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Abstract 

Background  Migraine is a complex neurological disorder that is characterized by a "lower threshold of neuronal 
hyperexcitability" with distinctive periodicity and complex vascular dysfunction. Genetic factors have impacted 
incredibly on the susceptibility of migraine and one such example is the TNF-α 308G > A.

Aim  Therefore, we aim to provide a glimpse of the association of the TNF-α 308G > A risk on the susceptibility of 
migraine.

Method  The pooled odds ratio with the associated 95% of confidence interval were calculated using different 
genetic models. Heterogeneity was accessed by using Cochran’s Q Test and I2 statistics and Begg’s and Egger’s tests 
were used for finding the publication bias, tests were two-sided, and a p-value of < 0.05 was considered statistically 
significant. The Trial Sequential Analysis with Meta-regression Analysis were also utilized to find out the sample size 
requirement for meta-analysis to avoid type I error and source of heterogeneity respectively.

Result  A total of 13 studies with cases: 7193 and controls: 23,091 were included and after using different genetic 
models, no overall association with migraine and its clinical subtype migraine with aura was observed (Allele model 
“OR: 1.28, 95% C.I. [0.96–1.69] and OR: 0.99,95% C.I. [0.69–1.42]) respectively. Interestingly, after sub-grouping using the 
“ethnicity criteria” in the migraine group, it was observed that the allelic genetic model and the dominant model were 
found to be significantly associated with the Asian ethnic group (OR: 1.79, 95% C.I. [1.13–2.84], and OR: 1.85, 95% C.I. 
[1.0927; 3.1580].

Conclusion  In conclusion, the present meta-analysis has provided evidence that 308G > A increases the risk of 
migraine only in the Asian population.
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Introduction
Lower neuronal hyperexcitability is used to define 
migraine, which is a complex neurological disorder char-
acterized by distinctive periodicity and complex vas-
cular dysfunction [1]. According to the International 
Classification of Headache Disorders (ICHD-3), migraine 
is classified into episodic migraine which is further sub-
classified into Migraine without Aura (MO), Migraine 
with Aura (MA), and Chronic Migraine (CM). The over-
all prevalence rate of the diseases is roughly 21.7% with 
a 12–15% average variance between nations [2–4] where 
it impacted every age group, including younger children 
(2.7 to 10.0%), where both sexes are equally affected, 
while adult females (12–17%) are more likely to experi-
ence them than males (4–7%) [5, 6].

Neurogenic neuro-inflammation, defined as "inflam-
matory reactions in central and peripheral parts of the 
trigeminovascular system in response to neuronal activ-
ity," has piqued the interest of migraine researchers in 
recent years [7] due to its critical role in the processing, 
integration, and transmission of sensory information in 
migraine pathogenesis [1, 8, 9]. TNF-α is an astonish-
ing example of a proinflammatory cytokine involved in 
inflammation initiation and is secreted by the microglial 
cell upon activation [10].
TNF-α (NCBI Entrez Gene: 7124) encodes for a 

cytokine that promotes a diverse range of proinflamma-
tory reactions and is responsible for various conditions 
including migraine (MalaCards—human disease database 
and OMIM—Online Mendelian Inheritance in Man). 
There are diverse numbers of Single Nucleotide Varia-
tions (SNVs) presented in the upstream region of TNF-
α (Fig. 1) [11]. One such variant is located -308 upstream 
of the gene and is known for its regulatory activity and 
is named “-308 G > A polymorphism/ rs1800629”. This 
G to A polymorphism shows different allele frequencies 

within the different populations (Ensembl.org). Greater 
baseline/constitutive and inducible TNF-α expression 
has been linked to the uncommon 308A allele both in-
vivo and in-vitro studies [12] and is associated with ele-
vated plasma levels [13]. Multiple researchers have found 
an increased risk of diseases with the presence of TNF-
α 308A on a wider scale, across different populations 
[14–17].

Given that the -308 G > A polymorphism is thought to 
affect the TNF-α gene’s promoter activity and that the 
gene is part of the major histocompatibility complex, this 
variant could interfere with immunologic equilibrium 
and impact migraine genesis, development, or progres-
sion. Considering the aforementioned data, numerous 
case–control and cohort research have been performed, 
to investigate the association between migraine risk and 
the -308G/A variant but, the results were found incon-
sistent. Diversity might be due to the low power of the 
individual study, diverse ethnic groups, and possible 
selection bias. Numerous meta-analyses have been pub-
lished in the past to help overcome the constraints of 
individual investigations [18–21], but showed the con-
troversial outcome. Therefore, we conducted an updated 
meta-analysis featured with Trial sequential analysis 
(TSA) and Meta-Regression Analysis (MRA) in order 
to enhance statistical power and derive a more precise 
result of the association between the rs1800629 and the 
risk of migraine.

Method
Literature survey
Using the approach of “systematic way of literature 
survey” according to the PRISMA (Preferred Report-
ing Items for Systematics Reviews and Meta-Analysis) 
guidelines [22] from the online database such as Pub-
Med and research article search engine i.e., Google 

Fig. 1  Location and structure of TNF-alpha gene and list of upstream variants
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scholar, potential studies that examine the relationship 
between -308G/A variant and migraine risk were identi-
fied by our three authors (S.S, M.B, & A.C.P). Multiple 
key terms were used in our search strategy, including 
“TNF-α OR TNF-α gene OR Tumor necrosis factor-alpha 
gene AND variant OR mutation OR polymorphism OR 
AND -308 OR rs1800629 AND Migraine disorder”. The 
search procedure lasted up to May/10/ 2022, and the lan-
guage restrictions were English. Since PubMed has more 
than 34 million citations for scientific publications from 
sources including MEDLINE, life science journals, and 
e-books, we didn’t search any additional databases.

Inclusion and exclusion features
The following inclusion features have to be satisfied by 
the studies included in this meta-analysis such as (1) 
research must have investigated the correlation between 
the -308G/A and migraine predisposition (2) studies 
must be cohort designed or a case–control design, (3) 
research need to yield sufficient information to compute 
ORs and the related CIs of 95% and also other factors 
described in (Table 1).

Data extraction and quality assessment
Different features from each study were extracted includ-
ing the demographic characteristic including the country 
name and ethnicity, the numbers of patients and healthy 
groups, also the cohort data, genotypic frequency from 
both cases and controls, and first authors with years of 
publication and lastly what type of technique utilized to 
determine the genotype? Each published research study’s 
quality was evaluated using the Newcastle–Ottawa qual-
ity assessment scale (NOS), and a score of six points was 
considered to be a good study (Ottawa Hospital Research 
Institute (ohri.ca).

Statistical analysis
To find out the strength of an association between the 
rs1800629 and migraine susceptibility, the pooled Odds 
Ratio (OR) (OR > 1: the odds of exposure among case are 

greater than odds of exposure among controls & OR < 1: 
the odds of exposure among case are lower than the odds 
of exposure among controls) with associated 95% of Con-
fidence Interval (CI) were calculated. In order to evaluate 
the Hardy–Weinberg equilibrium (HWE) in the control 
groups, the Chi-square statistic was used. To find out the 
impact of the risk factor on disease susceptibility, four 
different genetic models including allele model (A vs. 
G), AA vs. GG + GA (recessive model), AA + GA vs. GG 
(dominant model), and GA vs AA + GG (over-dominant 
model). To evaluate how each study affected the total OR 
and 95% CI, a sensitivity analysis was also performed.

Using the Cochran’s Q Test and I2 statistics as a test 
for heterogeneity of the research studies included in 
this meta-analysis, different level of heterogeneity was 
defined which includes low (up to 25%), moderate (> 25% 
to 75%), and (above 75%) degrees of heterogeneity. The 
random effect model was only used when the test of het-
erogeneity i.e., I2 will be above 75%, and notably, the pub-
lication bias including reporting bias was assessed using 
Begg’s and Egger’s tests. All tests were two-sided, and a 
p-value of < 0.05 was considered statistically significant. 
Due to easy graphical user interphase (GUI), the Meta-
Genyo online Statistical Analysis System software was 
used for all statistical analyses (MetaGenyo: Meta-Anal-
ysis of Genetic Association Studies).

Meta‑Regression analysis
Subgroup analysis and Bayesian meta-regression analy-
sis based on years of population, ethnicity, diagnostic 
criteria, and genotyping technique were carried out to 
find specified sources of heterogeneity across included 
research. Using Microsoft Excel-2019 with Analysis Tool-
Pak, data on parameters like R-square, intercept coef-
ficient, standard error, t-value, confidence interval, and 
p-value were retrieved for the Bayesian meta-regression.

Trial sequential analysis
A unique approach known as Trial Sequential analysis 
(TSA) has been employed in the current meta-analysis 

Table 1  Inclusion and exclusion criteria

Studies were excluded if they did not meet all criteria

S. No Inclusion criteria

1 A cross-sectional, case–control, or cohort study design is required

2 Authors must investigate patients according to the criteria of the International Headache Society (IHS) and ICHD-3

3 The authors must have looked at the genetic polymorphisms found in TNF-alpha

4 The genotype frequencies for the polymorphisms studied among migraineurs and non-migraineurs must be reported in the paper

5 The largest research with acceptable genetic data was included in publications with overlapping cases and/or controls

6 If article does not have the required data the data were taken from a previously published article

7 All studies must be within the Hardy–Weinberg Equilibrium
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to limit random mistakes by determining whether the 
studies contained in the meta-analysis have exceeded the 
required sample size or not. Because chances of random 
error increase in the meta-analysis due to the repeated 
significance tests and continuous data distribution which 
will ultimately cause the Type I error [23]. TSA tool 
(Copenhagen Trial Unit, Denmark) was used to calcu-
late the needed information size based on a 5% overall 
risk and a relative risk reduction of 20% (with 80 per-
cent power) for assessing meta-analysis reliability (TSA 
– ctu.dk). However, there are two main possibilities: if 
the cumulative Z value/curve crosses the RIS (Required 
Information Size), no further studies are required,and 
if the Z curve does not exceed the RIS threshold, the 
sample size is insufficient and more reliable studies are 
required.

Result
Study characteristics
The studies used for this meta-analysis meet the PRISMA 
requirements and the selection flow diagram depicted in 
(Fig. 2). We found a total of 18 studies but after found-
ing one duplicated study [24] only 17 were found to be 
eligible studies with the pooled case numbers of 7692 
and 23,570 controls concerning 308G > A (Table 2) were 
included in the meta-analysis. But after finding the stud-
ies that were not found in HWE [22–25], only 13 studies 

(cases: 7193 and controls: 23,091) were determined to be 
suitable for further examination.

Meta‑analysis
This currently updated meta-analysis utilizes the differ-
ent genetic models to observe the effect of the rs1800629 
variant of TNF-α on migraine susceptibility. In the first 
model i.e., the allelic model, polled results from the 
experiment group (n = 14,278) and control (n = 46,074) 
showed the non-significant association value of “OR: 
1.28, 95% C.I. [0.96–1.69]. The impact of the mutant 
allele was seen after using the random effect model as the 
“test of heterogeneity (I2) was 88% (Fig. 3A). After adjust-
ing for the dominant model and utilizing the random 
effect model (I2), a non-significant strength of association 
was found OR: 1.29, 95% C.I. [0.95–1.75]. As the value for 
the test of heterogeneity was found below the moderate 
threshold (55%), a fixed effect model was then utilized 
to check out the effect of the recessive genetic model on 
migraine susceptibility and found an OR: 1.00, 95% C.I. 
[0.84–1.19]. For the analysis of the over-dominant genetic 
model with an I2 = 84%, the random effect model showed 
the associated value OR: 1.22 [0.91–1.64].

Using Egger’s test, which is based on the relationship 
between standard error and strength of association, the 
publication bias was evaluated. The plotted articles with 
high accuracy on top and low accuracy down in the plot 

Fig. 2  Systematic representation of the PRISMA criteria used in meta-analysis
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formed the perfect funnel-shaped structures. Such sym-
metrical funnel plots were formed for all genetic models 
which direct that there was no publication bias (Fig. 3B). 
A sensitive analysis was also performed for all genetic 
models by removing each research one at a time. It was 

shown that none of the pooled ORs were significantly 
impacted, demonstrating the strong stability of the meta-
analysis findings (Fig. 4).

After sub-grouping using the criteria of ethnicity 
for the migraine group, it was observed that the allelic 

Fig. 3  A Forest plot representing the Odds ratio (OR) utilizing the 95% of Confidence interval (C.I.) for all the individual studies featured with 
different sample size and also the pooled odds ratio (OR) with 95% C.I. for Allelic model. B Funnel plot of TNF-alpha -308 G > A and susceptibility of 
migraine in diverse population utilizing Allele model
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genetic model and the dominant model were found to be 
significantly associated with the Asian ethnic group (OR: 
1.79, 95% C.I. [1.13–2.84], and OR: 1.85, 95% C.I. [1.09; 
3.15] (Table  3). Also, it was observed that the recessive 
genetic model, an over-dominant genetic model was 
found to increase the risk but did not reach statistical sig-
nificance. A highly statistically significant association was 
found in the Egyptian population for all genetic models 
with recessive showed the highest (OR: 6.88, 95% C.I. 
[1.53–30.90]) (Table 3).

Apart from the ethnicity sub-grouping, clinical feature 
subgroup analysis of migraine i.e., migraine with aura 
was also carried out to see if there is any significant asso-
ciation between the rs1800629 and the susceptibility of 
MA. We observed that after excluding the studies, with 
no MA cases/ no inclusion of MA cases and the stud-
ies which don’t fall under HWE, a total of 8 studies were 

found with a total sample size of 25,475 (case = 3249 and 
control = 22,226) (Table 4). For the allelic model, as the I2 
was found 86% and after using the random effect model, 
no association was found OR: 0.99,95% C.I. [0.69–1.42] 
(Fig. 5A). For the dominant model, the I2 was above the 
high threshold, therefore, after using the random effect 
model the association value was OR: 1.00, 95% C.I. [0.68–
1.45]. The recessive and the over-dominant model show a 
non-significant association with an association value i.e., 
OR: 0.96, 95% C.I. [0.74–1.24], and (OR: 0.99, 95% C.I. 
0.71–1.38] after adjusting for the fixed effect model (I2: 
36%) and the random model respectively. Sub-grouping 
of MA based on the ethnicity criteria revealed no asso-
ciation between rs1800629 and migraines in Asian and 
Caucasian populations (Table 5). To evaluate the publish-
ing bias, all funnel plots seemed symmetrical, indicating 

Fig. 4  Sensitive analysis representing allele model

Table 3  Sub-grouping of the migraine case based on the ethnicity
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a negligible publication bias (Fig.  5B). Sensitivity analy-
sis also indicated the high stability of the meta-analysis 
results (Fig. 6).

Trial sequential analysis
The necessary sample size and the reliability of the meta-
analysis were calculated using TSA statistics and it was 
noted that the cumulative Z score did not cross the 
Required Information Size for allele models in migraine 
(Fig. 7). Therefore, the TSA has shown that more sample 
size will still be needed to find out the precise association.

Bayesian meta‑regression analysis
To identify possible causes of variation among accept-
able papers based on different factors such as ethnicity 
(Fig. 8A), year (Fig. 8B), criteria (Fig. 8C), and genotyping 
technique (Fig.  8D), we used meta-regression analysis. 
The meta-regression analysis showed that the majority of 
the predicted heterogeneity parameters were not respon-
sible for such heterogeneity (Table  6) in contrast to the 
ethnicity in the over-dominant genetic model where a 
significantly (p value = 0.02) strong linear relationship 
was observed (R = 0.6184) (Table 6).

Discussion
TNF-alpha is a pro-inflammatory cytokine that appears 
to play a role in migraine pathogenesis by simulating Cal-
citonin gene-related peptide (CGRP) [41]. The expres-
sion of the protein has been found to be regulated by 
the presence of common functional SNP i.e., -308 G/A 
both in vivo and in vitro [12], and is responsible for the 
altered levels [13] such as in Cerebrospinal fluid (CSF), 
plasma, and urine concentrations [37, 42–47] in migraine 
patients. Diverse independent research studies and meta-
analyses [18–21], have found the conflicting result on 
the association between -308 G/A variant and the risk 
of migraine. Therefore, we conducted an updated meta-
analysis with TSA and meta-regression to understand the 

relationship between -308 G > A transition and migraine 
susceptibility more precisely.

The present meta-analysis did not show any signifi-
cant association between the rs1800629 and migraine 
and its clinical phenotype (MA) after utilizing differ-
ent genetic models. Interestingly, after sub-grouping 
using the “ethnicity criteria” in the migraine group, it 
was found that the dominant model showed a slightly 
significantly higher risk of migraine than the allelic 
model (Table  3) in the Asian population. Also, the 
recessive, and over-dominant models increase the risk 
of the condition in Asian ethnic groups but the associa-
tion did not reach statistical significance (Table  3). In 
addition, we didn’t observe any significant association 
in the Caucasian population in contrast to the Egyptian 
population which shows a considerably higher risk of 
migraine utilizing different genetic models (Table 3).

Comparing our meta-analytic data with the pre-exist-
ing meta-analysis, the results were found consistent 
[18–21] in contrast to Chen and group [20]. This dif-
ference might be due to the inclusion of studies [27–30, 
34, 35] belonging to the Asian population only by Chen 
and group (Chen et al., 2015). Concerning the risk asso-
ciation between MA and -308 A variant, the present 
study didn’t find any significant association after utiliz-
ing different genetics models which were not consist-
ent with the pre-existing meta-analysis results [18–20]. 
Interestingly, it is important to note that the risk vari-
ant showed a strong association in females regard-
ing both migraines as well in MA phenotype [18, 20], 
which was not observed in the present study. Apart 
from such conflicting and diverse results, all meta-anal-
yses confirmed that the risk of migraine was greater in 
the Asian population than in the Caucasian population 
concerning the risk allele of TNF alpha (rs1800629). In 
addition, we also observe a significant association in the 
Egyptian population which shows a considerably higher 
risk of migraine utilizing a different genetic model. But 
this large effect might be due to the presence of a single 

Table 4  MA Sub group analysis based on ethnicity

Study Ethnicity Control Teq GG case GA case AA case GG control GA control AA control

Rainero et al., 2004 [26] Caucasians HB PCR–RFLP 228 32 1 207 88 11

Lee et al., 2007 [29] Asian HB PCR 282 44 1 338 41 3

Ghosh et al., 2009 [30] Asian HB PCR–RFLP 110 22 0 191 24 1

Schurks et al., 2009 [32] Asian PB ARMS-PCR 1346 548 57 13,947 5877 601

Asuni et al., 2009 [31] Caucasians HB PCR–RFLP 272 26 1 249 28 1

Pappa et al., 2010 [33] Caucasians HB PCR 89 14 0 145 31 2

Yılmaz et al., 2010 [34] Caucasians HB PCR–RFLP 37 23 7 79 16 1

Ates et al., 2011 [35] Asian HB PCR–RFLP 71 33 5 230 97 18
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study and might be changed if more studies from Egyp-
tian ethnicity will be included.

There are many reasons why a lack of association 
occurs and the prime reason might be the limited num-
ber of studies in the meta-analysis as shown (Fig. 7), also 
there might be due high degree of heterogeneity among 
the studies investigating, inherent biases such as publica-
tion, sampling, and selection bias (only English published 

literature) can’t be avoided in a meta-analysis of observa-
tional studies. The disparity between the different meta-
analysis studies which we observe in the present study 
related to the risk of MA in presence of -308A rare vari-
ant might result from diverse reasons which might be the 
varied sample size, population stratification, utilization 
of the diagnostic criteria, and also the criteria utilized for 
the selection of research studies for meta-analysis. Varied 

Fig. 5  A Migraine with aura: Forest plot representing the Odds ratio (OR) utilizing the 95% of Confidence interval (C.I.) for all the individual studies 
featured with different sample size and also the pooled odds ratio (OR) with 95% C.I. for Allele model. B Migraine with aura: Funnel plot of TNF-alpha 
-308 G > A and susceptibility of migraine in diverse population utilizing Allele model
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Table 5  MA Sub group analysis based on ethnicity

Model Ethnicity Number of 
studies

Test of association Test of heterogeneity Publication 
bias
p-value 
(Egger’s 
test)

OR 95% CI p-value Model p-value I2

Allele contrast (A vs. G) Overall 8 0.98 [0.68- 1.41] 0.94 Random 0 0.863 0.9694

Asian 4 0.99 [0.91- 1.07] 0.82 Fixed 0.5506 0 0.1

Caucasians 4 0.89 [0.32- 2.47] 0.82 Random 0 0.9306 0.2333

Recessive model (AA vs. AG + GG) Overall 8 0.96 [0.74- 1.24] 0.76 Fixed 0.1423 0.3588 0.5854

Asian 4 0.96 [0.74- 1.25] 0.80 Fixed 0.844 0 0.0944

Caucasians 4 0.8 [0.08- 7.54] 0.84 Random 0.0183 0.701 0.9122

Dominant model (AA + AG vs. GG) Overall 8 0.99 [0.68- 1.45] 0.98 Random 0 0.8467 0.9089

Asian 4 0.99 [0.90- 1.09] 0.88 Fixed 0.379 0.0269 0.0761

Caucasians 4 0.88 [0.32- 2.41] 0.81 Random 0 0.9169 0.143

Over-dominant (AG vs. AA + GG) Overall 8 0.99 [0.71- 1.37] 0.96 Random 0 0.7852 0.8792

Asian 4 0.99 [0.90- 1.09] 0.96 Fixed 0.2607 0.2513 0.06

Caucasians 4 0.84 [0.37- 1.89] 0.67 Random 0.0001 0.8658 0.1054

Fig. 6  Sensitivity analysis to evaluate the stability of pooled results of migraine with aura Allele model

Fig. 7  Migraine (Allele Model): Trial sequential analysis (TSA) of the studies included in the meta-analysis of TNF-alpha 308 G > A polymorphism 
allele model based on a 5% overall risk of false positive error and a relative risk reduction of 20% (with 80 percent power). The cumulative Z-score 
did not cross the TSA monitoring threshold and the RIS line therefore indicates more studies are needed to find out the precise association
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sample sizes could impact the association and frequency 
and one such example is the cohort study [32] which was 
much more powered than the other studies. But, after 
using sensitivity analysis, there was no such indication 
for the dominance of a large study on the pooled result. 
According to population stratification theory, systematic 
differences in the frequency of alleles between sub-popu-
lations are caused by several processes including distinct 
ancestry, non-random mating, and geographic isolation 

[48]. Utilization of the strict or modified IHS classifica-
tion criteria and updated ICHD-3, there is a chance for 
the misclassification of migraine types due to its biologi-
cal heterogeneity and wide clinical spectrum [49]. But 
using a “Bayesian meta-regression” analysis, the present 
study did not find any significant cause of heterogene-
ity which mighty be the factor for the heterogeneity 
(Table 6).

Fig. 8  Meta regression A Regression Analysis Plot (RAP) showing the ethnicity as an independent variable for over dominant model’s OR. B RAP 
showing the year independent variable for allelic model’s OR. C RAP showing the diagnostic criteria as independent variable for the prediction of 
dominant model’s OR. D RAP showing the genotyping method as independent variable for allelic model’s OR

Table 6  Meta-regression analyses of a potential source of heterogeneity
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Regarding the strength of the present meta-anal-
ysis from the previous meta-analysis [18–21] first, 
this meta-study included a large number of subjects 
(cases: 7193 and controls: 23,091) and featured with 
the TSA and meta-regression. Second, the NOS qual-
ity scale was utilized for the inclusion of studies based 
on their quality. Thirdly and notably, only the studies 
were included that were found to be in the HWE, and 
this resulted in the inclusion of only 13 studies after 
18 studies were selected (Table  2). Additionally, we 
have also incorporated the meta-regression to find out 
the variable responsible for the heterogeneity, which 
was not previously mentioned in any meta-analysis of 
TNF alpha -308 G > A and migraine risk. Apart from 
the strengths, a major limitation of our meta-analysis 
was that we did not observe any relationship between 
migraine and -308G/A utilizing the gender vari-
able which was observed by [18, 20]. Also, we did not 
observe any gene–gene or gene-environmental inter-
action and risk of migraine. Because of the possibility 
of population stratification and the small number of 
studies (Fig.  7), the results of these subgroup analyses 
should be interpreted with caution. Enclosing the sec-
tion, interestingly, all meta-analysis to date including 
the present study supports the fact that the rare variant 
i.e., -308A increases the risk of migraine significantly 
in the Asian ethnic group. Therefore, this study might 
explain the effect of risk variation on migraine suscepti-
bility based on ethnicity.

Conclusion
In the current meta-analysis, no overall association 
was found between the risk variant and susceptibil-
ity to migraine and its clinical type i.e., MA but after 
subgrouping, the increased risk was observed between 
-308 G/A & migraine in Asian population [9, 24].
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