Original Article

http://dx.doi.org/10.12997/jla.2015.4.2.123
pISSN 2287-2892 - elSSN 2288-2561

JLA

Increased Estimated 10-Year Risk for Cardiovascular Disease
Assessed Using the Pooled Cohort Equation in Non-Diabetic
Subjects According to Increasing HbA1c Levels

Hyung-Geun Oh', Eun-Jung Rhee’

"Department of Neurology, Soonchunhyang University Cheonan Hospital, Soonchunhyang University
College of Medicine, Cheonan, Korea

*Department of Endocrinology and Metabolism, Kangbuk Samsung Hospital, Sungkyunkwan University
School of Medicine, Seoul, Korea

Objective: In 2013, a new risk calculator known as the Pooled Cohort Equation (PCE) was introduced with the new
cholesterol guideline. We aimed to calculate the 10-year atherosclerotic cardiovascular disease (ASCVD) risk using PCE
in non-diabetic Korean subjects with glycated hemoglobin (HbA1c) lower than 6.5%.

Methods: A total of 17,519 participants were evaluated in a health screening program. The 10-year ASCVD risk was calculated
using the PCE. Subjects with underlying diabetes or HbATc >6.5% were excluded. Subjects were divided into four groups
according to fasting blood glucose (FBC) and HbATc levels: FBG <100 mg/dL, 100<FBG<110 mg/dL, 110<FBG<120
mg/dL, and FBG >120 mg/dL; HbAlc <5.5%, 5.5%<HbA1c<5.6%, 5.6%<HbA1c<5.8%, and HbATc >5.8%.
Results: The mean 10-year ASCVD risk significantly increased as FBG increased from <100 mg/dL to >120 mg/dL in
the four divided groups (2.6%, 3.3%, 3.8%, 4.1%; p<0.01), and as HbATc increased from <5.5% to >5.8% (2.4%, 2.7%,
3.0%, 3.6%; p<0.01). The odds ratio for 10-year ASCVD risk >10% significantly increased from group | to IV according
to FBG and HbAlc levels after adjusting for age, body mass index and fasting insulin level (1.187, 1.753, and 2.390
vs. 1.0 in the lowest FBG group; 1.626, 1.574, and 1.645 vs. 1.0 in the lowest HbATc group).

Conclusion: The 10-year ASCVD risk calculated using the PCE significantly increased as the FBG and HbATc increased

even in Korean subjects without underlying diabetes.
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INTRODUCTION

Prediabetes is an intermediate state of hyperglycemia
with glycemic parameters above normal but below the
diabetes threshold.! According to the 6" Diabetes Atlas,
the number of individuals with prediabetes is almost similar
to the number of patients with diabetes worldwide.” This
increasing trend deteriorates as time progresses and the

health economic burden due to this problem is huge.
Considering the socioeconomic burden of diabetes and
the potential of prediabetes to progress to diabetes, the
prevention of this progression is the most important
strategy to overcome the global burden of cardiovascular
disease associated with diabetes.

It has been reported that atherosclerosis occurs in the
prediabetic stage and even progress. The Collaborative
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analysis Of Diagnostic Criterion in Europe (DECODE) study
confirmed that asymptomatic hyperglycemia was asso-
ciated with an increased risk of premature mortality and
cardiovascular disease.’ In the Diabetes Epidemiology:
Collaborative Analysis of Diagnostic Criterion in Asia
(DECODA) study, the correlation between glycemic status
in the non-diabetic range and mortality due to CVD was
also confirmed among Asians.* These two studies showed
that post-challenge hyperglycemia other than fasting
hyperglycemia had a higher correlation with CVD risk.

The Framingham Risk Score (FRS), which has been
derived from the data from Caucasians, has been used
for the calculation of the 10-year CVD risk with the view
to identify subjects who are eligible for statin treatment
according to the cholesterol guideline.> However, there
are still controversies regarding the appropriateness of
applying this risk calculator to other ethnic groups. In 2013,
the American College of Cardiology/American Heart
Association (ACC/AHA) task force released a new report
on the treatment of blood cholesterol.® This guideline
included a new risk assessment tool designated Pooled
Cohort Equations (PCE) to quantify the 10-year athero-
sclerotic CVD (ASCVD) risk, which has been the subject
of controversy regarding its accuracy in risk prediction.’
In this respect, only a few studies have reported the
predictive power of the PCE using other datasets.

To date, no studies have evaluated the 10-year ASCVD
risk in subjects with prediabetes using PCEs. Therefore,
herein we analyzed the 10-year ASCVD risk using the PCE
in 17,519 Korean subjects who participated in a health
screening program, and compared these rates across
different groups stratified by fasting blood glucose (FBG)
and glycated hemoglobin (HbA1c) levels.

MATERIALS AND METHODS
1. Study subjects

This cross-sectional study was part of the Kangbuk

124

Samsung Health Study (KSHS), in which the subjects were
evaluated in a medical health checkup program at the
Health Promotion Center of Kangbuk Samsung Hospital,
Sungkyunkwan University, Seoul, Korea. The purpose of
this checkup program was to promote the health of
employees through regular health checkups and to
enhance early detection of existing diseases. Most of the
examinees are employees and family members of various
industrial companies from around the country. The costs
of the medical examinations are largely paid for by their
employers and a considerable proportion of the examinees
undergo examinations annually or biannually.

The initial study population comprised 34,464 subjects
who participated in the program between January 2011
and December 2012. Among them, 20,937 subjects aged
between 40 and 75 years were selected. In addition, the
subjects with diabetes, being treated with hyperlipidemic
agent and those with missing data were excluded from
the study, leaving 17,519 subjects for the final analysis.

The study was approved by the institutional review
board of Kangbuk Samsung Hospital. The requirement
of informed consent was waived because we used
non-identifiable data routinely collected during the health

screening process.

2. Anthropometric measurement and laboratory
assessment

Height and weight were measured twice and then
averaged. Body mass index (BMI) was calculated by
dividing the weight (kg) by the square of the height (m).
Blood pressure was measured using a standardized
sphygmomanometer after 5 minutes of rest.

All of the subjects were examined after an overnight
fast. The hexokinase method was used to measure fasting
blood glucose (FBG) concentrations (Hitachi Modular
D2400; Roche, Tokyo, Japan). An enzymatic calorimetric
test was used to measure the total cholesterol and

triglyceride concentrations. The selective inhibition method



Hyung-Geun Oh, et al.: Pooled Cohort Equation in Non-Diabetic Subjects

was used to measure the level of high-density lipoprotein
cholesterol (HDL-C), and a homogeneous enzymatic calo-
rimetric test was used to measure the level of low-density
lipoprotein cholesterol (LDL-C).

HbA1c was measured using an immunoturbidimetric
assay with a Cobra Integra 800 automatic analyzer (Roche
Diagnostics, Basel, Switzerland) with a reference value
of 4.4%-6.4%. The methodology was aligned with the
Diabetes Control and Complications Trial and National
Glycohemoglobin Standardization Program (NGSP) stan-
dards.® The intra-assay coefficient of variation (CV) was
2.3% and the inter-assay CV was 2.4%, both of which
were within the acceptable limits of the NGSP.°

The presence of diabetes mellitus was determined using
a self-reported questionnaire applied to the participants
and according with the diagnostic Criterion of the
American Diabetes Association (ADA)." Whether the subject
was on anti-hypertensive medication or not was assessed
using the self-reported questionnaire. The smoking status
was also determined using the questionnaire and current
smokers were defined as the subjects who responded yes
to the question “Do you currently smoke?” in the ques-
tionnaire. Alcohol drinking status was assessed by the
self-questionnaire, and confirmed ‘yes’ if the subject was
drinking alcohol equal to or more than three times a weeks.

Subjects were divided into four groups according to
the FBG levels, as follows: group I: FBG<100 mg/dL, group
II: T00<FBG<110 mg/dL, group lll: 110<FBG<120 mg/dL,
and group IV: FBG>120 mg/dL.

In addition, subjects were divided into four groups

1% quartile:

according to the HbA1c quartile, as follows:
HbA1c<5.5%, 2" quartile: 5.5%<HbA1c<5.6%, 3™
quartile: 5.6%<HbA1c<5.8%, and 4" quartile: HbA1c>

5.8%.

3. Assessment of the 10—year cardiovascular
disease risk using the Pooled Cohort Equation

The 10-year ASCVD risk was assessed using the PCE

as recommended by the 2013 ACC/AHA guideline on the
treatment of blood cholesterol.” The PCE assesses the
10-year ASCVD risk considering data on age, ethnic group
(African-American vs. Caucasians or others), gender, total
cholesterol, HDL-C, systolic blood pressure, treatment with
anti-hypertensive medications, smoking status, and the
presence of diabetes. The proportion of subjects with
10-year ASCVD risk were assessed and the risk for being
10-year ASCVD>7.5% were analyzed.

4. Statistical analysis

All data were presented as the mean and standard
deviation and were analyzed using PASW Statistics
software version 18.0 (SPSS Inc., Chicago, IL, USA). The
comparisons of the mean values and the prevalence of
the variables among the four groups divided by HbA1c
and FBG were performed with one-way analysis of
variance (ANOVA) test and chi-square test. Multiple
comparisons of differences in the means of continuous
variables between individual groups were performed using
the post-hoc analyses after one-way ANOVA test with
Tukey's b test.

Logistic regression analysis was performed to analyze
the odds ratio (OR) for increased 10-year ASCVD risk in
the four groups divided by HbA1c and FBG. Statistical
significance was defined by a p value less than 0.05.

RESULTS

The general characteristics of the participants are
presented in Table 1. The mean age of the participants
was 46 years and 79.3% were men. The mean BMI was
24.3 kg/m? and the mean HbAlc was 5.66%.

The classification of the groups according to the FBG
levels indicated that the subjects in the highest group
were the oldest and the most obese among the four groups
(Table 3). The mean 10-year ASCVD risk increased as the
mean FBG increased from the lowest to the highest group,
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although groups Ill and IV did not show any significant
differences in the post-hoc analyses (Table 2).
The classification of the groups according to HbAlc

Table 1. General characteristics of the participants

N=17,519 Variables
Age (years) 45.845.8
Gender: men (%) 13,899(79.3)
BMI (kg/m?) 243129
Systolic BP (mmHg) 113.8£12.6
Diastolic BP (mmHg) 74.5+10.1
Fasting blood glucose (mg/dL) 97.2+8.8
Total cholesterol (mg/dL) 205.6132.6
HDL-C (mg/dL) 54.0+13.2
Triglyceride (mg/dL) 136.4£81.0
LDL-C (mg/dL) 132.2+30.0
HbA1c (%) 5.66%0.3
Current smoking (%) 4,794(27.4)
Alcohol drinking (%) 3454(19.7)
Treatment for hypertension (%) 830(4.7)
Mean 10-year cardiovascular risk 2.91£2.9

BMII; body mass index, BP; blood pressure, HDL-C; high-density
lipoprotein cholesterol, HbA1c; glycated hemoglobin

quartiles indicated that the subjects in the 4™ quartile
were the oldest and mostly obese among the four groups
(Table 2). Other metabolic parameters showed a signi-
ficant increase from the lowest to the highest quartile
groups. The mean 10-year ASCVD risk increased as the
mean HbA1c increased from the lowest to the highest
quartile group (Table 3).

When logistic regression analyses were performed with
the 10-year cardiovascular risk of >7.5% as the dependent
variable, the OR increased from group | to IV according
to the FBG (Table 4). This significance was maintained
even after adjusting for age, BMI, and fasting insulin levels.
When 10-year ASCVD risk of >7.5% was calculated
according to 10 mg/dL of FBG increment, OR was 1.208
after adjustment for age, BMI, and fasting insulin levels
(Table 4).

When the OR for the 10-year ASCVD risk of >7.5%
was analyzed using logistic regression according to the

Table 2. Comparisons of the parameters in 4 groups according to the fasting blood glucose levels

Group | Group |l Group |lI Group IV
=171 (N=11279) (N=4624) (N=1333) (N=283) D EILe
Age (years) 45 6457 46.145.9 46.6+6.0" 46.8+56" <0.01
Gender: men (%) 8453(74.9) 3991(86.3) 1193(89.5) 262(92.6) <0.01
BMI (kg/m?) 239428 248428 25.443.0 25.842.7 <0.01*
Systolic BP (mmHg) 111.9+12.2 116.0+12.3 119.6+13 .4 121.6+13.5 <0.01*
Diastolic BP (mmHag) 73.049.7 76.4+10.0 78.9+10.6 80.3+10.5 <0.01*
Fasting blood glucose (mg/dL) 92.0+5.1 103.7£2.8 113.442.7 122.3£2.0 <0.01*
Total cholesterol (mg/dL) 203.6+32.3 208.3+32.5 211.8+33.8" 212.54¢342" <0.01
HDL-C (mg/dL) 54.8+13.4 52.9+12.8 51.5+12.27 51.2+¢12.27 <0.01
Triglyceride (mg/dL) 126.6+74.5 1483845 167.1+99.6 183.1494.9 <0.01*
LDL-C (mg/dL) 130.7429.9 134.4430.0" 136.6+30.1" 1358431477 <0.01
HbATC (%) 5.61+0.2 5.72+0.2 5.8540.3 5.98+0.3 <0.01*
Current smoking (%) 2991(26.5) 1319(28.5) 391(29.3) 93(32.9) 0.003
Alcohol drinking (%) 1875(16.6) 1107(23.9) 373(28.0) 99(35.0) <0.01
Treatment for hypertension (%) 415(3.7) 269(5.8) 109(8.2) 37(13.1) <0.01
Mean 10-year CVD risk 262427 3.26+3.0 3.83+32" 4124317 <0.01
Proportion of subjects with 666(5.9) 392(8.5) 164(12.3) 398(13.8) <0.01

10-year CVD risk >7.5%

BP; blood pressure, HDL-C; high-density lipoprotein cholesterol, HbAlc; glycated hemoglobin, CVDI; cardiovascular disease
Group I: FBG <100 mg/dL, group II: T00<FBG<110 mg/dL, group Il 110<FBG<120 mg/dL, group IV: FBG>120 mg/dL
=Significant differences among the different groups in post-hoc analyses

. Different footnotes denote significant differences between the groups in post-hoc analyses. Same footnote denotes
lack of significant differences between the groups in post-hoc analyses. Otherwise significant difference in post-hoc analysis.
Values are presented as meanzstandard deviation or number (%).
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HbA1c quartile groups, the OR significantly increased from  adjustment for age, BMI, and fasting insulin levels (Table 4).
quartile | to IV (Table 4). This significance was maintained

even after adjusting for age, BMI, and fasting insulin level. ~ DISCUSSION

When 10-year ASCVD risk of >7.5% was calculated accor-

ding to 1% of HbA1c increment, OR was 1.367 after In this study, we observed that the estimated 10-year

Table 3. Comparisons of the parameters according to HbAlc quartiles

1" quartile 2" quartile 3 quartile 4™ quartile

N=17.519 (N=3549) (N=5282) (N=4847) (N=3841) 2N
Age (years) 44.9+4 8 45 3152 461259 47.246.8 <0.01*
Gender: men (%) 2872(80.9) 4282(81.1) 3825(78.9) 2920(76.0) <0.01
BMI (kg/mz) 23.812.7 24.0+2.8 24442 8 25.0£3.0 <0.01*
Systolic BP (mmHg) 113.2+12.6a 113.3x12.4a 113.9%12.7 114.7£12.9 <0.01
Diastolic BP (mmHg) 74.1+10.3a 74.2+10.1a 74.619.9 75.1£10.1 <0.01
Fasting blood glucose (mg/dL) 93.8+7.6 95.7+7.9 97.548.2 102.149.7 <0.01*
Total cholesterol (mg/dL) 198.2+30.9 203.9+31.8 208.5+32.4 211.0£34.0 <0.01*
HDL-C (mg/dL) 55.5£134 54.9+13.4 53.6£12.9 51.9+12.7 <0.01*
Triglyceride (mg/dL) 125.3173.8 130.4+78.0 140.2+83.2 150.0+86.3. <0.01*
LDL-C (mg/dL) 125.3128.6 130.6£29.5 134.7+£29.8 137.61£31.0 <0.01*
HbA1c (%) 5.31£0.1 5.55+0.04 5.74+0.05 6.02+0.14 <0.01*
Current smoking (%) 953(26.9) 1515(28.7) 1303(26.9) 1023(26.6) 0.083
Alcohol drinking (%) 802(22.6) 1087(20.6) 882(18.2) 683(17.8) <0.01
Treatment for hypertension (%) 140(3.9) 203(3.8) 227(4.7) 260(6.8) <0.01
Mean 10-year CVD risk 23912 4 2.69+2.7 3.01£2.9 3.55+34 <0.01*
Proportion of subjects with 148(4.2) 299(5.7) 373(7.7) 441(11.5) <0.01

10-year CVD risk >7.5%
BP; blood pressure, HDL-C; high-density lipoprotein cholesterol, LDL-C; low-density lipoprotein cholesterol, HbA1c; glycated
hemoglobin CVD, cardiovascular disease
1 quartile: HbA1c<5.5, 2™ quartile: 5.5<HbA1c<5.6, 3" quartile: 5.6<HbA1c<5.8, 4™ quartile: HbA1C>5.8%
*Significant differences between the different groups in post-hoc analyses
TSame footnotes denote lack of significant differences between the groups in post-hoc analyses

Table 4. Odds ratio for the increased 10—year cardiovascular risk according to different groups classified according to HbAlc
and fasting glucose levels

Groups by FBG* Crude OR for 10-year CVD risk >7.5% OR for 10-year CVD risk >7.5% '
Group | 1.00 1.00

Group |l 1.476(1.296, 1,681) 1.197(1.030, 1.390)
Group Il 2.236(1.865, 2.680) 1.592(1.288, 1.967)
Group IV 2.547(1.800, 3.603) 1.624(1.091, 2.417)
Increment by 10 mg/dL 1.407(1.322, 1.497) 1.208(1.123, 1.300)
HbATc quartiles** Crude OR for 10-year CVD risk >7.5% OR for 10-year CVD risk >7.5% "
1" quartile 1.00 1.00

2" quartile 1.379(1.127, 1.687) 1.237(0.993, 1.541)

3" quartile 1.916(1.576, 2.330) 1.276(1.028, 1.583)

4" quartile 2.981(2.460, 3.612) 1.388(1.118, 1.724)
Increment by 1% 4.374(3.516, 5.441) 1.367(1.064, 1.756)

*Group |I: FBG<100 mg/dL, group II: T00<FBG<110 mg/dL, group Il 110<FBG<120 mg/dL, group IV: FBG>120 mg/dL
+x1°" quartile: HbA1c<5.5, 2™ quartile: 5.5<HbA1c<5.6, 3" quartile: 5.6<HbA1c<5.8, 4™ quartile: HbA1c>5.8%
T Adjusted for age, BMI, and fasting insulin level
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ASCVD risk calculated using the PCE increased as the FBG
increased within the non-diabetic range in apparently
healthy Korean adults, although no significant differences
were observed between the subjects with 110<FBG<120
mg/dL and those with FBG >120 mg/dL. With regard to
the HbA1c quartiles, a significantly increased estimated
10~year ASCVD risk was observed as HbAlc increased from
1% to 4" quartile groups. When logistic regression analysis
was performed using the increased 10-year ASCVD risk
defined by >7.5%, the group with FBG >120 mg/dL
showed a 1.62-fold increased risk for a >7.5% 10-year
ASCVD risk compared with those with FBG <100 mg/dL.
With regard to HbA1c, the subjects with HbAlc >5.8%
showed a 1.34-fold increased risk for a >7.5% 10-year
ASCVD risk compared with those with HbAlc <5.5%.
These results suggest that even within the non-diabetic
range, the increase in FBG or HbA1c can increase the
cardiovascular risk as calculated using the PCE.

The increased cardiovascular risk in subjects with
elevated glucose levels in the non-diabetic range is still
a subject of debate. In a large European multicenter study,
the DECODE study confirmed that symptomatic hyper-
glycemia is associated with a higher future risk of mortality
due to CVD among individuals with impaired glucose
tolerance (IGT) compared with those with impaired fasting
glucose (IFG). In contrast, the AusDiab study found that,
compared with normal glucose tolerance, the relative risk
of developing CVD events was higher among those with
IFG compared with those with IGT." Moreover, the
Atherosclerosis Risk in Communities (ARIC) study did not
find any assodciation between high FBG and coronary heart
disease (CHD) or ischemic stroke, whereas HbA1c concen-
trations of 5.5%-6.0% were associated with a 45%
increased risk of CHD but not with ischemic stroke, and
HbA1c concentrations of 6.0%-6.5% were associated
with a 40%-60% increased risk of both CHD and stroke
compared with individuals with HbA1c levels of 5.0%-
5.5%."" A meta-analysis of 9 prospective studies con-
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cluded that a 1%-point increase in HbAlc within the
nondiabetic range was associated with a 20% increased
risk of CHD."

In 2013, the ACC/AHA task force released a new report
on the treatment of blood cholesterol, suggesting the
four groups to benefit from statin treatment and removing
the specific target levels for blood cholesterol for the
reduction of CVD.? This guideline recommended the use
of a totally new risk assessment tool designated PCEs to
assess the 10-year ASCVD risk. PCEs use age, gender, race,
total cholesterol, HDL-C, systolic blood pressure, treat-
ment for high hypertension, diabetes, and smoking as
risk factors and is different from the Framingham Risk
Score (FRS), which uses age, gender, total cholesterol,
HDL-C, blood pressure, and smoking as risk factors.”'
Although the FRS has been validated in many populations,
its accuracy is somewhat limited among Asian populations.

No previous studies have estimated the 10-year ASCVD
risk using the PCE for the non-diabetic status. In our study,
the estimated 10-year ASCVD risk calculated with the PCE
linearly increased as the groups were classified according
to FBG and HbA1c. In addition, the subjects with FBG
higher than 110 mg/dL showed a significantly increased
(>10%) ASCVD risk compared with those with FBG lower
than 110 mg/dL. This result suggests that even within
the non-diabetic glycemic range, there can be different
risk stratification with different glucose levels, particularly
among those with FBG higher than 110 mg/dL. This result
opposes the rationale of ADA for lowering the normal
range of FBG level from 110 mg/dL to 100 mg/dL, which
differed from the cutoff of the World Health Organi-
zation.”™ However, our results support those of previous
studies in that subjects with IFG could have increased
CVD risk, despite the absence of diabetes in those patients
in that instance.'”

In this study, an increase in HbA1c higher than 5.5%
resulted in a linearly increased risk for a 10-year ASCVD
risk >7.5% calculated with the PCE. The cutoff of 5.5%
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was a value defined accidentally when dividing the
population into four groups, not an artificial selection.
In the ARIC study, subjects with an HbA1c level higher
than 5.5% showed a significantly increased risk for CHD."
The agreement of the cutoff with that of a previous study
in which the ASCVD risk was assessed using the actual
occurrence of CVD events could have occurred by chance
or it’s the actual fact; thus we should interpret the result
cautiously.

This study has a few limitations worth noting. First,
the glycemic status was assessed only using HbA1c and
FBG, and not using a glucose challenge test. Therefore,
there could be alterations in the diagnosis of the glycemic
status if both FBG and post-challenge glucose had been
measured. However, many studies have reported the
accuracy of measuring only FBG levels for the detection
of diabetes or prediabetes in mass screening programs.'®"’
Secondly, the status of the cardiovascular burden was
assessed only using the PCE, not using the actual CVD
events. However, the purpose of this study was not to
assess the correlations with the real CVD risk, but to
observe that the PCE could be validated in subjects with
prediabetes. In addition, we aimed to compare the
agreement of PCE values with the glycemic status assessed
using HbA1c or FBG. Therefore, further studies should
be performed to prove the accuracy of the PCE to predict
actual CVD events in subjects with prediabetes. In spite
of these limitations, this is the first study to analyze the
10-year ASCVD risk calculated using the PCE in subjects
with prediabetes.

In conclusion, we found that the 10-year ASCVD risk
calculated using the new risk calculator, the PCE, increased
linearly as the glycemic status assessed using both HbA1c
and FBG worsened in the non-diabetic range in Korean
subjects without underlying diabetes. This result corro-
borates previous findings in which the CVD risk assessed
using the PCE increased as the glucose level increased
even in the non-diabetic range. Further studies are

necessary to confirm the results of our study in different

ethnic groups.
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