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Abstract: Background: Previous investigations into the correlation between tumor necrosis factor-α (TNF-α) gene 
polymorphism and susceptibility to angina have produced a range of results. This study aims to clarify the potential 
significance of TNF-α polymorphism as a contributing factor to the onset of angina. Methods: A comprehensive 
review of all corresponding literature was conducted across several major databases, covering their records from 
inception through to March 2024. Data were synthesized using meta-analysis techniques. Results: Notable as-
sociations were identified in various genetic comparisons: allele contrast (A vs. G: OR=0.77, 95% CI=0.70-0.86, 
P<0.001), homozygote comparison (AA vs. GG: OR=3.35, 95% CI=2.51-4.48, P<0.001), heterozygote compari-
son (GA vs. GG: OR=1.69, 95% CI=1.19-2.40, P=0.003), recessive genetic model (AA vs. GG/GA: OR=2.40, 95% 
CI=1.91-3.03, P<0.001), and dominant genetic model (AA/GA vs. GG: OR=1.84, 95% CI=1.27-2.65, P=0.001). 
Furthermore, ethnicity-based subgroup analyzes revealed that these associations were especially significant within 
the Asian population and unstable angina, with all genetic models demonstrating statistical significance (P<0.05). 
Conclusions: TNF-α gene is significantly associated with an increased risk of angina, particularly among the Asian 
population and unstable angina. This finding underscores the importance of considering genetic factors in the as-
sessment and management of angina risk.
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Introduction

Coronary Atherosclerotic Heart Disease (CHD), 
also known as coronary heart disease, is pri-
marily caused by the narrowing of blood ves-
sels due to atherosclerosis. This condition 
manifests itself through various clinical charac-
teristics, including stable or unstable angina 
pectoris, heart failure, and arrhythmias [1]. 
Various risk factors contribute to coronary 
heart disease, such as hypertension, diabetes, 
elevated blood cholesterol levels, smoking, and 
poor dietary habits. CHD, particularly angina 
pectoris, is distinguished by its high rates of 
morbidity and mortality, which require diverse 
treatment strategies and prognoses based on 
different risk stratifications [2]. Furthermore, in 
elderly patients, the association of coronary 
heart disease with other chronic diseases such 
as hypertension and diabetes complicate clini-

cal management and treatment, emphasizing 
the importance of early diagnosis and accu- 
rate disease evaluation to improve patient 
outcomes.

Coronary angiography (CAG) is recognized as 
the gold standard clinically for diagnosing coro-
nary heart disease, capable of qualitatively and 
quantitatively assessing angina. However, its 
invasive nature makes it unsuitable for wide-
spread screening purposes. Furthermore, the 
propensity to overtreat patients diagnosed via 
CAG, coupled with an increased incidence of 
postoperative adverse cardiovascular events, 
not only increases treatment costs, but also 
imposes a significant economic burden on 
patients. Consequently, there is an urgent need 
for reliable indicators capable of accurately  
predicting the risk of angina. With the deepen-
ing of the research on the pathogenesis of  
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coronary heart disease, more and more 
research has been done on cytokines involved 
in the inflammatory response, and their func-
tions have been given more and more atten-
tion. High plasma tumor necrosis factor-α (TNF-
α) level in patients with coronary heart disease 
is associated with a higher risk of recurrent 
cardiovascular accidents [3, 4]. TNF-α can 
directly damage vascular endothelial cells, 
increase their permeability, blood cholesterol 
easily penetrates the intima and deposits in 
the blood vessels, promoting the adhesion of 
monocytes to endothelial cells, promoting the 
migration and proliferation of vascular smooth 
muscle cells (VSMC), and participating in the 
occurrence and development of acute coronary 
syndrome [5, 6]. TNF-α can also induce endo-
thelial cells to release endothelin, causing 
endothelial damage and coronary artery spa- 
sms, thereby promoting platelet aggregation 
and thrombosis. TNF-α has an obvious proco-
agulant effect on endothelial cells [7]. It chang-
es the anticoagulant activity of endothelial cells 
by stimulating the synthesis of thrombin, and 

have been extensively investigated. Such single 
nucleotide polymorphism changes could influ-
ence the gene’s transcription level, potentially 
affecting disease pathogenesis.

The findings of previous reports have been 
markedly inconsistent. Therefore, this study 
seeks to investigate the relationship through  
a comprehensive meta-analysis. This effort 
aims to provide valuable information for the 
prevention and treatment of angina, contribut-
ing to a more nuanced understanding of its 
genetic roots.

Materials and methods

Data collection

A systematic search was carried out by two 
independent authors in a selection of major 
databases. This search spanned from the 
inception of each database up to March 2024, 
ensuring a thorough inclusion of relevant litera-
ture. The keywords used for this extensive 
search encompassed “polymorphism” or “poly-

Figure 1. Flow diagram of study selection for the TNF-α polymorphism on 
angina risk. TNF-α: tumor necrosis factor-α.

stimulates the synthesis of 
platelet-activating factor to 
promote thrombosis. Inflam- 
matory factors play an impor-
tant role in the occurrence 
and development of athero-
sclerosis. TNF-α is an impor-
tant predictor of the severity 
of coronary heart disease. The 
inflammatory marker TNF-α is 
significantly elevated in the 
acute stage of coronary artery 
disease [8].

In recent years, extensive lit-
erature has highlighted the 
impact of gene polymorphi- 
sms on the risk of develop- 
ing angina pectoris. Tumor 
Necrosis Factor α (TNF-α), a 
multifunctional pro-inflamma-
tory cytokine, is quite crucial 
in multiple important process-
es, including apoptosis, lipid 
metabolism, and the progres-
sion of chronic inflammation 
and malignancies. Polymor- 
phisms within the TNF-α pro-
moter region, especially at the 
-308 locus, which can under-
go a conversion from G to A, 
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Table 1. General information of eligible studies enrolled in the meta-analysis

Literature Ethnics (Country) Genotyping 
method

Control 
Origin type Matching standard HWE conformity NOS

Virginie (2003a) Caucasian (France) PCR-RFLP PB SA Age, sex, ethnicity Yes 8
Virginie (2003b) Hispanics (France) PCR-RFLP PB UA Age, sex, ethnicity Yes 8
Athanassios (2008a) African (Greece) PCR-SSP HB SA Age, sex, ethnicity Yes 7
Athanassios (2008b) Caucasian (Greece) PCR-SSP HB UA Age, sex, ethnicity Yes 7
Liu (2009a) Asian (China) PCR-RFLP PB SA Age, sex, ethnicity Yes 9
Liu (2009b) Asian (China) PCR-RFLP PB UA Age, sex, ethnicity Yes 9
Shevchenko (2010a) Caucasian (Russia) PCR-RFLP HB SA Age, sex, ethnicity Yes 8
Shevchenko (2010b) African (Russia) PCR-RFLP HB UA Age, sex, ethnicity Yes 8
Abdulfattah (2023a) Asian (Iraqi) TaqMan PB SA Age, sex, ethnicity Yes 9
Abdulfattah (2023b) Asian (Iraqi) TaqMan HB UA Age, sex, ethnicity Yes 9
PB, Population-based; HB, Hospital-based; HWE, Hardy-Weinberg equilibrium; NOS, Newcastle-Ottawa scale.

Figure 2. Forest plot of the associations between TNF-α polymorphism and 
angina risk through allele contrast (A vs. G). OR, odds ratio; CI, confidence 
interval. TNF-α: tumor necrosis factor-α.

morphisms”, “angina”, “TNF-α”, and “tumor 
necrosis factor-α”, with a focus on the litera- 
ture published in PubMed to maximize the 
scope of our research.

Inclusion and exclusion criteria

The inclusion criteria were precisely defined:  
(a) Case-control studies investigating the rela-
tionship between TNF-α rs1800629 -308 G/A 
polymorphism and the risk of angina; other 

Data extraction and methodological quality as-
sessment

The data and pertinent information were metic-
ulously extracted and evaluated by the first and 
second authors, strictly adhering to the estab-
lished inclusion and exclusion criteria. Essential 
elements extracted included the name of the 
literature, genotyping methods, control sourc-
es, and Newcastle-Ottawa Scale (NOS) scores. 

types of studies were not 
included, including random-
ized controlled trials, cohort 
studies, reviews and case 
report. (b) Studies providing 
sufficient data. (c) Studies 
investigating the population 
with angina. Studies were not 
enrolled if they investigated 
other cardiovascular diseases 
including myocardial infarc-
tion, ischemic heart disease, 
stroke, cardiomyopathy, rheu-
matic heart disease, hyper-
tensive heart disease, and 
endocarditis. Exclusion crite-
ria were set to omit (a) studies 
not adhering to a case-control 
design; (b) studies lacking 
adequate data for the com- 
putation of OR and 95% CI 
computation; and (c) studies 
where the primary subjects 
were animals, ensuring that 
the focus remained on human-
related research.
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All studies included in the 
present meta-analysis follow 
the criteria for angina with 
authoritative references. In 
instances of disagreement 
between the two authors, a 
discussion was initiated with 
the corresponding author to 
reach a consensus. Given the 
nature of this meta-analysis, 
which involves the aggrega-
tion of existing data, the 
requirement for ethics approv-
al and patient consent was 
deemed unnecessary.

Statistical analysis

To determine the distribution 
differences among TNF-α 
polymorphism genotypes and 
alleles of the TNF-polymor- 
phism, the chi-square test (X2) 
based Q test was used. If 
P<0.1 or I2>50% of the hetero-
geneity test, suggesting the 
existence of heterogeneity, a 
random-effects model (the 
DerSimonian and Laird meth-
od) was applied to count the 
summary ORs; otherwise, If 
P≥0.1 and I2≤50% of the het-
erogeneity test, suggesting no 
existence of heterogeneity, 
the fixed-effects model (the 
Mantel-Haenszel method) was 
applied. Hardy-Weinberg equi-
librium (HWE) for control 
groups was assessed using 
the chi-square test to ensure 
the integrity of the baseline 
distribution. Odds ratios (OR) 
and 95% confidence intervals 
(CI) were performed using 
logistic regression modeling, 
providing a measure of the 
strength of the association 
between TNF-α polymorphism 
and angina risk. Heteroge- 
neity among included studies 
was evaluated using the 
Q-statistics and I-2 statistics, 
which guided the decision to 

Figure 3. Forest plot of associations between TNF-α polymorphism and an-
gina risk through homozygote comparison (AA vs. GG). OR, odds ratio; CI, 
confidence interval. TNF-α: tumor necrosis factor-α.

Figure 4. Forest plot for the associations between TNF-α polymorphism and 
angina risk through a heterozygous comparison (GA vs. GG). OR, odds ratio; 
CI, confidence interval. TNF-α: tumor necrosis factor-α.
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use a fixed-effects or random-
effects model based on the 
degree of heterogeneity ob- 
served. The meta-regression 
and subgroup analysis were 
applied to find the source of 
heterogeneity. The character-
istics were enrolled as covari-
ates in the meta-regression 
including genotyping methods 
(TaqMan vs. PCR-RFLP), eth-
nicity (Caucasian vs. Asian), 
source of controls (HB vs. PB), 
quality scores (High-quality vs. 
Low-quality) and HWE confor-
mity (Yes vs. No). Sensitivity 
analysis and the evaluation of 
publication bias were per-
formed following protocols 
established in previous meta-
analyses [9-22]. Stata 15.0 
and PRISMA 2009 checklist 
were used, ensuring a rigor-
ous and transparent reporting 
of our meta-analysis method-
ology and the whole meta-
analysis was based on the 
planned population, interven-
tion, comparison, and out-
come (PICO) elements. The 
study has been registered 
with the INPLASY (registra- 
tion number: INPLASY2024- 
70120). The present study 
was implemented by the 
Preferred Reporting Items for 
Systematic Reviews and Me- 
ta-Analyses (PRISMA) guide- 
lines.

Results

Overview of study selection

The selection process is 
depicted through a PRISMA 
2009 flow diagram (Figure 1). 
Detailed information on all the 
included literature is present-
ed in Table 1. In total, five 
studies were selected for 
inclusion in this meta-analysis 
[23-27].

Figure 5. Forest plot for the associations between TNF-α polymorphism and 
angina risk through the recessive genetic model (AA vs. GA/GG). OR, odds 
ratio; CI, confidence interval. TNF-α: tumor necrosis factor-α.

Figure 6. Forest plot for the associations between TNF-α polymorphism and 
angina risk through the dominant genetic model (AA/GA vs. GG). OR, odds 
ratio; CI, confidence interval. TNF-α: tumor necrosis factor-α.
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Association between TNF-α 
polymorphism and risk of 
angina

Significant associations be- 
tween TNF-α polymorphisms 
and angina risk were identi-
fied in various genetic con-
trasts (all P<0.05) (Figures 
2-6). Furthermore, subgroup 
analyzes based on ethnicity 
and type of angina revealed 
that these associations were 
especially pronounced within 
the Asian population and un- 
stable angina (Figures 2-11), 
with all genetic models show-
ing significant associations 
(P<0.05), as detailed in Tables 
2 and 3.

Evaluation of between-studies 
heterogeneity

Analysis of the overall popula-
tion revealed significant het-
erogeneity in three genetic 
models. To identify the source 
of heterogeneity, subgroup 
analyzes were performed on 
the basis of ethnicity and type 
of angina. The results of this 
subgroup analyze identified 
ethnicities as the main source 
of heterogeneity.

Sensitivity analysis and publi-
cation bias

Stability was achieved thro- 
ugh sensitivity analysis, which 
involved excluding each study 
one by one. Overall, the find-
ings remained consistent, 
underscoring the robustness 
of our meta-analysis. Addi- 
tionally, a funnel plot could not 
find any evident asymmetry, 
and Egger’s test confirmed 
the reliability of these find- 
ings (P=0.760), indicating that 
there was no significant publi-
cation bias.

Figure 7. Forest plot for the associations between TNF-α polymorphism and 
angina risk through the dominant genetic model based on type of angina 
(AA/GA vs. GG). OR, odds ratio; CI, confidence interval. TNF-α: tumor necro-
sis factor-α.

Figure 8. Forest plot for the associations between TNF-α polymorphism and 
angina risk through the dominant genetic model based on type of angina 
(AA/GA vs. GG). OR, odds ratio; CI, confidence interval. TNF-α: tumor necro-
sis factor-α.
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Discussion

Stable angina pectoris, char-
acterized by a significant re- 
duction in blood supply to the 
myocardium due to coronary 
artery stenosis, leads to rapid 
ischemia and hypoxia under 
increased myocardial load. 
This condition manifests clini-
cally as chest tightness and 
pain, which typically subsides 
after rest or sublingual ad- 
ministration of nitroglycerin, a 
hallmark of coronary heart 
disease. The 2020 China 
Cardiovascular Disease and 
Health Report indicates an 
increasing trend in the pre- 
valence and mortality of  
coronary heart disease within 
the country. Specifically, in 
2019, mortality rates in ur- 
ban and rural areas of China 
were reported to be 121.59/ 
100,000 and 130.14/100,000, 
respectively, with a higher in- 
cidence in men than in 
women. This trend under-
scores the increasing eco-
nomic and health burden of 
this condition on society. 
Chronic stable angina pecto-
ris, characterized by consis-
tent symptoms without signifi-
cant fluctuation in the fre-
quency of episodes or pain 
intensity, is the result of tem-
porary myocardial ischemia. 
Prolongation of this disease 
without effective treatment 
can lead to complications 
such as arrhythmia, heart fail-
ure, and acute coronary syn-
drome. In particular, unstable 
angina pectoris, which bridges 
stable angina and acute myo-
cardial infarction, has a higher 
annual mortality rate, high-
lighting the critical need for its 
prevention and management.

This study has produced posi-
tive findings in the general 

Figure 9. Forest plot for the associations between TNF-α polymorphism and 
angina risk through the dominant genetic model based on type of angina 
(AA/GA vs. GG). OR, odds ratio; CI, confidence interval. TNF-α: tumor necro-
sis factor-α.

Figure 10. Forest plot for the associations between TNF-α polymorphism and 
angina risk through the dominant genetic model based on type of angina 
(AA/GA vs. GG). OR, odds ratio; CI, confidence interval. TNF-α: tumor necro-
sis factor-α.
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population, identifying ethnicity as a primary 
source of heterogeneity. We have discovered 
that the TNF-α gene significantly increases the 
risk of angina, especially among the Asian pop-
ulation, despite the fact that some heterogene-
ity was observed in the results for unstable 
angina (UA) and stable angina (SA), which could 
potentially compromise the reliability of these 
findings. To our knowledge, this meta-analysis 
is the first exploration of the association 
between TNF-α gene polymorphisms and angi-
na risk, highlighting a significant correlation 
within the Asian demographic. TNF-α is a kind 
of cytokine with various biological activities, 
mainly involved in anti-infection, immune regu-
lation and enhancement of monocyte activity, 
and it plays an important role in the immune 
defense system of the body. TNF-α is mainly 
secreted by macrophages, and promotes its 
own synthesis in an autocrine way, concentrat-
ed in the lesion site, and various infections and 
external stimuli can cause the increase of 
TNF-α expression. In physiological state or acti-
vated state TNF-α can inhibit collagen gene 
expression in vascular smooth muscle cells 
and can cause plaque instability. TNF-α can 
promote the expression of proto-oncogenes, 

delian randomization has not been applied in 
the present meta-analysis. Mendelian random-
ization of SNPs is a randomization method 
based on single nucleotide polymorphisms 
used to conduct causal inference in genetic 
association studies and genomics studies. 
Based on Mendelian laws of genetics, the 
genetic information in a parent’s genome is dis-
tributed in a random manner among the off-
spring. In SNP mendelian randomization, 
researchers use known associations between 
SNPS and a particular trait or disease to ran-
domly group individuals according to their gen-
otype. In future studies, we will model the 
effects of randomization on a disease or spe-
cific trait to infer a causal relationship between 
this SNP and that disease or trait. Lastly, we 
only investigate the -308 locus of the TNF-α 
gene. Although the -308 locus is the most pop-
ular and the most studied of all the sites, we 
are still committed to investigating more sites 
in future studies, to make our results more con-
vincing, so as to better understand the etiology 
and risk of angina.

In conclusion, our analysis suggests a notable 
association between TNF-α gene polymor-
phisms and an increased risk of angina within 

Figure 11. Forest plot for the associations between TNF-α polymorphism and 
angina risk through the dominant genetic model based on type of angina 
(AA/GA vs. GG). OR, odds ratio; CI, confidence interval. TNF-α: tumor necro-
sis factor-α.

produce platelet growth fac-
tors, make the coagulation 
and anticoagulation system 
unbalanced, promote the for-
mation of thrombosis, and 
cause the occurrence of  
angina pectoris. In addition, 
TNF-α gene polymorphisms 
may increase or reduce TNF-α 
expression, which in turn 
affects the probability or risk 
of angina.

This study has a few areas for 
improvement. Expanding the 
diversity of the included stud-
ies to comprise more diverse 
ethnic groups, such as African 
and other populations would 
potentially enhance the com-
prehensiveness and applica-
bility of our meta-analysis. 
Furthermore, the impact of 
several confounding factors 
remains assessed due to  
the paucity of data, coupled 
with the relatively small over-
all sample size. Thirdly, Men- 
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Table 2. Quality assessment of case-control studies according to the Newcastle-Ottawa scale

Literature Selection of enrolled 
study subjects

Between-group 
comparability

Exposure outcomes 
and factors Total

Virginie (2003a) 2 3 3 8
Virginie (2003b) 2 3 3 8
Athanassios (2008a) 2 3 2 7
Athanassios (2008b) 2 3 2 7
Liu (2009a) 3 3 3 9
Liu (2009b) 3 3 3 9
Shevchenko (2010a) 3 3 2 8
Shevchenko (2010b) 3 3 2 8
Abdulfattah (2023a) 3 3 3 9
Abdulfattah (2023b) 3 3 3 9
Average 2.6 3.0 2.6 8.2

Table 3. Meta-analysis of the TNF-α polymorphism and angina risk

Comparison Population N
Test of association

Mode
Test of heterogeneity

OR 95% CI P χ2 P I2

A versus. G Overall 10 1.72 1.30-2.28 <0.001 Random 41.81 0 78.5
Caucasian 6 1.14 0.92-1.41 0.243 Fixed 4.77 0.444 0

Asian 4 2.44 2.06-2.88 <0.001 Fixed 4.12 0.249 27.2
SA 5 1.49 0.96-2.31 0.076 Random 19.18 0.001 79.1
UA 5 1.95 1.27-2.99 0.002 Random 19.81 0.001 79.8

AA versus. GG Overall 10 3.35 2.51-4.48 <0.001 Fixed 10.12 0.334 11.8
Caucasian 6 1.78 0.89-3.53 0.102 Fixed 2.91 0.713 0

Asian 4 3.77 2.83-5.02 <0.001 Fixed 3.36 0.339 10.7
SA 5 2.78 1.94-3.98 <0.001 Fixed 3.41 0.492 0
UA 5 4.06 2.70-6.11 <0.001 Fixed 4.49 0.343 11.0

GA versus. GG Overall 10 1.69 1.19-2.40 0.003 Random 35.86 0 74.9
Caucasian 6 1.03 0.80-1.33 0.811 Fixed 2.98 0.704 0

Asian 4 2.57 2.10-3.15 <0.001 Fixed 2.48 0.479 0
SA 5 1.70 0.91-3.18 0.094 Random 23.70 0 83.1
UA 5 1.66 1.06-2.61 0.027 Random 12.05 0.017 66.8

AA versus. GA/GG Overall 10 2.40 1.91-3.03 <0.001 Fixed 8.32 0.503 0
Caucasian 6 1.76 0.89-3.50 0.105 Fixed 2.61 0.760 0

Asian 4 2.55 1.82-3.58 <0.001 Fixed 4.82 0.185 37.8
SA 5 1.87 1.33-2.63 <0.001 Fixed 1.12 0.891 0
UA 5 3.00 2.18-4.13 <0.001 Fixed 3.24 0.519 0

AA/GA versus. GG Overall 10 1.84 1.27-2.65 0.001 Random 46.02 0 80.4
Caucasian 6 1.09 0.85-1.39 0.494 Fixed 3.78 0.581 0

Asian 4 2.92 2.43-3.50 <0.001 Fixed 2.10 0.551 0
SA 5 1.70 0.91-3.16 0.096 Random 26.34 0 84.8
UA 5 1.97 1.17-3.12 0.011 Random 19.28 0.001 79.3

SA, stable angina; UA, unstable angina; OR, odds ratio; CI, confidence interval; TNF-α, tumor necrosis factor-α.

the Asian population and unstable angina. 
Further research is essential to validate these 
findings and explore the underlying mecha-

nisms of this association, potentially paving the 
way for improved diagnostic and therapeutic 
strategies for angina in diverse populations.
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