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

Methods: The subjects of this study included 533 adults (180 males and 353 females) aged 20~70 years (mean
age: 469 t 10.12 years) without previously diagnosed diabetes who lived in Kangyang country. We
examined baseline HbAlc levels and cardiovascular risk factors. Metabolic syndrome was defined based on
International Diabetes Federation guidelines.

Results: The prevalence of metabolic syndrome significantly increased as HbAlc increased. HbAlc 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 HbAlc had a association with age, fasting plasma glucose, and dyslipidemia. The receiver
operating characterstics (ROC) curve analysis determined HbAlc of 5.35% to yield optimal sensitivity and
specificity corresponding to the presence of metabolic syndrome.

Conclusion: The HbAlc level is correlated with cardiovascular risk factors and prevalence of metabolic
syndrome in nondiabetic adults. (KOREAN DIABETES ] 32:435-444, 2008)
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Table 1. Clinical characteristics of study subjects with respect to sex

Total Male Female P value
N 533 180 353
Age 20~29 21 11 10
30~39 98 22 76
40~49 213 61 152
50~59 137 54 83
60~70 64 32 32
Age (years) 469 = 10.12 49.0 + 11.14 459 + 9.40 0.002
BMI (kg/m®) 23.7 £ 3.21 24.1 £ 2.63 234 + 345 0.018
WC (cm) 779 + 8.85 83.1 + 7.38 752 + 8.35 < 0.001
FPG (mg/dL) 84.4 + 10.02 86.8 £ 11.15 832 + 9.17 < 0.001
SBP (mmHg) 116.0 = 11.85 1174 + 11.53 1153 + 11.97 0.051
DBP (mmHg) 754 = 8.96 77.0 £ 8.53 74.6 = 9.07 0.003
TC (mg/dL) 187.7 + 34.13 188.6 = 33.73 187.2 + 34.39 0.669
Triglyceride (mg/dL) 116.5 + 87.48 147.0 + 120.90 100.9 + 58.40 < 0.001
LDL (mg/dL) 117.3 + 33.37 1149 + 36.57 119. 7 + 30.16 0.122
HDL (mg/dL) 46.5 = 11.00 44.3 + 10.86 47.6 £ 1091 0.001
HbAlc (%) 5.3 + 0.36 5.3 + 0.34 5.3 + 0.038 0.146

Data are means + SD. BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL, high

density lipoprotein cholesterol; LDL, low density lipoprote

in 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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Table 2. Comparison of cardiovascular risk factors of total study population according to quartile of HbAlc
HbAlc quaritile

Ist (< 5.0) 2nd (5.01~5.2) 3rd (5.21~5.45) 4th (> 5.46)
N 138 140 122 133
Age (years) 439 + 10.81 45.1 + 9.14 49.6 + 9.45" 50.3 + 929"
BMI (kg/m?) 232 + 371 234 + 2.96 23.6 + 2.69 244 + 326"
WC (cm) 752 + 8.37 769 + 8.14 78.1 = 8.50" 814 + 928"%
FPG (mg/dL) 81.9 + 9.32 81.6 + 7.65 850 + 823" 89.5 + 12247 %
SBP (mmHg) 115.6 + 12.13 1152 + 11.13 1153 + 12.46 118.0 + 11.62
DBP (mmHg) 752 + 9.87 755 + 8.99 732 + 824 775 + 8.13"
TC (mg/dL) 1755 = 29.30 187.7 £ 33.18 190.1 + 3595 198.1 + 34.52"
Triglyceride (mg/dL) 100.3 + 53.65 1148 + 124.12 106.5 + 54.53 144.1 + 88.12°"*
LDL (mg/dL) 107.8 + 27.48 116.7 + 33.12 122.6 + 31.97" 1253 + 34.63
HDL (mg/dL) 47.6 + 11.30 479 + 1131 46.2 + 10.82 439 + 10.147
Metabolic syndrome (n) 9 9 10 25

* 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.

Table 3. Comparison of cardiovascular risk factors according to quartile of HbAlc by sex
HbAlc quaritile

Ist (£ 5.0) 2nd (5.01~5.2) 3rd (5.21~5.45) 4th (= 5.46)
Male (n: 180)
N 38 46 42 54
Age (years) 443 + 13.39 462 + 9.67 52.1 + 9.99° 524 + 985"
BMI (kg/m’) 233 + 2.19 239 + 2.54 242 + 2.54 24.8 + 292"
WC (cm) 792 + 7.02 82.7 + 5.86 83.8 + 7.43" 85.5 + 7.78"
FPG (mg/dL) 84.6 + 9.61 82.8 * 6.96 87.5 + 1043 912 + 13.88"
SBP (mmHg) 113.7 + 9.61 1183 = 11.38 117.1 + 14.12 115 + 10.24
DBP (mmHg) 73.8 * 8.65 785+ 851 749 + 8.18 79.6 + 7.79"
TC (mg/dL) 166.0 + 33.04 192.1 + 32.85" 188.8 + 32.47 201.2 + 2847
Triglyceride (mg/dL) 118.5 + 59.18 168.7 + 197.66 121.9 + 64.10 168.2 + 92.85
LDL (mg/dL) 99.3 + 32.08 1135 + 42.61 119.6 + 31.10 1233 + 3525
HDL (mg/dL) 43.0 + 10.47 449 + 11.59 44.8 + 11.09 443 + 10.53
Metabolic syndrome (n) 1 1 4 9
Female (n: 353)

N 100 94 80 79
Age (years) 430 + 9.72 445 + 8.88 434 + 901" 489 + 8.67"
BMI (kg/m®) 232 + 4.16 232 + 3.12 233 + 272 242 + 3.47
WC (cm) 73.7 + 8.39 741 + 7.57 75.1 + 7.46 785 + 921"F
FPG (mg/dL) 80.9 + 9.04 81.0 + 7.93 83.7 + 6.50 88.3 + 10917°F
SBP (mmHg) 1163 + 12.93 113.6 + 10.74 114.4 + 11.49 117.0 + 12.44
DBP (mmHg) 75.7 + 10.28 74.1 + 8.89 723 + 8.17 76.0 + 8.09"
TC (mg/dL) 179.1 + 27.01 185.5 + 33.30 190.7 + 37.83 1959 + 38.14"
Triglyceride (mg/dL) 93.4 + 4999 88.5 + 44.52 98.4 * 47.22 1277 + 8129 F
LDL (mg/dL) 111.1 + 2493 1183 + 27.44 1242 + 32.50" 126.6 + 34.36"
HDL (mg/dL) 493 + 11.16 49.5 + 10.92 469 + 10.67 438 + 993"
Metabolic syndrome(n) 8 8 6 16

* 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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(P < 0.05), HDL ZallZ=slEe] 23k 74} oot
(P < 0.05) (Table 2). 27 (@3 A4& 5.01~52)T 37
(B3P 521~5.45)9] vlwAn 379 I W 35
Fo] frelshAl =L (P < 0.05), 379} 47 (FEFEAA
> 5.46)7Fe] vl A] 4-9] slElEE], FEEE, o] 8
o, FAAMe] frelshAl =9keh (P < 0.05) (Table 2).

Adol] whE vyl Ty BF 17000 vlsle] 470l4
g, sleled, 3589, ¥ ZalelE, LDL FalelE
< frelsAl S7HEIGAL (P < 0.05), FEelAE AAIRIF
1l oJAdThe ohEA) olshy] dske] feldt Aol I
t}(P < 0.05) (Table 3).

HASSTe] FHES BeEA4e] 9 (quartile)7}
Z7VEE Z71s9I (P for trend < 0.05) (Table 2, 3).
500\t tiAESTe] ST WEEIA] gigko
50th ol dollAe B3k A0] 29 (quartile)o] S7TES
Z718}3ck (P for trend < 0.05) (Table 4).
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Table 4. Comparison of cardiovascular risk factors according to quartile of HbAlc by age

HbAlc quaritile

Ist (< 5.0) 2nd (5.01~5.2) 3rd (5.21~5.45) 4th (= 5.46)
20-49 (n: 332)
N 105 94 65 68
Age (years) 39.1 + 8.03 40.1 + 5.90 423 + 493 429 + 4997
BMI (kg/m®) 233 + 4.04 232 + 3.18 235 + 291 241 + 3.11
WC (cm) 747 + 8.57 75.8 + 8.22 77.4 + 8.85 792 + 8.64"
FPG (mg/dL) 81.0 + 7.52 81.4 + 6.87 84.1 + 8.68 87.4 + 1045"
SBP (mmHg) 115.1 + 12.21 114.1 + 11.41 112.6 + 11.72 115.1 + 10.89
DBP (mmHg) 754 + 9.58 748 + 9.44 722 + 8.61 752 + 7.66
TC (mg/dL) 1745 + 27.21 182.5 + 32.43 178.9 + 34.75 191.2 + 3627
Triglyceride (mg/dL) 92.8 + 46.36 114.8 + 139.71 100.2 + 5522 128.8 + 88.06
LDL (mg/dL) 107.7 + 24.91 112.7 + 32.70 113.7 + 32.07 121.8 + 34.81
HDL (mg/dL) 482 + 1091 469 + 10.48 452 + 9.56 437 + 10.10°
Metabolic syndrome (n) 6 5 3 8
50~70 (n: 201)

N 33 46 57 65
Age (years) 57.0 + 623 552 + 5.45 579 + 575 58.1 + 5.74
BMI (kg/m’) 23.1 + 2.45 23.8 + 242 237 + 242 247 + 3.42%
WC (cm) 76.9 + 7.59 792 + 7.52 78.9 + 8.08 837 + 9.43"F
FPG (mg/dL) 84.7 + 13.30 822 + 9.09 86.1 + 7.62 91.6 + 13.62" %
SBP (mmHg) 117.1 + 11.96 117.4 + 10.29 118.3 + 12.69 121.1 + 11.64
DBP (mmHg) 747 + 10.87 76.9 + 7.89 743 + 7.71 79.8 + 8.01°%
TC (mg/dL) 178.6 + 35.45 1983 + 3248 202.8 + 33.19° 2053 =+ 31.26°
Triglyceride (mg/dL) 124.1 + 67.60 1149 + 85.15 113.6 + 53.31 1602 + 8591"F
LDL (mg/dL) 108.2 + 34.86 125.1 + 32.75 1328 + 28.89" 1289 + 34.34"
HDL (mg/dL) 45.6 + 12.40 502 + 12.67 473 + 12.08 44.4 + 10.25"
Metabolic syndrome (n) 3 4 7 17

* 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. BMLI, 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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L2 | e el A o | IR o el S = R B
ROC FA41& F3lo] F43t 77} 5.35% (sensitivity; 0.547,
I-specificity; 0.319)3, 3593 100 mg/dLol| 4-23}=
IS BAX]= 5.45% (sensitivity; 0.614, 1-specificity; 0.219)
Ack Ao, Aol whE F+8X]= Table 73 2tk

Table 5. Correlation between HbAlc and cardiovascular risk factors

Correlation r P

Age 0.258 < 0.001
BMI 0.152 < 0.001
wcC 0.252 < 0.001
FPG 0.319 < 0.001
SBP 0.100 0.021
DBP 0.115 0.008
TC 0.232 < 0.001
Triglyceride 0.156 < 0.001
LDL 0.216 < 0.001
HDL -0.167 < 0.001

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.

Table 6. Multiple linear regression analysis between HbAlc and cardiovascular risk factors

B P
FPG 0.010 < 0.001
HDL -0.006 < 0.001
Age 0.005 < 0.001
LDL 0.003 < 0.001
Triglyceride 0.000 0.026

FPG, fasting plasma glucose; HDL, high density lipoprotein cholesterol; LDL, low density lipoprotein cholesterol.

Table 7. Optimal HbAlc cutoff points from ROC curve

HbAIc (%) cutoff point Sensitivity 1-specificity AUC

Metabolic syndrome Total 5.35 0.547 0.319 0.646
Male 5.35 0.733 0.376 0.688

Female 5.25 0.579 0.435 0.632

FPG 100 mg/dL Total 5.45 0.614 0.219 0.682
Male 5.45 0.625 0.250 0.704

Female 5.55 0.600 0.156 0.650

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

440



2 dFellAe Jade] gle Uik A7 thdew 3
SFEALTL 22 TollA] w2dell Histe] AdRARe] 9]
dedvt Srkelal sl Bl felsiAl SRt
& WHsIicl 53], ¥5¥E9, HDL FElelE, A,

LDL o), FAAL fold Selida dejela
29} §olst AwAe wath

A gk gl Agstekrl o] Aslel g S-eluele] EA
AAzko 7 Ql3l Akgo] 19901 Q1T Akl 10.47ol]
A 20001 21.5% o2 20l o] Z7IEW"Y Al F
28 77 FAZ OFE R ek oASFEe Adag
] o ggeldel nad, wash TAES, 2|
ko] & AelellA FAEe] vehls dgog!) gAEE
9| el Adaazle] Bejel AL

Bol, G AUARR FEG Sl el
A ghom guve] gl Aol ulsie] Pl QI 7

WA= 2~3ul, oJAdellA= 3~4v 1 1=} 57
=P, gk sS ko g A3l DCCT (Diabetes
Control and Complicaation Trial)”¢} UKPDS (United
Kindom Prospective Diabetes Study Group)s) ATtol|A] ol
At A=A APt 75 vAIgd o wAe] 2k
7b T, gl Adabste s QIgt A
Hase] dd57t 9l deldae] A<l viel Sk
£ Wt g,

o] Y QlTrllA ddeel AddEage]
B 7He] A ks v QA ehot ARy HaH
of|A Fxgo] MH e w AddE]7] Holx 4~7 o]Hel]

wpglo]'® i A1k g Py gepy

A

-
o
O+

0.

A A7, A AF0S vAEs e Bt
H71% b AdaAste] S w3k STk
=9cP”. DECODE (Diabetes Epidemiology: Collaborative
Analysis of Diagnostic Criteria in Europe)’” o7 Z}ol]
A sleg) JEaAE wheale] dagel Py A%
71%9] BEHY 126 mg/dLo| obd FEHY 110 mg/dL
of A AEFsted &AL P Ak
PN A 2~370Y B]ke] HE 3EEE 4
FPS SYNg el Yoy 2wl
o] AEE AL glow il A3k o] dFolA]
el olg¥ giek el g QAToIA PepLale)
QIEZke] o7} Hars|gla™?, W3l ir) St o
Ao vlokt gdElE utedd FeAE AXE L QP

gl

SRR

441

Mol Agma

A==

ret

s

il

3471 HDLEXE] FH|24H1E ol AH|Z (ester)2] ©]
5% 277 HDL TeladlE Aasl U] wH
lipoproteing] IE7Ie] EAANE HolFul et
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