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Abstract

Background—Myocardial perfusion scintigraphy (MPS) is used widely to assess cardiovascular 

risk in patients with chest pain. The utility of carotid intima-media thickness (CIMT) and 

endothelial function as assessed by reactive hyperemia-peripheral arterial tonometry index (RHI) 

in risk stratifying patients with angina-like symptom needs to be defined. We investigated whether 

addition of CIMT and RHI to Framingham Cardiovascular Risk Score (FCVRS) and MPS 

improves comprehensive cardiovascular risk prediction in patients presenting with angina-like 

symptom.

Methods—We enrolled 343 consecutive patients with angina-like symptom suspected of having 

stable angina. MPS, CIMT, and RHI were performed and patients were followed for 
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cardiovascular events for a median of 5.3 years (range 4.4-6.2). Patients were stratified by FCVRS 

and MPS.

Results—During the follow-up, 57 patients (16.6%) had cardiovascular events. Among patients 

without perfusion defect, low RHI was significantly associated with cardiovascular events in the 

intermediate and high FCVRS groups (Hazard ratio (HR) [95% confidence interval (CI)] of 

RHI≤2.11 was 6.99 [1.34-128] in the intermediate FCVRS group and 6.08 [1.08-114] in the high 

FCVRS group). Furthermore, although MPS did not predict, only RHI predicted hard 

cardiovascular events (cardiovascular death, myocardial infarction, and stroke) independent from 

FCVRS, and adding RHI to FCVRS improved net reclassification index (20.9%, 95% CI 0.8-41.1, 

p=0.04). Especially, RHI was significantly associated with hard cardiovascular events in the high 

FCVRS group (HR [95% CI] of RHI≤1.93 was 5.66 [1.54-36.4], p=0.007).

Conclusions—Peripheral endothelial function may improve discrimination in identifying at-risk 

patients for future cardiovascular events when added to FCVRS-MPS-based risk stratification.
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Introduction

Atherosclerotic cardiovascular disease is the leading cause of mortality in the world [1]. The 

management of atherosclerotic cardiovascular disease is based on the absolute risk of 

adverse cardiovascular outcomes [2]. Current practice guidelines recommend classifying 

individuals as high, intermediate, or low risk, for example, using by Framingham 

Cardiovascular Risk Score (FCVRS), SCORE risk score by European Society of 

Cardiology, PROCAM risk score, or other similar risk prediction models which are based on 

identifying the established risk factors for atherosclerotic diseases [3,4,5]. The 

cardiovascular risk score recently published by the Framingham study group includes the 

risk for future overall cardiovascular events, including stroke and heart failure [6]. Stress 

myocardial perfusion scintigraphy (MPS) is an established, widely used method in detecting 

coronary artery disease and predicting future cardiovascular events in patients complaining 

of angina-like symptom, and is also recommended by current guidelines [7,8].

Carotid intima-media thickness (CIMT) and reactive hyperemia-peripheral arterial 

tonometry (RH-PAT) index (RHI) have shown promise in improving risk stratification for 

cardiovascular events [9,10,11]. MPS reflects myocardial perfusion reserve including 

microvascular and macrovascular diseases, whereas these 2 techniques assess different 

aspects of atherosclerotic vascular disease: CIMT reflects structural changes in the arterial 

wall, and RHI reflects peripheral endothelial function [12,13,14]. It has been reported that 

peripheral endothelial function as assessed by RHI well correlates with coronary artery 

endothelial function as invasively assessed by catheterization [15]. A comprehensive 

cardiovascular evaluation using assessment of myocardial perfusion, arterial wall structural 

change, and endothelial function might improve cardiovascular risk stratification. However, 

it is not clear whether CIMT and RHI when added to the established Framingham risk model 

Matsuzawa et al. Page 2

Int J Cardiol. Author manuscript; available in PMC 2016 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and myocardial perfusion assessment are effective in improving risk prediction of future 

cardiovascular events.

Accordingly, the purpose of the present study was to examine whether a combination of 

CIMT and RHI with FCVRS-MPS-based risk stratification improves predictive value for 

cardiovascular events in patients presenting with stable angina-like symptoms.

Methods

This is a prospective observational study, conducted at the Department of Clinical 

Physiology, Sahlgrenska University Hospital, Sweden from February 2006 to November 

2008. Three hundred and forty three patients with angina-like symptom who were suspected 

of having stable angina pectoris, but without past history of angiographically proven 

coronary artery disease, were consecutively enrolled and MPS, carotid ultrasound, and RH-

PAT were performed within a week after enrolment (Fig. 1). Physicians referring to MPS 

examinations were blinded to results of CIMT and RHI which therefore did not alter the 

clinical decision process in this study. The study was approved by the Local Ethics 

Committee in Gothenburg, and complies with the Declaration of Helsinki.

Myocardial perfusion scintigraphy (MPS)

Gated single-photon emission computed tomography images were acquired using two 

different dual-head cameras (Infinia or Millennium VG, GE Healthcare, Milwaukee, 

Wisconsin, USA) with standard clinical 2-day stress / rest protocol using 99mTc-sestamibi. 

Stress test was performed according to the physician's discretion; either by symptom-limited 

exercise test on an ergometric bike or by standard pharmacological challenge using 

adenosine infusion (6-minute infusion at 140 μg/kg/min). Reversible myocardial ischemia 

was detected by the software ECT-tool box.

Carotid intima media thickness (CIMT)

Carotid ultrasound was performed by experienced sonographers using the Acuson Sequoia 

512 ultrasound system (Siemens Medical Solutions Inc.) with an 8 MHz transducer (Sequoia 

8L5C). CIMT was measured with a standardized protocol recommended by “Mannheim 

Carotid IMT consensus update (2004–2006)” [16]. CINE-looped images of common carotid 

arteries and carotid bifurcations were obtained using B-mode real-time ultrasound and were 

stored for offline analysis. CIMT was defined as the distance from the lumen-intimal 

interface to the medial-adventitial border. Mean CIMT was averaged for both right and left 

common carotid arteries. The reproducibility of the CIMT measurement has been reported to 

be adequate [17].

Reactive hyperemia-peripheral arterial tonometry index (RHI)

EndoPAT 2000 device (Itamar Medical Ltd., Caesarea, Israel) was used to evaluate 

peripheral arterial endothelial function, as described previously [10,14,18,19,20,21]. 

Pneumatic probes were applied to the tip of one finger on each hand to measure digital 

volume changes accompanying arteriolar tone changes. After a 5-minute equilibration 

period, the blood pressure cuff was inflated on one arm to 60 mmHg above systolic pressure 
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or 200 mmHg for 5 minutes, and then deflated to induce reactive hyperemia. RH-PAT data 

was analyzed by a computer in an operator-independent manner and RHI was calculated as 

the ratio of average amplitude of the PAT signal over a 1-minute time interval, starting 1.5 

minutes after cuff deflation, divided by its average amplitude over a 2.5-minute time period 

before cuff inflation (baseline), through a computer algorithm. Previous studies have 

demonstrated good reproducibility (intra-class correlation coefficient 0.61 to 0.78) of the 

RH-PAT data recorded by this procedure [22,23,24].

Coronary risk factors and atherosclerotic disease risk scores

Coronary risk factors were defined as current smoking (within one year), diabetes mellitus 

(patients history and/or need for insulin or oral hypoglycemic agents), and presence of a 

family history of cardiovascular disease in first-degree relatives <55 years (male) or <65 

years (female). Low density lipoprotein cholesterol was calculated by using the equation of 

Friedewald et al. [25]. Ten-year general cardiovascular disease risk was calculated using 

FCVRS, which includes age, diabetes, smoking, treated or untreated systolic blood pressure, 

total cholesterol, and high-density lipoprotein cholesterol [6]. The Framingham Heart Study 

defines cardiovascular diseases as a composite of coronary death, myocardial infarction, 

coronary insufficiency, angina, stroke, peripheral arterial disease, and heart failure, the end-

points of our study. Patients were classified accordingly as low (<6%), intermediate 

(6-20%), or high (>20%) risk [6]. In order to assess the additional value of non-invasive 

tests in predicting hard cardiovascular events, 10-year atherosclerotic cardiovascular disease 

(ASCVD) risk score by the Pooled Cohort Equation was calculated, and patients were 

classified accordingly as low (<7.5%) or high (≥7.5%) [5]. ASCVD in the Pooled Cohort 

Equation is defined as a composite of coronary death, myocardial infarction, and stroke, the 

hard end-points of our study.

Follow-up

The cardiovascular events were adjudicated by physicians caring for the patients. All 

physicians were blinded to results of CIMT and RHI. No patients were lost to follow-up. 

Our primary endpoint was a composite of cardiovascular death, nonfatal myocardial 

infarction, unstable angina, nonfatal stroke, coronary revascularization, and heart failure. 

Hard cardiovascular events were defined as cardiovascular death, nonfatal myocardial 

infarction, and nonfatal stroke. The cause of death was established by data from the Swedish 

National Board of Health registries. Cardiovascular death was defined as death due to acute 

myocardial infarction, congestive heart failure, stroke, or documented sudden death without 

apparent non-cardiovascular causes. Acute myocardial infarction was diagnosed by a rise or 

fall in cardiac biomarkers above the 99th percentile of upper limit of normal range and at 

least one of the following: electrocardiogram changes (new ST-T changes, left bundle 

branch block, or pathological Q wave), imaging evidence of new viable myocardium loss, 

and new regional wall motion abnormality. A diagnosis of unstable angina pectoris was 

made by new or accelerating myocardial ischemia symptoms accompanied by new ischemic 

ST-T-wave changes. Stroke diagnosis was based on neurological deficits lasting more than 

24 hours and verified either by a neurologist and/or radiological evidence of brain infarction. 

Hospitalization for heart failure decompensation was defined if the patient was admitted 

Matsuzawa et al. Page 4

Int J Cardiol. Author manuscript; available in PMC 2016 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



with typical heart failure symptoms and had objective signs of a worsening disease that 

required intravenous drug administration.

Statistical analysis

Statistical analysis was performed using JMP version 9.0.0 (SAS Institute, Inc. Cary, NC). 

The Shapiro-Wilk test was used to verify that the data followed a normal distribution. 

Continuous variables were presented as mean ± standard deviation or median (25th, 75th 

percentile). Differences among continuous variables were analysed using unpaired t-test or 

Mann-Whitney U test, as appropriate. Categorical variables were presented as frequencies 

and percentages, and intergroup comparisons were analysed by Fisher's exact test. 

Univariate and multivariate time-to-event analyses were performed using the Cox 

proportional hazard model. Kaplan-Meier curves were compared using log-rank test. 

Prediction of events was evaluated by receiver operating characteristic curve analysis. We 

defined optimal thresholds of CIMT and RHI by maximizing the sum of sensitivity and 

specificity for cardiovascular events and hard cardiovascular events, respectively [26]. 

Incremental discriminative value, by adding MPS, CIMT, or RHI to Framingham risk score, 

was estimated using net reclassification index [27]. For net reclassification index 

calculations, the intermediate risk group was defined by a lower limit of 6% and an upper 

limit of 20%. To calculate net reclassification index for hard cardiovascular events, 

predicted risk categories were adjusted by the ratio of hard cardiovascular events of total 

cardiovascular events. Corresponding intermediate risk for hard cardiovascular events was 

2-6%. All analyses were two-sided and a P value of <0.05 was considered statistically 

significant.

Results

Patients and cardiovascular events

Among the 343 patients enrolled in the study, MPS was performed in 311 patients, carotid 

ultrasound in 312 patients, and RH-PAT in 343 patients (Fig. 1). The median duration of 

follow-up was 5.3 years (range 4.4 – 6.2). During this time, 57 (16.6%) patients experienced 

cardiovascular events, 6 (1.7%) died due to cardiovascular disease, 9 (2.6%) had acute 

myocardial infarction, 11 (3.2%) unstable angina, 5 (1.5%) stroke, 44 (12.8%) coronary 

revascularization, and 5 (1.5%) heart failure.

Baseline characteristics and results of non-invasive cardiovascular tests

As shown in Table 1, patients with cardiovascular events were older (p=0.04), and had 

higher body mass index (p=0.04) and lower high-density lipoprotein cholesterol (p=0.002). 

Male sex (p<0.001), diabetes (p=0.006), and use of anti-hypertensive drugs (p<0.001) were 

more frequent in patients with cardiovascular events than in those without events. In 

addition, patients with events had higher mean CIMT (p=0.002), lower RHI (p=0.02), and 

higher prevalence of perfusion defect on scintigraphy (p<0.001) than those without events.

Association of non-invasive tests with cardiovascular events

In univariate Cox hazard analysis, each of the non-invasive cardiovascular tests was 

associated with cardiovascular events; however, after adjusting for Framingham risk score, 
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the association with RHI and CIMT was no longer significant (Table 2). By Cox hazard 

analyses across Framingham risk categories, RHI was a significant predictor of 

cardiovascular events in the high Framingham risk group. The presence of perfusion defect 

was significantly associated with cardiovascular events in all Framingham risk categories. 

The addition of MPS, CIMT, and RHI to Framingham risk score improved area under the 

curve for cardiovascular events (Online Fig. 1), and MPS showed the highest increment. 

The optimal cut-off values of CIMT and RHI that predicted future cardiovascular events 

were 0.57mm and 2.11 respectively. Online Figure 2 demonstrates Kaplan-Meier estimates 

of the probability of cardiovascular events according to Framingham risk categories and 

perfusion defect on MPS. In each Framingham risk category, patients with perfusion defect 

had more events compared with those without perfusion defect. Furthermore, the addition of 

MPS to Framingham risk score resulted in the largest improvement of net reclassification 

index (31.6%, 95% confidence interval (95%CI) 11.8-51.5%, p=0.002) (Table 3).

Additional tests in patients without perfusion defect

Table 4 shows Cox hazard analyses using the cut-off values for CIMT and RHI in 

subgroups divided by Framingham risk categories and myocardial perfusion defect on MPS. 

Among patients without perfusion defect, we found that low RHI was significantly 

associated with cardiovascular events in the intermediate and high Framingham risk groups 

(Table 4). When the intermediate Framingham risk category patients without perfusion 

defect were subdivided into 2 groups according to the cut-off value for RHI, Kaplan-Meier 

curves showed an increased risk of cardiovascular events in low RHI group (p=0.03, by log-

rank test) (Fig. 2A). Although the difference did not reach statistical significance, Kaplan-

Meier analysis showed that patients with RHI ≤ 2.11 experienced higher rate of 

cardiovascular events in the high Framingham risk category patients without perfusion 

defect (p=0.054, by log-rank test) (Fig. 2B).

Additional tests in patients with perfusion defect

Among patients with perfusion defect on MPS, both CIMT and RHI did not show additional 

predictive value in each Framingham risk category (Table 4). The event rate in patients with 

perfusion defect was considerably higher compared with those without (41% versus 9%, 

p<0.001 by log-rank test), suggesting those patients need to be considered at high-risk 

without additional tests.

Hard cardiovascular events

Hard cardiovascular events, consisting of cardiovascular death, myocardial infarction, and 

stroke, were observed in none of patients in the low Framingham risk group, 4 (2.2%) 

patients in the intermediate Framingham risk group, and 14 (15.2%) patients in the high 

Framingham risk group. In univariate Cox proportional hazard model, only RHI was 

significantly associated with hard cardiovascular events, and remained significant after 

adjusting for FCVRS (Table 5). The addition of RHI to Framingham risk score showed the 

highest increment for incident hard cardiovascular events by receiver operating 

characteristic curve analysis (Online Fig. 3). The optimal cut-off value of RHI to predict 

hard cardiovascular events was 1.93, and patients with RHI ≤ 1.93 had a 5.3-fold higher risk 
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of hard cardiovascular events than those with RHI > 1.93 (Table 5). Net reclassification 

index was significant with the addition of RHI to Framingham risk score [5.6% for patients 

with events, 15.4% for patients without events, and 20.9% (95%CI 0.8-41.1) for overall, 

p=0.042]. By Cox hazard analyses, according to Framingham risk categories, RHI was 

significantly associated with hard cardiovascular events in the high Framingham risk group 

(Table 5). Figure 3A shows Kaplan-Meier estimates of the probability of hard 

cardiovascular events divided by Framingham risk category and RHI of 1.93 (p<0.001, by 

log-rank test). Thus, RHI can contribute to further risk stratification in the high Framingham 

risk groups (Fig. 4).

Only RHI was independently associated with hard cardiovascular events from ASCVD risk 

score by the Pooled Cohort Equation (adjusted hazard ratio per 1.0 increase in RHI 0.32, 

95%CI 0.10 to 0.81, p=0.01). The addition of RHI to ASCVD risk score showed the highest 

increment in C-statistics for incident hard cardiovascular events (C-statistics; from 0.779 to 

0.812), and net reclassification index was significant (28.9% for patients without events, 

5.6% for patients with events, and 34.5% for overall, 95%CI 9.0 to 59.9%, p=0.008). Using 

the cut-off value of RHI 1.93, lower RHI was significantly associated with hard 

cardiovascular events in the both low (<7.5%) and high (≥7.5%) ASCVD risk groups (in the 

low ASCVD risk group; hazard ratio >9999, 95%CI 1.30 to >9999, p=0.03, in the high 

ASCVD risk group; hazard ratio 3.80, 95%CI 1.21 to 16.7, p=0.02). Figure 3B shows 

Kaplan-Meier estimates of the probability of hard cardiovascular events divided by ASCVD 

risk score of 7.5% and RHI of 1.93 (p<0.001, by log-rank test).

Proposed sequence of tests for cardiovascular risk stratification

Figure 4 demonstrates a proposed sequence of tests for risk stratification of patients 

presenting with angina-like symptoms based on our results.

Overall cardiovascular events—MPS can be applied as the first step for risk 

stratification of patients presenting with angina-like symptoms in all Framingham risk 

categories. As the second step, among patients without perfusion defect, RHI can contribute 

to further risk stratification in the intermediate and high Framingham risk groups.

Hard cardiovascular events—Regardless MPS results, RHI can contribute to further 

risk stratification for hard cardiovascular events in the high Framingham risk group.

Discussion

The current study demonstrates that MPS is a predictor of cardiovascular events across all 

Framingham risk categories and improved reclassification when added to FCVRS. MPS is 

commonly used as the first step in risk stratification among all Framingham risk categories, 

and subsequently, among patients without perfusion defects, RHI can contribute to further 

risk stratification in the intermediate and high Framingham risk groups. In addition, the 

combination of RHI with established risk scores was useful in predicting hard 

cardiovascular events. These findings indicate that the sequence of the peripheral endothelial 

function assessment provides additional predictive value when added to FCVRS-MPS-based 

risk stratification.
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While an increasing body of evidence supports the usefulness of a single method strategy to 

predict cardiovascular events [9,10,11], several recent studies reported that a combination of 

multiple measurements may strengthen the predictive power for future cardiovascular events 

[28,29,30]. Furthermore, in clinical practice, several methods are often used in combination 

to evaluate risk, and efficacy of each method is critically dependent on target groups. Our 

study focused on this aspect of implementation by examining usefulness of a combined 

strategy in identifying at-risk patients. To our knowledge, this is the first study to assess the 

predictive value of both carotid arterial wall structural change and peripheral endothelial 

dysfunction in patients with angina-like symptom after stratification by Framingham risk 

category and myocardial perfusion.

We used the Framingham risk model for general cardiovascular diseases [6], to assess 

additional predictive value of non-invasive tests in comprehensive cardiovascular risk 

stratification. The most common cardiovascular disease risk prediction models in the United 

States are those based on the Framingham study. Framingham risk scoring system has been 

developed and validated in a large prospective American cohort [31]. Practice guidelines 

recommend approaches to classify individuals as high, intermediate, or low risk using 

Framingham risk model [5]. Several non-invasive markers have been developed and 

clinically used to improve FCVRS-based risk classification. Stress myocardial perfusion 

imaging is an established method to predict coronary artery disease and future 

cardiovascular events, and is recommended by current guidelines [7,8]. Consistently, in this 

study MPS was a strong predictor for future cardiovascular events across all Framingham 

risk categories and improved reclassification when added to FCVRS.

Studies have shown that CIMT and RHI are important independent determinants of 

cardiovascular risk [9,10,11]. These 2 tests reflect different aspects of atherosclerosis; 

structural changes in the arterial wall (CIMT) and endothelial function (RHI). Introduction 

of a combined strategy that incorporates these additional tests, as appropriate, might provide 

a more comprehensive cardiovascular risk assessment, and improve risk discrimination 

based on Framingham risk scoring system and myocardial perfusion assessment by 

scintigraphy. The present study did not identify a significant association of CIMT with the 

occurrence of cardiovascular events independent from FCVRS. Our result is compatible 

with recent meta-analyses [32,33] which demonstrated that the addition of CIMT to the 

Framingham risk scoring model leads to a small improvement in predicting future 

cardiovascular event risk, and this increment is unlikely to provide clinical benefit. 

However, given its low cost [34], CIMT testing might exert proper cost-benefit performance 

even when taking into account its small additive predictive value. On the contrary, fingertip 

pneumatic probes of RH-PAT technology cannot be reused, indicating it is costly. Thus, a 

discussion of cost-effectiveness of these non-invasive vascular tests is moot and further cost-

analysis studies are needed. Moreover, techniques of carotid ultrasound has been 

considerably improved in recent years, therefore newer techniques, including assessment of 

plaque morphology and characterization [35,36], might produce better results. On the other 

hand, attenuated endothelial function as assessed by RHI successfully identified at-risk 

patients in the intermediate and high Framingham risk patients without myocardial perfusion 

defects. Generally, MPS is a reliable test to predict cardiovascular events. Nevertheless, in 

this study, 21of 233 patients (9.0%) without perfusion defect experienced cardiovascular 
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events. Moreover, among 17 patients with available MPS who experienced hard 

cardiovascular events, 8 (52.9%) patients showed no myocardial perfusion defect, and 

therefore predictive value of MPS for hard cardiovascular events might be smaller than that 

for total cardiovascular events. Thus, it is worthy of note that the peripheral endothelial 

function can distinguish cardiovascular event risk in patients with normal myocardial 

perfusion, and was the only parameter that had significant predictive value for hard 

cardiovascular events in this study, suggesting that introduction of RHI might contribute to 

avoid use of MPS. Although RHI measurements are completely non-invasive, MPS 

measurements have an important issue of the radiation exposure. Thus, further researches 

should be directed at avoiding unjustified and non-optimized use of radiation for risk 

stratification in these patients.

In this study, anatomical assessment of coronary plaque was not implemented. Since it was 

reported that the prognostic value of RHI for cardiovascular events is independent from 

coronary plaque complexity [10], a combination of endothelial function and coronary plaque 

morphological assessment, such as SYNTAX score and coronary calcium score, may 

provide further improvement in the risk stratification for cardiovascular events. Given its 

several valuable features including non-invasive, operator independent, automatic aspects, 

and an acceptable measuring time (15 min), in terms of risk stratification, RH-PAT 

examination is adequately practical. However, as mentioned above, studies on cost-

effectiveness are still needed. Additionally, in order to elucidate whether endothelial 

function-guided therapies improve outcomes, prospective randomized studies are also 

needed.

Strengths and Limitations

The strengths of this study include availability of several kinds of non-invasive 

cardiovascular tests in comparing the predictive value, and these results were prospectively 

collected. CIMT and RHI results were blinded to physicians. A further strength was that the 

event follow-up was accomplished in all patients. Our study also has some limitations. The 

sample size was modest - although our results suggested that RHI were useful in some 

subgroups, we might have underestimated utility in other subgroups, due to low statistical 

power. Large-scale multicenter studies are necessary to further evaluate the importance of a 

combined risk stratification strategy. Although the patients were studied prospectively and 

consecutively there were few missing data for MPS and CIMT. This was a single-center 

study with experience and necessary expertise to perform all the tests described; the results 

may not be generalizable to all other medical settings.

Conclusion

Among patients without perfusion defects, peripheral endothelial function may improve risk 

assessment for overall cardiovascular events in the intermediate and high Framingham risk 

groups. Furthermore, the endothelial function could provide the highest predictive value for 

hard cardiovascular events compared to MPS and CIMT, especially in the high Framingham 

risk group. Thus, we should consider adding the non-invasive peripheral endothelial 

function test in all high Framingham risk patients and intermediate Framingham risk patients 
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without perfusion defect. The sequence of the endothelial function test may provide 

additional discriminative value for cardiovascular risk assessment and optimize 

individualized therapeutic strategies to reduce cardiovascular morbidity and mortality in 

patients presenting with angina-like symptoms, when added to the current FCVRS-MPS-

based risk stratification.
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Figure 1. Study design
CIMT: carotid intima media thickness, and RHI: reactive hyperemia-peripheral arterial 

tonometry index.
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Figure 2. Kaplan-Meier analysis for the probability of cardiovascular events according to RHI in 
each group by Framingham risk category and myocardial perfusion defect
(A) Kaplan-Meier curves according to RHI in intermediate FCVRS with PD (−) group. (B) 

Kaplan-Meier curves according to RHI in high FCVRS with PD (−) group. FCVRS: 

Framingham Cardiovascular Risk Score, PD: perfusion defect, and RHI: reactive 

hyperemia-peripheral arterial tonometry index.
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Figure 3. Kaplan-Meier analysis for the probability of hard cardiovascular events according to 
established risk prediction models and RHI
FCVRS: Framingham Cardiovascular Risk Score, PC_ASCVDRS; atherosclerotic 

cardiovascular disease risk score by the Pooled Cohort Equation, and RHI: reactive 

hyperemia-peripheral arterial tonometry index.
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Figure 4. Proposed sequence of tests for cardiovascular risk assessment in patients with angina-
like symptom
FCVRS: Framingham Cardiovascular Risk Score, MPS: myocardial perfusion scintigraphy, 

and RHI: reactive hyperemia-peripheral arterial tonometry index.
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Table 1

Baseline characteristics and non-invasive cardiovascular assessments.

All (n = 343) With CV events (n = 57) Without CV events (n = 286) P

Age, years 61 ± 9 63 ± 9 61 ± 9
0.04

*

Male 133 (38.8%) 35 (61.4%) 98 (34.3%)
<0.001

*

Body mass index 26 (23-28) 27 (24-30) 25 (23-28)
0.04

*

Smoking 41 (12.0%) 6 (10.5%) 35 (12.2%) 0.83

Family history of CAD 127 (37.0%) 24 (42.1%) 103 (36.0%) 0.45

Diabetes 34 (9.9%) 12 (21.1%) 22 (7.7%)
0.006

*

Anti-hypertensive drugs 163 (47.5%) 41 (71.9%) 122 (42.7%)
<0.001

*

Statins 108 (31.5%) 20 (35.1%) 88 (30.8%) 0.53

Systolic BP, mmHg 130 (115-145) 135 (115-149) 130 (115-145) 0.44

Total cholesterol, mg/dl 211 (180-244) 195 (169-233) 214 (184-245) 0.07

HDL cholesterol, mg/dl 58 (49-67) 51 (43-63) 59 (50-69)
0.002

*

LDL cholesterol, mg/dl 130 ± 40 126 ± 40 131 ± 40 0.42

Triglycerides, mg/dl 105 (73-149) 107 (85-163) 104 (70-145) 0.12

hsCRP, mg/dl (n=184) 0.87 (0.25-2.06) 1.11 (0.42-2.28) 0.81 (0.25-2.06) 0.46

FCVRS, % 12.0 (6.7-21.3) 20.3 (10.7-31.1) 11.5 (6.5-18.8)
<0.001

*

    Low FCVRS (<6%) 69 (20.1%) 5 (8.8%) 64 (22.4%)

<0.001
*    Intermediate FCVRS (6≤ <20%) 182 (53.1%) 23 (40.4%) 159 (55.6%)

    High FCVRS (20%≤) 92 (26.8%) 29 (50.9%) 63 (22.0%)

PC_ASCVDRS, % 7.7 (3.2-15.8) 11.9 (7.4-22.1) 6.8 (3.0-13.4)
<0.001

*

    Low PC_ASCVDRS (<7.5%) 171 (49.9%) 15 (26.3%) 156 (54.6%)

<0.001
*

    High PC_ASCVDRS (≥7.5%) 172 (50.2%) 42 (73.7%) 130 (45.5%)

Perfusion defect on MPS (n=311) 78 (25.1%) 32 (60.4%) 46 (17.8%) <0.001

CIMT, mm (n=312) 0.58 (0.51-0.69) 0.62 (0.58-0.77) 0.58 (0.51-0.68) 0.002

RHI (n=343) 1.95 (1.59-2.51) 1.74 (1.48-2.24) 2.01 (1.61-2.60) 0.02

Data are expressed as mean ± SD, median (IQR), or no. (%). Significance was assessed between patients with CV events and patients without CV 
events.
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BP: blood pressure, CIMT: carotid intima-media thickness, CV: cardiovascular, FCVRS: Framingham Cardiovascular Risk Score, HDL: high 
density lipoprotein, hsCRP: high sensitivity C reactive protein, IQR: interquartile range, LDL: low density lipoprotein, PC_ASCVDRS: 
atherosclerotic cardiovascular disease risk score by the Pooled Cohort Equation, SD: standard deviation, MPS: myocardial perfusion scintigraphy, 
and RHI: reactive hyperemia-peripheral arterial tonometry index.

*
indicates P<0.05.
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Table 2

Cox proportional hazards analysis for cardiovascular events according to Framingham cardiovascular risk 

category.

Univariate Adjusted for FCVRS

HR 95% CI P HR 95% CI P

All patients (number of patients =343, number of events = 57)

FCVRS Per 1% 1.036 1.020 – 1.052 <0.001 –

CIMT Per 0.1mm 1.176 1.030 – 1.309 0.019 1.056 0.888 – 1.212 0.50

RHI Per 1 0.649 0.411 – 0.978 0.038 0.685 0.432 – 1.036 0.07

Perfusion defect on MPS yes 5.779 3.353 – 10.17 <0.001 4.911 2.816 – 8.742 <0.001

Low FCVRS group (number of patients =69, number of events = 5)

CIMT Per 0.1mm 1.357 0.621 – 2.468 0.40 - - -

RHI Per 1 1.008 0.261 – 2.408 0.99 - - -

Perfusion defect on MPS yes 14.19 2.345 – 108.02 0.005 - - -

Intermediate FCVRS group (number of patients =182, number of events = 23)

CIMT Per 0.1mm 1.133 0.849 – 1.420 0.37 - - -

RHI Per 1 0.872 0.445 – 1.546 0.66 - - -

Perfusion defect on MPS yes 3.351 1.350 – 8.099 0.01 - - -

High FCVRS group (number of patients =92, number of events = 29)

CIMT Per 0.1mm 1.046 0.840 – 1.226 0.65 - - -

RHI Per 1 0.506 0.243 – 0.949 0.03 - - -

Perfusion defect on MPS yes 5.263 2.397 – 12.73 <0.001 - - -

CI: confidence interval, CIMT: carotid intima media thickness, FCVRS: Framingham Cardiovascular Risk Score, HR: hazard ratio, MPS: 
myocardial perfusion scintigraphy, and RHI: reactive hyperemia-peripheral arterial tonometry index.
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Table 3

Net reclassification improvement for incident cardiovascular events with addition of CIMT, RHI, and MPS to 

the Framingham Cardiovascular Risk Score.

Risk category

Low Intermediate High % Net Correct Reclassification NRI 95% CI p

FCVRS + CIMT Events
Nonevents

0
0

32
217

18
45

−2.00
1.15 −0.85 −7.85 – 6.14 0.81

FCVRS + RHI Events
Nonevents

0
8

29
223

28
55

8.77
2.10 10.87 2.31 – 19.43 0.013

FCVRS + MPS Events
Nonevents

2
26

16
182

35
50

20.75
10.85 31.61 11.76 – 51.45 0.002

CI: confidence interval, CIMT: carotid intima media thickness, FCVRS: Framingham Cardiovascular Risk Score, MPS: myocardial perfusion 
scintigraphy, NRI: net reclassification index, and RHI: reactive hyperemia-peripheral arterial tonometry index.
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Table 5

Cox proportional hazards analysis for hard cardiovascular events according to Framingham cardiovascular risk 

category.

Univariate Adjusted for FCVRS

HR 95% CI P HR 95% CI P

All patients (number of patients =343, number of events = 18)

FCVRS Per 1% 1.056 1.030 – 1.082 <0.001 - - -

CIMT Per 0.1mm 1.231 0.983 – 1.446 0.068 0.978 0.665 – 1.260 0.89

RHI Per 1 0.268 0.083 – 0.689 0.004 0.307 0.096 – 0.792 0.012

Perfusion defect on MPS Yes 2.663 0.999 – 6.969 0.0502 1.847 0.686 – 4.891 0.22

RHI ≤ 1.93 5.362 1.769 – 23.14 0.002 4.685 1.540 – 20.27 0.005

Low FCVRS group (number of patients = 69, number of events = 0)

Intermediate FCVRS group (number of patients = 182, number of events = 4)

CIMT ≥ 0.72 2.669 0.124 – 27.86 0.45 - - -

RHI ≤ 1.93 3.212 0.411 – 64.93 0.28 - - -

Perfusion defect on MPS <0.001 <0.001 – 2.897 0.20 - - -

High FCVRS group (number of patients = 92, number of events = 14)

CIMT ≥ 0.72 2.236 0.713 – 7.559 0.17 - - -

RHI ≤ 1.93 5.662 1.544 – 36.38 0.007 - - -

Perfusion defect on MPS 2.037 0.708 – 6.191 0.18 - - -

CI: confidencial interval, CIMT: carotid intima media thickness, FCVRS: Framingham Cardiovascular Risk Score, HR: hazard ratio, MPS: 
myocardial perfusion scintigraphy, and RHI: reactive hyperemia-peripheral arterial tonometry index.
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