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Impact of Framingham Risk Score, Flow-Mediated Dilation, 
Pulse Wave Velocity, and Biomarkers for Cardiovascular Events 
in Stable Angina

Although the age-adjusted Framingham risk score (AFRS), flow-mediated dilation (FMD), 
brachial-ankle pulse wave velocity (baPWV), high-sensitivity C-reactive protein (hsCRP), 
fibrinogen, homocysteine, and free fatty acid (FFA) can predict future cardiovascular 
events (CVEs), a comparison of these risk assessments for patients with stable angina has 
not been reported. We enrolled 203 patients with stable angina who had been scheduled 
for coronary angiography (CAG). After CAG, 134 patients showed significant coronary 
artery disease. During 4.2 yr follow-up, 36 patients (18%) showed CVEs, including 
myocardial infarction, de-novo coronary artery revascularization, in-stent restenosis, 
stroke, and cardiovascular death. ROC analysis showed that AFRS, FMD, baPWV, and 
hsCRP could predict CVEs (with AUC values of 0.752, 0.707, 0.659, and 0.702, respectively, 
all P < 0.001 except baPWV P = 0.003). A Cox proportional hazard analysis showed that 
AFRS and FMD were independent predictors of CVEs (HR, 2.945; 95% CI, 1.572-5.522; 
P = 0.001 and HR, 0.914; 95% CI, 0.826-0.989; P = 0.008, respectively). However, there 
was no difference in predictive power between combining AFRS plus FMD and AFRS alone 
(AUC 0.752 vs. 0.763; z = 1.358, P = 0.175). In patients with stable angina, AFRS and 
FMD are independent predictors of CVEs. However, there is no additive value of FMD on 
the AFRS in predicting CVEs. 
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INTRODUCTION

Coronary artery disease (CAD) is one of the major predictors of 
future cardiovascular events (CVEs). Flow-mediated dilation 
(FMD), which represents endothelial function, reflects not only 
the presence of CAD but also predicts the risk of CVEs in pa-
tients with CAD (1, 2). Brachial-ankle pulse wave velocity (baP-
WV) is also a predictor of future CVEs for the general popula-
tion and for patients with CAD (3, 4). In addition, biomarkers 
such as high-sensitivity C-reactive protein (hsCRP), fibrinogen, 
homocysteine, and free fatty acid (FFA) correlate well with a fu-
ture CVE (5-9). The Framingham risk scoring system has been 
used to help identify future cardiovascular risk based on a large 
cohort study (10). However, there are few data on whether the 
Framingham risk score is still valid for secondary prevention 
after a diagnosis of stable angina. von Birgelen et al. (11) report-
ed that a positive relationship exists between initial Framing-
ham risk score and future plaque progression in patients with 
stable coronary artery disease. In addition, the Framingham 
risk score was a strong predictor of CVEs, including stroke (12). 
Although the Framingham risk score, FMD, baPWV, and bio-
markers (such as hsCRP, fibrinogen, homocysteine, and FFA) 

could predict future CVEs, a comparison of these risk assess-
ments for future CVEs in patients with stable coronary artery 
disease has not been reported. 
 The aim of this study was to assess the inter-relationship be-
tween the Framingham risk score, FMD, baPWV, and biomark-
ers for future CVEs in patients with stable angina.

MATERIALS AND METHODS

Study population, study endpoint, and follow-up
Patients were eligible for enrollment in the study if they were 
aged between 30 and 75 yr, had stable angina and were sched-
uled to undergo coronary angiography (CAG). Patients were 
excluded if they had acute coronary syndrome, significant val-
vular heart disease (more than a moderate degree), left ventric-
ular dysfunction (left ventricular ejection fraction < 55%), an 
ankle-brachial index < 0.9, or an inability to follow the protocol. 
 The end point of this study was a composite of CVE, includ-
ing myocardial infarction, de-novo coronary revascularization, 
in-stent restenosis, stroke, and cardiovascular death. All events 
were based on clinical diagnoses made by the patient’s physi-
cian. Clinical follow-up was performed in the office or via tele-
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phone at one month, six months, and one year and then annu-
ally thereafter. 
 Before evaluation of the baPWV and FMD, which were eval-
uated on the morning of the planned CAG, the patients were 
instructed not to exercise and to discontinue substances that 
might affect the baPWV and FMD, such as caffeine, food, to-
bacco, or vasoactive medication, for at least 12 hr before the 
study. The studies were done in a quiet temperature-controlled 
room (22°C-24°C). All of the patients had been given clopido-
grel (loading dose, if needed) before CAG, because there was a 
chance that they would need to be undergo percutaneous cor-
onary intervention (PCI). 
 In this study, significant coronary artery disease (sCAD) was 
defined as lumen diameter stenosis > 50% in one or more ma-
jor coronary arteries as determined by CAG. The CAG was in-
terpreted by one cardiologist who was blinded to the patients’ 
clinical data. If a patient had sCAD, a decision regarding the treat-
ment option (medical treatment, PCI, or a coronary artery by-
pass graft operation) was made by the attending physician.

Measurement of FMD
An experienced vascular sonographer who was blinded to the 
patients’ information obtained ultrasound images using a Vivid 
7 system (GE Vingmed Ultrasound, Horten, Norway) with a 12-
MHz linear array transducer. FMD was measured according to 
the recommendations of Corretti and colleagues (13). In brief, a 
landmark 10 cm above the proximal wrist crease of the left radi-
al artery (RA) was used for the vascular ultrasound measure-
ment. After the baseline diameter of the RA was measured, a 
blood pressure cuff was inflated on the forearm up to 220 mmHg 
for five minutes and then deflated; after one, two, and three min-
utes, the RA diameter was measured to obtain the post-occlu-
sion value. All images were recorded digitally by capturing the 
RA in the longitudinal plane with an electrocardiogram. One 
cardiologist, who was blinded to the participants’ clinical data 
interpreted the ultrasound results using an off-line method. The 
maximal RA diameter image for analysis was evaluated during 
the end diastole in the cardiac cycle (the onset of the R wave on 
electrocardiography). Measurements were taken at seven points, 
and the maximal and minimal values were discarded. The mean 
value from the remaining five measurements was used for fur-
ther analysis. Thirty randomly selected images were reanalyzed 
to assess intra-observer variation plotting by two independent 
measurements; the standard error of the estimate of the intra-
observer variability was 5.6%.

Measurement of brachial-ankle pulse wave velocity
The baPWV was measured using a volume-plethysmographic 
apparatus (VP-2000, Colin Co., Komaki, Japan). Cuffs were con-
nected to both plethysmographic and oscillometric sensors and 
were placed around both the arms and ankles while the subject 

remained in the supine position. Electrocardiogram electrodes 
were placed on both wrists and a microphone to detect heart 
sounds was placed on the left edge of the sternum to detect the 
second heart sound. The time interval between the wave front 
of the brachial waveform and that of the ankle waveform was 
defined as the time interval between the brachium and ankle 
(DTba). The distance between sampling points of the baPWV 
was calculated automatically according to the height of the pa-
tient. The path length from the suprasternal notch to the bra-
chium (Lb) was obtained from superficial measurements and 
was expressed using the following equation: Lb = (0.2195 × hei-
ght of the subject [cm]-2.0734). The path length from the supra-
sternal notch to the ankle (La) was obtained from superficial 
measurements and was expressed using the following equa-
tion: La = (0.8129 × height of the subject [cm]+12.328). Finally, 
the following equation was used to obtain baPWV: baPWV =  
([La-Lb]/DTba). In this study, the left side baPWV was used for 
the analyses.

Age-adjusted Framingham risk score 
Although the Framingham risk score has been computed in 
many different ways since it was first introduced, we used the 
version described by Wilson et al. (14) that reports the age-ad-
justed Framingham risk score (AFRS) using categorical vari-
ables such as age, sex, blood pressure, total cholesterol, high-
density lipoprotein cholesterol, cigarette smoking, and diabe-
tes. This version divides the subject’s Framingham risk score by 
the estimat ed average risk of the same age and sex group, thus 
providing the relative risk in the next 10 yr. 

Statistical analysis
The continuous variables were summarized as mean ± SD. Cat-
egorical variables were presented as numbers or percentages. 
To compare the predictive power of the CVE, a receiver operat-
ing characteristic (ROC) analysis was performed, and the area 
under curve (AUC) was calculated for each variable; the AUCs 
of the two equations were compared according to the proce-
dure described by DeLong et al. (15). In addition, the Cox pro-
portional hazard analysis was performed to assess independent 
risk predictors for a CVE. Because the beneficial effects of aspi-
rin and statin have been well proven for patients with coronary 
artery disease (16, 17), we added these variables on the analy-
sis. As a subgroup analysis, we also performed ROC analysis 
and Cox proportional hazard analysis for the coronary events of 
the patients with sCAD. Data were analyzed using standard sta-
tistical software (SPSS version 17.0; SPSS Inc., Chicago, IL, USA 
and MedCalc version 13.0; MedCalc Software, Mariakerke, Bel-
gium). A probability value of < 0.05 was considered statistically 
significant. 
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Ethics statement
This study was approved by the institutional review board of the 
Hallym University Medical Center, and all patients gave their 
written informed consent.

RESULTS

Between March 2008 and June 2009, 224 patients with stable 
angina were assessed for the study. Of these, 21 patients were 
excluded because of significant valvular heart disease (n = 3), 
LV dysfunction (n = 13), and an ankle-brachial index < 0.9 (n =  
5), leaving 203 subjects enrolled in the study. The baseline clini-
cal characteristics and the values of the AFRS, FMD, baPWV, 
hsCRP, fibrinogen, homocysteine, FFA, and prescribed medi-
cations are shown in Table 1. Of the 203 patients, 134 (66%) had 
sCAD while 69 patients showed mild or intermediate stenosis 
(non-sCAD; lumen diameter stenosis ≤ 50%) on CAG. Among 
the 134 patients with sCAD, 82 patients underwent percutane-
ous coronary intervention. Three patients were treated with 

coronary artery bypass graft surgery and 49 patients decided to 
get medical treatment because of relatively less-tight lesions or 
small vessel disease (< 2.5 mm lumen diameter), based on the 
decision of the attending physician. The duration of mean fol-
low-up was 50 ± 13 months, and 18 patients were lost at follow-
up. During the study period, two patients presented with myo-
cardial infarction and were treated with PCI, 19 patients under-
went coronary revascularization due to the progression of CAD, 
eight patients showed in-stent restenosis, and seven patients 
suffered from stroke; in total, 36 CVEs occurred.
 The results of the ROC analysis for CVEs with the AFRS, FMD, 
baPWV, hsCRP, fibrinogen, homocysteine, and FFA are shown 
in Table 2. The predictive power of the AFRS was shown to be 
best and was significantly better than the fibrinogen (z = 2.463, 
P = 0.014), homocysteine (z = 2.206, P = 0.027), and FFA (z =  
2.288, P = 0.022). However, the predictive power of the AFRS 
was not statistically different from the FMD (z = 0.759, P = 0.448), 
baPWV (z = 1.794, P = 0.073), and hsCRP (z = 0.865, P = 0.387). 
Including aspirin and statin, the Cox proportional hazard anal-

Table 1. Baseline clinical characteristics and medications

Variables Total (n = 203) sCAD (n = 134) Non-sCAD (n = 69) P value

Age (yr)
Male sex
Diabetes
Hypertension
Current smoking
Family history of coronary heart disease
Body mass index (kg/m2)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Heart rate (beats/min)
Total cholesterol (mg/dL)
Triglyceride (mg/dL) 
High-density lipoprotein (mg/dL)
Low-density lipoprotein (mg/dL)
Creatinine (mg/dL)
Left ventricular ejection fraction (%)
Age-adjusted Framingham risk score
Flow-mediated dilation (%)
Brachial-ankle pulse wave velocity (cm/sec)
High-sensitivity C-reactive protein (mg/dL)
Fibrinogen (mg/dL)
Homocysteine (µmol/L)
Free fatty acid (mEq/L)

57 ± 8
107 (53%)
  50 (25%)
127 (63%)
  67 (33%)
  24 (12%)

25.0 ± 3.1
129 ± 16
76 ± 10
64 ± 9

189 ± 40
130 ± 82
46 ± 10

106 ± 34
0.7 ± 0.1
64 ± 5
1.0 ± 0.5

10.4 ± 4.7
1,433 ± 234

1.7 ± 2.0
265 ± 67
12.6 ± 4.4
0.66 ± 0.57

58 ± 8
85 (63%)
38 (28%)
84 (63%)
53 (40%)
19 (14%)

24.8 ± 3.0
130 ± 16

76 ± 9
64 ± 9

194 ± 38
126 ± 84

45 ± 9
111 ± 33
0.8 ± 0.2
64 ± 5
1.1 ± 0.5
9.7 ± 4.1

1,478 ± 224
2.0 ± 2.1

272 ± 73
13.2 ± 4.8
0.64 ± 0.59

56 ± 8
22 (32%)
12 (17%)
43 (62%)
14 (20%)
5 (7%)

25.2 ± 3.4
127 ± 16
76 ± 10
65 ± 8

180 ± 40
138 ± 78
49 ± 12
96 ± 32
0.6 ± 0.2
64 ± 5
0.8 ± 0.4

12.0 ± 5.4
1,345 ± 230

1.1 ± 1.9
250 ± 52
11.6 ± 3.6
0.70 ± 0.53

0.035
< 0.001

0.086
0.959
0.006
0.147
0.334
0.180
0.709
0.313
0.013
0.313
0.011
0.003

< 0.001
0.714

< 0.001
0.001

< 0.001
0.002
0.025
0.015
0.471

Initial medication Total (n = 203) sCAD (n = 134) Non-sCAD (n = 69) P value
Aspirin (%)
Statin (%)
Beta-blocker (%)
ACEI/ARB (%)
Nitrate (%)
Calcium channel blocker (%)

138 (68)
118 (58)
  94 (46)
  61 (30)
  27 (13)
  49 (24)

96 (72)
84 (63)
70 (52)
40 (30)
20 (15)
31(23)

42 (61)
34 (25)
24 (35)
21 (30)
  7 (10)
18 (13)

0.078
0.067
0.025
0.931
0.342
0.641

Medication after coronary angiography Total (n = 203) sCAD (n = 134) Non-sCAD (n = 69) P value
Aspirin (%)
Statin (%)
Beta-blocker (%)
ACEI/ARB (%)
Nitrate (%)
Calcium channel blocker (%)

155 (76)
146 (72)
106 (52)
  68 (34)
  46 (23)
  53 (26)

107 (80)
111 (83)
  76 (57)
  44 (32)
  39 (29)
  30 (22)

48 (70)
35 (51)
30 (43)
24 (35)
  7 (10)
23 (33)

< 0.001
< 0.001
< 0.001

0.295
  < 0.001

0.756

ACEI/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blocker; sCAD, significant coronary artery disease.
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ysis was performed with the AFRS, FMD, baPWV, and hsCRP 
which significantly predicted CVEs on the ROC analysis. The 
AFRS and FMD were independent predictors for CVEs (HR, 
2.945; 95% CI, 1.572-5.522, P = 0.001 and HR, 0.914; 95% CI, 
0.826-0.989, P = 0.008, respectively; Table 3). The area under the 
ROC curves of combined parameters of AFRS plus FMD indi-
cating a future CVE was 0.763 (95% CI, 0.698-0.820; P < 0.001). 
However, there was no difference in the power between com-
bining the AFRS plus FMD and AFRS alone for predicting a CVE 
(z = 1.358, P = 0.175; Fig. 1). In the 134 patients with sCAD, we 
also evaluated for a coronary event, which removed stroke from 
CVEs. In patients with sCAD, the clinical results may be affect-
ed by the lesion characteristics and number of diseased vessels 
on CAG or by treatment strategy (medical treatment or PCI) 
(18). According to the ACC/AHA coronary artery lesion classifi-
cation, 12 patients had type A, 37 patients had type B1, 37 pa-
tients had type B2, and 48 patients had type C lesions (19). In 
terms of the number of diseased vessels, 79 patients had one 
vessel disease, 33 patients had two and 22 patients had three. 
During the study period, 19 patients underwent PCI due to pro-
gression of CAD, and eight patients showed in-stent restenosis; 
in total, 27 coronary events occurred. In the 134 patients with 
sCAD, the ROC analysis for coronary events with the AFRS, FMD, 
baPWV, hsCRP, fibrinogen, homocysteine, and FFA are shown 
in Table 4. The predictive power of the AFRS was significantly 
better than the fibrinogen (z = 2.006, P = 0.045) and homocys-
teine (z = 2.353, P = 0.019). However, the predictive power of 
the AFRS was not statistically different from the FMD (z = 0.505, 
P = 0.613), baPWV (z = 1.541, P = 0.123), hsCRP (z = 1.026, P =  
0.305), and FFA (z = 1.577, P = 0.115). In addition to the class of 

the coronary artery lesion, number of coronary artery disease, 
and PCI, the Cox proportional hazard analysis was performed 
with the AFRS, FMD, baPWV, and hsCRP, which significantly 
predicted coronary events on the ROC analysis. The AFRS was 
an independent predictor for coronary events and the FMD show-
ed marginal significance (Table 5). The area under the ROC curves 

Table 2. Receiver operating characteristic analysis for cardiovascular event

Findings AUC value 95% CI P value

Age-adjusted Framingham risk score 0.752 0.670-0.834 < 0.001
Flow-mediated dilation 0.707 0.615-0.799 < 0.001
Brachial-ankle pulse wave velocity 0.659 0.563-0.755 0.003
High-sensitivity C-reactive protein 0.702 0.611-0.794 < 0.001
Fibrinogen* 0.603 0.504-0.702 0.053
Homocysteine* 0.602 0.501-0.704 0.054
Free fatty acid* 0.596 0.500-0.692 0.070

*Significantly decreased predictive power of cardiovascular event compared with age-
adjusted Framingham risk score (P < 0.05). AUC, area under curve; CI, confidence 
interval.

Table 3. Cox proportional hazard analysis for cardiovascular events

Findings Hazard ratio 95% CI P value

Age-adjusted Framingham risk score 2.945 1.572-5.522 0.001
Flow-mediated dilation 0.914 0.826-0.989 0.008
Brachial-ankle pulse wave velocity 1.000 0.999-1.010 0.624
High-sensitivity C-reactive protein 1.047 0.938-1.154 0.429
Aspirin 0.967 0.291-3.003 0.918
Statin 0.578 0.183-1.809 0.347

CI, confidence interval.

Table 4. Receiver operating characteristic analysis for coronary event in the 134 pa-
tients with significant coronary artery disease 

Coronary events AUC value 95% CI P value

Age-adjusted Framingham risk score 0.731 0.631-0.831 < 0.001
Flow-mediated dilation 0.696 0.584-0.807 0.002
Brachial-ankle pulse wave velocity 0.627 0.504-0.750 0.042
High-sensitivity C-reactive protein 0.654 0.543-0.765 0.013
Fibrinogen* 0.590 0.478-0.701 0.150
Homocysteine* 0.531 0.414-0.649 0.616
Free fatty acid 0.606 0.500-0.713 0.089

*Significantly decreased predictive power of cardiovascular event compared with age-
adjusted Framingham risk score (P < 0.05). AUC, area under curve; CI, confidence 
interval.

Table 5. Cox proportional hazard analysis for coronary event in the 134 patients with 
significant coronary artery disease

Coronary events Hazard ratio 95% CI P value

Age-adjusted Framingham risk score 2.646 1.261-5.551 0.010
Flow-mediated dilation 0.908 0.822-1.004 0.060
Brachial-ankle pulse wave velocity 1.000 0.998-1.002 0.758
High-sensitivity C-reactive protein 1.163 0.990-1.367 0.067
Coronary artery lesion class 1.318 0.823-2.113 0.251
Number of diseased coronary artery 1.241 0.774-1.991 0.370
Percutaneous coronary intervention 0.876 0.362-2.120 0.769

CI, confidence interval.

Fig. 1. Receiver operating characteristic curves of the AFRS and the AFRS plus FMD 
for the prediction of cardiovascular events. AFRS, age-adjusted Framingham risk 
score; FMD, flow-mediated dilation.
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of combined parameters of AFRS plus FMD indicating coronary 
events was 0.736 (95% CI, 0.653-0.808; P < 0.001). However, there 
was no difference in the power between combining the AFRS 
plus FMD and the AFRS alone for predicting coronary events 
(0.736 vs. 0.731; z = 0.474, P = 0.635).

DISCUSSION

The principal finding of this study was that in patients with sta-
ble angina, the AFRS and FMD were independent predictors of 
a CVE. However, FMD could not improve the prediction of a fu-
ture CVE beyond that offered by the AFRS.
 The Framingham risk score is a conventional means of pre-
dicting the risk of a CVE in the general population (10). Althou-
gh the major risk factors are important in primary prevention, 
there has been limited data about whether the Framingham 
risk score is still valid for secondary prevention after a diagnosis 
of stable angina. In this study, the AFRS was the most effective 
measurement in predicting a future CVE in patients with stable 
angina. Our results might be supported by a report that a posi-
tive linear relationship exists between initial Framingham risk 
score and future clinical events, with plaque progression mea-
sured by serial intravascular ultrasound in patients with stable 
coronary artery disease (11). In addition, reports indicate that 
the major risk factors in primary prevention still have crucial 
value in secondary prevention (20-22).
 It is well known that FMD could offer a noninvasive assess-
ment of preclinical CVE in subjects with and without cardiovas-
cular risk factors (23, 24). In addition, FMD is strongly associat-
ed with the presence and extent of CAD, and impaired FMD 
could independently predict the occurrence of in-stent reste-
nosis after percutaneous coronary intervention (1, 25). In this 
study, the FMD had good predictive power for a CVE in the ROC 
analysis, but there was no additional benefit of predicting fu-
ture CVEs when combining FMD with the AFRS compared to 
the AFRS alone. Likewise, when the Cox proportional hazard 
analysis was performed for the 134 patients with sCAD for fu-
ture coronary events, the AFRS was still an independent predic-
tor and FMD showed marginal significance. However there was 
no additional benefit of predicting coronary events when com-
paring FMD plus AFRS to the AFRS alone. A possible explana-
tion was that FMD was closely related to the principal cardio-
vascular risk factors and the estimated 10-yr risk of CAD in pa-
tients with low cardiovascular risk (26). It means that the merit 
of FMD could be attenuated for future CVE risk assessment as a 
measurement of secondary prevention, not only in patients with 
stable angina but also in patients with sCAD. 
 The baPWV, which is known to be an indicator of arterial stiff-
ness and vascular damage, is a well-known predictor of future 
CVEs in the general population (3). In addition, the value of 
baPWV increased in patients with CAD and could be an inde-

pendent predictor of the prognosis of patients with acute coro-
nary syndrome (4, 27). In this study, ROC analysis showed that 
baPWV could predict a CVE, but there was no difference in pow-
er between the AFRS alone and the AFRS plus baPWV (with AUC 
values of 0.752 and 0.748, respectively; z = 0.267, P = 0.789). This 
could be supported by our pervious report that in patients with 
stable angina the baPWV could predict the presence of sCAD, 
but there was no additional benefit in predictive power when 
the baPWV was combined with the Framingham risk score (28). 
 In many large prospective studies, biomarkers such as CRP, 
fibrinogen, homocysteine, and FFA have been proposed to en-
hance current risk score algorithms and be associated with an 
increased risk of CVE (7-9, 29, 30). CRP correlates with the risk 
of cardiovascular disease not only in patients with stable angina 
but also in those who have never been diagnosed with CAD (5, 
6). However, among the biomarkers of the study, the ROC anal-
ysis showed that only hsCRP had a significant predictive power 
for a CVE, but there was no additional value in the power be-
tween the AFRS plus hsCRP and the AFRS alone for predicting 
a CVE (with AUC 0.744 vs. 0.752, z = 0.204, P = 0.839). In addi-
tion, the Cox hazard analysis showed that hsCRP was not an in-
dependent predictor of a CVE. In terms of fibrinogen, homo-
cysteine, and FFA, these biomarkers showed marginal signifi-
cance or non-significance in predicting a CVE in the ROC anal-
ysis of the study. The post hoc analysis showed that there was 
no additional value in adding the above biomarkers to the AFRS 
compared with the AFRS alone for a CVE. Our results suggest 
that although these novel surrogate markers are associated with 
a future CVE, they contribute little to the prediction of a CVE 
when the conventional risk factors (age, sex, total and high-den-
sity lipoprotein cholesterol levels, blood pressure, anti-hyper-
tensive medication use, smoking status, and diabetes) are well 
considered in patients with stable angina. In addition, this could 
be explained by several studies that have not shown reclassifi-
cation in predicting a CVE with the addition of conventional 
biomarkers compared to conventional risk factors (14, 31, 32). 
Therefore, it cannot be emphasized enough that precise evalu-
ation and control of the conventional risk factors are most im-
portant in the management of patients with stable angina.
 There are several potential limitations in our study. First, this 
study only included patients with stable angina and excluded 
patients with acute coronary syndrome. Therefore, our results 
may not be generalized to all patients with coronary heart dis-
ease. Second, many of the patients were taking statin or anti-
hypertensive medications that may affect the results of FMD. 
Although the patients were instructed to discontinue vasoactive 
medications 12 hr before the study, we could not completely 
exclude the interaction of these drugs. Third, the measurement 
method for the FMD was rather old and the fixed time interval 
of measurement was somewhat long (one, two, and three min-
utes). In addition, we did not use the automated edge detection 
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system that is frequently found in the literature at present (33). 
However, according to Corretti et al. (13), nearly 70% of the NO 
is released in the first 60 sec after cuff release, and most maxi-
mal dilation occurs around one minute after cuff release. In ad-
dition, previous and recent studies have given reliable results 
using the FMD data measured at 60 sec (34, 35). Fourth, many 
clinical reports have shown that anti-hypertensive medication 
and lipid-lowering medication have the beneficial effects of 
improving endothelial function and change of endothelial func-
tion could predict future CVEs (36-39). However, we did not 
perform follow-up FMD and cannot describe the relationships 
between used medications and changes of the endothelial func-
tion. Fifth, we selected hsCRP, fibrinogen, homocysteine, and 
FFA to predict a CVE on the basis of previous clinical studies. 
However, we acknowledge that other biomarkers that were not 
included in this study might have resulted in additional infor-
mation. Finally, the number of patients was relatively small and 
the duration of follow-up was somewhat short. In addition, a 
large proportion of events related to coronary revascularization. 
Therefore, further studies with larger numbers of patients and 
longer-term follow-up will be needed.
 In patients with stable angina, AFRS and FMD are indepen-
dent predictors of CVEs but the baPWV and biomarkers, such 
as hsCRP, fibrinogen, homocysteine, and FFA show no signifi-
cance. However, there is no additive value of FMD on the AFRS 
in predicting future CVEs.
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