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Cystatin C is a Valuable Marker for Predicting Future Cardiovascular Diseases in Type 2
Diabetic Patients
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Abstract
Background: Recent studies suggest that serum Cystatin C is both a sensitive marker for renal dysfunction
and a predictive marker for cardiovascular diseases. We aimed to evaluate the association between Cystatin
C and various biomarkers and to find out its utility in estimating risk for cardiovascular diseases in type 2
diabetic patients.

Methods: From June 2006 to March 2008, anthropometric measurements and biochemical studies including
biomarkers for risk factors of cardiovascular diseases were done in 520 type 2 diabetic patients. A 10-year
risk for coronary heart diseases and stroke was estimated using Framingham risk score and UKPDS risk
engine.

Results: The independent variables showing statistically significant associations with Cystatin C were age (f
= 0.009, P < 0.0001), hemoglobin (§ = -0.038, P = 0.0006), serum creatinine (f = 0.719, g < 0.0001), uric acid
(8 =0.048, P = 0.0004), log hsCRP (f = 0.035, P = 0.0021) and homocysteine (§ = 0.005, P = 0.0228). The levels
of microalbuminuria, carotid intima-media thickness, fibrinogen and lipoprotein (a) also correlated with
Cystatin C, although the significance was lost after multivariate adjustment. Calculated risk for coronary
heart diseases increased in proportion to Cystatin C quartiles: 3.3 + 0.4, 6.2 £ 0.6, 7.6 = 0.7, 84 + 0.7% from
Framingham risk score (P < 0.0001); 13.1 + 0.9, 21.2 + 1.6, 26.1 + 1.7, 354 + 2.0% from UKPDS risk engine
(P < 0.0001) (means * SE).

Conclusions: Cystatin C is significantly correlated with various emerging biomarkers for cardiovascular
diseases. It was also in accordance with the calculated risk for cardiovascular diseases. These findings verify
Cystatin C as a valuable and useful marker for predicting future cardiovascular diseases in type 2 diabetic
patients. (KOREAN DIABETES ] 32:488-497, 2008)
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Table 1. Baseline characteristics according to Cystatin C quartiles

Ql (n = 125 Q2 (n = 135) Q3 (n = 130) Q4 (n = 130) R
Cystatin C (mg/L) (< 0.82)  (0.82 <, < 1.045) (1.045 <, < 1.385) (= 1.385)
Age (years) 514 + 12.0 602 + 12.3 650 + 12.8" 70.8 + 12.17 7 < 0.0001
Sex (M/F) 42.4/57.6 46.7/53.3 49.2/50.8 37.7/62.3 0.540
DM duration (years) 9.0 + 82 11.1 + 9.0 142 + 102" 172 + 11.177 < 0.0001
Height (cm) 162.3 + 8.4 162.5 + 9.1 161.8 + 9.2 159.6 + 8.0° 0.026
Weight (kg) 637 + 12.8 63.0 + 10.5 632 + 12.6 62.1 = 10.8 0.735
BMI (kg/m?) 24.1 + 37 239 + 35 24.1 + 3.8 244 + 3.8 0.715
WC (cm) 874 + 115 877 + 82 89.5 + 10.1 923 + 1217 0.004
HC (cm) 94.0 + 8.2 925 + 6.9 94.1 + 6.4 957 + 8.7" 0.039
WHR 0.93 + 0.08 0.95 + 0.07 0.95 + 0.08 0.96 + 0.09" 0.027
Systolic BP (mmHg) 113 + 14 117 + 15 116 + 16 123 + 1677 < 0.0001
Diastolic BP (mmHg) 72+9 75+ 9 7249 74 + 10 0.058
Hypertension (no/yes) 66.1/33.9 57.0/43.0 41.9/58.1" 33.1/66.9™ < 0.0001
Family History (no/yes) 50.4/49.6 58.2/41.8 62.0/38.0 69.1/30.9" 0.003
Smoking (nofyes) 80.5/19.5 73.1/26.9 79.1/20.9 88.5/11.5 0.051
CAD (nofyes) 90.4/9.6 85.2/14.8 82.3/17.7 73.1/26.9" 0.0002
Retinopathy (nofyes) 66.1/33.9 58.0/42.0 51.6/48.4" 39.8/602"7 < 0.0001
Neuropathy (no/yes) 78.2/21.8 66.9/33.1" 62.8/37.2" 59.1/40.9" 0.001
Metabolic syndrome (nofyes) 46.0/54.1 33.9/66.1 28.8/71.2° 19.2/80.8" < 0.0001
Mean IMT (mm) 0.60 + 0.14 0.69 + 0.18" 0.77 + 024" 0.77+ 021" < 0.0001
Maximal IMT (mm) 0.70 £ 0.20 0.82 £ 0.25 095 + 036" 095 + 033" < 0.0001
Plaque on carotid a. (no/yes) 79.6/20.4 60.5/39.5 48.2/51.9° 45.4/54.6" < 0.0001
TSH (mU/L) 215 + 1.84 2.46 * 3.55 247 £ 232 234 + 1.87 0.724
Free T4 (ng/dL) 1.38 + 0.30 133 + 028 140 + 0.41 135 + 0.42 0.301
Hemoglobin (g/dL) 134 + 1.7 131 + 1.7 124 + 197 113 + 1.9"% < 0.0001
Serum creatinine (mg/dL) 0.83 + 0.14 0.89 + 0.15 1.01 + 021 1.66 + 080" < 0.0001
Uric acid (mg/dL) 42 + 13 43 + 12 48 + 1.5 66 + 1.97F < 0.0001
Total cholesterol (mg/dL) 179.6 + 443 1719 + 49.6 168.4 + 40.1 1663 + 44.5 0.090
Triglyceride (mg/dL) 1569 + 132.8 1469 + 115.2 158.6 + 123.0 159.1 + 95.1 0.811
HDL-cholesterol (mg/dL) 479 + 14.7 478 + 158 447 + 13.1 40.6 = 12.6" < 0.0001
LDL-cholesterol (mg/dL) 105.4 + 35.8 96.0 + 42.1 96.0 + 35.1 96.6 + 37.7 0.134
HbAlc (%) 994 + 2.17 974 + 2.53 926 + 2.16 8.86 + 2.23" 0.001
Log ACR 2.83 + 1.32 264 + 142 3.10 + 1.46 444 = 1.79"% < 0.0001
Fibrinogen (mg/dL) 283.8 + 71.1  294.1 + 85.8 305.0 + 91.0 360.0 + 98.37F < 0.0001
Log hsCRP 222 142 -1.92 £ 1.70 -1.86 = 1.70 095 + 1.927F < 0.0001
Homocysteine (umol/L) 9.66 + 3.35 10.30 + 3.32 1325 + 9917 1583 + 785" % < 0.0001
Lipoprotein (a) (mg/dL) 233 + 25.3 254 + 265 28.1 + 27.9 332 + 322 0.035
PAI-1 (ng/mL) 39.3 + 25.3 39.6 + 26.6 38.6 + 26.4 417 + 25.7 0.808

Data are expressed as mean + SD or %. ACR, albumin-creatinine ratio, BMI, body mass index; BP, blood pressure; CAD,
coronary artery disease; DM, diabetes mellitus; HC, hip circumference; hsCRP, high-sensitive C-reactive protein; IMT,
intima-media thickness; PAI-1, plasminogen activator inhibitor-1; TSH, thyroid stimulating hormone; WC, waist
circumference; WHR, waist-hip ratio. * P < 0.05 vs Q1, T P < 0.05 vs Q2, ¥ P < 0.05 vs Q3.

vl Akl A-R-4-9, hsCRP, S RAIZE|], A5k (a) 5 HAL (B = -0.038, P = 0.0006), FA Zdloleld (5 =
o AAFAAE Felgt FIAAIE e (Table 2). 0.719, P < 0.0001), 24 (B = 0.048, P = 0.0004), hsCRP

A AEAE B3 2418 27} Cystatin Coll 57 (8 = 0.035, P = 0.0021), TEAZH|Q (B = 0.005, P =
Ao ks ux]= R= He] (8 = 0.009, P < 0.0001), 0.0228)0]%)t} (Table 3).
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Table 2. Correlation between Cystatin C and other variables

All patients CAD (-) patients All patients :
r P r P r P

Age 0.342 < 0.0001 0.298 < 0.0001

Sex 0.034 0.444 0.015 0.756 -0.099 0.057
DM duration 0.236 < 0.0001 0.253 < 0.0001 0.082 0.191
Height -0.102 0.020 -0.081 0.097 0.099 0.114
Weight -0.017 0.706 -0.012 0.806 0.116 0.065
BMI 0.060 0.174 0.047 0.340 0.067 0.287
wC 0.151 0.003 0.132 0.017 0.068 0.280
HC 0.149 0.003 0.132 0.017 0.118 0.059
WHR 0.065 0.195 0.056 0.317 -0.027 0.672
Systolic BP 0.243 < 0.0001 0.233 < 0.0001 0.243 < 0.0001
Diastolic BP 0.093 0.035 0.091 0.061 0.119 0.057
Hypertension 0.287 < 0.0001 0.289 < 0.0001 0.206 < 0.0001
Family History -0.150 0.001 -0.163 0.0008 -0.095 0.069
Smoking -0.078 0.076 -0.056 0.247 0.059 0.257
CAD 0.158 0.0003 0.039 0.451
Retinopathy 0.196 < 0.0001 0.195 < 0.0001 0.171 0.001
Neuropathy 0.133 0.003 0.133 0.006 0.189 0.0003
Metabolic syndrome 0.226 < 0.0001 0.224 < 0.0001 0.142 0.006
Mean IMT 0.179 0.0002 0.182 0.0005 -0.027 0.668
Maximal IMT 0.179 0.0002 0.196 0.0002 -0.004 0.954
Plaque on carotid a. 0.252 < 0.0001 0.255 < 0.0001 0.030 0.567
TSH 0.030 0.492 0.040 0.415 -0.002 0.977
Free T4 -0.042 0.341 -0.047 0.335 -0.004 0.948
Hemoglobin -0.402 < 0.0001 -0.390 < 0.0001 -0.358 < 0.0001
Serum creatinine 0.829 < 0.0001 0.839 < 0.0001 0.850 < 0.0001
Uric acid 0.549 < 0.0001 0.542 < 0.0001 0.573 < 0.0001
Total cholesterol -0.021 0.638 0.003 0.957 -0.017 0.786
Triglyceride 0.055 0.211 0.036 0.454 0.051 0.415
HDL-cholesterol -0.181 < 0.0001 -0.167 0.0005 -0.189 0.003
LDL-cholesterol 0.008 0.865 0.016 0.735 0.040 0.524
HbAlc -0.170 < 0.0001 -0.147 0.002 -0.133 0.034
Log ACR 0.450 < 0.0001 0.450 < 0.0001 0.491 < 0.0001
Fibrinogen 0.358 < 0.0001 0.399 < 0.0001 0.341 < 0.0001
Log hsCRP 0.258 < 0.0001 0.255 < 0.0001 0.206 0.001
Homocysteine 0.321 < 0.0001 0.326 < 0.0001 0.258 < 0.0001
Lipoprotein (a) 0.155 0.001 0.174 0.0004 0.219 0.0004
PAI-1 0.006 0.899 -0.044 0.371 -0.0004 0.995

* Adjusted for age. ACR, albumin-creatinine ratio, BMI, body mass index; BP, blood pressure; CAD, coronary artery disease;
DM, diabetes mellitus; HC, hip circumference; hsCRP, high-sensitive C-reactive protein; IMT, intima-media thickness; PAI-1,
plasminogen activator inhibitor-1; TSH, thyroid stimulating hormone; WC, waist circumference; WHR, waist-hip ratio.

Table 3. Variables independently associated with Cystatin C

B P R’ (adjusted R?)
Age 0.009 < 0.0001
Hemoglobin -0.038 0.0006
Serum creatinine 0.719 < 0.0001
Uric acid 0.048 0.0004
Log hsCRP 0.035 0.0021
Homocysteine 0.005 0.0228

0.786 (0.779)

hsCRP, high-sensitive C-reactive protein.
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Fig. 1. Cystatin C values according to the history of CAD
(coronary artery disease). Data are means + SE. * P =
0.039 vs CAD (-).
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Fig. 2. 10-year risk of cardiovascular diseases estimated by UKPDS risk engine (A, B, C, D) and Framingham risk score
(E), according to Cystatin C (mg/L) quartile (Q1 < 0.81, 0.81 < Q2 < 1.01, 1.01 < Q3 < 1.33, 1.33 < Q4). Data are
means + SE. * P < 0.05 vs QI, ¥ P < 0.05 vs Q2, ¥ P < 0.05 vs Q3.
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