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ABSTRACT

Association of Inflammatory Markers with
Cardiovascular Risk factors and Metabolic Syndrome
in Adults

Lee Sang—-Jun
Advisor : Prof. Bae Hak-Yeon M.D., Ph.D
Department of Medicine,

Graduate School of Chosun University

(Background) Metabolic syndrome is associated with the presence of a low
grade sub-clinical inflammatory process. The relationship between this process
and the risk of insulin resistance development is a hallmark of the metabolic
syndrome. Therefore, it has been suggested that the detection and quantification
of micro-inflammation in patients with the metabolic syndrome might be of
clinical relevance. Highly sensitive C-reactive protein, fibrinogen and
homocysteine have been used as micro—inflammation markers, insulin resistance
or cardiovascular risk predictors. Our aim was to analyze the association
between cardiovascular risk factors and these inflammatory markers and find

the characteristics of each inflammatory markers.



(Method) We have analyzed data collected between January 2008 and June
2010 in the Chosun University hospital health promotion center. All participants
were enrolled during their routine annual health check-up and gave their
written informed consent. This is a cross sectional study in which we have
fitted linear regression models using inflammatory markers as the dependent
variables and adjusted them according to the different components of the

metabolic syndrome and multiple other confounders.

(Results) The subjects of this study included 1862 adults(982 men and 880
women) aged 20-70 years (mean age :@ 49.7 years). Pearson’s correlation
analysis and multiple linear regression analyses showed that hs-CRP was
significantly associated with glucose and HbAI1C. Fibrinogen was significantly
associated with BMI, HbAIC, waist circumference, and HDL cholesterol.
Homocysteine was significantly associated with LDL cholesterol, TG, systolic

blood pressure, and HDL cholesterol.

(Conclusion) Hs-CRP, fibrinogen, and homocysteine were significantly
associated with cardiovascular risk factors and metabolic syndrome. But
fibrinogen was a better marker that predicts the development of metabolic
syndrome or cardiovascular disease compared to hs-CRP. Homocysteine was

especially associated with systolic blood pressure and dyslipidemia.

Key word @ hs-CRP, Fibrinogen, Homocysteine, Metabolic syndrome,

Inflammation, Cardiovascular disease
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Table 1. Clinical characteristics of study subjects

Total Male Female

N 1862 982 330
Age 20-29 107 61 46
30-39 317 188 129
40-49 487 271 216
50-59 505 240 265
60-70 378 185 193
Age (years) 49.7 488 + 12.56 506 £ 12.33"
BMI (kg/m?) 239 243 £ 2.86 234 + 331"
WC (cm) 33.6 89.8 £ 7.62 872 + 869
FPG (mg/dL) 92.6 955 £ 26.23 89.4 + 19.34°
SBP (mmHg) 124.2 1259 + 12.77 122.3 + 15.85
DBP (mmHg) 74.5 75.8 + 1041 72.9 £ 10.80°
TC (mg/dL) 187.8 1875 + 3571 188.1 + 35.09
Triglyceride (mg/dL) 134.7 155.0 + 135.65 112.0 + 86.07"
LDL (mg/dL) 116.5 116.8 + 32.04 116.3 + 31.78
HDL (mg/dL) 52.3 493 + 12.45 557 * 1263
HbA1C (%) 5.8 58 £ 096 57 + 075"
hs-CRP (mg/dL) 0.14 0.16 £ 0.53 0.12 £ 0.69
Fibrinogen (mg/dL) 310.4 309.7 £ 67.03 311.2 + 6191
Homocysteine (umol/L) 10.2 11.6 £ 3.69 8.66 + 2.08"
Metabolic syndrome (n) 628 335 293

'p < 0.05, Data are means = SD. BMI, body mass index; DBP, diastolic blood
pressure; FPG, fasting plasma glucose; HDL, high density lipoprotein cholesterol;
LDL, low density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total
cholesterol;, WC, waist circumference; hs—CRP, high sensitivity C-reactive protein.

p values were obtained using the Student’s ¢-test based on differences between

male and female group.
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Table 2. Comparison of cardiovascular risk factors in study subjects

according to quartile of hs—CRP

hs-CRP (mg/dL) quartile
1st (<0.02) 2nd (0.02~0.04) 3rd (0.05~0.09) 4th (=0.1)

N 561 478 361 462
BMI (kg/md) 292 + 262 21 + 283" 248 + 295" 950 + 3227

WC (cm) 849 + 751 839 + 7.30° 90.2 + 868" 916 + 708"

FPG (mg/dL) 87.6 + 14.06 915 + 21.01° 933 + 21.68° 987 + 3185 T
SBP (mmHg) 1207 + 1449 1251 + 1416° 1249 + 1420° 1269 + 1387
DBP (mmHg) 724 + 1052 750 + 10.28° 748 + 10.38 761 + 11.14

TC (mg/dL) 1806 + 31.84 1897 + 3486° 1926 + 34.03°  191.0 + 39.74"
Triglyceride (mg/dL) 1031 + 7298 1431 + 10856° 1499 + 124.04°  153.1 + 151.10"
LDL (mg/dL) 1096 + 3000 1184 + 31.80° 1205 + 3096° 1199 + 3357
HDL (mg/dL) 562 + 12,50 52.5 + 12.95" 507 + 1252° 487 + 1247
HbAIC (%) 56 + 053 57 + 075" 58 + 0.81° 60 + 11877

Metabolic syndrome (n) 111 169 136 211"

o < 0.05, for different from 1st, i p < 0.05, for different from 2nd, ? p < 0.05, for
different from 3rd. Data are means * SD. BMI, body mass index, DBP, diastolic
blood pressure; FPG, fasting plasma glucose; HDL, high density lipoprotein
cholesterol; LDL, low density lipoprotein cholestrol; SBP, systolic blood pressure;

TC, total cholesterol; WC, waist circumference; hs—-CRP, high sensitivity C-reactive

protein.
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Table 3. Comparison of cardiovascular risk factors in study subjects

according to quartile of fibrinogen

fibrinogen (mg/dL) quartile

Ist (<270) 2nd (270~300)  3rd (301~338) 4th (=399)
N 470 465 475 452
BMI (kg/m®) 232 + 3.03 239 + 308" 240 + 2.92" 243 + 333"
WC (cm) 86.3 + 8.01 886 + 877" 89.0 + 7.73" 90.4 + 7.93"
FPG (mg/dL) 883 + 14.06 90.9 + 1844 ®7 +21.90° 986 + 33847 F
SBP (mmHg) 1212 + 1365 123.1 + 1350 1253 + 1451 1272 + 15317
DBP (mmHg) 72.8 + 10.48 73.8 + 10.15 751 + 1069 762 + 11167
TC (mg/dL) 1794 + 3205 1881 + 3355 191.4 + 3530 192.4 + 39.13"
Triglyceride (mg/dL) 1241 + 12457 1337 + 11118 1408 + 12399  140.1 + 105.67
LDL (mg/dL) 1089 + 2964  117.0 + 30.73" 1189 + 3253" 1214 + 3337
HDL (mg/dL) 547 + 12.60 52.7 + 12.94 51.9 + 12.69° 50.0 + 13.10"
HbAIC (%) 56 + 054 5.7 + 067 58 + 0.80° 60 + 1247 %
Metabolic syndrome (n) 116 154 174 184"

o < 0.05, for different from 1st, i p < 0.05, for different from 2nd, ? p < 0.05, for

different from 3rd. Data are means * SD. BMI, body mass index, DBP, diastolic

blood pressure;

FPG, fasting plasma glucose;

HDL, high density lipoprotein

cholesterol; LDL, low density lipoprotein cholestrol; SBP, systolic blood pressure;

TC, total cholesterol; WC, waist circumference.
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Table 4. Comparison of cardiovascular risk factors in study subjects

according to quartile of homocysteine

homocysteine (umol/L) quartile

Ist (<8.1) ond (8.1~95)  3rd (9.6~114) 4th (=115)
N 466 465 464
BMI (kg/m?) 236 + 331 236 + 2.99 244 + 315"
WC (cm) 88.1 + 853 875 + 804 898 + 879"
FPG (mg/dL) 906 + 1833 929 + 26.98 93.0 938 + 2472
SBP (mmHg) 1218 + 1501 1234 + 1420 1250 1264 + 1355
DBP (mmHg) 728 + 1028 741 + 1091 75.1 758 + 1050"
TC (mg/dL) 1846 + 3246 1866 * 3580  190.6 + 35.96 1893 + 37.11
Triglyceride (mg/dL) 1134 + 8544 1274 + 12707 1438 + 11951° 1543 + 126717
LDL (mg/dL) 298 + 1.33 316 + 146 325 + 151
HDL (mg/dL) 550 + 12.08 534 + 1329 51.7 492 + 1277 *
HbAIC (%) 57 + 063 58 + 0.96 58 + 0.88
Metabolic syndrome (n) 156 146 168

o < 0.05, for different from 1st, i p < 0.05, for different from 2nd, ? p < 0.05, for

different from 3rd. Data are means * SD. BMI, body mass index, DBP, diastolic

blood pressure; FPG, fasting plasma glucose;

HDL, high density lipoprotein

cholesterol; LDL, low density lipoprotein cholestrol; SBP, systolic blood pressure;

TC, total cholesterol; WC, waist circumference.
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Table 5. Correlation between hs—-CRP and cardiovascular risk factors

Correlation r p

Age 0.46 0.046
BMI 0.031 0.177
WC 0.036 0.125
FPG 0.157 <0.001
SBP -0.008 0.743
DBP 0.016 0.484
TC 0.047 0.052
Triglyceride -0.019 0.417
LDL -0.041 0.080
HDL -0.072 0.002
HbA1C 0.147 <0.001

BMI, body mass index, DBP, diastolic blood pressure; FPG, fasting plasma glucose;
HDL, high density lipoprotein cholesterol, LDL, low density lipoprotein cholestrol;
SBP, systolic blood pressure; TC, total cholesterol; WC, waist circumference;

hs-CRP, high sensitivity C-reactive protein.
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Table 6. Correlation between fibrinogen and cardiovascular risk

factors

Correlation r p
Age 0.265 <0.001
BMI 0.097 <0.001
WC 0.158 <0.001
FPG 0.213 <0.001
SBP 0.128 <0.001
DBP 0.093 <0.001
TC 0.095 <0.001
Triglyceride 0.024 0.302
LDL 0.104 <0.001
HDL -0.121 <0.001
HbA1C 0.248 <0.001

BMI, body mass index, DBP, diastolic blood pressure; FPG, fasting plasma glucose;
HDL, high density lipoprotein cholesterol, LDL, low density lipoprotein cholestrol;

SBP, systolic blood pressure; TC, total cholesterol; WC, waist circumference.
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Table 7. Correlation between homocysteine and cardiovascular risk

factors

Correlation r p
Age 0.028 0.221
BMI 0.063 0.007
WC 0.068 0.003
FPG 0.029 0.212
SBP 0.102 <0.001
DBP 0.071 0.002
TC 0.053 0.022
Triglyceride 0.130 <0.001
LDL 0.063 0.007
HDL -0.156 <0.001
HbA1C 0.035 0.134

BMI, body mass index, DBP, diastolic blood pressure; FPG, fasting plasma glucose;
HDL, high density lipoprotein cholesterol, LDL, low density lipoprotein cholestrol;

SBP, systolic blood pressure; TC, total cholesterol; WC, waist circumference.
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Table 8. Multiple linear regression analysis between hs—CRP and

cardiovascular risk factors

B P
Age 0.004 0.001
FPG 0.003 0.003
HDL -0.001 0.476
HbA1C 0.002 <0.001

FPQG, fasting plasma glucose; HDL, high density lipoprotein cholesterol, hs-CRP,

high sensitivity C-reactive protein.
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Table 9. Multiple linear regression analysis between fibrinogen and

cardiovascular risk factors

B P
Age 0.838 <0.001
BMI 1.39 0.018
WC 0.69 0.002
FPG 0.064 0.467
SBP 0.164 0.250
DBP 0.022 0.903
TC 0.159 0.057
LDL 0.025 0.782
HDL -0.404 <0.001
HbA1C 8.067 0.001

BMI, body mass index, DBP, diastolic blood pressure; FPG, fasting plasma glucose;
HDL, high density lipoprotein cholesterol, LDL, low density lipoprotein cholestrol;

SBP, systolic blood pressure; TC, total cholesterol; WC, waist circumference.
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Table 10. Multiple linear regression analysis between homocysteine

and cardiovascular risk factors

B D
BMI -0.033 0.365
WC 0.005 0.730
SBP 0.026 0.002
DBP -0.011 0.330
Triglyceride 0.002 0.001
LDL 0.006 0.026
HDL -0.032 <0.001

BMI, body mass index; DBP, diastolic blood pressure; HDL, high density lipoprotein
cholesterol; LDL, low density lipoprotein cholestrol; SBP, systolic blood pressure;

TC, total cholesterol; WC, waist circumference.
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