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Abstract
BackgroundGlycosylated hemoglobin (HbA1c) is a useful index of mean blood glucose concentrations over the preceding 2 to 3 months. Elevated HbA1c levels (> 7%) are associated with a higher incidence of microvascular and macrovascular complications in patients with diabetes mellitus. However, the relationship between HbA1c and cardiovascualr disease risk in nondiabetic adults has been unclear. The aim of this study is to estimate the association of HbA1c with cardiovascular disease risk factors and metabolic syndrome in nondiabetic adults.

MethodsThe subjects of this study included 533 adults (180 males and 353 females) aged 20~70 years (mean age: 46.9 ± 10.12 years) without previously diagnosed diabetes who lived in Kangyang country. We examined baseline HbA1c levels and cardiovascular risk factors. Metabolic syndrome was defined based on International Diabetes Federation guidelines.

ResultsThe prevalence of metabolic syndrome significantly increased as HbA1c increased. HbA1c revealed a significant correlation with age (r = 0.258, P < 0.001), BMI (r = 0.152, P < 0.001), waist circumference (r = 0.252, P < 0.001), fasting plasma glucose (r = 0.319, P < 0.001), systolic (r = 0.100, P = 0.021), diastolic (r = 0.115, P = 0.008) blood pressure, total cholesterol (r = 0.232, P < 0.001), triglyceride (r = 0.156, P < 0.001), LDL cholesterol (r = 0.216, P < 0.001), and HDL cholesterol (r = -0.167, P < 0.001). Multiple regression analysis showed that HbA1c had a association with age, fasting plasma glucose, and dyslipidemia. The receiver operating characterstics (ROC) curve analysis determined HbA1c of 5.35% to yield optimal sensitivity and specificity corresponding to the presence of metabolic syndrome.

ConclusionThe HbA1c level is correlated with cardiovascular risk factors and prevalence of metabolic syndrome in nondiabetic adults.
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  Clinical characteristics of study subjects with respect to sex

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. P values were obtained using the Student's t-test based on differences between male and female group.
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  Comparison of cardiovascular risk factors of total study population according to quartile of HbA1c

*P < 0.05, for different from 1st, †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 cholesterol; SBP, systolic blood pressure; TC, total cholesterol; WC, waist circumference.
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  Comparison of cardiovascular risk factors according to quartile of HbA1c by sex

*P < 0.05, for different from 1st, †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 cholesterol; SBP, systolic blood pressure; TC, total cholesterol; WC, waist circumference.
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  Comparison of cardiovascular risk factors according to quartile of HbA1c by age

*P < 0.05, for different from 1st, †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 cholesterol; SBP, systolic blood pressure; TC, total cholesterol; WC, waist circumference.
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  Correlation between HbA1c and cardiovascular risk factors

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.
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  Multiple linear regression analysis between HbA1c and cardiovascular risk factors

FPG, fasting plasma glucose; HDL, high density lipoprotein cholesterol; LDL, low density lipoprotein cholesterol.
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  Optimal HbA1c cutoff points from ROC curve

AUC, area under the curve; FPG, fasting plasma glucose.
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HbAlc quaritile

Ist (= 5.0) 20d (501-5.2) 3rd (521-5.45) 4th (= 546)

N 138 120 122 133

Age (years) 439 + 1081 450+ 9.4 496+ 945 503 + 929"
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Triglyceride (mg/dL) + 5365 1148 + 12412 1065 + 5453 1441 + 88.127"%
LDL (mg/dL) 8 + 2748 1167 + 33.12 1226+ 3197 1253 + 3463
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Metabolic_syndrome (n) 9 9 10 25
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Total Male Female P value
N 533 180 353
Age 20-29 21 1 10
30-39 % 2 76
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50-59 137 54 83
60-70 6 32 32
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SBP (mmHg) 1160 + 1185 1174 + 1153 1153 + 1197 001
DBP (mmHg) 754 + 896 770 + 853 746 + 907 0.003
TC (mg/dL) 1877 + 3413 1886 + 33.73 187.2 + 3439 0.669
Triglyceride (mg/dL) 1165 + 87.48 147.0 + 12090 1009 + 58.40 < 0.001
LDL (mg/dL) 1173 + 3337 1149 + 36.57 119. 7 + 30.16 0122
HDL (mg/dL) 465 + 1100 443 + 1086 476 + 1091 0.001
HbAle (%) 53 + 036 53 + 034 53 + 0038 0.146
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HbAIc_ quaritile

Ist (= 50) 20d (5.01-5.2) 3nd (521-5.45) 4th (= 5.46)

2049 (n: 332)
N 105 94 65
Age (years) 39.1 + 8.03 40.1 + 590 423 + 493
BMI (kg/m’) 233 + 404 232 + 38 235 + 291
WC (cm) 74.7 + 857 75.8 + 822 774 + 885
FPG (mg/dL) 810 + 7.52 814 + 687 84.1 + 868
SBP (mmHg) 115.1 + 1221 114.1 + 1141 1126 + 11.72 1151 + 10.89
DBP (mmHg) 754 + 9.58 748 + 9.44 722 + 861 752 + 7.66
TC (mg/dL) 1745 + 2721 1825 + 3243 1789 + 3475 1912 + 3627°
Triglyceride (mg/dL) 92.8 + 46.36 1148 + 139.71 1002 + 55.22 1288 + 88.06
LDL (mg/dL) 107.7 + 2491 1127 + 32.70 1137 + 32,07 121.8 + 34.81°
HDL (mg/dL) 482 + 1091 469 + 1048 452 + 956 437 + 10107
Metabolic syndrome (n) 6 % 3 8

50-70 (n: 201)
N 33 46 57 65
Age (years) 57.0 + 623 552 + 545 579 + 575 581+ 574
BMI (kglmx) 23.1 + 245 238 + 242 237 + 242 247 + 3.42*
WC (em) 769 + 7.59 792 + 7.52 789 + 8.08 837 + 943"
FPG (mg/dL) 847 + 1330 822 + 9.09 86.1 + 7.62 916 + 13627 "
SBP (mmHg) 117.1 + 11.96 1174 + 1029 1183 + 12.69 1211 + 11.64
DBP (mmHg) 747 + 1087 769 + 7.89 743 + 771 7938 + 801"
TC (mg/dL) 1786 + 3545 1983 + 3248 2028 + 33.19" 2053 + 3126
Triglyceride (mg/dL) 1241 + 67.60 1149 + 8515 1136 + 5331 1602 + 8591'%
LDL (mg/dL) 1082 + 34.86 125.1 + 3275 1328 + 28.89° 1289 + 34.34°
HDL (mg/dL) 456 + 1240 502 + 12,67 473 + 1208 444 = 1025
Metabolic_syndrome (n) 3 4 7 17
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Age 0258 < 0001
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Triglyceride 0.156 < 0.001
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HbAIC quaritile

Ist (= 5.0) 2nd (501-52) 3nd (521-5.45) 4th (= 5.46)
Male (n: 180)
N 38 46 42 54
Age (years) 443 + 1339 462 + 9.67 521 + 999" 524 + 985"
BMI (kg/m?) 233 + 2.19 239 + 254 242 + 254 248 + 292"
WC (em) 792 + 702 827 + 586 838 + 7.43° 855 + 778"
FPG (mg/dL) 84.6 + 961 828 + 6.96 875 + 1043 912 + 1388
SBP (mmHg) 137 1183 + 1138 1071+ 1412 115 + 1024
DBP (mmHg) 738 + 865 785+ 8.51° 749 + 818 796 + 779"
TC (mg/dL) 1660 + 33.04 192.1 + 32.85° 188.8 + 3247 2012 + 2847"
Triglyceride (mg/dL) 1185 + 50.18 168.7 + 197.66 1219 + 64.10 168.2 + 92.85
LDL (mg/dL) 993 + 3208 1135 + 42.61 119.6 + 31.10 1233 + 3525
HDL (mg/dL) 430 + 1047 449 + 1159 448 + 1109 443 + 1053
Metabolic syndrome (n) 1 1 4 9
Female (n: 353)
N 100 %4 80 9
Age (years) 430 + 9.72 445 + 888 434 + 9017 489 + 867"
BMI (kg/m’) 232 + 416 22+ 312 23 +27 242 + 347
WC (em) 737 + 839 741 + 757 75.1 + 746 785 + 921"
FPG (mg/dL) 80.9 + 9.04 810 + 7.93 83.7 + 6.50 883 + 10917
SBP (mmHg) 1163 + 1293 1136 + 1074 1144 + 1149 1170 + 1244
DBP (mmHg) 75.7 + 1028 741 + 8.89 723 + 817 760 + 8.09"
TC (mg/dL) 179.1 + 2701 185.5 + 33.30 190.7 + 37.83 1959 + 38.14°
Triglyceride (mg/dL) 93.4 + 49.99 88.5 + 44.52 98.4 + 4722 127.7 + 8129""
LDL (mg/dL) L1+ 2493 1183 + 27.44 1242 + 3250 1266 + 3436
HDL (mg/dL) 493 + 1L16 495 + 1092 469 + 10,67 438 + 993"
Metabolic_syndrome(n) 8 8 6 16
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Metabolicsyndrome Total 535 0547 0319 0646
Male 535 0733 0376 0688
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