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Table 1. Various definitions of metabolic syndrome

World Health Organization definition (Alberti &, 1998)

Fasting plasma glucose =110mg/dL or insulin resistance (HOMA-IR in the top quartile

of the non diabetic population), plus at least two of the following;

1) Obesity: Body mass index EBOkg/m2 or Waist to hip ratio =0.9 in men and =0.85 in
women

2) Dyslipidemia: Triglyceride 2150mg/dL or HDL-cholesterol <35mg/dL in men,
<39mg/dL in women

3) Hypertension: Antihypertensive medication or blood pressure =140/90mmHg

4) Microalbuminuria: Albumin excretion 20gg/min or albumin: creatinine ratio 30mg/g

National Cholesterol Education Program—-Adult Treatment Panel III definition
(Anonymous, 2001)

NCEP- ATP III definition required at least three of the following;

1) Hypertriglyceridemia: Triglycerides =150mg/dl

2) Low HDL- cholesterol: <40mg/dL in men, <50mg/dL in women

3) Hypertension: Antihypertensive medication or blood pressure =130/85mmHg

4) Fasting plasma glucose =2110mg/dl or current antidiabetic medication

5) Central obesity: Waist circumference >102cm in men, >88cm in women,

International Diabetes Federation definition (Anonymous, 2005)

Central obesity : Ethnic specific values for waist circumference, plus any two of the

following:

1) Hypertriglyceridemia: Triglycerides =150mg/dl

2) Low HDL-cholesterol: <40mg/dL in men, <50mg/dL in women or specific
treatment for this lipid abnormality

3) Hypertension: Antihypertensive medication or blood pressure =130/85mmHg

4) Fasting plasma glucose 2100mg/dl or current antidiabetic medication

HOMA-IR, homeostasis model assessment—insulin resistance; HDL-cholesterol, high—density

lipoprotein.
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Table 2. Clinical and metabolic

characteristics of the subjects

Total Men Women

(n=1,057) (n=574) (n=483)
Age, years 51.7+£10.1 50.9+£10.7 52.619.2
Body mass index, kg/m® 24.5+2.9 24.3+2.7 24.7+3.2
Waist circumference, cm 84.5+8.0 86.4£7.3 82.2+8.2
Fasting serum glucose, mg/dl 99.9+25.7 102.3%25.2 97.0+£26.1
Fasting insulin, pIU/ml 11.348.5 11.449.5 11.3£7.3
Total cholesterol, mg/dl 202.7+£35.2 199.2433.2 206.8+37.1
High-density lipoprotein(HDL) cholesterol,
me/dl 47.0£12.1 43.949.7 50.8+£13.6
Triglycerides, mg/dl 170.1x138.2  187.9+131.3 148'Zi143'
Systolic blood pressure, mmHg 130.2£18.5 129.6£17.4 130.9419.7
Diastolic blood pressure, mmHg 80.0+12.2 80.2411.7 79.9£12.9
Carotid intima—media thickness, mm 0.68+0.17 0.69+0.17 0.68+0.17
Antidiabetic medication 80 (7.6) 55 (9.6) 25 (5.2)
Lipid-lowering medication 37 (3.5) 7 (2.3) 24 (5.0)
Antihypertensive medication 162 (15.4) 73 (12.8) 89 (18.5)
Current smoking 140 (13.3) 133 (23.2) 7 (1.5)
Increased IMT (21.0 mm) 107 (10.1) 67 (11.7) 40 (8.3)

Data are expressed as mean + S.D. or Number (%).



Table 3. Prevalence of metabolic syndrome and its components

Total Men Women

(n=1,057) (n=574) (n=483)
BMI >25kg/m* 424 (40.1) 223 (38.9) 201 (41.6)
WHR(men 20.9, women 20.85) 407 (38.5) 201(35.2) 206 (42.7)
BMI 225kg/m? or WHR(men 20.9, women 20.85) 585 (55.4) 303 (52.8) 282 (58.4)
WC, men >90, women >85cm 321 (30.4) 169 (29.4) 152 (31.5)
WC, men >102, women >88cm 110(10.4) 10(1.7) 100(20.7)
FSG 2110mg/dL or HOMA-IR >3.02 or medications 372 (35.2) 225 (39.2) 147 (30.4)
FSG 2110mg/dL or medications 186 (17.6) 129 (22.5) 57 (11.8)
FSG 2100mg/dL or medications 326 (30.8) 213 (37.1) 113 (23.4)
BP 2140/90mmlig or medications 423 (40.0) 218 (38.0) 205 (42.4)
BP 2130/85mmlig or medications 636 (60.2) 337 (68.7) 299 (61.9)
Triglyceride 2150mg/dL 451(42.7) 301 (52.4) 150 (31.1)

Triglyceride =150mg/dL. or HDL-cholesterol (men <35, women
494 (46.7) 318 (55.4) 176 (36.4)

<39mg/dL)
HDL-cholesterol (men <40, women <50mg/dL) 452 (42.8) 211 (36.8) 241 (49.9)
HDL-cholesterol (men <40, women <50mg/dL) or medications 470 (44.5) 219 (38.2) 251 (52.0)

Criteria of metabolic syndrome

WHO, BMI =30kg/m** 204 (19.3) 121 (21.1) 83(17.2)
WHO, BMI =25kg/m** 233 (22.0) 140 (24.4) 93 (19.3)
NCEP-ATP III, WC men >102, women >88cm 270 (25.5) 141 (24.6) 129 (26.7)
NCEP-ATP III, WC men >90, women >85cm 342 (32.4) 194 (33.0) 148 (30.6)
IDF, WC men >102, women >88cm 82 (7.8) 8 (1.4) 74 (15.3)
IDF, WC men >90, women >85cm 234 (22.1) 126 (22.0) 108 (22.4)

BMI, body mass index; FSG, fasting serum glucose; HOMA-IR, homeostasis model assessment—insulin resistance;
BP, blood pressure; HDL-cholesterol, high density lipoprotein cholesterol; WC, waist circumference; WHO, World
Health Organization; NCEP-ATP III, National Cholesterol Education Program—Adult Treatment Panel III; IDF,

International Diabetes Federation; “excluded microalbuminuria.
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Table 4. Carotid intima-media thickness by the presence of metabolic risk

factors in men

Men (n=574)

Yes No D
BMI =30kg/m* 0.73+0.20 0.68+0.17 0.2868
BMI >25kg/m* 0.70+0.16  0.68+0.17 0.0969
WHR (men =0.9, women 20.85) 0.72+0.17 0.67£0.16 0.0002
BMI >25kg/m* or WHR(men 20.9, women >0.85) 0.71+0.17 0.66+0.16 0.0002
Waist circumference(men >102, women >88cm) 0.75+£0.17 0.68+0.17 0.2454
Waist circumference(men >90, women >85cm) 0.72+0.17 0.67+0.16 0.0002
FSG =2110mg/dL or medications 0.73£0.19 0.67£0.16 0.0044
FSG 2100mg/dL or medications 0.71+£0.18 0.67£0.16 0.0022

FSG=>110mg/dL or HOMA-IR >3.02 or medications 0.72+0.18 0.67+0.16 0.0006

BP 2140/90mmHg or medications 0.72+0.16 0.67£0.17 0.0003
BP 2130/85mmHg or medications 0.71+£0.18 0.64+0.14 <.0001
Triglyceride =150mg/dL or medications 0.68+0.16 0.69+0.17 0.2522
HDL-cholesterol (men <40, women <50mg/dl) 0.70+0.17 0.68+0.17 0.0911
HDL-cholesterol (men <35, women <39mg/dl) 0.67+£0.14 0.69+0.17 0.3224

Triglyceride 2150mg/dL or HDL-cholesterol
0.68+0.16 0.69+0.17 0.4549
(men <35, women <39mg/dl) or medications

BMI, body mass index; WHR, Waist to hip ratio; FSG, fasting serum glucose; BP, blood pressure;

HDL-cholestrol, high density lipoprotein cholesterol; Data was expressed as mean = S.D.
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Table 5. Carotid intima-media thickness by the presence of metabolic risk

factors in women

Women (n=483)

Yes No D
BMI =30kg/m* 0.70+0.12 0.68+0.17 0.5017
BMI >25kg/m* 0.70+0.15 0.66+0.18 0.0109
WHR (men =0.9, women 20.85) 0.73x0.18 0.65+0.15 <.0001
BMI >25kg/m* or WHR(men 20.9, women >0.85) 0.71+0.17 0.64+0.16 <.0001
Waist circumference(men >102, women >88cm) 0.73x0.16 0.67£0.17 0.0003
Waist circumference(men >90, women >85cm) 0.74+0.18 0.65+0.15 <.0001
FSG =2110mg/dL or medications 0.77£0.21 0.67£0.16  0.0009
FSG =2100mg/dL or medications 0.7220.19 0.67£0.16 0.0042

FSG =2110mg/dL or HOMA-IR >3.02 or medications 0.72+0.17 0.66+0.16 0.0002

BP 2140/90mmHg or medications 0.74+£0.19 0.64+0.14 <.0001
BP 2130/85mmHg or medications 0.7220.19 0.62+0.10 <.0001
Triglyceride =150mg/dL or medications 0.72+20.19 0.66+£0.15 0.0002
HDL-cholesterol (men <40, women <50mg/dl) 0.69+0.18 0.67+0.16  0.3339
HDL-cholesterol (men <35, women <39mg/dl) 0.724#0.19 0.67£0.16  0.0437

Triglyceride 2150mg/dL or HDL-cholesterol
0.72+¢0.18 0.66+0.15 0.0001
(men <35, women <39mg/dl) or medications

BMI, body mass index; WHR, Waist to hip ratio; FSG, fasting serum glucose; BP, blood pressure;

HDL-cholestrol, high density lipoprotein cholesterol; Data was expressed as mean = S.D.
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Table 6. Carotid intima—media thickness by the presence of metabolic syndrome

Men (n=574) Women (n=483)
Criteria of metabolic
n Yes n No D n Yes n No D
syndrome
WHO, BMI 230 kg/m?** 121 0.73%0.17 453 0.67¢0.16  0.0017 88 0.76£0.18 400 0.66x0.16 <.0001
WHO, BMI 225 kg/m** 140  0.72+0.17 434 0.67¢0.16  0.0024 98 0.76£0.18 390 0.66x0.16 <.0001

NCEP-ATPII, WC 102/88cm” 141  0.72+#0.18 433  0.67#0.16 0.0066 129 0.75%0.19 354 0.65+0.15 <.0001
NCEP-ATPIII, WC 90/85cm® 194  0.72#0.18 380 0.67#0.16 0.0002 148 0.756+#0.19 335 0.65+0.15 <.0001
IDF, WC 102/88cm” 8 0.79+0.15 566  0.68+0.17 0.0670 74 0.75#0.17 409 0.67+0.16 0.0002
IDF, WC 90/85cm” 126 0.74£0.18 448 0.67#0.16 <.0001 108 0.74+#0.19 375 0.66+0.15 0.0001

Data was expressed as n(number) and mean + S.D. WHO, World Health Organization; NCEP-ATP III, National Cholesterol Education Program—-Adult
Treatment Panel 1II; IDF, International Diabetes Federation.;® excluded microalbuminuria; ® waist circumference men >102, women >88 cm; © waist

circumference men >90, women >85cm.
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Table 7. Independent association between carotid IMT and metabolic syndrome”

Men (n=574) Women (n=483)

Criteria of metabolic syndrome B p-value B p—value
WHO, BMI 230 kg/m** 0.051 0.0008 0.058 0.0017
WHO, BMI 225 kg/m** 0.054 0.0002 0.062 0.0004
NCEP-ATPIII, WC 102/88cm” 0.045 0.0018 0.070 <.0001
NCEP-ATPIII, WC 90/85cm” 0.059 <.0001 0.064 <.0001
IDF, WC 102/88cm” 0.075 0.1571 0.050 0.0088
IDF, WC 90/85cm® 0.062 <.0001 0.053 0.0014

Adjusted for age, smoking, alcohol drinking; * excluded microalbuminuria; ° waist circumference men >102, women >88 cm; ¢ waist circumference

men >90, women >85cm.
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Table 8. Odds ratio for increased intima-media thickness (=21.0mm) by the

presence of metabolic risk factors in men

Men (n=574)

Odds ratio (95% CI)

Age-adjusted

Multi-adjusted”

BMI 230kg/m”

BMI 225kg/m”

Waist circumference (men >102, women >88cm)
Waist circumference (men >90, women >85cm)
WHR (men =0.9, women =0.85)

BMI =25kg/m? or WHR (men 20.9, women =0.85)

2.68 (0.65-11.02)
1.08 (0.62-1.88)
3.31 (0.74-14.79)
1.45 (0.83-2.55)
1.26 (0.73-2.17)

1.28 (0.74-2.20)

2.57 (0.61-10.78)
1.12 (0.64-1.96)
3.05 (0.66-14.21)
1.63 (0.87-2.69)
1.37 (0.79-2.39)

1.33 (0.77-2.29)

FSG 2110mg/dL or medications
FSG 2100mg/dL or medications

FSG 2110mg/dL or HOMA-IR >3.02 or medications

1.34 (0.74-2.43)
1.54 (0.90-2.63)

1.51 (0.88-2.59)

1.45 (0.80-2.69)
1.72 (0.99-2.98)

1.26 (0.63-2.52)

BP 2140/90mmHg or medications

BP =130/85mmHg or medications

1.47 (0.85-2.53)

2.57 (1.31-5.04)

1.66 (0.94-2.91)

2.72 (1.37-5.38)

Triglyceride 2150mg/dL or medications
HDL-cholesterol (men <40, women <50mg/dl)
HDL-cholesterol (men <35, women <39mg/dl)
Triglyceride 2150mg/dL or HDL-cholesterol or

medications (men <35, women <39mg/dl)

1.29 (0.74-2.25)
1.25 (0.72-2.16)

0.85 (0.38-1.90)

1.36 (0.78-2.37)

1.36 (0.78-2.40)
1.19 (0.69-2.08)

0.77 (0.34-1.76)

1.40 (0.80-2.46)

*Adjusted for age, smoking, alcohol drinking; BMI, body mass index; WHR, waist to hip ratio; FSG,

fasting serum glucose; BP, blood pressure; HDL-cholestrol, high density lipoprotein cholesterol.
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Table 9. Odds ratio for increased intima-media thickness (21.0mm) by the

presence of metabolic risk factors in women

Women (n=483)

Odds ratio (95% CI)

Age-adjusted

Multi-adjusted®

BMI 230kg/m”

BMI 225kg/m”

Waist circumference (men >102, women>88cm)
Waist circumference (men >90, women >85cm)
WHR (men =0.9, women =0.85)

BMI =25kg/m? or WHR (men 20.9, women =0.85)

1.00 (0.22-4.56)
1.23 (0.63-2.40)
1.62 (0.73-3.16)
2.33 (1.17-4.63)
2.20 (1.05-4.60)
1.81 (0.82-4.00)

0.95 (0.20-4.56)
1.24 (0.63-2.43)
1.62 (0.73-3.19)
2.27 (1.13-4.56)
2.19 (1.04-4.61)

1.82 (0.82-4.05)

FSG 2110mg/dL or medications
FSG 2100mg/dL or medications

FSG 2110mg/dL or HOMA-IR >3.02 or medications

1.32 (0.55-3.15)
1.31 (0.63-2.72)
1.62 (0.84-2.81)

1.27 (0.53-3.07)
1.27 (0.61-2.66)

1.22 (0.61-2.44)

BP 2140/90mmHg or medications

BP =130/85mmHg or medications

4.34 (1.92-9.83)

19.36 (2.61-143.47)

4.74 (2.05-10.97)

22.06 (2.92-166.74)

Triglyceride 2150mg/dL or medications
HDL-cholesterol (men <40, women <50mg/dl)
HDL-cholesterol (men <35, women <39mg/dl)
Triglyceride 2150mg/dL or HDL-cholesterol or

medications (men <35, women <39mg/dl)

1.62 (0.82-3.20)
1.32 (0.67-2.61)

1.64 (0.77-3.52)

1.63 (0.77-3.03)

1.63 (0.82-3.22)
1.39 (0.70-2.77)

1.69 (0.78-3.64)

1.64 (0.77-3.07)

*Adjusted for age, smoking, alcohol drinking; BMI, body mass index; WHR, waist to hip ratio; FSG,

fasting serum glucose; BP, blood pressure; HDL-cholestrol, high density lipoprotein cholesterol.
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Table 10. Odds ratio for increased intima—media thickness (=z1.0mm) by the presence of metabolic syndrome

Criteria of metabolic syndrome

Men (n=574)

Odds ratio (95% CI)

Women (n=483)

Odds ratio (95% CI)

Age—-adjusted

Multi-adjusted”

Age-adjusted

Multi-adjusted”

WHO, BMI 230 kg/m*

WHO, BMI 225 kg/m*

NCEP-ATPII, WC (men > 102, women >88cm)
NCEP-ATPII, WC (men > 90, women >85cm)
IDF, WC (men > 102, women >88cm)

IDF, WC (men > 90, women >85cm)

1.26 (0.68-2.35)
1.29 (0.71-2.35)
2.49 (1.41-4.41)
2.34 (1.35-4.04)
4.00 (0.83-19.34)
1.77 (0.98-3.20)

1.40 (0.74-2.64)
1.45 (0.79-2.69)
2.59 (1.45-4.62)
2.45 (1.41-4.26)
3.80 (0.74-19.44)

1.91 (1.05-3.48)

2.06 (0.99-4.27)
1.938 (0.94-3.93)
2.19 (1.10-4.35)
2.47 (1.24-4.92)
1.74 (0.80-3.79)
2.43 (1.22-4.87)

2.02 (0.97-4.22)
1.91 (0.93-3.92)
2.35 (1.16-4.75)
2.72 (1.34-5.54)
1.71 (0.78-3.75)
2.47 (1.23-4.88)

*Adjusted for age, smoking, alcohol drinking; WHO, World Health Organization; NCEP-ATP III, National Cholesterol Education Program-Adult

Treatment Panel III; IDF, International Diabetes Federation; WC, waist circumference; * excluded microalbuminuria.
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Carotid IMT (mm)

1.00 r P for trend <0.001

0.80 F I I =

0.60 P I | | -1
0.40 P -1
0.20 -1
0.00 | | | |
0 1 2 3 4o0r5
Number of metabolic risk factors
* According to the modified National Cholesterol Education Program-Adult Treatment Panel III definition; Data was
expressed as mean(bars) + S.D.(vertical lines)
Figure 1. Carotid IMT by the number of metabolic risk factors”
Odds ratio
100.0
10.0 F
OR 9.99 OR 1049
OR 4.63 OR 4.88
1.0 @
0 1 2 3 4o0rb5

0.1
Number of metabolic risk factors

* According to the modified National Cholesterol Education Program-Adult Treatment Panel III definition; Data was

expressed as odds ratio and 95% confidence intervals.

Figure 2. Odds ratio for increased IMT (21.0mm) by the number of metabolic risk factors’
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ABSTRACT

Metabolic Syndrome by Different Definitions and Increased
Carotid Intima—Media Thickness

Hae Won Shin
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(Directed by professor Hyeon Chang Kim, MD, Ph D)

OBJECTIVE: The metabolic syndrome 1is characterized by a group of
cardiovascular risk factors, which are highly associated with atherosclerotic
cardiovascular disease. Carotid intima—media thickness(IMT) is an established
indicator of early atherosclerosis. This study examines the metabolic syndrome

according to the various definitions and its relation to increased carotid IMT.

METHODS: The study examined 1,057 men and women, aged 30 to 79, who
participated in a health screening test between April and June, 2001. A standard
interview, anthropometrics, biochemical studies were conducted for each
participant. The metabolic syndrome was defined according to the modified
versions of World Health Organization(WHO), the National Cholesterol
Education Program-Adult Treatment Panel III(INCEP-ATP III) and the
International Diabetes Federation(IDF) definition. The carotid IMT was
measured at common carotid arteries, with a high-resolution B-mode
ultrasonography. Using multiple logistic regression models, odds ratio for
having increased IMT(=1.0 mm) by the presence of metabolic syndrome was

estimated after adjustment for age, smoking and alcohol consumption.
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RESULTS: Among the study subjects, 10.1%(men 11.7%, women 8.3%) had
increased IMT(=1.0 mm). In women, central obesity and hypertension were
strongly associated with increased IMT. However, in men, only hypertension
was significantly associated with increased IMT. Odds ratio for having
increased IMT among the subjects with metabolic syndrome was 1.45[95% ClI,
0.79-2.69] in men, 1.91[95% CI, 0.93-3.92] in women according to the
modified WHO definition; 2.45[95% CI, 1.41-4.26] in men, 2.72[95% CI, 1.34-
5.54] in women according to the modified NCEP-ATP III definition; and
1.91[95% CI, 1.05-3.48] in men, 2.47[95% CI, 1.23-4.88] in women according
to the IDF definition.

CONCLUSIONS: Carotid IMT was significantly associated with metabolic
syndrome. Among the three definitions metabolic syndrome, NCEP-ATP III

definition was most strongly associated with increased carotid IMT.

Key Words: Metabolic syndrome, carotid intima—media thickness,

atherosclerosis
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