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Summary
The consumption of omega-3 polyunsaturated fatty acids (PUFAs) reduces the incidence of cardiovascular

events and sudden cardiac death. Coronary microvascular dysfunction (CMD) is a predictor of cardiac mortality,

but little information is known on the relationship between CMD and omega-3 PUFAs. This study aimed to

identify the relationship between the serum levels of omega-3 PUFAs and the CMD evaluated by the hyperemic

microvascular resistance index (hMVRI) to assess coronary microvascular function in patients with stable coro-

nary artery disease (CAD).

Intracoronary physiological variables (fractional flow reserve (FFR), hMVRI, mean distal coronary pressure

(Pd), and average peak velocity (APV)) were measured in 108 patients. These parameters were evaluated in 150

coronary arteries with stenosis of intermediate severity and without significant ischemia (FFR > 0.80). The

PUFA levels and atherosclerotic risk factors were also measured. Univariate analysis shows that hMVRI was

negatively correlated with eicosapentaenoic acid (EPA)/arachidonic acid (AA) ratio (β = −0.31, P = 0.001) and

EPA (β = −0.25, P = 0.009) and was positively correlated with dihomo-γ-linolenic acid (β = 0.26, P = 0.006).

Multivariate regression analysis shows that the EPA/AA ratio was the only independent determinant of hMVRI

(β = −0.234, SE = 0.231, P = 0.024). Furthermore, hMVRI decreased significantly from the lowest to highest

tertiles of the EPA/AA ratio (P = 0.007). The EPA/AA ratio was positively correlated with APV at hyperemia

(β = 0.26, P = 0.008) but not with Pd at hyperemia.

A lower serum EPA/AA ratio may cause CMD in patients with stable CAD.

(Int Heart J 2018; 59: 1194-1201)
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T
he dietary intake of omega-3 polyunsaturated fatty

acids (PUFAs) including eicosapentaenoic acid

(EPA) and docosahexaenoic acid (DHA) from fish

and alpha-linolenic acids in plants,1) which are important

components of cell membranes and are involved in cell

function,2) decreases the risk of cardiovascular disease and

sudden cardiac death.3-12) Variations in omega-3 PUFA

compositions are associated with anti-inflammatory,3)

vasodilatory,4) antiarrhythmic,5) and antihyperlipidemic6) ef-

fects, as well as the reduction of platelet aggregation7) and

stabilization of coronary plaque.8) The GISSI-Prevenzione

trial showed that dietary omega-3 PUFA intake signifi-

cantly prevented cardiovascular death and sudden death in

patients with a recent myocardial infarction (< 3

months),9) and the Japan EPA Lipid Intervention Study

(JELIS) showed that concurrent therapy with purified EPA

and statins reduced the incidence of coronary events more

than statins alone.10)

Several studies reported that coronary microvascular

dysfunction (CMD) is an independent predictor of future

adverse cardiovascular events.11,13-17) However, there has

been only one report on the relationship between EPA and

CMD evaluated by phase-contrast cine cardiovascular

magnetic resonance.18) Moreover, there has been no report

on the relationship between omega-6 PUFAs including

dihomo-γ-linolenic acid (DGLA) and CMD.

The hyperemic microvascular resistance index

(hMVRI) and the index of microvascular resistance (IMR)

as measures of coronary microvascular resistance are read-

ily available, quantitative, and reproducible in a cardiac

catheterization laboratory, and a wire-based method for in-

vasively assessing coronary microvascular function is in-

dependent of epicardial artery stenosis.13-17,19-25)

The aim of this study is to investigate the relation-
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Figure　1.　Representative cases with low EPA/AA ratio (0.17) and hMVRI (2.5) (A-C) and with high EPA/AA ratio (1.14) and low 

hMVRI (1.3) (D-F). A and D: CAG of the left coronary artery. B and E: Insertion of Doppler flow guide wire into the left coronary ar-

tery. C and F: FFR and hMVRI measurements by Doppler flow guide wire at hyperemia. EPA/AA indicates eicosapentaenoic acid/ara-

chidonic acid; hMVRI, hyperemic microvascular resistance index; and FFR, fractional flow reserve.

ships between omega-3 or omega-6 PUFA levels and

hMVRI (as an indicator of CMD) in patients with stable

coronary artery disease (CAD).

Methods

Patient population: We evaluated adult patients with a

clinical suspicion of coronary ischemia based on the pres-

ence of angina pectoris by using elective coronary angiog-

raphy (CAG).

A CAG was performed to rule out obstructive CAD

(> 75%). In patients with nonobstructive CAD, fractional

flow reserve (FFR) was measured to assess the signifi-

cance of physiological stenosis. Moreover, in patients

without significant stenosis (FFR > 0.80), which indicates

a functionally nonsignificant stenotic lesion, an invasive

measurement of hMVRI was conducted to evaluate mi-

crovascular dysfunction for the diagnosis of microvascular

angina by using the modified criteria of previous study re-

ports.17,26,27) The Ethics Committee of Ureshino Medical

Center approved the protocol for this study, which was

conducted according to the Declaration of Helsinki (ap-

proval number 10-10). It has recently been reported that

the coronary microvascular resistance of the right coro-

nary artery was higher than that of the left anterior de-

scending artery (LAD) or left circumflex artery (LCX).20,21)

Thus, we evaluated the hMVR in LAD and LCX to ex-

clude the effect of the difference in coronary vessels in

this study.

Cardiac catheterization procedure: After CAG, aortic

pressure was measured via a 5- or 6-F guiding catheter

placed in the coronary ostium by the radial approach or

femoral approach. Intracoronary pressure and coronary

flow velocity were measured with a 0.014” pressure

sensor-equipped guidewire (Volcano Corp, San Diego,

CA) (Figure 1). Hyperemia was induced by injecting pa-

paverine hydrochloride into the coronary artery (12 mg

into the left coronary artery over 15 seconds), and blood

pressure was recorded at 20 seconds after the end of ad-

ministration. FFR was defined as the ratio of mean distal

coronary pressure (Pd) to mean aortic pressure in the tar-

get vessels beyond the lesion during maximal hyperemia.

Patients without significant stenosis (FFR > 0.80),

which indicates a functionally nonsignificant stenotic le-

sion, were selected. The hMVRI was calculated as Pd di-

vided by the distal average peak velocity (APV) during

maximal hyperemia.

When hMVRI could be measured in both the LAD

and LCX in the same patient, the average hMVRI of the

LAD and LCX was used for this study.

Measurement of PUFAs: Fasting blood samples were

collected early in the morning after the patients had fasted

for 12 hours overnight. The serum levels of EPA, DHA,

arachidonic acid (AA), and DGLA were measured by cap-

illary gas chromatography (SRL Inc., Tokyo, Japan).

Echocardiography: All echocardiographic examinations

were performed with commercially available ultrasound

machines (Hi Vision Preirus ultrasonography system, Hi-

tachi, Chiba, Japan). Cardiac chamber quantification by

2D echocardiography was performed in all subjects ac-

cording to the guidelines of the American Society of

Echocardiography.28)
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Table　I.　Patient Characteristics

Characteristic Value

Age, years 69.1 ± 9.5

Male sex 75 (69.4)

Height, (cm) 159.3 ± 9.0

Weight (kg) 62.5 ± 11.4

BMI (kg/m2) 24.6 ± 4.0

SBP (mmHg) 125 ± 13

DBP (mmHg) 75 ± 10

HR (beats/minute) 70 ± 13

Coronary risk factor

Hypertension 73 (67.6)

Dyslipidemia 76 (70.4)

Diabetes mellitus 47 (43.5)

Current smoking 28 (25.9)

Prior history of comorbidities

Prior MI 23 (21.3)

Prior PCI 48 (44.4)

Peripheral vascular disease 10 (9.3)

Hemodialysis 2 (1.8)

Coronary artery

LAD 86

LCx 64

Laboratory finding

Total cholesterol (mg/dL) 174 ± 32

HDL-C (mg/dL) 54 ± 65

LDL-C (mg/dL) 102 ± 28

Triglycerides (mg/dL) 137 ± 96

Uric acid (mg/dL) 5.5 ± 1.2

FBS 110 ± 31

Serum creatinine (mg/dL) 0.88 ± 0.86

HbA1c, % 6.0 ± 1.1

BNP (pg/dL) 32 ± 33

CRP 0.16 ± 0.22

PUFA

DGLA (μg/mL) 34.7 ± 11.6

AA (μg/mL) 173.0 ± 43.1

EPA (μg/mL) 80.9 ± 44.6

DHA (μg/mL) 146.9 ± 45.4

EPA/AA ratio 0.50 ± 0.30

UCG findings

IVS (mm) 9.7 ± 1.3

LVPW (mm) 9.6 ± 1.0

LVEF (%) 66.2 ± 6.2

Medication

β-blockers 15 (13.9)

Calcium channel blockers 56 (51.9)

ARB or ACE inhibitors 46 (42.6)

Statins 66 (61.1)

Diuretics 5 (4.6)

Antiplatelet agents 107 (99.1)

Values are presented as n (%) or mean ± SD. BMI indicates body 

mass index; SBP, systolic blood pressure; DBP, diastolic blood pres-

sure; HR, heart rate; MI, myocardial infarction; PCI, percutaneous 

coronary intervention; LAD, left anterior descending branch; LCX, 

left circumflex branch; FBS, fasting blood sugar; BNP, brain natri-

uretic peptide; CRP, C-reactive protein; PUFA, polyunsaturated fatty 

acids; DGLA, dihomo-γ-linolenic acid; AA, arachidonic acid; EPA, 

eicosapentaenoic acid; DHA, docosahexaenoic acid; IVS, interven-

tricular septum; LVPW, left ventricular posterior wall; ACE, angio-

tensin-converting enzyme; and ARB, angiotensin receptor blocker.

Statistical analysis: All data are expressed as mean ±

standard deviation or number (percentage) of patients. The

associations between the hMVRI value and variables were

evaluated using univariate linear regression analysis. Non-

parametric Wilcoxon rank-sum analysis was used to ana-

lyze the relationships between hMVRI and categorical

data. Kruskal-Wallis analysis was used to compare

hMVRI by the tertile of the EPA/AA ratio.

Multivariate regression analysis was used to deter-

mine the independent determinants associated with

hMVRI among factors whose P values were less than

0.05 on univariate analysis.

P values < 0.05 were considered significant. Data

were analyzed statistically by using JMP 10 (SAS Insti-

tute Inc., Cary, NC, USA).

Results

Patients’ characteristics: Between December 2010 and

April 2016, a total of 160 patients with stable CAD were

assessed using a Doppler velocity and pressure-equipped

guidewire. Patients with hypertrophic cardiomyopathy or

left ventricular hypertrophy (n = 8), moderate to severe

heart valve disease (n = 3), left ventricular ejection frac-

tion < 50% due to prior myocardial infarction (Prior MI)

or complete left bundle brunch block (n = 7), coronary ar-

tery bypass graft surgery (n = 1), atrial fibrillation (n = 7),

cardiac pacemaker to control complete atrioventricular

block (n = 6), myocardial infarction (< 6 weeks before

screening) (n = 13), visible collateral development to the

perfusion territory of interest (n = 3), coronary spastic an-

gina (n = 2), and left main trunk disease (stenosis > 50%

or stent insertion) (n = 2) were excluded. Thus, 108 pa-

tients were included in this study. There were no signifi-

cant procedure-related complications such as coronary dis-

section, coronary perforation, myocardial infarction, life-

threatening arrhythmia, major bleeding, or death.

The mean age of the study population was 69.1

years. Overall, 23 patients had Prior MI, 48 patients had

prior percutaneous coronary intervention (PCI), and the

remaining patients were suspected to have CAD because

they had chest pain or coronary stenosis on coronary com-

puted tomography. Table I shows the patient characteris-

tics. In these patients, the following coronary risk factors

were observed: hypertension (67.6%), dyslipidemia

(70.4%), diabetes mellitus (43.5%), and current smoking

(25.9%). A total of 86 LADs and 64 LCXs were exam-

ined, and the mean number of examined coronary arteries

was 1.4 per person.

Procedural characteristics: Table II shows the coronary

physiological measurements. The mean FFR and hMVRI

values in all coronary arteries were 0.90 and 1.9 mmHg/

cm/second, respectively. The mean APV at hyperemia and

Pd at hyperemia were 38.6 cm/second and 70.2 mmHg,

respectively.

Associations between hMVRI and variables in the uni-
variate and multivariate analyses: In the univariate

analysis, the hMVRI in the coronary arteries was nega-

tively correlated with the EPA/AA ratio (β = −0.31, P =

0.001) and EPA (β = −0.25, P = 0.009) and was posi-

tively correlated with DGLA (β = 0.26, P = 0.006). How-

ever, the traditional risk factors, including sex, Prior MI,

and prior PCI, and C-reactive protein (CRP) were not cor-
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Table　II.　Coronary Physiological Values

Variable Value

FFR 0.90 ± 0.05

hMVRI (mmHg/cm/second) 1.9 ± 0.7

APV at hyperemia (cm/second) 38.6 ± 12.4

Pd at hyperemia (mmHg) 70.2 ± 10.6

QCA

MLD (mm) 2.15 ± 0.69

RD (mm) 2.24 ± 0.81

Diameter stenosis (%) 38.9 ± 20.8

Lesion length (mm) 23.3 ± 13.9

Values are presented as n (%) or mean ± SD. FFR 

indicates fractional flow reserve; hMVRI, hyper-

emic microvascular resistance index; APV, average 

peak blood flow velocity; Pd, mean distal coronary 

pressure; QCA, quantitative coronary analysis; and 

RD, reference diameter.

Table　III.　Associations between hMVRI and Risk 

Factors in the Univariate Analysis

Variable β P r2

Age 0.12 0.218 -

Height -0.01 0.353 -

Weight -0.03 0.741 -

BMI 0.02 0.833 -

SBP 0.17 0.075

DBP 0.07 0.497

HR 0.16 0.092 -

Laboratory finding

Total cholesterol 0.03 0.767 -

HDL-C -0.00 0.738 -

LDL-C 0.11 0.250 -

Triglycerides 0.03 0.798 -

Uric acid -0.09 0.367 -

Serum creatinine -0.04 0.660 -

FBS 0.14 0.148 -

HbA1c 0.01 0.908 -

BNP 0.08 0.429 -

CRP 0.10 0.310 -

PUFA

DGLA 0.26 0.006 0.070

AA 0.15 0.112 -

EPA -0.25 0.009 0.054

DHA 0.01 0.943 -

EPA/AA ratio -0.31 0.001 0.093

UCG finding

IVS 0.09 0.356 -

LVPW -0.00 0.998 -

LVEF 0.14 0.144 -

QCA -

MLD (mm) 0.04 0.714 -

RD (mm) 0.07 0.073 -

Diameter stenosis (%) -0.03 0.749 -

Lesion length (mm) -0.04 0.714 -

The abbreviations used in this table are the same as 

those in Tables I and II.

Table　IV.　Association between hMVRI and Risk 

Factors

Variable n
hMVRI 

(mmHg/cm/second)
P

Sex

Male 75 1.9 ± 0.1 0.13

Female 33 2.1 ± 0.8

Hypertension

Yes 73 2.0 ± 0.7 0.59

No 35 1.9 ± 0.6

Dyslipidemia

Yes 76 1.9 ± 0.7 0.38

No 32 2.0 ± 0.6

DM

Yes 47 2.0 ± 0.7 0.58

No 61 1.9 ± 0.6

Current smoking

Yes 28 2.0 ± 0.7 0.98

No 80 1.9 ± 0.6

Prior MI

Yes 23 1.9 ± 0.7 0.69

No 85 1.9 ± 0.6

Prior PCI

Yes 48 1.8 ± 0.6 0.17

No 60 2.0 ± 0.7

The abbreviations used in this table are the same as 

those in Table I.

Table　V.　Multivariate Regression Analy-

sis Model for hMVRI

Variable
hMVRI

β SE P

EPA/AA ratio -0.234 0.231 0.024

DGLA 0.161 0.006 0.161

The abbreviations used in this table are the 

same as those in Table I.

related with hMVRI (Tables III, IV). In multivariate re-

gression analysis with the EPA/AA ratio and DGLA, the

EPA/AA ratio was the only independent factor related to

hMVRI (β = −0.234, SE = 0.231, P = 0.024) (Table V).

Furthermore, hMVRI decreased significantly from the

lowest to highest tertiles of the EPA/AA ratio (P = 0.007)

(Figure 2). Thereafter, the relationships of the EPA/AA ra-

tio with APV at hyperemia or Pd at hyperemia were ex-

amined because the hMVRI was calculated as Pd and

APV at hyperemia. Although the EPA/AA ratio had no

significant relationship with Pd at hyperemia (P = 0.132),

there was a significant positive correlation between the

EPA/AA ratio and APV at hyperemia (β = 0.26, P =

0.008) (Figure 3).

Discussion

This study demonstrated the following: 1) Univariate

analysis shows that hMVRI, which is one of the indicators

of coronary microcirculation, had significantly negative

associations with the EPA/AA ratio and EPA and had a

positive correlation with DGLA. 2) The EPA/AA ratio

was the only independent factor related to hMVRI in mul-

tivariate regression analysis. 3) The low EPA/AA group

had significantly higher hMVRI than the high EPA/AA

group. 4) The EPA/AA ratio had a significant relationship

with APV at hyperemia but not with Pd at hyperemia. 5)

The traditional risk factors and CRP were not associated



Int Heart J

November 20181198 Muroya, ET AL

Figure　2.　Comparison of hMVRI among patients by the tertiles of the EPA/AA ratio. The hMVRI in-

creases significantly from the lowest to the highest tertiles of the EPA/AA ratio (P = 0.01). hMVRI indicates 

hyperemic microvascular resistance index; and EPA/AA, eicosapentaenoic acid/arachidonic acid.

Figure　3.　Association between the EPA/AA ratio and APV at hyperemia on univariate analysis. There is a significantly pos-

itive correlation between the EPA/AA ratio and APV at hyperemia, but not APV at rest and Pd at hyperemia. APV indicates 

average peak velocity; Pd, mean distal coronary pressure; and EPA/AA, eicosapentaenoic acid/arachidonic acid.

with hMVRI.

These results suggest that EPA (EPA/AA) may play a

pivotal role in the coronary microcirculation of patients

with stable CAD, exert relatively good control on the tra-

ditional risk factors, and preserve LV function.

Previous studies showed that the impairment of mi-

crocirculation was one of the important independent pre-

dictors of the prognosis of long-term cardiovascular dis-

eases in healthy volunteers, patients with stable CAD, and

patients with ST elevation myocardial infarction.11,13-17) The

microcirculation was evaluated by different methods and

different indices as follows: coronary flow reserve (CFR)

by perfusion positron emission tomography, phase-contrast

cine cardiovascular magnetic resonance, or transthoracic

Doppler echocardiography and coronary flow velocity re-

serve (CFVR); or hMVRI or IMR by cardiac catheteriza-

tion.11,13-25,29-31)

Chamuleau et al.16) suggested that CFVR had a prog-

nostic value that is superior to myocardial perfusion scin-

tigraphy in stable CAD patients with moderate stenoses in

multiple vessels. Moreover, Pepine, et al.17) reported that

in women with signs and symptoms of ischemia, coronary

microvascular reactivity to adenosine was more important

in the prediction of major adverse cardiac events

(MACEs) than angiographic coronary artery severity or

CAD risk factors.

Herzog, et al.11) reported that abnormal CFR was as-

sociated with a significantly increased MACE rate com-
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pared with normal CFR. Van de Hoef, et al.13) reported

that the discordance of CFVR with FFR originates from

the involvement of the coronary microvasculature and that

impaired reference CFVR in patients with stable CAD is

associated with a significant increase in fatal events at

long-term follow-up. However, CFVR is defined as the

capacity of the epicardial coronary arteries and coronary

microvascular circulation, and hMVRI, which is similar to

IMR, is a quantitative and specific index for the coronary

microvascular circulation. Furthermore, hMVRI almost

does not change with epicardial coronary stenosis severity

when collateral flow is properly taken into account.19,20)

Verhoeff, et al.23) reported that the collateral flow effect on

hMVRI is minimal in patients with FFR > 0.8. Thus,

hMVRI was used for the evaluation of coronary microcir-

culation in the present study of cases with FFR > 0.8.

There have been two large previous studies on the

association between the EPA/AA ratio and MACEs.9,10)

The JELIS study,10) which evaluated the effects of the ad-

dition of EPA to statin therapy in hypercholesterolemic

patients, demonstrated that a decreased EPA/AA ratio was

significantly associated with increased cardiac death and

that an increased EPA/AA ratio induced a 19% reduction

of MACEs. Another study called the GISSI-Prevenzione

trial9) showed that dietary ω-3 PUFA intake significantly

prevented cardiovascular death and sudden death in pa-

tients with recent myocardial infarction (< 3 months). Fur-

thermore, Domei, et al.32) reported that among the PUFA

parameters, only high EPA/AA ratio (> 0.4037) had a sig-

nificant association with low MACE incidence in patients

undergoing PCI. However, although both CMD and

omega-3 PUFAs are associated with MACEs in ischemic

heart disease, little is known about the relationship be-

tween CMD and omega-3 PUFAs in stable CAD.

Only one report showed that CFR was significantly

positively correlated with serum EPA in CAD patients

with less than 50% angiographic stenosis by phase-

contrast cine cardiovascular magnetic resonance induced

by ATP infusion; this result shows that serum EPA plays

an important role in the regulation of CFR in patients

with CAD.18) We demonstrated similar results for the asso-

ciation between EPA and CMD, i.e., hMVRI by coronary

catheter procedure in CAD patients with FFR > 0.8.

Moreover, Oe, et al.31) performed transthoracic Doppler

echocardiography on elderly Japanese individuals and re-

ported that PUFA supplementation (AA and DHA) for

three months increased CFVR. Shimokawa, et al.33) re-

ported that dietary omega-3 PUFAs augment endothelium-

dependent relaxation to bradykinin in the coronary mi-

crovessels of a pig. Recently, O’Connell et al.34) reported

that omega-3 PUFAs prevent interstitial fibrosis and mi-

crovascular rarefaction via free fatty acid receptor 4.

These results indicate that PUFAs are related to coronary

microcirculation.

Although the relationships between CMD and coro-

nary risk factors such as DM, dyslipidemia, and hyperten-

sion have also been reported previously,24,29,30) hMVRI had

no significant correlation with these coronary risk factors

in the present study. These diseases were well controlled

in patients in this study by using antihypertensive drugs

including calcium channel blockers, angiotensin convert-

ing enzyme inhibitors, angiotensin receptor blockers,

statins, and anti-DM treatment. Thus, we suggested that

the EPA/AA ratio is also important as a residual risk fac-

tor for CMD and epicardial CAD.9,10,35)

The precise mechanisms of the effect of omega-3

PUFAs on the improvement of coronary microvascular

function has remained unknown even though previous

studies have proposed the following beneficial effects of

omega-3 PUFAs on coronary microcirculation: the influ-

ence on the biophysical changes of the cell membrane to

affect membrane function via ion channels and signal

transduction,36) the augmentation of endothelium-derived

relaxation, and the inhibition of endothelium-derived con-

traction.33)

Omega-3 PUFAs directly affect endothelial-derived

vasodilatation by reducing vascular oxidative stress and

inflammation and endothelial-independent vasodilatation

by stimulating smooth muscle cells.5)

This study demonstrated that the EPA/AA ratio was

significantly positively associated with APV at hyperemia

but not with Pd at hyperemia by using papaverine, which

is known to produce vasodilatation via the direct relaxa-

tion of arteriolar smooth muscle. Furthermore, CRP was

not related to microcirculation. These findings suggest that

EPA (EPA/AA) may improve the reactivity of coronary

microcirculation via the relaxation of arteriolar smooth

muscle cells.

Previous studies demonstrated that treatment with

omega-3 PUFAs have beneficial effects on acute myocar-

dial infarction (AMI) (e.g., reduction of myocardial infarct

size)37) and can improve left ventricular remodeling via the

suppression of inflammation during the convalescent heal-

ing phase.38) Previous reports have described the secondary

prevention of sudden cardiac death and ventricular ar-

rhythmias after myocardial infarction or heart failure via

the use of omega-3 PUFAs.39) The cardioprotective effects

of ω-3 PUFAs are thought to be due to synergism among

multiple mechanisms.36)

The results of previous studies and those of the pre-

sent study suggest that the improvement of coronary mi-

crocirculation by EPA may protect against microvascular

ischemia or reperfusion injury when AMI occurs in pa-

tients with stable AP.

In conclusion, the EPA/AA ratio affects coronary mi-

crovascular function and epicardial coronary artery func-

tion and may play an important role in cardioprotection in

patients with stable CAD.

Study limitations: First, this study involved a relatively

small study population and was performed at a single fa-

cility.

Second, the effects of EPA administration on hMVRI

were not examined. Further investigations are needed to

elucidate the direct effects of EPA administration on

hMVRI improvement and the prognosis of stable CAD

patients.
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