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Background: Several studies have suggested that elevated levels of hemoglobin Alc (HbAlc) are associated with cardiovascular
disease (CVD) in nondiabetic individuals. However, it is unclear whether HbAlc levels can serve as a simple screening marker
for increased CVD risk in nondiabetic individuals. Our objective was to evaluate the relationship between HbAlc levels and CVD
risk using the Framingham risk score (FRS) in older, apparently healthy nondiabetic Korean adults.

Methods: We retrospectively studied 2,879 Korean adults between the ages of 40 and 79 who underwent voluntary health check-
ups at the Health Promotion Center of our hospital from July 2009 to June 2011. Subjects were subdivided based on their HbAlc
levels into four groups: tertiles within the HbA1c normal tolerance range and a group for subjects with an increased risk for dia-
betes (IRD).

Results: The mean FRS for the upper tertile (9.6£3.8) group was significantly higher than that of the middle tertile (8.4£4.0)
and lower tertile (7.613.8) groups. In addition, FRS was highest in the IRD group (10.51+3.7). Multiple linear regression analy-
sis demonstrated that HbA 1¢ levels exhibited a significant positive correlation with FRS when adjusted for confounding variables
in all subjects (B+standard error [SE], 0.018+0.002; R? 0.131), women (B£SE, 0.023%0.003; R? 0.170), and men (%SE, 0.016
+0.004; R*, 0.109).

Conclusion: HbAlc levels were positively correlated with FRS in older, apparently healthy nondiabetic Korean adults. We pro-
pose that HbA 1c levels may reflect CVD risk in nondiabetic individuals.
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INTRODUCTION

Hyperglycemia has been established as a risk factor for car-
diovascular disease (CVD) [1]. Epidemiological studies have
shown that elevated glucose levels are associated with CVD

risk even among individuals without diabetes [2-4]. Hemoglo-
bin Alc (HbAlc) levels provide an index of an individual’s
average glycemia over the past 2 to 3 months. HbAlc levels
have a low intraindividual variability and reflect both fasting
and postprandial glycemic states. Therefore, HbAlc levels are
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considered to be a useful indicator of dysglycemia [5,6]. Re-
cently, several studies have suggested that elevated HbA lc lev-
els are associated with CVD in nondiabetic adults, and may be
a risk indicator for the development of CVD [7-14]. However,
it is unclear whether elevated HbAlc levels reflect CVD risk
in all individuals, irrespective of characteristics including ge-
netics, sex, race/ethnicity, and population. To our knowledge,
there have been no studies that have focused on a Korean pop-
ulation, particularly a population considered to be healthy.

Framingham risk score (FRS) is a widely used model for
predicting CVD over a 10-year period [15]. FRS is useful for
CVD prediction in middle-aged, asymptomatic individuals
[16,17]. Previous studies have demonstrated that the FRS is
useful for predicting CVD in Korea [18,19]. Specifically, Kang
and Kim [18] suggested that FRS is associated with CVD in
Korean men based on the third Korea National Health and Nu-
trition Examination Survey in 2005. Thus, the objective of the
present study was to evaluate the relationship between HbAlc
levels and FRS in older, apparently healthy nondiabetic Kore-
an adults.

Study population
We retrospectively reviewed 2,879 Korean adults between the
ages of 40 and 79 who underwent voluntary regular health
check-ups at the Health Promotion Center of our hospital from
July 2009 to June 2011. Individuals who were previously di-
agnosed with diabetes, hypertension, or dyslipidemia, as well
as those being treated with hypoglycemic agents, antihyperten-
sive agents, and lipid-lowering agents were excluded. Addi-
tional exclusion criteria were as follows: coronary artery dis-
ease, stroke, acute infection, pregnancy, malignancy, liver dis-
ease, thyroid disease, impaired renal function, fasting plasma
glucose above 126 mg/dL or HbAlc level above 6.5%, hemo-
globin concentration less than 12.0 g/dL for females or 13.0 g/
dL for males, and missing data. A total of 1,535 individuals
were included in the study after excluding ineligible subjects.
Data were collected by reviewing medical questionnaires
(medical history and smoking status), a physical examination
(height, weight, and blood pressure), and laboratory tests. Af-
ter an overnight (>8 hours) fast, venous blood samples were
collected in K2-EDTA using serum separator blood-drawing
tubes (Becton Dickinson, Franklin Lakes, NJ, USA). Fasting
plasma glucose concentrations were measured using the hexo-
kinase enzymatic method. Levels of low density lipoprotein
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cholesterol (LDL-C), total cholesterol (TC), triglycerides
(TGs), and high density lipoprotein cholesterol (HDL-C) were
measured with an ADVIA 1650 (Bayer, Tokyo, Japan). HbAlc
levels were measured using ion-exchange high-performance
liquid chromatography (Variant II, Bio-Rad, Hercules, CA,
USA). The FRS for each patient was calculated using the Na-
tional Cholesterol Education Program Adult Treatment Panel
I algorithm, which is based on six risk factors: gender, age,
TC, HDL-C, systolic blood pressure, and smoking status [15].

Statistical analysis

Subjects were subdivided based on their HbAlc levels into
four groups: tertiles within the HbA 1¢ normal tolerance range
and a group for subjects with an increased risk for diabetes
(IRD) [20]. Division by tertiles within the normal tolerance
range was defined as follows: lower tertile (LT), HbAlc <5.3%;
middle tertile (MT), 5.3%<HbAlc<5.5%; and upper tertile
(UT), 5.5%<HbA1c<5.7%. The IRD group was defined as
5.7%<HbA1c<6.5%. Comparisons within groups were per-
formed using one-way ANOVA for continuous variables, and
Tukey’s multiple range test was used for categorical variables.
Post-hoc analysis was performed using Scheffe’s method to
compare differences between groups. Multiple linear regres-
sion analysis was used to identify independent associations be-
tween HbAlc levels and FRS results. We used multiple linear
regression models to control for effects of body mass index
(BMI) alone or the combined effects of BMI, diastolic blood
pressure, TG, and LDL-C. Additional multiple linear regres-
sion models were employed to examine the combined effects
of BMI, diastolic blood pressure, TG, LDL-C, and high sensi-
tive C-reactive protein (hs-CRP) on FRS results. Statistical
analyses were performed using IBM SPSS software version
19.0 (IBM Co., Armonk, NY, USA). P values <0.05 were con-
sidered statistically significant.

The clinical and biochemical characteristics of subjects are
listed in Table 1. The mean age of the subjects included in this
study was 51.018.2 years. Men were more likely than women
to have elevated weight, BMI, systolic and diastolic blood
pressure, and TG concentrations, and were also more likely to
smoke. The mean FRS was 9.41+4.0, and the mean 10-year
CVD risk was 4.4%+£5.1%. The average FRS and 10-year
CVD risks were higher for men than women.

The characteristics of the subjects subdivided into the HbAlc
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Table 1. Clinical and Biochemical Characteristics of Subjects
Characteristic All subjects Women Men P value
AACICTBUC —121535)  (n=771)  (n=764) e
Age, yr 51.0+8.2 51.3£8.3 50.7£8.1 0.140
Height, cm 164.1+£8.6 157.7+£5.6 170.5£6.1 <0.001
Weight, kg 64.0+£9.9 58.3+7.6 69.8+8.6  <0.001
BMI, kg/m? 23.7£2.6 23.4+2.7 239424 <0.001
SBP, mm Hg 122.24+13.1 121.0+13.6 123.5+12.5 <0.001
DBP, mm Hg 74.0+£103 7284103 75.1+£10.1 <0.001
TC, mg/dL 192.84+31.4 19394328 191.7£29.9  0.161
TG, mg/dL 119.9477.0 108.4+75.0 131.5+77.1 <0.001
HDL-C,mg/dL  54.0£14.0 56.6+124 51.4%+15.0 <0.001
LDL-C, mg/dL 122.8429.2 122.44+29.9 123.3£28.5 0.533
hs-CRP,mg/L  0.099£0.30 0.09+£0.22 0.10+£0.36  0.255
FPG, mg/dL 87.2+9.0 86.0£8.6 88.4+9.2 <0.001
HbAlc, % 56103 5.63£0.30 5.624+0.31 0.307
Current smoker 370 (24.1) 30(3.8) 340 (44.5) <0.001
FRS 9.4+4.0 9.0+4.5 9.8+3.3  <0.001
10-year CVD 44+5.1 1.1+1.6 7.7+£53  <0.001
risk, %
Values are expressed as mean=+SD or number (%).
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high
density lipoprotein cholesterol; LDL-C, low density lipoprotein cho-
lesterol; hs-CRP, high sensitive C-reactive protein; FPG, fasting plas-
ma glucose; HbA Ic, hemoglobin Alc; FRS, Framingham risk score;
CVD, cardiovascular disease.

tertiles and IRD group are shown in Table 2. Age, BMI, TC,
TG, HDL-C, LDL-C, and hs-CRP were significantly different
between the HbA lc subgroups. Age, BMI, TC, TG, and LDL-
C were highest in the IRD group. Age, BMI, TG, and hs-CRP
were significantly higher in UT subjects than LT subjects. TC
and LDL-C were significantly higher in MT and UT subjects
than LT subjects. FRS in the UT (9.6%3.8) group was signifi-
cantly higher than those of the MT (8.4+4.0) and LT (7.6%3.8)
groups. Moreover, FRS was highest in the IRD (10.5%+3.7)
group. The 10-year CVD risk in the UT (4.9+4.9%) and IRD
(5.2+5.7%) groups was also significantly higher than for the
MT (3.3+4.3%) and LT (3.2+4.2%) groups.

Table 3 shows a multivariable-adjusted relationship between
HbAlc levels and FRS for all subjects subdivided by gender.
After adjusting for BMI, HbA lc levels exhibited a significant
positive relationship with FRS across all subjects (p+standard
error [SE], 0.023+0.00% R?, 0.110) as well as women (B+SE,
0.02540.002; R?, 0.149) and men (B£SE, 0.023+0.003; R?,
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0.085) alone. In addition, the independent positive relationship
between HbAlc and FRS remained significant in across all
subjects (B£SE, 0.019+0.002; R?, 0.129), women (B+SE,
0.024+0.003; R, 0.168), and men (B£SE, 0.017£0.004; R?,
0.108) after adjusting for diastolic blood pressure, TG, LDL-C,
and BMI. These significant positive relationships persisted
across all subjects (B£SE, 0.018+0.002; R?, 0.131), women
(B%£SE, 0.023+0.003; R?, 0.170), and men (B£SE, 0.016+
0.004; R%, 0.109) after adjusting for hs-CRP as well.

DISCUSSION

The results of the present study demonstrated a significant
positive relationship between HbAlc levels and FRS in older,
apparently healthy nondiabetic Korean Adults. After adjusting
for confounding variables, HbAlc levels were found to be
positively correlated with FRS in both men and women.

Diabetes is well known as a risk factor for CVD [21]. Dia-
betic patients have a 2-fold to 4-fold increased rick of CVD
compared to nondiabetics [22]. Impaired glucose tolerance
(IGT) and impaired fasting glucose (IFG) have also been shown
to increase CVD risk [23]. Interestingly, a relationship between
elevated glucose levels and CVD risk has been reported in
people without diabetes [2-4]. High glucose concentrations
may accelerate atherosclerotic processes through oxidative
stress and protein glycation of vessel walls [24]. As such, the
possibility that the degree of dysglycemia is an independent
risk factor for CVD has been proposed [1-4,21,23]. However,
a causal role of glucose itself in the development of CVD re-
mains illusive. HbAlc levels reflect circulating glucose levels
over the preceding 2 to 3 months, have a low intraindividual
variation, and can be assessed in a nonfasting state. HbAlc
levels represent both the fasting and postprandial glycemic
state and are considered useful as a measurement of dysglyce-
mia. HbAlc levels are also used as an index for the risk of de-
veloping diabetic complications and to guide therapy by as-
sessing the response to glucose-lowering treatments in diabetic
patients [5,6]. Recently, HbAlc levels have also been added as
a diagnostic criterion for diabetes, largely due to the established
association between HbAlc levels and microvascular disease
[20].

Several studies have suggested that HbAlc levels may be
useful for detecting the risk of CVD in nondiabetic subjects
[7-14]. The Hoorn study [7] showed that a 1.4% increase of
HbAlc is associated with a higher age-adjusted and sex-ad-
justed risk of all-cause (relative risk [RR], 1.61) and CVD
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Table 2. Clinical and Biochemical Characteristics Stratified by Tertiles of the Normal HbA 1¢ Tolerance Range and Increased Risk

for Diabetes
Characteristic LT (n=279) MT (n=341) UT (n=199) IRD (n=716) P value
Age, yr 48.4+7.25 49.0£7.50 50.7+7.8 53.1+8.4%0¢ <0.001
Sex

Women 139 (49.8) 183 (53.6) 86 (43.2) 363 (50.6) 0.158

Men 140 (50.2) 158 (46.4) 113 (56.8) 353 (49.4) 0.145
BMI, kg/m? 22.9+2.44 23.4+2.7 23.7£2.5° 24.142.5% <0.001
SBP, mm Hg 122.2+14.3 121.5+£13.1 120.9+£12.2 123.0+£12.8 0.136
DBP, mm Hg 73.3£10.5 742+10.9 73.2+10.2 74.3+10.0 0.344
TC, mg/dL 180.61£26.2 190.5+31.1* 194.1£31.5° 198.2432.0* <0.001
TG, mg/dL 100.4+75.3 113.3+73.1 120.7£74.0° 130.3+78.5*" <0.001
HDL-C, mg/dL 56.0t12.4 54.5+12.1 53.1+12.3 53.3+15.7* 0.032
LDL-C, mg/dL 109.2+24.5 120.3£28.8" 124.7+28.6° 128.8+£29.4% <0.001
hs-CRP, mg/L 0.05+0.07 0.07£0.18 0.15+0.63* 0.11+0.25° 0.002
FPG, mg/dL 84.4+8.7 85.9+7.5 85.8+8.2 89.34+9.5%0¢ <0.001
Current smoker 60 (21.5) 73 (21.4) 61 (30.6) 176 (24.5) 0.078
FRS 7.6+3.8 8.4+4.0 9.6+3.8* 10.5£3.7%>¢ <0.001
10-year CVD risk, % 32442 33443 4.9+4.9 5245.7* <0.001

Values are expressed as mean+SD or number (%). LT, HbAlc <5.3%; MT, 5.3%<HbA1c¢=<5.5%; UT, 5.5%<HbA1c<5.7%; IRD, 5.7<
HbA1¢<6.5%.

LT, lower tertile; MT, middle tertile; UT, upper tertile; IRD, increased risk for diabetes; BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cho-
lesterol; hs-CRP, high sensitive C-reactive protein; FPG, fasting plasma glucose; FRS, Framingham risk score; CVD, cardiovascular disease.
1P<0.05 vs. LT; *P<0.05 vs. MT; °P<0.05 vs. UT.

Table 3. Multiple Linear Regression Analyses of the Relationship between Framingham Risk Score (as a Dependent Variable) and
Hemoglobin Alc (as an Independent Variable)

Total (n=1,535) Women (n=771) Men (n=764)
Coefficient , Coefficient , Coefficient ,
B+SE P value . B+SE P value . B+SE P value .
Model 1 0.023+£0.002 <0.001 0.110 0.025+0.002 <0.001 0.149 0.023+0.003 <0.001 0.085
Model 2 0.019+0.002 <0.001 0.129 0.024+0.003 <0.001 0.168 0.017£0.004  <0.001 0.108
Model 3 0.018+0.002 <0.001 0.131 0.023+£0.003 <0.001 0.170 0.016+0.004 <0.001 0.109

Model 1, adjusted by body mass index. Model 2, adjusted by body mass index, diastolic blood pressure, triglyceride, and low density lipoprotein
cholesterol. Model 3, adjusted by body mass index, diastolic blood pressure, triglyceride, low density lipoprotein cholesterol, and high sensitive C-
reactive protein.

SE, standard error.

mortality (RR, 2.12) in older subjects without diabetes during
an 8 year follow-up period. The Rancho Bernardo study [8], a
community-based analysis of 1,239 nondiabetic older adults,
showed that HbAlc levels, but not fasting plasma glucose or
postchallenge plasma glucose levels, are significantly related
to CVD and ischemic heart disease (IHD) associated mortality
in women but not men. The authors of the EPIC-Norfolk study
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[9] demonstrated that HbA 1¢ levels are continuously related to
subsequent all-cause, CVD, and IHD mortality throughout an
entire population distribution, with the lowest rates observed
in men with HbAlc levels below 5%. A one percent increase
in HbAlc levels was shown to be significantly associated with
a 28% increased risk of death after multivariable adjustment,
an effect that persisted even after excluding men with known
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diabetes, HbAlc levels =7%, a history of myocardial infarc-
tion, or a history of stroke. Selvin et al. [10] demonstrated in
the Atherosclerosis Risk in Communities study that HbAlc lev-
els are a strong predictor of CVD and death from any cause in
participants without a history of diabetes. Specifically, in a
community-based population of nondiabetic middle-aged white
and black adults, the predictive value of HbAlc levels was
demonstrated to be superior compared with fasting glucose
values. Silbernagel et al. [11] found that HbA1c levels are sig-
nificantly and independently associated with fasting glucose
predicted all-cause and CVD mortality in individuals without
a history of diabetes undergoing coronary angiography. Al-
though concerns have been raised about the clinical significance
of nondiabetic hyperglycemia for CVD risk and the role of
HbAc levels as a reasonable marker at this stage, it is uncer-
tain whether HbAlc levels may serve as a simple screening
marker for increased CVD risk in nondiabetic individuals.
Moreover, HbAlc can be affected by individual characteris-
tics, including genetics, sex, race/ethnicity, and different popu-
lations [25,26].

In the present study, we evaluated the relationship between
HbAIc level and CVD risk by estimating FRS in older, appar-
ently healthy nondiabetic Korean adults. FRS is a widely used
tool for assessing 10-year risk for CVD events in middle-aged,
asymptomatic individuals. FRS is calculated from CVD risk
factors including age, gender, smoking, systolic blood pressure,
HDL-C, and TC [15-17]. We found a significant positive cor-
relation between HbA 1¢ levels and FRS, which remained after
adjusting for all conditions associated with FRS in all popula-
tions as well as for gender differences. FRS and 10-year CVD
risk in the UT group was significantly higher than those of MT
and LT group, all of which were within the normal glucose
tolerance range of HbAlc. In particular, FRS was the highest,
by a significant amount, in the IRD population. It is likely that
HbA 1c levels, which represent chronic exposure to fasting and
postprandial hyperglycemia, may reflect a combination of
metabolic defects underlying both IFG and IGT. This hypoth-
esis suggests that HbA 1c levels reflect CVD risk in middle-aged
nondiabetic Korean adults, even though their HbAlc levels are
generally considered to be within a normal range. Some stud-
ies have suggested the usefulness of HbAlc as a predictor of
metabolic syndrome, defined as a cluster of closely related CVD
risk factors such as obesity, dyslipidemia, hypertension, and
hyperglycemia [27,28]. In our study, dyslipidemia and obesity
was observed in UT subjects within the normal glucose toler-
ance range of HbA ¢, while those in the IRD group were com-

Copyright © 2013 Korean Endocrine Society

parable with the MT and LT groups. Our results provide evi-
dence that in subjects without diabetes, HbA 1¢ levels may func-
tion as an index of CVD risk.

The limitations of this study include the small sample size
and its cross-sectional design, which precludes the clear deter-
mination of a causal relationship. That the FRS for CVD and
specific outcomes could not be assessed was another limitation
of our study, and thus we cannot provide insight into whether
elevated FRS actually causes CVD events. The lack of oral
glucose tolerance test data and measurement of HbAlc levels
at only one timepoint are also important limitations. In addi-
tion, almost half of the study subjects fell into the IRD group.
Lastly, our results may not be generalizable to all Koreans be-
cause the study participants were volunteers who attended
regular health check-ups. Despite these limitations, this study
is meaningful because it presents the most current data avail-
able with respect to evaluating the association between HbAlc
levels and FRS in older, apparently healthy nondiabetic Kore-
an adults.

In conclusion, HbA 1c levels were positively correlated with
FRS in older, apparently healthy nondiabetic Korean adults.
We propose that HbA 1¢ levels may reflect the risk of CVD as-
sociated with nondiabetic hyperglycemia, which should be
evaluated in the future by prospective studies.
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