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Introduction 

Coronary heart disease (CHD), also known as coronary 
artery disease, refers to a cardiovascular disease caused 
by atherosclerosis of the coronary arteries that results 
in vascular stenosis and obstruction and subsequent 
myocardial ischemia and necrosis (1). The incidence of 
CHD continues to rise. In 2017, this disease became the 

leading cause of death in the global population, resulting in 
about 8.92 million deaths and a standardized mortality ratio 
of 142/100,000. In China, CHD-caused deaths increased 
from 8.6% in 1990 to 15.2% in 2013 (2).

CHD results from a combination of factors which 
include smoking, alcohol consumption, unhealthy eating 
habits, and insufficient physical activity (3,4). CHD is a 
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chronic inflammatory disease with inflammation present 
through all stages of atherosclerosis, and inflammation may 
be a common link or pathway in the pathogenic mechanism 
of multiple atherogenic factors (5). The American College 
of Cardiology/American Heart Association (ACC/AHA) 
Guidelines for Primary Prevention of Cardiovascular 
Disease propose that the principles of primary prevention 
of CHD can be summarized as aspirin, blood pressure 
stabilization, cholesterol control, and smoking cessation 
(ABCS) (6). Aspirin has been clinically shown to have 
effects on reducing the expression of inflammatory 
cytokines, antiatherosclerosis, antiplatelet, and preventing  
thrombosis (7). Specifically, this drug reduces platelet 
aggregation by irreversible acetylation of cyclooxygenase-1 
(COX-1), thereby inhibiting the conversion of arachidonic 
acid (AA) to thromboxane A2 (TXA A2) (8,9). For patients 
with chronic CHD or peripheral artery disease (PAD),  
2.5 mg twice daily of rivaroxaban or 100 mg daily of aspirin 
has been shown to reduce the incidence of cardiovascular 
disease-caused death, stroke, or myocardial infarction by 
24%, while increasing the occurrence of adverse effects, 
such as hemorrhage (10-12). 

There is no consensus on the use of aspirin alone or in 
combination to prevent CHD, and there is still a lack of 
reliable evidence on the clinical efficacy and safety of aspirin 
in combination. With the aim of better guiding clinical 
practice, this meta-analysis compared the efficacy and 
safety of aspirin alone and in combination for the treatment 
of CHD, and examined its effect on the expression of 
inflammatory factors.

We present the following article in accordance with the 
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1648).

Methods 

Search strategy 

Medical literature analysis and retrieval system (MEDLINE) 
was widely searched using the following online databases: 
PubMed, Web of Science, EMBASE, CNKI China, and 
Wanfang. The search time was set from 2011 to 2021, 
and the keywords were (I) “aspirin”, (II) “coronary heart 
disease”, (III) “inflammatory factors”, and (IV) “clinical 
effect”. The language was limited to English and Chinese.

Inclusion and exclusion criteria 

The inclusion criteria were the following: (I) study subjects 

were CHD patients treated with aspirin; (II) intervention 
measures involved treatment group patients being treated 
with aspirin combined with clopidogrel/atorvastatin/
betaloc with the control group being given aspirin alone; 
(III) outcome measures included response rate, incidence of 
adverse reactions, C-reactive protein (CRP) before and after 
treatment, interleukin-6 (IL-6) before and after treatment, 
and tumor necrosis factor-α (TNF-α) before and after 
treatment.

Meanwhile, the exclusion criteria were as follows: (I) lack 
of comparison of treatment results in CHD patients treated 
with aspirin alone; (II) case reports, systematic reviews, 
and animal experiments; (III) literature without the data 
required by this meta-analysis or literature for which the 
original text could not be obtained; (IV) literature with poor 
quality or missing data; and (V) duplicate literature.

Data extraction and quality assessment

Two investigators independently extracted the data, 
including first author, year of publication, sample size, 
length of time patients were enrolled in the study, study 
type, endpoint event, and baseline characteristics. Any 
disagreement between the investigators was resolved 
through discussion with a third investigator.

Statistical analysis 

Stata 16.0 (StataCorp) was the statistical tool used for 
data analysis. We calculated pooled odds ratios (ORs) for 
dichotomous endpoints with 95% confidence intervals 
(CIs). In case of heterogeneity (P>0.05 or I2<50%), 
the fixed-effects model (Mantel-Haenszel) was used; 
otherwise (P<0.05 or I2>50%), the random-effects model 
(M-Hheterogeneity) was adopted. Publication bias was 
assessed by funnel plots and Begg and Egger tests. A 
significant difference was suggested if P<0.05. Sensitivity 
analysis was performed by sequentially excluding each 
study and observing whether the results obtained were 
significantly different.

Results

Literature search results

The specific flow chart of the literature screening process is 
shown in Figure 1. In total, 238 articles were retrieved from 
the databases, and 59 duplicates and 48 potentially relevant 
articles were excluded initially. After reading the titles and 
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abstracts, 15 articles were excluded, and another 20 studies 
were excluded after the full text was read. Ultimately, 13 
articles were included (13-25), with a total of 1,442 patients 
(treatment group: n=721, control group: n=721). All 13 
studies were randomized controlled trials (RCTs), with 
sample sizes ranging from 64 to 256 patients. The average 
age of the patients ranged from 50 to 70 years, the male to 
female ratio was balanced, and the average follow-up time 
ranged from 1 year to 3 years. Baseline characteristics of the 
patients are shown in Table 1.

Primary endpoints

Clinical efficacy indicators
Twelve studies reported response rate as the primary 
endpoint in both groups. No marked heterogeneity was 
present (I2=0.0%; P=0.993). Incidence of adverse reactions 
was reported in 11 articles. No significant heterogeneity 

existed in the incidence of adverse reactions (I2=0.0%; 
P=0.472). The fixed-effects model was used to evaluate the 
results of treatment effectiveness and incidence of adverse 
reactions. In comparison with the control group, the 
treatment group showed a significantly improved response 
rate (OR =5.11; 95% CI: 3.56–7.35; P<0.001; Figure 2A) 
and had a lower incidence of adverse reactions (OR =0.36; 
95% CI: 0.24–0.53; P<0.001; Figure 2B). 

Publication bias was estimated through funnel plots. 
The funnel plot (Figure 3A) shows the publication bias of 
treatment effectiveness. A symmetric distribution of scatters 
indicating no effect of publication bias on the analysis 
results, which was confirmed by the Begg test (Z=0.21; 
P=0.837>0.05) and Egger test (t=–0.01; P=0.994>0.05). The 
funnel plot (Figure 3B) shows the publication bias of the 
incidence of adverse reactions was estimated. A symmetrical 
distribution of scatters indicating a small possibility of 
publication bias in the incidence of adverse reactions. This 
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was confirmed by the Begg test (Z=01.25; P=0.213>0.05) 
and Egger test (t=–1.26; P=0.241>0.05). 

Inflammatory factor levels before treatment 
Pretreatment inflammatory factors included CRP, IL-6, 
and TNF-α. In all, 7 studies compared CRP levels between 
the 2 groups [standardized mean difference (SMD) =0.20; 
95% CI: −0.13 to 0.54; P=0.234; Figure 4A], 5 compared 
IL-6 levels (SMD =–0.00, 95% CI: –0.18 to 0.17; P=0.969; 
Figure 4B), and 4 compared TNF-α levels (SMD =0.10; 
95% CI: −0.09 to 0.29; P=0.317; Figure 4C). Collectively, no 
significant difference was identified in inflammatory factor 
expression levels before treatment between the 2 groups. 
Therefore, the studies mentioned above were comparable. 
Because the number of included articles was less than 10, no 
publication bias analysis was performed.

Inflammatory factor levels after treatment
The literature mentioning pretreatment inflammatory 
factors also reported the inflammatory factor levels after 
treatment. Due to the significant heterogeneity of CRP 
(I2=97.7%; P<0.001), IL-6 (I2=97.2%; P<0.001), and 
TNF-α levels (I2=97.9%; P<0.001) after treatment, the 
random-effects models were used for analysis. As shown in  
Figure 5, in comparison with the control group, CRP 
expression (SMD =–3.05; 95% CI: –4.27 to –1.84; P<0.001,) 
and TNF-α expression (SMD =–2.65, 95% CI: –4.49 to 
–0.81; P=0.005) after treatment were lower in the treatment 
group. However, there was no significant difference in IL-6 
expression after treatment between the 2 groups (SMD 
=–0.99; 95% CI: –2.16 to 0.19; P=0.101; Figure 5B). 

Because the number of included articles was less than 10, 
no publication bias analysis was performed.

A B

Figure 2 Forest plots of response rate (A) and incidence of adverse reactions (B) in the two groups. OR, odds ratio; CI, confidence interval.

Figure 3 Funnel plots of response rate (A) and incidence of adverse reactions (B) in the two groups. OR, odds ratio.
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Sensitivity analysis

The included studies were removed one by one and the 
statistical model was changed for sensitivity analysis. The 
results showed no significant changes in the pooled effect 
size and CI for response rate (Figure 6A) and adverse 
reactions (Figure 6B), as well as for CRP level (Figure 7A) 
and IL-6 level (Figure 7B) before treatment, suggesting that 
this meta-analysis had good stability. However, the pooled 
effect size of TNF-α level (Figure 7C) changed greatly 
after removing the first article, indicating the possibility 
of heterogeneity. Additionally, after treatment, the pooled 
effect size and CI of CRP level (Figure 8A), IL-6 level  
(Figure 8B), and TNF-α level (Figure 8C) fluctuated, 
indicating that this meta-analysis was reliable.

Discussion

Clinically, lifelong administration of aspirin has good 
efficacy in reducing cardiovascular disease–related death, 
myocardial infarction, and stroke (26). Aspirin, as a 

conventional antiplatelet aggregation and antithrombotic 
drug, has been widely applied in the clinical treatment 
of CHD. However, aspirin alone has many more side 
effects, such as gastrointestinal hemorrhage and renal  
toxicity (2). Relevant systematic reviews have shown 
that aspirin increases the risk of massive hemorrhage by  
54% (27). Whether aspirin in combination with other drugs 
can effectively treat CHD is still controversial, and whether 
its benefits outweigh its risks needs to be further explored. 
Hence, this meta-analysis specifically assessed the clinical 
efficacy and safety of aspirin in combination with other 
drugs, as well as the effect on inflammatory factor levels.

The 12 studies included in our meta-analysis reported 
the response rate in both groups. In comparison with 
the control group, the treatment group had a markedly 
improved response rate (OR =5.11; 95% CI: 3.56–7.35). 
The incidence of adverse reactions was analyzed in 11 
articles. In comparison with the control group, the incidence 
of adverse reactions was lower in the treatment group 
(OR =0.36; 95% CI: 0.25–0.53). Overall, the combination 
therapy of aspirin with other drugs significantly improved 

A

C

B

Figure 4 Forest plots of C-reactive protein (A), interleukin-6 (B), and tumor necrosis factor-α (C) levels before treatment. CI, confidence 
interval.
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the treatment efficacy and reduced the possibility of adverse 
reactions, indicating that it has higher efficacy and safety in 
clinical use.

In terms of inflammatory factor levels, CRP expression 
(SMD =–3.05, 95% CI: –4.27 to –1.84) and TNF-α 
expression (SMD =–2.65, 95% CI: –4.49 to –0.81; P=0.005) 

in the treatment group were significantly lower than those 
in the control group. However, no marked difference in 
IL-6 expression after treatment was identified between 
the 2 groups (SMD =–0.99; 95% CI: –2.16 to 0.19). After 
treatment, both the CRP and TNF-α levels in the 2 groups 
were improved compared with those before treatment. 

A

C

B

Figure 5 Forest plots of C-reactive protein (A), interleukin-6 (B), and tumor necrosis factor-α (C) levels after treatment. CI, confidence 
interval.

Figure 6 Sensitivity analysis of response rate (A) and incidence of adverse reactions (B) in the two groups. CI, confidence interval.

Jin yingling (2020)

Luo weijun (2017)

Fu jingzhai (2019)

Li zhilan (2020)

Lin zhihai (2021)

Huang huancai (2016) 

Wang sai (2018)

Chen yihu(2018)

Liu zhengyi (2020)

Zheng wei (2020)

Lei meisheng (2020)

Qiu xiaozhong (2020)

Jin yingling (2020)

Fu jingzhai (2019)

Li zhilan (2020)

Si ruishu (2018)

Lin zhihai (2021)

Huang huancai (2016) 

Wang sai (2018)

Liu zhengyi (2020)

Zheng wei (2020)

Lei meisheng (2020)

Qiu xiaozhong (2020)

Meta-analysis estimates, given named study is omitted Meta-analysis estimates, given named study is omitted

Lower Cl Limit Lower Cl LimitEstimate EstimateUpper CI Limit Upper CI Limit
A

3.14 3.56 5.11 7.35 8.14 0.21 0.24 0.36 0.53 0.58



8865Annals of Palliative Medicine, Vol 10, No 8 August 2021

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(8):8858-8868 | https://dx.doi.org/10.21037/apm-21-1648

According to several studies (14-17,19-21), CRP level 
in the treatment group varied from 11.26–12.85 mg/L 
before treatment and decreased to 7.25–12.75 mg/L after 
treatment, while CRP level in the control group decreased 
from 5.80–13.12 to 8.68–10.40 mg/L. According to the 
literature analyzed (15,17,20,21), the TNF-α level in 
the treatment group varied from 0.24–2.35 μg/L before 
treatment and decreased to 0.14–1.86 μg/L after treatment, 
while the TNF-α level in the control group decreased from 
0.23–2.37 to 0.17–2.37 μg/L. The results show that the 
decrease of CRP and TNF-α levels in the control group was 
less than that in the treatment group. 

Some studies have shown that inflammatory factors 
function in various stages of vasculopathy in CHD patients, 
including the formation and development of atherosclerosis, 
unstable plaque rupture, and thrombosis (28,29). Aspirin 
can inhibit the formation of vascular inflammatory factors 
(CRP, TNF-α), thus reducing vascular inflammation caused 
by atherosclerosis and ultimately protecting the integrity 

and normal function of vascular endothelium (7). 
This meta-analysis has the following strengths. First, the 

types of studies included were all RCTs, representing the 
highest level of evidence quality for determining the effect 
of health care interventions. Second, a comprehensive, 
effective search strategy was used to screen literature, 
including pre-established screening criteria that reduced 
the bias. Third, data extraction and quality evaluation were 
completed independently by 2 investigators to minimize 
potential bias.

Our study also has some limitations. First, we did 
not have access to data from the original trial, so our 
information and judgment were limited by the analyzed 
literature’s statistical analysis and outcome judgment criteria. 
Second, although the data on drug efficacy of aspirin are 
generally reported, there is a lack of comparison with other 
common drugs in clinical practice, such as metoprolol, 
nitrates, or nifedipine. Third, data on confounding factors 
are not available, so we cannot comment on the potential 

Figure 7 Sensitivity analysis of plot C-reactive protein (A), interleukin-6 (B), and tumor necrosis factor-α (C) levels before treatment. CI, 
confidence interval.
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effect of these on our meta-analysis results.

Conclusions

Aspirin is effective in the treatment of CHD, both alone 
and in combination. However, the latter has higher clinical 
efficacy and safety, can significantly reduce the level of 
inflammatory factors in CHD patients, and therefore can 
contribute to improvement in patient outcomes.
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