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Abstract
Background: Serum cystatin C has been reported as a better marker than serum creatinine for estimation of
kidney function and may be associated with cardiovascular disease. The aim of this study was to elucidate
the association of serum cystatin C with metabolic syndrome (MS), a constellation of cardiovascular risk
factors, and its related components and the usefulness of serum cystatin C for the cardiovascular risk
assessment.

Methods: 1,468 healthy subjects (814 men and 655 women), who visited health promotion center of Pusan
National University Hospital for routine medical checkup were included. MS was defined by modified,
revised National Cholesterol Education Program (NCEP) Adult Treatment Panel (ATP) III criteria.

Results: Mean serum cystatin C value was 0.87 + 0.17 mg/L. In partial correlation analysis adjusted by age,
sex and Glomerular Filtration Rate (GFR), cystatin C was associated with most of metabolic parameters and
especially had significant positive correlation with waist circumference (r = 0.215), triglyceride (TG) (r =
0.141), diastolic blood pressure (BP) (r = 0.116), and correlated negatively with high density lipoprotein
(HDL) cholesterol (r = -0.152) (all P < 0.001). There were increasing trends of prevalence of MS with the
increase of quartiles of cystatin C and as the number of MS components increased, cystatin C values
significantly increased. Serum cystatin C was also significantly increased in MS (0.90 + 0.19 mg/L vs. 0.86
+ 0.16 mg/L). In stepwise multiple regression analysis including the components of MS, Waist circumference,
diastolic BP, triglyceride, and HDL cholesterol were independent determinants of serum cystatin C, but with
creatinine, only waist circumference was independent determinant.

Conclusions: Serum cystatin C was closely associated with MS and its related cardiovascular risk factors and
might be useful as a tool of cardiovascular risk assessment. (KOREAN DIABETES J 32:409-417, 2008)
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Table 1. Characteristics of metabolic and laboratory parameters in total subjects

Total Men ‘Women P value
Number (n) 1,468 813 655
Age (year) 50.8 + 8.8 50.7 + 9.0 509 + 8.6 0.143
WC (cm) 83.7 = 85 869 + 7.3 79.7 + 8.1 0.005
BMI (kg/m’) 244 + 34 247 + 2.7 24.1 + 4.0 0.074
SBP (mmHg) 124.7 + 16.0 1263 + 14.4 1227 + 17.6 < 0.001
DBP (mmHg) 772 + 11.0 80.3 + 10.2 734 + 10.7 0.011
FBS (mg/dL) 929 + 19.7 954 + 22.0 89.7 + 15.8 < 0.001
Fasting Insulin (uU/mL) 536 + 3.72 5.69 = 3.90 495 + 343 0.012
TG (mg/dL) 122.4 + 703 135.7 + 76.6 105.9 + 57.6 < 0.001
HDL-C (mg/dL) 55.0 £ 135 519 + 12.1 58.9 + 14.2 < 0.001
AST (IU/L) 254 + 12.9 272 + 154 231 + 8.4 < 0.001
ALT (IU/L) 26.5 + 20.4 307 + 23.1 212 + 14.9 < 0.001
GGT (mg/dL) 345 + 322 45.6 + 36.5 207 + 18.2 < 0.001
WBC (x 10’ cells/uL) 6.16 = 1.73 6.56 = 1.84 5.66 + 1.45 < 0.001
hs-CRP (mg/dL) 0.16 + 0.54 021 + 0.69 0.11 + 0.21 < 0.001
Cystatin C (mg/L) 0.87 + 0.17 0.92 + 0.17 0.81 + 0.15 0.070
Uric acid (mg/dL) 54 + 1.4 6.1 + 1.2 45 £ 09 < 0.001
BUN (mg/dL) 144 + 3.6 15.1 + 3.6 13.6 + 3.3 < 0.001
Creatinine (mg/dL) 0.86 + 0.15 0.95 + 0.11 0.74 + 0.99 < 0.001
GFR (MDRD equation) 90.3 + 13.6 90.6 + 13.1 89.9 + 143 0.487
HOMA-IR 128 + 1.13 139 + 1.21 1.14 + 1.01 < 0.001
MS (%) 19.3 20.4 18.0 0.137"
T2DM (%) 5.4 7.1 32 0.001"

Data are expressed as mean + standard deviation, unless otherwise indicated. P values by independent samples t-test and
chi-squire test’. AST, aspartate aminotransferase; ALT, alanine aminotransferase; BMI, body mass index; DBP, diastolic
blood pressure; FBS, fasting blood sugar; GFR, glomerular filtration rate; GGT, gamma glutamyltransferase; HDL-C,
high-density lipoprotein cholesterol, HOMA-IR, homeostasis model assessment of insulin resistance; hs-CRP, high
sensitivity C-reactive protein, MDRD, modification of diet in renal disease; MS, metabolic syndrome; SBP, systolic blood
pressure; TG, triglyceride; WBC, white blood cell; WC, Waist circumference.
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50~7041] - (50t 38.7%, 60Ul 16.3%)S nlgog 7
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Al =]7H(0.83 + 0.14 mg/L)ol] B3l HF &A cystatin C7}
frefsiAl =9k AR (0.90 £ 0.19 mg/L)olA%= 73
(0.86 £ 0.16 myL)Xr}t felsiAl E3keh tiAS$r
P Azl oA HHAIH0.89 + 0.18 vs. 0.86 +
0.16 mg/L), TFAAWEZ(0.90 + 0.16 vs. 0.86 + 0.17

Table 2. Partial correlation analyses of serum cystatin C with metabolic syndrome related parameters after

adjustment for age, sex and GFR

Parameters R P Parameters R P

wC 0.215 < 0.001 LogGGT 0.209 < 0.001
BMI 0.069 0.008 hs-CRP 0.118 < 0.001
SBP 0.078 0.003 Uric acid 0.317 < 0.001
DBP 0.116 < 0.001 Creatinine 0.429 < 0.001
LogTG 0.141 < 0.001 FBS 0.018 0.483
HDL-C -0.152 < 0.001 LogHOMA-IR 0.082 0.002

BMI, body mass index; DBP, diastolic blood pressure; FBS, fasting blood sugar; GFR, glomerular filtration rate; GGT,
gamma glutamyltransferase; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of
insulin resistance; hs-CRP, high sensitivity C-reactive protein, SBP, systolic blood pressure; TG, triglyceride; WC, Waist

circumference.

25+

204 213

143

MS (%)

104

5+

<

T T

First Second Third Fourth
(0.05-0.75) (0.76-0.86) (0.87-0.97) (0.98-2.03)

Quartiles of cystatin C (mg/L)

B "
1.25+ ‘ ’
~  1.00- T
3 T L T
E o754 084 0.87 0.88 0.90
(&) +0.15 +0.17 +0.16 +0.19
£ 0504
=
G 0.254
0.00 v . . .
0 1 2 z3

Number of MS components (n)

Fig. 1. Associations of serum cystatin C with metabolic syndrome. Prevalence of metabolic syndrome according to the
quartiles of serum cystatin C (A) and mean serum cystatin C levels according to the increase of the number of metabolic
syndrome components (B). MS, metabolic syndrome; * P < 0.001.
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Table 3. Difference of serum

syndrome related disorders

THoIRte| olpy

cystatin C levels according to the age, metabolic syndrome, and metabolic

Serum cystatin C P value
Old Age YES (808) NO (660)
> 50 years old 091 + 0.18 0.83 £ 0.14 < 0.001
Central Obesity YES (602) NO (866)
M; =90, F; > 80 cm 0.89 + 0.18 0.86 * 0.16 0.008
HyperTG YES (368) NO (1,100)
> 150 mg/dL 0.90 + 0.16 0.86 + 0.17 < 0.001
High BP YES (556) NO (912)
> 130/85 mmHg 0.89 + 0.18 0.85 * 0.16 < 0.001
Low HDL-C YES (274) NO (1,194)
M; < 40, F; < 50 mg/dL 0.88 + 0.16 0.87 + 0.17 0.193
IFG YES (278) NO (1,190)
FBS >100 mg/dL 0.88 + 0.19 0.87 + 0.18 0.433
MS YES (284) NO (1,184)
0.90 + 0.19 0.86 + 0.16 0.004

Data are expressed as mean *

standard deviation, P values by independent samples t-test. BP, blood pressure; HDL-C,

high-density lipoprotein cholesterol; IFG: Impaired fasting glucose; MS, metabolic syndrome; TG, triglyceride.

Table 4. Stepwise multiple regression analyses using the individual components of metabolic syndrome with or

without serum creatinine as the independent variables and serum cystatin C as the dependent variable

Variables Unstandardized coefficients Standardized coefficients P value
Without creatinine

Age 0.005 0.268 < 0.001
Waist circumference 0.003 0.157 < 0.001
DBP 0.001 0.065 < 0.001
LogTG 0.000 0.063 < 0.001
HDL-C -0.001 -0.091 < 0.001
With creatinine

Creatinine 0.005 0.340 < 0.001
Age 0.005 0.235 < 0.001
Waist circumference 0.003 0.154 < 0.001

DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride.

mg/L), FLH3F(0.89 = 0.18 vs. 0.85 + 0.16 mg/L)ollA] &
oA =9kt (Table 3).
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et Falleds 3to] Egkslel EAsRE v tAS
T A T slelEEntE 2 cystatin €O Folt =
A3t (Table 4).
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