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Abstract

AIM: To investigate the effects of different doses of aspirin on coronary endothelial function. 
METHODS: The study included 139 Japanese subjects (mean age, 60 years; 53 women) with angiographically normal coronary arteries. Patients were distributed into Group I (n = 63), who was administered aspirin and Group II (n = 76), the control, who were not administered aspirin. Group I was further divided into Group Ia (n = 50, low-dose aspirin, 100 mg) and Group Ib (n = 13, high-dose aspirin, 500 mg). After a routine coronary angiography, acetylcholine (ACh; 3 and 30 (g/min successively) and nitroglycerin (NTG) were infused into the left coronary ostium over 2 min. The change in the diameter of the coronary artery in response to each drug was expressed as the percentage change from baseline values. 
RESULTS: The patient characteristics did not differ between the two groups. The change in coronary diameter in response to ACh was greater in Group I than in Group II (P = 0.0043), although the NTG-induced coronary vasodilation was similar between groups. ACh-induced dilation was greater in Group Ia than in Group Ib (P = 0.0231). Multivariate regression analysis showed that a low-dose of aspirin (P = 0.0004) was one of the factors associated with ACh-induced dilation at 30 (g/min. 
CONCLUSION: In subjects with angiographically normal coronary arteries, aspirin only had a positive influence on coronary endothelial function at the low dose of 100 mg. This improvement of coronary endothelial function may be involved in the preventive effect of aspirin against future coronary events.
( 2013 Baishideng. All rights reserved.
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Core tip: We investigated the effect of aspirin on coronary endothelial function. Patients were distributed into Group I, who were administered aspirin and Group II, which was the control group. Group I was divided into Group Ia (low-dose aspirin) and Group Ib (high-dose aspirin). Acetylcholine (ACh)-induced coronary dilation was greater in Group I than in Group II and was greater in Group Ia than in Group Ib. Multivariate regression analysis showed that a low-dose of aspirin was associated with ACh-induced coronary dilation. A Low dose of aspirin has a positive influence on coronary endothelial function.
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INTRODUCTION
Aspirin, an inhibitor of cyclooxygenase-1, helps prevent cardiovascular disease. However, its efficacy with respect to primary prevention of cardiovascular events remains controversial1-6


[ ADDIN EN.CITE ]
. Although several studies have shown that primary prevention with aspirin has a positive effect on cardiovascular disease1-3


[ ADDIN EN.CITE ]
, others have not shown any such relationship4-6


[ ADDIN EN.CITE ]
. Aspirin increases the risk of bleeding, particularly gastrointestinal bleeding7[]
. In addition, the discrepancies in the effect of primary prevention with aspirin may depend on the cardiovascular risk of individual patients. These factors may contribute to the study findings reported for this population; therefore, aspirin may be effective in the primary prevention of cardiovascular disease if the degree of risk for cardiovascular burdens and gastrointestinal bleeding are appropriately assessed. The efficacy of aspirin in the secondary prevention of cardiovascular disease is, however, well established8


[ ADDIN EN.CITE ,9]
, and aspirin reduces reoccurrence in patients with established cardiovascular disease.

The dose of aspirin used to prevent cardiovascular disease ranges from 75 to 325 mg/d8


[ ADDIN EN.CITE ,10]
. Aspirin inhibits the synthesis of thromboxane A2 in platelets and prostaglandin I2 in endothelial cells. Low-dose aspirin only inhibits thromboxane A2 in platelets, whereas high-dose aspirin inhibits both thromboxane A2 and prostaglandin I211[]
. Low-dose aspirin (approximately 81-162 mg) has been widely used as a preventive therapy against cardiovascular disease10


[ ADDIN EN.CITE ]
. This preventive effect of aspirin may be primarily due to its prevention of thrombus formation, which is mediated by inhibition of platelet aggregation11[]
. However, several studies have shown a favorable effect of aspirin on endothelial function12-16


[ ADDIN EN.CITE ]
, and there is some interest in the relationship between aspirin and endothelial function. To investigate the existence of such a relationship in the coronary arteries, and if one exists, to confirm whether this relationship depends on the dose of aspirin used, we investigated the effects of different doses of aspirin on coronary endothelial function in patients with angiographically normal coronary arteries.
MATERIALS AND METHODS

Study population

One hundred and thirty-nine Japanese patients who underwent coronary angiography to evaluate chest pain were included in this study. All had angiographically normal epicardial coronary arteries, normal left ventricular function (contrast ventriculographic ejection fraction; LVEF, ( 60%), and normal coronary flow reserve (CFR; > 2.0). We excluded patients with vasospastic angina, previous myocardial infarction, left ventricular hypertrophy (LVH), moderate–severe valvular disease detected using echocardiography (UCG), heart failure, or other serious diseases. 
The patients were divided into two groups based on their aspirin intake: Group I consisted of 63 patients who took aspirin and Group II consisted of 76 patients who did not. The 63 patients in Group I were subdivided into Group Ia, consisting of 50 patients who took aspirin 100 mg/d, and Group Ib, consisting of 13 patients who took aspirin 500 mg/d In Group Ia, 32 patients had taken aspirin for a possible coronary artery disease before admission. The remaining 18 patients in Group Ia and 13 patients in Group Ib began taking aspirin on admission. All patients in Group I took aspirin for at least 2 d. Written informed consent was obtained from all patients before their entry into the study. The protocol was approved by the Ethics Committee of our institution. 

Study protocol

All anti-anginal agents were discontinued at least 48 h before catheterization, except for sublingual nitroglycerin, which was withheld for 1 h before catheterization but was otherwise unrestricted. Diagnostic left heart catheterization and coronary angiography were performed using a standard percutaneous brachial approach. A 6F-guide catheter was introduced into the left main coronary artery. A 0.0014-inch Doppler flow guidewire (Volcano FloWire; Volcano Therapeutics Inc., Rancho Cordova, CA) was subsequently advanced through the guide catheter into the proximal segment of the left anterior descending coronary artery. The wire tip was positioned in a straight segment of the vessel to obtain a reliable flow-velocity signal.
After baseline control conditions were established, incremental doses of acetylcholine (ACh) were infused into the left coronary artery (3 and 30 µg/min) for 2 min with 5-min intervals between consecutive doses. After re-establishment of control conditions, nitroglycerin was intracoronarily infused at a rate of 200 µg/min for 1 min. Finally, adenosine triphosphate (20 µg) was infused. ACh and nitroglycerin (NTG) were directly infused into the left coronary ostium using an infusion pump (TE-311; Terumo, Tokyo, Japan) at a rate of 1 mL/min. 
Coronary angiography was performed under controlled conditions and at the end of each drug infusion. Coronary blood flow (CBF) velocity was continuously monitored using a 12-MHz pulsed Doppler velocimeter (FloMap; Volcano Therapeutics Inc.). Arterial pressure, heart rate, and ECG were continuously monitored and recorded using a multichannel recorder (Polygraph 1600; Nihon Electric Corporation, Tokyo, Japan). 
Quantitative coronary angiography
The method used for measuring the coronary diameter was previously described in detail17-20


[ ADDIN EN.CITE ]
. The coronary segment 2 mm distal to the Doppler wire tip was selected for quantitative analysis. In each patient, the luminal diameters of selected segments of the left anterior descending coronary artery were measured by a single investigator blinded to angiographic and clinical data to determine the effects of the different drugs on epicardial coronary diameter. The luminal diameters were measured on an end-diastolic frame using a computer-assisted coronary angiographic analysis system (CAAS II/QUANTCOR; Siemens, Berlin and Munich, Germany). Means of triplicate measurements of luminal diameter were used for analysis. Changes in coronary diameter in response to ACh and NTG infusions are expressed as the percentage change from the baseline measurement on the angiogram obtained before infusion. Intra- and inter-observer variability have previously been reported to be excellent17


[ ADDIN EN.CITE ]
.

Estimation of CBF and CFR
CBF was calculated as the product of CBF velocity and vessel diameter using the following formula: ( × average peak velocity × 0.125 × diameter2. For CBF calculations, the internal diameter of the vessel at the location of the flow measurements (2 mm distal to the wire tip) was measured using the method described above. CFR was calculated as the ratio of CBF velocity after adenosine triphosphate infusion relative to baseline velocity.

Definition of coronary vascular function

As described previously17


[ ADDIN EN.CITE , 18,21-23]
, in the present study, we adopted the percent changes in epicardial coronary diameter in response to ACh and NTG infusions as the endothelium-dependent and –independent functions, respectively, of the coronary artery at the level of conduit vessels. When the ACh-induced changes in coronary diameter is reduced despite of preserved NTG-induced dilation, it is accepted that coronary endothelial dysfunction at the level of conduit vessel is present. In addition, we adopted the percent change in CBF in response to ACh infusion and CFR as the endothelium-dependent and –independent functions, resepectively, of the coronary artery at the level of resistance vessels. When the ACh-induced increase in CBF is reduced despite of preserved CFR, it is accepted that coronary endothelial dysfunction at the level of resistance vessel is present. 
Other parameters
Blood samples were drawn from each patient on the same day as coronary angiography after fasting. Total cholesterol, triglyceride, high-density lipoprotein (HDL)-cholesterol, low-density lipoprotein (LDL)-cholesterol, glucose, hemoglobin A1C, high-sensitive C-reactive protein (CRP), and fibrinogen levels were subsequently measured. 
Statistical analysis
All data are expressed as mean ( SEM. Baseline characteristics of the two groups were compared using Student’s unpaired t-test or Chi-square analysis, as appropriate. Serial changes in hemodynamic variables and changes in coronary vasoreactivity in response to drug infusion were compared using a one-way analysis of variance. If the analysis of variance showed a significant difference between means, the level of significance was determined by contrast analysis. Serial percentage changes in the coronary vascular response to ACh infusion were compared between groups using a two-way analysis of variance. Univariate and multivariate regression analyses were also performed to identify factors associated with percent changes in coronary artery diameter induced by ACh. A P value < 0.05 was defined as indicative of statistical significance.
RESULTS
Patient characteristics and biochemical parameters

The patient characteristics are detailed in Table 1. Age, sex, body mass index, frequency of coronary risk factors, medications, and LVEF were similar between the two groups. The patient characteristics between Groups Ia and Ib were also similar. 
Data on the biochemical parameters are detailed in Table 2. The biochemical parameters did not differ between Group I and Group II; the parameters were also similar between Group Ia and Group Ib.
Results of coronary vasoreactivity 
The hemodynamic and coronary vasoreactivity findings are shown in Table 3. Hemodynamics were similar between the two groups, as were the baseline coronary artery diameter and CBF. Changes in coronary artery diameter in response to ACh infusion were reduced in Group II compared with those in Group I (P = 0.0043), whereas NTG-induced coronary dilation did not differ between the two groups (Figure 1 and Table 3). The increase in CBF in response to ACh infusion and CFR did not differ between the two groups (Table 3). 
The hemodynamic and coronary vasoactivity findings for the subgroups of Group I are shown in Table 4. Hemodynamics, coronary artery diameter, and CBF at baseline did not differ between Group Ia and Group Ib (Table 4). However, changes in coronary artery diameter in response to ACh infusion were reduced in Group Ib compared with those in Group Ia (P = 0.0231). NTG-induced coronary dilation did not differ between the two groups (Table 4, Figure 2). The increase in CBF in response to ACh infusions or CFR did not differ between the two groups (Table 4). Statistically significant differences were observed in the percentage change in coronary diameter induced by ACh infusion at a dose of 30 µg/min, and the subsequent analyses were performed using this value. 
Factors responsible for coronary endothelial dysfunction

As noted above, statistically significant differences between the two groups were observed in the percentage change in coronary diameter induced by ACh infusion at a dose of 30 µg/min. Univariate analysis revealed that the presence or absence of aspirin (P = 0.0002), NTG-induced coronary dilation (P = 0.0142), and the increase in CBF in response to ACh infusion at a dose of 3 µg/min were associated with the change in coronary artery diameter response induced by ACh infusion at 30 µg/min; the mean blood pressure at baseline also showed a trend toward a positive association with the change in coronary artery diameter associated with ACh infusion at 30 µg/min (P = 0.0888). Multivariate regression analysis using these parameters demonstrated that low-dose aspirin (P = 0.0004), NTG-induced coronary dilation (P = 0.0077), and the increase in CBF induced by ACh infusion at a dose of 3 µg/min (P = 0.0344) were positively associated with the change in coronary artery diameter induced by ACh infusion at 30 µg/min, and that not taking aspirin (P = 0.0387) was negatively associated with this change (r2 = 0.212; Table 5).

DISCUSSION

In the present study, we investigated the effects of different doses of aspirin on coronary endothelial function in patients with angiographically normal coronary arteries. We showed that the change in coronary artery diameter in response to ACh infusion was higher in patients who took aspirin than in those who did not take aspirin. However, NTG-induced coronary dilation, the increase in CBF in response to ACh infusion, and CFR were not significantly different between the two groups. In addition, among patients who took aspirin, the change in coronary artery diameter in response to ACh infusion was higher in those who took a low dose of aspirin (100 mg/d) than in those who took a higher dose of aspirin (500 mg/d). Multivariate regression analysis demonstrated that taking a low dose of aspirin was positively associated with ACh-induced coronary artery dilation and not taking aspirin was negatively associated with such dilation. These findings suggest that taking a low dose of aspirin has a positive influence on coronary endothelial function in patients with angiographically normal coronary arteries.

The preventive effect of aspirin against cardiovascular disease is mainly because of its inhibition of platelet aggregation, which is mediated by the inhibition of thromboxane A2 in platelets and prevention of thrombus formation11[]
. However, there has been some interest in the relationship between aspirin and endothelial function12-16


[ ADDIN EN.CITE ]
. Husain et al12


[ ADDIN EN.CITE ]
 reported that intra-arterial co-infusion of aspirin (1000 mg) restored ACh-induced microvascular endothelial dysfunction of the femoral vasculature in patients with coronary atherosclerosis and atherosclerotic burdens. In addition, Noon et al13[]
 showed that intra-arterial co-infusion of aspirin (600 mg) restored ACh-induced microvascular endothelial dysfunction of the forearm in hypercholesterolemic patients but not in control subjects. Monobe at al.14


[ ADDIN EN.CITE ]
, Magen et al15


[ ADDIN EN.CITE ]
, and Furuno et al16


[ ADDIN EN.CITE ]
 have reported a relationship between aspirin and endothelial function using flow-mediated dilation (FMD) of the brachial artery. Monobe et al14


[ ADDIN EN.CITE ]
 reported that FMD was higher in hypercholesterolemic patients who took a low dose of aspirin (100 mg). Magen et al15


[ ADDIN EN.CITE ]
 reported that FMD was higher in hypertensive patients who took a low dose of aspirin (100 mg). Furuno et al16


[ ADDIN EN.CITE ]
 investigated the effects of various doses of aspirin on FMD in healthy male subjects and showed that aspirin had a positive influence even in healthy volunteers. Taking these studies into consideration, the effect of aspirin on endothelial function may, in part, depend on the severity of the atherosclerotic burden or on the dose of aspirin. 
In the present study, we showed that aspirin has a positive influence on coronary endothelial function in patients with chest pain who have angiographically normal coronary arteries. When assessing coronary endothelial function, it is advantageous to simultaneously assess endothelial function at the level of both the conduit and resistance vessels21


[ ADDIN EN.CITE ,22]
. In this study, aspirin only had a positive effect on coronary endothelial function at the level of the conduit vessels. In general, endothelium-derived nitric oxide (NO) and prostaglandin I2 act as an endothelium-derived vasodilators, primarily in large vessels24-26


[ ADDIN EN.CITE ]
; this may account for the effect of aspirin on coronary endothelial function being limited to the level of the conduit vessels.
With regard to the dose of aspirin administered, 75-325 mg/d and particularly, 75-162 mg/dare widely used in the clinical setting8


[ ADDIN EN.CITE ,10]
. Although a high dose of aspirin is effective in preventing cardiovascular disease8[]
, bleeding increases as the dose of aspirin increases27


[ ADDIN EN.CITE ]
, and this may explain the widespread use of low-dose of aspirin. Theoretically, a high dose of aspirin inhibits both thromboxane A2 in the platelets and prostaglandin I2 in endothelial cells; therefore, it is not unexpected that a high dose of aspirin has a negative influence on endothelial function. However, only one study has shown the relationship between the dose of aspirin administered and endothelial function16


[ ADDIN EN.CITE ]
. Furuno et al16


[ ADDIN EN.CITE ]
 reported that the maximum effect of aspirin on endothelial function was observed at 162 mg/d, whereas the minimum effect was observed at 660 mg/d. In the present study, because a small number of patients took a high dose of aspirin, the multivariate regression analysis did not show that taking a high dose of aspirin led to a deterioration in endothelial function. However, in the subgroup analysis, the coronary endothelial function of patients who took a high dose of aspirin was significantly lower than that of patients who took a low dose. These results suggest that a low dose of aspirin is superior to a high dose of aspirin for improving endothelial function. 
Several studies have examined possible mechanisms associated with the positive effect of aspirin on endothelial function12


[ ADDIN EN.CITE ,28-31]
. Theoretically, a low dose of aspirin inhibits only thromboxane A2, which is an endothelium-derived, cyclooxygenase-dependent constricting factor, leading to vasodilation12


[ ADDIN EN.CITE ]
. Furthermore, aspirin has a positive effect on endothelium-derived NO. Aspirin directly enhances NO synthesis in endothelial cells28


[ ADDIN EN.CITE ,29]
; it delays the onset of endothelial senescence30[]
 and reduces oxidative stress31


[ ADDIN EN.CITE ]
. These factors may contribute to aspirin-induced improvement of endothelial function. It is possible that vascular inflammation causes endothelial dysfunction18


[ ADDIN EN.CITE ]
, but aspirin has not been observed to have any influence on the assessment of high-sensitive CRP. Therefore, the anti-inflammatory effect of aspirin may not be involved in the mechanism through which aspirin exerts its positive effect on endothelial function. 
The present study demonstrated that a low dose of aspirin had a positive effect on coronary endothelial function in patients with angiographically normal coronary arteries. However, this does not always imply that a low dose of aspirin should be administered for the primary prevention of cardiovascular disease. As mentioned above, there is no doubt that aspirin frequently causes gastrointestinal bleeding27


[ ADDIN EN.CITE ]
; therefore, despite the positive effect of aspirin on coronary endothelial function, a low dose of aspirin should be used, particularly for primary prevention in consideration of the balance of atherosclerotic burden and bleeding risks.  
There are several limitations to the present study. First, all patients in our study had chest symptoms and had undergone coronary angiography; thus, they may represent a specific group. Therefore, the results of the present study may not be representative of endothelial function in all patients. Second, the duration of aspirin intake was not consistent between the patients who took aspirin. This difference may have influenced the results, such as the high-sensitive CRP level. Third, the number of patients who took a high dose of aspirin was small, and this may also have influenced the results. However, it was not ethically possible to increase the number of patients in this subgroup. Finally, we did not measure biochemical parameters and platelet function associated with aspirin. Therefore, we cannot report on the precise mechanisms by which aspirin had a positive influence on coronary endothelial function in the present study.
In conclusion, our findings suggest that only low-dose aspirin has a positive effect on coronary endothelial function in patients who have chest pain but angiographically normal coronary arteries. The favorable effect of aspirin on coronary endothelial function as well as the prevention of thrombus formation may be involved in the mechanisms responsible for the preventive effects of aspirin against cardiovascular disease.
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Background

Aspirin, an inhibitor of cyclooxygenase-1, helps prevent cardiovascular disease. This preventive effect of aspirin may be primarily due to its prevention of thrombus formation. In addition, several studies have reported a relationship between aspirin and endothelial function. However, it has not been fully elucidated whether aspirin has a positive influence on coronary endothelial function.
Research frontiers

Aspirin has a preventive effect against cardiovascular disease, mainly mediated by its anti-platelet effect. Clarifying the relationship between aspirin and endothelial function may reveal other mechanisms responsible for the preventive effect of aspirin against cardiovascular diseases.
Innovations and breakthroughs

The results showed that acetylcholine (ACh)-induced coronary artery dilation was higher in patients who took aspirin compared with patients who did not take aspirin, whereas nitroglycerin (NTG)-induced coronary artery dilatation and coronary blood flow increase in response to ACh or coronary flow reserve did not differ significantly between the 2 groups. Furthermore, aspirin-induced coronary artery dilation in response to ACh was higher in patients who took low-dose aspirin, compared with patients who took high-dose aspirin. These findings suggest that only low-dose aspirin has a positive effect on coronary endothelial function in such patients.
Applications

Aspirin should be used in primary prevention, but in consideration of the balance between atherosclerotic burden and bleeding risks because it can cause gastrointestinal bleedings. However, if taking aspirin, a low dose should be recommended for improving endothelial function.

Terminology

There are two components of coronary vascular functions: at the level of conduit vessels (epicardial coronary artery) and at the level of resistance vessels (microvascular coronary artery). In addition, there are two factors of coronary artery vasodilation: endothelium-dependent and -independent. In the present study, using quantitative coronary angiography and Doppler velocity measurements, we defined the percent changes in epicardial coronary diameter in response to ACh and NTG infusions as the endothelium-dependent and -independent functions, respectively, of the coronary artery at the level of conduit vessels, and we defined the percent change in coronary blood flow in response to ACh infusion and coronary flow reserve as the endothelium-dependent and -independent functions, respectively, of the coronary artery at the level of resistance vessels.

Peer review
The research is important in that it provides new evidence of aspirin effect on the endothelial function of the coronary artery. The experiments are well designed with good controls matched with age, gender, body mass index, coronary risk factors, medications, left ventricular function, as well as many biochemical parameters. The study also excluded many apparent heart diseases, making the sampled population more homogenous. Paper is well organized.
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Figure 1 Percentage changes in epicardial coronary artery diameter in response to acetylcholine infusion and nitroglycerin in Groups I and II. A: Greater changes in coronary artery diameter in response to acetylcholine (ACh) infusion were observed in Group I (open circles) compared with Group II (black circles); B: Nitroglycerin (NTG) -induced coronary dilation was similar between Groups I and II. Vertical bars represent SEM. NS: Not significant.
Figure 2 Percentage changes in epicardial coronary artery diameter in response to acetylcholine infusion and nitroglycerin in Groups Ia and Ib. A: Greater changes in coronary artery diameter in response to acetylcholine (ACh infusion were observed in Group Ia (open circles) than those in Group Ib (gray circles); B: Nitroglycerin (NTG) -induced coronary dilation was similar between Groups Ia and Ib. Vertical bars represent SEM. NS: Not significant.
Table 1 Characteristics of the patients (mean ± SE)  n (%)

ACI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin II receptor blocker; LV: Left ventricular; NS: Not significant. 

Table 2 Biochemical parameters (mean ± SE)

HDL: High-density lipoprotein; LDL: Low-density lipoprotein; NS: Not significant. 

Table 3 Hemodynamics and angiographic results between groups I and II (mean ± SE)

BP: Blood pressure; ACh: Acetylcholine; NS: Not significant.

Table 4 Hemodynamics and angiographic results between groups Ia and Ib (mean ± SE) 

BP: Blood pressure; ACh: Acetylcholine; NS: Not significant.


Table 5 Multivariate analysis of variables influencing %change in coronary diameter induced by acetylcholine infusion

r2 = 0.212. ACh: Acetylcholine; CBF: Coronary blood flow.
