densitylipoprotein cholesterol; LDL-c: Low-densitylipoprotein cholesterol; TG: Triglyeride; CHO.: Cholesterol; IMT: Intima-media
thickness. 1 mmHg=0. 1333 kPa

(1.72£1.32) mg/L.(1.73£1.42) mg/L. 2R 2581, MBI R CE D68 A 6 5% IR 5 )
Giit2EE L (P>>0.05); AS BEH 360 fi], & AS Bt S5 ZRIG i E L (P>0.05) ;4 AS B 210
Pe 273 f5i], Cys C e B 4351 2 (1. 9141, 48) mg/L. 1,76 AS BEHe 186 i, Cys C ¥ B 4 5 hy (1. 05 £
(1.49+1.16) mg/L,AS BEHe 4] Cys C ¥ JEHH  0.27) mg/L.(0.89%0.22) mg/L. ZFHGIT¥E
(P<C0.05 ), W J7 22 4 B » P 8% B D) RE L AF % 8 IR X (P<C0.05),AS BEHe2 , Cys C ¥R BERE U Iy 22
WA T . R RS2 B L (P>0.05), WK 1, AT IR IR 28 R AR % L WL B8 PR A J5 , 22
K 2, SRR A Bt X (P<<0.05), WE 1.E 2,
2.2.2 DM-CKD %4 Cys C #9t#& DM-CKD 4, DM-NCKD g+, Cys C ¥ B & T 1. 09 mg/L (525
IMT H4JE 129 ], IMT 1E% 108 f5], B4 Cys C ¥ ESHE L8 B, Hodh 70 B (71. 4% F AS BE
BEA 5k (3,021, 47) mg/L.(2.95+1.61) mg/ Pe,298 fi] Cys C ¥ AL T 1. 09 mg/L, 140 {4
L. ZR L% E X (P>0.05); 4 AS BEH 150 A7V0OH AS BEHL. 4L AS BB 8 % 51 41
i, Jo AS BEHe 87 fi], Cys C ¥ £ 43 5l 2 (3. 11 = FL#R 25 A Giit % 2 L (P<C0. 05) , WA 3,

1.64) mg/L.(2.77+1.30) mg/L, ZRF %1 2.3 DM-NCKD 4 Cys C 55 KE5RHE X 5
HEX(P>0.05), WK 1M 2, DM-NCKD 4 /) 41 1] Cys C ¥k & 2 5 A 48
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W4 ) R (1. 00 £ 0. 20) mg/L. (0. 90 0. 30) *,5 HbA,C 2K, SIMAETLEHKEKR, H
mg/L. ZRH G T 2FE L (P<<0.05), ¥t — 2 Cys C 5UEF R IEAHE (r=0.525, P<0. 001); Cys
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Fig 1
by AS plaque group
* P<C0. 05,

difference; # P<C0. 05, compared with AS plaque group in patients with DM-NCKD, after adjusting for confounding factors, the difference was

Cys C 2 18

The concentration of Cys C in the different people grouped by IMT

statistically significant; /A P<C0. 05, compared with normal Cys C group
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Fig 2 The concentration of Cys C in the different people grouped

2.5 DM-NCKD 4A Cys C 5#izh Bk pith = =
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0.23)mg/L.(1. 08+£0. 26)mg/L, 0 &/5l5 1 2.2
HI3RWH . ERAGITFE L (P<0.05).1 %5 2
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Table 2 Univariate correlation’s between Cys C and clinical variables

B3 DM-NCKD AHEiKE

F ik 5g (=

Fig 3 The distribution of AS plaque between high concentrations of Cys C group and normal group in DM-NCKD

compared with IMT thickening group in patients with DM-NCKD, after adjusting for confounding factors, no significant

) Cys C . Cys C
Variable Variable
r P r P
Age 0. 460 0. 000 Hb —0.331 0. 000
BMI 0.170 0.002 Creatinine 0.525 0. 000
SBP 0.189 0. 000 eGFR —0.501 0. 000
HbA,C —0.32 0. 000 HDL-c —0.130 0.799
ALB —0.293 0. 000 LDL-c —0. 210 0.670
IMT 0.179 0. 000 TG 0.022 0. 660
Duration of diabetes 0. 180 0. 000 CHO —0.028 0.577
£3 CysCHIERERHZTLERPSH
Table 3 Multiple linear regression analysis of Cys C as dependent variable
vate atablee B S ror Beta : P
Constant 2.076 0.095 21.785
eGFR —0.004 0 —0. 443 —10. 744 0. 000
Cys C ALB —0.013 0.002 0. 000 —7.731 0. 000
R=0.734 HbA,C —0.023 0. 004 —0.234 —5.616 0. 000
R?=0.539 Diuretics 0.121 0.032 0.152 3.742 0. 000
AS plaque 0.071 0.020 0. 140 3.478 0.001

R?; Coefficient of determination; R: Mutiple correlation coefficient; B: Unstandardized coefficients;

Beta: Stardardized coefficients
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RO PR o B2 S+ A I8 55 (r = 0. 283, P<C0. 001) 5
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FEIEMASE, TiAE DM-CKD 4, Jf & & BLIX FiAH 5 5%
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L (= R EPN (1= R 0 - 1 B T v R /1 U
Z P A 23R U Y ) B R IA . AH N Y 4 2 AR 1 D
il FI R 2 3G, Cys C e F 20 N IR 2H 2L
it 410 1) 5% L A 048 RE R 1 S B AR RS B 0 7
HoRE EEE ] . Bl bkoks B Rl AL ER G 2H 2L 1 g 1Y
IHERFIL MBI Cys C T, ks 2 & & i H
PP Pl 3 Cys C b, it — 20
MEERRIRIE T Cys C e B2 AT DLz e 2 ok ok A i 4k ™
WA,

FATHIBIE T HE 7R < 2 BYBE R 1 5 B B 40 1
B, Cys C ARy 351 5) ok ot A Bl 1k 35 e ™ 0 i
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TAT LS E .
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