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Migraine is a complex disorder with multigenic inheritance and is characterized by the cardinal
symptom of unilateral headache. Many genes are responsible for increasing the susceptibility of
disease within different populations. Therefore, our primary aim in this review was to catalog the
many genes that have been studied in India and after collecting the necessary information, we
calculated a more precise risk relationship between an identified variation and migraine. The gene and
its associated risk variant were discovered in the Indian population using a PRISMA-based systematic
literature review guideline from online databases such as PubMed & Google Scholar. We constructed
pooled odds ratios with 95% confidence intervals using multiple genetic models. Also, we looked for
heterogeneity using Cochran’s Q Test and the 12 statistic. Publication bias was analyzed using Begg's
and Egger’s tests. A p-value less than 0.05 was judged to be statistically significant for all tests. After
a critical analysis, a total of 24 studies explored about 21 genes with 31 variants out of which only
nine genes have been studied more than two times in the Indian population and thus were found
eligible for the meta-analysis. It has been found, that the ACE-DD variant (allele model: OR: 1.37
[1.11-1.69], I*= 0%/ fixed model), ESR1-Pvull (allele model: OR: 1.47 [1.24-1.74], I* = 0%/ fixed model)
significantly increases the risk of migraine in Indian population. Also, a protective role of the LRP1-
rs11172113variant was observed for both migraine and its clinical subtype i.e., MA (allelic model: OR
of 0.65 [0.50-0.83] I>=44% and allele: OR: 0.54 [0.37-0.78], I*=52%) respectively. Overall, the results
of this meta-analysis indicated that the ACE-DD variant and the ESR1-Pvull were associated with an
increased risk of migraine in the Indian community, while the LRP1-rs11172113 variant was associated
with protection from migraine in this population.

Abbreviations

ICHD-3 International classification of headache disorder 3rd edition
MA Migraine aura

MWA Migraine without aura

CSD Cortical spreading depression
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GWAS Genome-wide association study

NCBI National center for biotechnology information
MEDLINE Medical literature analysis and retrieval system online
PRISMA Preferred reporting items for systematics reviews and meta-analysis
IHS International headache society

HWE Hardy-Weinberg equilibrium

OR Odds ratio

CI Confidence interval

NOS Newcastle-Ottawa quality assessment scale

I? I Square

PPI Protein-protein interaction

SI South India

NI North India

SNP Single nucleotide polymorphism

SNV Single nucleotide variation

Migraine is a complex and polygenic disorder, featuring different characteristics such as nausea, vomiting, pho-
nophobia, photophobia, and interestingly the cardinal feature i.e., unilateral headache'. International Classifica-
tion of Headache Disorder 3rd edition (ICHD-3) has classified the disorder into two main clinical subtypes i.e.,
Migraine with Aura (MA) and Migraine Without Aura (MWA) based on the criteria of presence and absence of
aura feature (ICHD-3.0rg/1-migraine/). Various factors, such as cortical spreading depression (CSD), activation
and desensitization of the Trigeminal-vascular system, neurogenic-neuroinflammation, etc., which are collec-
tively responsible for the etiology of migraines, have previously been explored®=. Factors that are responsible for
increasing the risk of migraine are crucial and are broadly categorized into environmental and genetic factors.
Former which is responsible for hindering the susceptibility threshold of pain which is set by the latter factor
i.e., genetic risk factors’.

Genetic risk factors include genes with changes/variations in the gene sequence with a major type called
Single Nucleotide Polymorphism (SNP) or Single Nucleotide Variation (SNV) which are responsible for alter-
ing the function of the same. The most recent and updated meta-analysis of the Genome-Wide Association
Study (GWAS) data has shown that many genes with modest effects are involved in disease risk’. Other than the
advanced GWAS, numerous independent studies have been carried out in various populations and have identified
various genes that are responsible for disease risk attribution. Using India as an example of a population, which
is part of the Asian ethnic group where migraine disorder is very common®'?, many genes have been studied
(Table 1) but the association between these genes and migraine risk has been found to be inconsistent'*-.

As a result, in the current review study, we first sought to identify the different genes explored in the Indian
population before pooling the risk of similar genes to determine the precise association in the same population.
The current study is unique in that it is the first of its kind to include all of the risk genes and variants from the
Indian population to determine the precise risk.

Method

Literature survey

The presented review aimed to find out the critical genes that increase the risk of migraine and its clinical subtype
in the population of India which belongs to the Asian ethnic group. To achieve the aim, we used the approach
of a “systematic way of literature survey” which was done from the online database and search engines such as
PubMed-NCBI (National Center for Biotechnology Information) (Pubmed.NCBI.nlm.nih.gov), and Google
Scholar (Scholar.google.com.tw) respectively. We bypassed exploring other databases and utilized PubMed
because of its comprehensive collection of references, which includes MEDLINE (Medical Literature Analysis
and Retrieval System Online), life science journals, and electronic books.

Multiple key terms were used in our search strategy, including “Gene polymorphism with migraine in India
OR Gene variant with migraine in India AND migraine genes in India OR migraine polymorphism in India”
Only articles published in the English language were evaluated using the linguistic filters as a factor for publi-
cation selection. We also tried to exclude study data if unpublished (Research Square/ Researchsquare.com),
incomplete, or only partially available. Because partial and missing data are not included in the study, there is
no such detrimental effect and we did our utmost to eliminate any undesirable characteristics. The search was
completed and studies were included following the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines (www.prisma-statement.org) (Supplementary Prisma Check List-S1)%.

Inclusion and exclusion features

Concerning the study inclusion criteria, the following inclusion criteria should be met and those include “A
case—control or cohort study design must be the prime requirement followed by the “the study must represent the
Indian population criteria” for the screening of study”, second the “authors must have investigated/ diagnosed the
patients according to the criteria of the International Headache Society (IHS) or ICHD-3" International Classifi-
cation of Headache Disorders-3, the authors must have looked at the genetic polymorphisms/variants and must
have provided the detailed description about the variant under study with proper reference ID (rsID) or change
of nucleotide”, “the genotype frequencies of the investigated variants must be stated unambiguously among
migraineurs and controls’, “Hardy-Weinberg Equilibrium (HWE) conditions are required for all experiments”,
“studies should provide clear data to calculate the odds ratios (ORs) and the corresponding 95% confidence

intervals (CI)”When necessary information was missing from an article, it was sourced from another publication.
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Ankyrin repeat §;ﬁi;tacczilgsce§;?ge phism, variant
2 ANKK1 znd kinase 11g23.2 (Glu713Lys) in the | rs1800497 335/200 Lucknow, | v |genotypeand | Ghosh
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conferred risk
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Voltage-dependent
calcium channels
mediate the entry
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Continued

Scientific Reports|  (2023) 13:19070 | https://doi.org/10.1038/s41598-023-45531-3 nature portfolio



www.nature.com/scientificreports/

Case/
S.No | Gene Protein Chr Function SNPs Diagnosis | controls State Regi Rel | C t Ref
rs10156191T
is found to be
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DRD2 be involved in cen- | rs6275 3357200 | Lucknow, P | Protective effect Gh‘fiﬁ{ )
tral sensitization and UP etal
regulate AMPARs in
chronic migraine
Encoded protein
act as a receptor
for endothelin-1, a
peptide that plays a We found an
role in potent and association
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dependent trans- was seen in any
activation domain. of the models
It regulates cortical under study
excitability and We found
spreading depression Ye loun
which is an impor- S%gqlﬁcint asso-
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11

MTHFR

Methylenetet-
rahydrofolate 1p36.22
reductase

MTHEFR

MTHEFR

MTHEFR

MTHEFR

MTHEFR

MTHEFR

MTHEFR

The protein encoded
by this gene catalyzes
the conversion of
5,10-methylene-
tetrahydrofolate to
5-methyltetrahydro-
folate, a co-substrate
for homocysteine
remethylation to
methionine and a
circulating form

of folate in plasma
which is needed for
the conversion of
homocysteine to
methionine

A1298C

186/152

Vellore,
Tamil Nadu

SI

Similarly, it
was found that
CC 1298 was
also associated
with more
Migraineurs

Thomas
etal.?

A1298C

ICHD-3

100/100

New Delhi

NI

CC genotype
in A1298C
was found to
be a risk factor
in migraine
patients than
controls

Kaur et al.'®

C677T

IHS

186/152

Vellore,
Tamil Nadu

SI

Interestingly,
TT of genotype
677 was signifi-
cantly correlated
with Migraine

Thomas
etal.?

C677T

THS

204/210

Tamil Nadu

SI

The case-
control study
confirms a
positive asso-
ciation between
MTHEFR
rs1801133 (C/T)
polymorphism
and migraine
susceptibility
in South Indian
population

Aiswarya
etal?

C677T

IHS

100/120

Kashmir

NI

MTHFR
677TT is not
associated with
a risk for the
development
of migraine in
our group of
patients from
our population

Pandith
etal.!®

C677T

ICHD-3

102/150

Jammu

NI

MTHER 677 CT
genotype and
variant T allele
only in cases but
not in controls
which suggests
a possible
involvement of
variant T allele
in migraine
development

Jasrotia
etal.’”

C677T

IHS

100/100

New Delhi

A non-signif-
icant increase
in frequencies
of CTand TT
in C667T SNP
in migraine
patients with
control

Kaur et al.'®

C677T

IHS

150/150

Lucknow,
UP

NI

No significant
differences

in genotype
and allelic
frequencies of
MTHER C677T
polymorphism
were found

on compar-

ing migraine
patients with
either disease
controls or
healthy controls

Joshi et al.'?
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152651899 is
a potential
enetic marker
Encoded protein is a g,r migraine
zjnc ?nger tra;llscr ip- susceptibility in
12 PRDM16 fg/ SET domain | ) 3¢ 3 E;‘j;’s §;t‘§‘;‘:mf§f;1 rs2651899 | THS 150/150 New Delhi | NI v xggfgfpf‘;'fale Kaur et al."®
PR domain. The both genotypic
potential role and allelic level
of PRDM16 is still in the North
inexact in migraine Indian popula-
pathophysiology tion
PRDM16 152651899 | IHS sa000 | Hucknow gy P | Protective Ghosh
etal.
Significant
Encoded protein iiﬂeerrir)ltc esic
mediates the physi- ang allel}i/g
ological effects of frequency were
progesterone, and See%l in che
13 PRGNS/ ferc"eg;f;fm“e 11221 | interaction with 11042838 27217 | Laknow P |ofPROGINS | joshict allt
synergistic effect polymorphism
and found to be when migraine
increased the risk of patients were
migrain compared'wnh
HC, showing a
protective effect
We did not find
any significant
differences in
the frequencies
Solute carrier of genotypes
14 SLC6A4/SERT ]f:e’f%ixgm 17q11.2 102T>C 217/217 b‘gkn‘m NI X lf(‘);a;i‘}f HT ) oshi et al.’s
transporter Encoded protein polymorphism
act as a serotonin when migraine
transporter (5-HTT) patients were
which help in the compared with
synaptic clearance healthy controls
of 5-HT but due Th "
to variant such as e ger}o P
5-HTTLPR (5-HTT ng a‘f“ dYS‘S
Linked Polymorphic irrc;;]ieganjﬁcant
SLC6A4/SERT Region) leads to the | spypypr | s 304/308 | Tamil Nadu | SI X | relationship | Kesavan
alf the number of with mieraine | €t al.
serotonin transport- biect 8 h
ers thus slower subjects ‘év e_rtlh
synaptic clearing and zgnmtfgf: wi
accounts for altered
serotonin levels and No significant
may thus be associ- difference
ated with migraine in genotype
and allele
STin2 Lucknow, frequencies . 15
SLC6A4/SERT VNTR 217/217 UpP NI X was observed Joshi et al.
between
migraine
patients and
healthy control
encoded protein is
a transmembrane
protein that has
a protein kinase
domain, forms
a heterodimeric
complex with TGF-
Transforming beta receptor type-1, Lucknow Not sienificant | Ghosh
15 TGFBR2 growth factor | 3p24.1 and binds TGF-beta | rs7640543 340/200 UP > | NI X associgtion ctal 262
beta receptor 2 and it has been :
found that highly
enriched in vascular
tissues and metal ion
homeostasis suggest-
ing the important
role in migraine
pathophysiology
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Case/
S.No | Gene Protein Chr Function SNPs Diagnosis | controls State R ReL | C t Ref
The results
of this case—
control study
discovered
16 TNF-A Tumor necrosis | ¢, ) 53 Encoded proteinis | r51800629 212/218 Tamil Nadu | SI v | @asignificant Kesavan
factor-alpha an multifunctional relationship etal.
proinflammatory with Mg in
cytokine mainly recessive and
secreted by micro- homozygous
glial cells in brain genotype
and i§ considexted as A borderline
an prime candidate association was
foT nﬂeurogen_ic neu- observed in
roinflammation
TNE-A 151800629 216216 | Hucknows g v | TNFA308GA | Ghosh
UP genotype etal.
in migraine
patients versus
HC
We could
not find any
association of
TNFB 252G>A
Lymphotoxin- polymorphism
17 IT.o/TNEB | Pha/tumor ), 55 G252 216216 | Lucknows g x |ingenetic Ghosh
necrosis fac- UP susceptibility etal.”
tors- beta to migraine
on comparing
the migraine
patients with
HC
Encoded protein
enable the ligand-
gated calcium
channel activity and
involved in calcium
Transi ion transmembrane
ransient recep- ;
. transport. It is
tor potential expressed on sensor Lucknow, Not significant | Ghosh
18 TRPMS cation channel | 2q37.1 P . OTY | 1510166942 340/200 > NI X 18n 2%
subfamily M afferents innervating UpP association etal.
the meninges, and
member 8
these neurons are
subject to devel-
opmental changes
that may influence
their contribution to
migraine
19 8q21 - 1510504861 100/100 | New Delhi | NI x | Notsignificant | .o op
association
We did not
observe any
significant effect
Unchar- of the variant
20 LOC101927066 | acterized 8q22.1 - rs1835740 340/200 %ﬁfknow’ NI X gﬁnl"w?e;r Gh‘ﬁ?
LOC101927066 atele of the etal
first migraine
GWAS associ-
ated marker,
rs1835740
Succinyl- Not significant
21 SUGCT CoA:glutarate- | 7pl4.1 - 1rs4379368 100/100 New Delhi | NI X &0 Kaur et al.?!
CoA transferase association

Table 1. Multiple gene identified in the population of India. NI North India, SI South India, UP Uttar Pradesh,
X Not significantly associated, v’ significantly associated, ReL relationship.

Data extraction

The demographic characteristics of each study were extracted, including the state in which the research was
conducted, the number of patients and healthy individuals, any cohort data, the genotypic frequency from both
cases and controls, the first authors, the years of publication, and the technique used to determine the genotype?
Also features such as gene coding protein, chromosomal location, the function of a protein, and polymorphism
ID/SNP-ID/rsID were extracted from the online data where required. If any statistical/numerical data were found
missing, previous research/references were analyzed. All the data/features extraction was first done by our two
authors (A.S, A.C.P, M.B, & I.S) and then the quality was assessed by the other two authors (A.S, A.C.P, & H.K).

Quality assessment

The quality of research articles is an important factor to consider when performing a meta-analysis, which entails
pooling independent research studies to determine the precise result. In light of this, the present research assessed
the quality of all previously published studies by utilizing the criteria established by the Newcastle-Ottawa scale
(NOS) such as (1): selection of cases and controls that include cases and control definition, and their selection(2):
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comparability (comparability of cases and controls) and (3): ascertainment of exposures (exposure ascertainment,
case, and control ascertainment, and non-response rate). Each section with the correct method is assigned one
star (1 point) with an exception in Comparability” section which is with two stars (2 points). Therefore, a study
will be disqualified if it receives fewer than 5 stars (<5) (or 5 points), which is considered to be a good study
and can only receive a maximum of 9 stars (Ottawa Hospital Research Institute (ohri.ca) (Supplementary File:
SF1-NOS). If any differences in decision-making were noticed concerning article inclusion, data extraction, or
quality assessment/ NOS, the third investigator (P.K) investigated and concluded the matter.

Statistical analysis

Genotypic and allelic frequency was first calculated for all studies included in the meta-analysis and then the Chi-
square test was used to analyze whether the population is in HWE (p>0.05 for the population in HWE) or not
(p<0.05). To find out the strength of the association between the variant of interest, and the risk of migraine, the
logistic regression utilizing OR (Odds Ratio) model with 95% CI (Confidence Interval) was used. Here odds ratio
is defined as the OR > 1 is defined as the odds of exposure among cases being greater than the odds of exposure
among controls & OR < 1: the odds of exposure among cases are lower than the odds of exposure among controls.
Different genetic models such as allelic (rare allele vs. wild allele), dominant (dominant vs. heterozygote + pure
recessive), recessive (recessive vs. dominant + heterozygote), and over-dominant (heterozygote vs. pure domi-
nant + recessive) were used to observe the strength of association (OR) using random: Dersimonian and Laird
method or fixed model (Inverse variance method) based on I>(I? > 75: Random model). I? is an estimate to define
the proportion of inter-study variability attributed to chance rather than heterogeneity.

The publication bias including reporting bias and heterogeneity of the research studies were assessed using
Begg’s and Egger’s tests and 2 based on Cochran’s Q Test with I-square (I?) tests respectively. Also, we per-
formed the sensitivity analysis to observe the influence of individual studies on the pooled ORs and 95% CIs by
the criteria of “exclusion of each study”.All tests were two-sided, and a value <0.05 was considered statistically
significant. The current meta-analysis process, from the choice of statistical tests to the analysis of the findings,
was conducted following the Cochrane guidelines (Training.cochrane.org/handbook/current). All the statistical

Identification of studies via databases, PubMed, Google
Scholar
@ [
: ! Records removed before
2 Records identified = the s_creening:
_g Databases (n = 93) Duplicate records
e removed (n =23)
]
=
— Records screened - Records excluded
(n =70) (n =32) (Not Eligible)
g <
.C
g Reports sought for
2 retrieval (n =38)
= Reports assessed for - Reports excluded:8
eligibility (n =24) Reason (Single Studies)

U

Studies included in
Meta-Analysis

(n=16)

Figure 1. Selection of literature according to PRISMA (Preferred Reporting Items for Systematics Reviews and
Meta-Analysis) guidelines.
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Figure 2. Indian Map representing different genes explored in 3 different states of India population.

analysis was done with Meta-Genyo online Statistical Analysis System software (MetaGenyo: Meta-Analysis of
Genetic Association Studies).

Trial sequential analysis

To reduce the possibility of random error, the current meta-analysis makes use of a method called Trial Sequen-
tial Analysis (TSA), which checks to see if the included trials have sufficient numbers of participants. Based on
an overall risk of 5% and a relative risk reduction of 20% (with 80% power), the TSA tool (Copenhagen Trial
Unit, Denmark) was used to compute the necessary information size for evaluating the validity of a meta-
analysis. (TSA—ctu.dk). With specific settings “Set Effect Measure and model” (Effecet Measure: Odds Ratio,
Model: Fixed), “Set Zero Event Handling (SZEH)” (Method: Constant, Value: 1.0, Included trials with no events:
checked), “Set Confidence Interval (SCI)” (Conventional/ Coverage: 95%). There are, however, two basic possi-
bilities: (1) no further research is needed if the cumulative Z value/curve exceeds the RIS (Required Information
Size); (2) additional studies are needed if the Z curve does not surpass the RIS threshold.

Protein—protein interaction

It is critical to identify the most important wiring connection/most connected node/dot in the gene/protein
interaction network used to understand disease progression because any change in the peripheral gene will
eventually affect the regulation of the core gene/ most connected node®. Therefore, to analyze the most con-
nected gene/node among the studied genes in the respective population, the String v11 (String-db.Org/), a
potential protein-protein interaction tool that collects data from several online databases was used. After PPI
(Protein—Protein Interaction), the network was built, edited, and analyzed using the Cytoscape tool version
3.9.1, a free and publicly available bioinformatics tool for analyzing and interpreting gene expression profiles,
and molecular interaction networks (Cytoscape.org/).

Result

Using the strategy of systematic way of literature survey (Fig. 1), a total of 24 studies was found (Table 1) which
explored about 21 genes with 31 variants (Table 1) from 4 different states of India (3 states from north India and 1
state from south India) (Fig. 2) (Paint—Microsoft Apps). Only nine genes have been studied more than two times
in the Indian population and thus were found eligible for the meta-analysis and these include six studies which
have explored MTHFR gene'> 182223 three studies for ACE (I/D polymorphism)'* 724 LRP1- rs11172113'
26,28 PRDM16- rs2651899'% 26, TRPMS8- rs10166942 and rs1050486125 26, ESR1 Pvull and Xbal'> 2% DAO-
1510156191, rs2052129*>** and TNF-a G308A>*°,
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Selection Comparability | Exposure Final Score

Comparability

of cases and Same

controls on method of

Is the case the basis of ascertainment

Author/ definition Representativeness | Selection of Definition of | the design or Ascertainment | for cases and Non-Response
Reference adequate? of the cases Controls Controls analysis of exposure controls rate
Aiswarya et al.* | IHS (1) Hospital (1) HB (0) Yes (1) Yes (1) Interview (1) Yes (1) NG (0) 6
Ghosh et al. IHS (1) Hospital (1) HB (0) Yes (1) Yes (1) Interview (1) Yes (1) NG (0) 6
Ghosh et al.* IHS (1) Hospital (1) HB (0) Yes (1) Yes (1) Interview (1) Yes (1) NG (0) 6
Ghosh et al*>?” | ICHD-2 (1) Hospital (1) PB (1) Yes (1) No (0) Interview (1) Yes (1) NG (0) 6
Ghosh et al.?*%” | THS (1) Hospital (1) HB (0) Yes (1) No (0) Interview (1) Yes (1) NG (0) 5
Jasrotia et al.'” | THS (1) Hospital (1) PB (1) Yes (1) No (0) Interview (1) Yes (1) NG (0) 6
Joshietal.'>'* | THS (1) Hospital (1) HB (0) Yes (1) Yes (1) Interview (1) Yes (1) NG (0) 6
Joshi etal.'>'* | THS (1) Hospital (1) HB (0) Yes (1) Yes (1) Interview (1) Yes (1) NG (0) 6
Joshi et al.’® IHS (1) Hospital (1) HB (0) Yes (1) Yes (1) Interview (1) Yes (1) NG (0) 6
Joshi et al. IHS (1) Hospital (1) HB (0) Yes (1) Yes (1) Interview (1) Yes (1) NG (0) 6
Kaur et al.'>?! IHS (1) Hospital (1) HB (0) Yes (1) Yes (1) Interview (1) Yes (1) NG (0) 6
Kaur etal.'>?' | IHS (1) Hospital (1) HB (0) Yes (1) Yes (2) Interview (1) Yes (1) NG (0) 7
Kaur et al.? IHS (1) Hospital (1) HB (0) Yes (1) Yes (1) Interview (1) Yes (1) NG (0) 6
Kaur et al.'>?! IHS (1) Hospital (1) PB (1) Yes (1) Yes (1) Interview (1) Yes (1) NG (0) 7
Kesavan et al*® | ICHD-3 (1) Hospital (1) HB (0) Yes (1) No (0) Interview (1) Yes (1) NG (0) 5
Kesavan et al.** | THS (1) Hospital (1) PB (1) Yes (1) No (0) Interview (1) Yes (1) NG (0) 6
Kumar et al.?® ICHD-3 (1) Hospital (1) HB (0) Yes (1) No (0) Interview (1) Yes (1) NG (0) 5
Pandith et al.'® | IHS (1) Hospital (1) HB (0) Yes (1) No (0) Interview (1) Yes (1) NG (0) 5
Shoba et al.?® IHS (1) Hospital (1) HB (0) Yes (1) Yes (1) Interview (1) Yes (1) NG (0) 6
Thomas et al.>> | IHS (1) Hospital (1) HB (0) Yes (1) Yes (1) Interview (1) Yes (1) NG (0) 6
Thomas et al.’® | THS (1) Hospital (1) HB (0) Yes (1) Yes (1) Interview (1) Yes (1) NG (0) 6
Wani et al.? IHS (1) Hospital (1) HB (0) Yes (1) Yes (1) Interview (1) Yes (1) NG (0) 6

Table 2. Newcastle-Ottawa Scale (NOS) for assessing the quality of non-randomized studies in meta-
analyses” HB hospital based, PB population based, HIS InternationalHeadache Society, ICHD-2/3 International
Classification of Headache Disorders-2/3, NG not given. Bold indicates positive point, Italics indicates no
point, Bold italics indicates study included. >5 points/stars are consider as a good study and “ <5 points” are
considered as a high risk/biased study. Refer to Supplementary File.

Study characteristics

After finding nine genes eligible for meta-analysis, the second step was the inclusion into the meta-analysis of
eligible studies which were done based on the NOS (Table 2) and HWE criteria. If the NOS were six or more
than it and if the control population were in HWE respectively the study was included After which two variants
such as A1298C of MTHFRand rs10166942 of TRPMS8 were excluded due to not being found in HWE (Sup-
plementary Tables 2 S1 and 5 S1).

Meta-analysis

MTHFR-C677T

In the present analysis, a total of 842 cases and 882 control subjects were included which were found after the
inclusion of five studies representing four from the north Indian population'*!¢-!® and one from the south Indian
population?? and exclusion of one study due to not found in HWE?® (Supplementary Table 1 S1). The frequency
of the risk allele was 0.195 (n=329/1684) in contrast to the wild allele 0.804 (n=1355/1684)within the case group
while in a control group, the frequency of the risk allele was 0.168 (n=297/1764) in contrast to wild allele i.e.,
0.831 (n=1467/1764) in the control group.

To find out the association, a logistic regression model i.e., Odds Ratio associated with a 95% Confidence
Interval, p-value < 0.05 were used. The present meta-analysis has shown that there was no significant associa-
tion between the variant under study (C677T) and the risk of migraine in the Indian population after utilizing
different genetic models and these include the allelic model (OR: 1.04 [0.84-1.29], I*=53%) (Fig. 3A), recessive
model (OR: 1.31 [0.71-2.42], I?=38%), dominant model (OR: 1.08 [0.72-1.62], (I>=53%), and overdominant
model (OR: 1.06 [0.70-1.60], (I*=53%). Subgrouping based on the criteria of the “study conducted in which
region of India i.e., such as South India (SI) and North India (NI)”, no significant association was observed
(Supplementary Table 11 S1). After sub-grouping based on the clinical subtype i.e., MA and MWA, there was
no significant association was found with any genetic models.

Egger’s test, which is based on the connection between standard error and strength of association (log of
OR), was used to examine publication bias across all studies included in the meta-analysis (p-value =0.35). By
placing the most accurate research on top and the least precise studies at the bottom of a scatter plot, we were
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(A) Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Joshi et al., 2009 46 300 45 300 - 1.03 [0.66; 1.60] 23.1%
Pandith et al., 2017 28 200 46 240 0.69 [0.41; 1.15] 17.5%
Jasrotia et al., 2018 5 204 0 300 16.57 [0.91; 301.30] 0.5%
Kaur et al., 2018 72 200 56 200 1.45 [0.95; 2.21] 25.7%
Aiswarya et al., 2020 64 408 68 420 0.96 [0.66; 1.40] 33.2%
Fixed effect model 1312 1460 l 1.04 [0.84; 1.29] 100.0%
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Figure 3. (A) Forest Plot of MTHEFR allele model showing the non-significant association with the risk of
overall migraine (B) Symmetrical Funnel Plot representing no publication bias.
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Figure 4. Sensitive plot representing allele model.

able to create a "funnel plot" that displays the distribution of accuracy across all investigations. All genetic mod-
els resulted in symmetrical funnel plots, indicating that no publication bias existed. (Fig. 3B). The findings of a
sensitive analysis performed on all genetic models by systematically removing individual studies showed that
the pooled ORs were not significantly altered, confirming the excellent stability of the meta-analysis (Fig. 4).
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(A) Experimental Control Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed)
Wani et al., 2016 70 200 67 242 +—=—— 1.41 [0.94;2.11] 26.7%
Jasrotia et al., 2018 105 204 120 300 —+—— 1.59 [1.11;2.28] 34.0%
Joshi et al., 2009 114 300 102 300 1.19 [0.85;1.66] 39.3%
Fixed effect model 704 842 ——— 1.37 [1.11; 1.69] 100.0%
Heterogeneity: 1?=0%, t* =0, p = 0.50 | :
(B) 0.5 1 2
o
o
(-]
n
o
[S)
8
]
P e
g ~ -
o S
13 N\
H \
&a
n
-l
<)
Joshi et al, 2009 @ Jasrotia et al., 2018
o
£ o i
< | @ wani et al, 2016
T T T T T T
1.0 Lt 1.4 1.6 1.8 2.0
Odds Ratio

Figure 5. (A): Forest Plot of ACE allele model showing the significant association with the risk of overall
migraine (B): Symmetrical Funnel Plot representing no publication bias.
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Figure 6. Sensitive plot representing allele model.

ACE-1/D

There are 3 studies'>1”?* (Supplementary Table 3 S1) that observed the frequency and association of polymor-
phism in the population of the Indian population. After pooling such independent studies, we found that the
overall frequency of risk and wild allele was 0.410 (n=289/704) and 0.589 (n=415/704) in the patient group
respectively. While in the control population, the frequency of the risk allele was considerably low i.e., 0.343

(n=289/842) in comparison to the frequency of a minor allele in the patient group (q=0.410).
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(A)
Experimental Control Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed)
Ghosh et al., 2013 123 680 110 400 —=—+— 0.58 [0.43;0.78] 72.1%
Kaur et al., 2019 40 140 64 200 t 0.85 [0.53;1.36] 27.9%
Fixed effect model 820 600 <> 0.65 [0.50; 0.83] 100.0%
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Figure 7. (A) LRP1 Allele showing the significant protective effect of a rare variant in the Indian population (B)
Symmetrical Funnel Plot representing no publication bias.

The present meta-analysis found a significant association between the selected variant and risk of overall
migraine after utilizing the allele (Fig. 5A) and recessive model (OR: 1.37 [1.11-1.69], I*=0%) and (OR: 2.05
[1.36-3.11], 2= 0%) respectively in contrast to dominant and over-dominant model (OR: 1.29 [0.96-1.73],
I?=0%) and (OR: 0.90 [0.67-1.19], I*=24%) respectively. After subgroup based on the clinical subtype i.e., MA
and MWA, the variant showed a significant association after utilizing different genetic modes such as allele
(OR: 1.41 [1.06-1.88], >=0%), recessive (OR: 2.22 [1.29-3.83], [’=0%) in contrast to dominant (OR: 1.32
[0.88-1.98], I*=0%) and over-dominant model (OR: 0.90 [0.60-1.34], I*=39%) in MA group in compare to
MWA where allele and recessive model showed significant association (OR: 1.33 [1.05-1.70], I*=42% and OR:
1.94 [1.21-3.11], ’=11%) in comparison to dominant and overdominant model (OR: 1.26 [0.89-1.77],1>*=0%
and OR: 0.90 [0.65-1.26], I*=0%) respectively. In addition, subgrouping based on the criteria of the “study
conducted in which region of India i.e., such as South India (SI) and North India (NI)”, was not done due to all
studies were from north India.

There was no evidence of publication bias because all funnel plots for genetic models were symmetrical
(p-value=0.68) (Fig. 5B) (Supplementary Table 14 S1). The good stability of the meta-analysis was confirmed
by the results of a sensitive study done on all genetic models by carefully removing individual research (Fig. 6).

ESR1

In the present study, we found two variants such as Pvull and Xbal of ESRI studies in the Indian population by
three different research groups'* %’ (Supplementary Tables 6 and 7 S1). Concerning ESR1-Pvull, a significant
association has been found where the allele (OR: 1.47 [1.24-1.74], I>=0%), dominant (OR: 1.66 [1.30-2.12],
I=0%), and recessive model (OR: 1.91 [1.31-2.77], I*=0%) significantly increase the risk of migraine. After
subgrouping based on clinical type criteria, a significant association was also found in both MA (Allele: OR: 1.72
[1.34-2.20], I>=0%, dominant: OR: 2.63 [1.75-3.96], I?=9%, overdominant: OR: 1.75 [1.23-2.50], I>=0% and
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Figure 8. LRP1 migraine sensitivity plot for allele model.

recessive: OR: 1.79 [1.07-2.98], I*=0%), and MWA (allele: OR: 1.39 [1.15-1.67], I>=11%, dominant: OR: 1.43
[1.10-1.87], I?=55%), and recessive model: OR: 1.94 [1.30-2.89], I>=0%).

Concerning, after critical literature analysis, only two research publications were found?” % discussing the
impact of Xbal polymorphism on the susceptibility of migraine and its type. The pooled OR of both studies did
not show any significant association with the risk of migraine or with the migraine sub-type (Supplementary
Table 12 S1). All genetic models resulted in symmetrical funnel plots, indicating that no publication bias existed.
The findings of a sensitive analysis performed on all genetic models by systematically removing individual studies
showed that the pooled ORs were not significantly altered, confirming the excellent stability of the meta-analysis.

TNF-o0t G308A

After combining the two studies? *° (Supplementary Table 8 S1), there was a significant difference between
the genotypic frequency in the patient group (GG: 77.80%, GA: 18.45%, & AA: 3.73%) in comparison to a con-
trol group (GG: 79.03%, GA: 18.43%, & AA: 2.53%). The frequency of risk allele (q) was found slightly more
(q9=0.129) than the control group (q1 =0.117).

When comparing the pooled results from the experimental (n=2856) and control (n=2868) groups, the
association value was not statistically significant for any genetic model under study such as allelic (OR: 1.12
[0.84-1.51] I?=68: random model), dominant (OR: 1.08 [0.77-1.50], I>=82%: random model), recessive (OR:
1.54 [0.70-3.39], I?=0.0%: fixed model), and over-dominant model (OR: 1.00 [0.70-1.42], I?=89%: random
model) (Supplementary Table 15 S1). There was no subgrouping analysis in this variant since only one study
investigated the clinical subtype®. All genetic models had symmetrical funnel plots, indicating that there was no
publication bias. A sensitive investigation of all genetic models was also performed by removing each research
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Figure 9. TSA graph for MTHFR-C677T (allele model) showed a non-significant result with less sample size/
power therefore required more studies to find out the association.
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one at a time. It was demonstrated that none of the pooled ORs were considerably influenced, indicating the
meta-analysis findings” excellent stability.

Gene name/Node Average shortest path length Betweenness centrality Closeness centrality Clustering coefficient Degree
TNF 1.666667 0.287755 0.6 0.321429 8
APOE 1.733333 0.111633 0.576923 0.52381 7
SLC6A4 1.8 0.199478 0.555556 0.47619 7
ACE 1.666667 0.179569 0.6 0.6 6
MTHEFR 1.8 0.175918 0.555556 0.466667 6
ESR1 1.933333 0.053039 0.517241 0.6 5
DRD2 2.2 0.049887 0.454545 0.6 5
EDNRA 2 0.257007 0.5 0.333333 4
ANKKI1 2.6 0 0.384615 1 3
DBH 2.6 0 0.384615 1 3
LRP1 2.266667 0 0.441176 1 2
PRDM16 2.8 0.133333 0.357143 0 2
LTA 2.4 0 0.416667 1 2
TGFBR2 2.333333 0 0.428571 1 2
DAO 2.733333 0 0.365854 0 1
TRPMS8 3.733333 0 0.267857 0 1

Table 3. Protein—Protein Interaction.
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Figure 10. Protein-Protein interaction where the TNFA shows the highest node.
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LRP1-rs11172113

In the present review, we found two studies'®*® (Supplementary Table 9 S1) representing the north Indian
population where the combined frequency of risk allele was less i.e., 0.198 (n=163/410) in the patient’s group in
comparison to control group i.e., 0.29 (n=174/600). To find out the risk using different genetic models, a protec-
tive role of variant (allelic model) (Fig. 7A) was observed with an OR of 0.65 [0.50-0.83] (I>=44%), dominant
(OR: 0.48 [0.35-0.66], I>=12%), in contrast to recessive and over-dominant (OR: 1.29 [0.22-7.59],1*=91%) and
(OR: 0.10 [0.00-5.43], I*=88%) respectively where the non-significant association was observed.

After clinical sub-grouping of migraine, it was observed that allele (OR: 0.54 [0.37-0.78], I*=52%), dominant
(OR: 0.47 [0.30-0.73], 12=0%), and over-dominant (OR: 0.54 [0.34-0.86], I>=0%) significantly showed protective
role in MA. But, in the case of MWA, only dominant (OR: 0.68 [0.49-0.95], I*=58%) and over-dominant model
(OR: 0.63 [0.45-0.88], I*=0%) showed a protective role in contrast to allele (OR: 0.88 [0.46-1.68], I*=82%)
and recessive (OR: 1.12 [0.65-1.93], I?=74%) where a non-significant association was observed. There was no
evidence of publication bias because all genetic models produced symmetrical funnel plots(Fig. 7B). The good
stability of the meta-analysis was confirmed by the results of a sensitive study done on all genetic models by
carefully deleting individual research(Fig. 8).

DAO-rs10156191

After combining studies?”** (Supplementary Table 10 S1), it was observed that in the patient’s group, the het-
erozygote (CT: 29.42%) and homozygous recessive (TT: 5.71%) genotypes are slightly greater than the het-
erozygote (CT: 21.14%) and homozygous recessive (TT: 3.42%) genotype in control’s group. The frequency of
the risk allele (q=0.204) in the patient group was more than the frequency of the risk allele in the control group
(q1=0.14).

The present meta-analysis provides pieces of evidence that allele (OR: 3.86 [0.37-39.98], ?*=81%) and reces-
sive model (OR: 1.47 [0.69-3.12], I>=52%) showed non-significant association with the risk of migraine in
contrast to dominant (OR: 1.69 [1.19-2.42], I*=69%) and over-dominant model (OR: 1.62 [1.12-2.34], 1>=13%)
which significantly increase the risk of migraine in Indian population. All genetic models yielded symmetrical
funnel plots, eliminating publication bias. A sensitive study on all genetic models carefully removing individual
studies proved the meta-analysis’s stability.

PRDM16-rs2651899

Concerning PRDM16- rs2651899 (Supplementary Table 4 S1), the frequency of the risk allele in the case group
was slightly higher i.e., 0.469 (n=459/978) compared to risk allele frequency in the control group i.e., 0.471
(n=330/700). In addition, no significant association was observed in migraine or any clinical subtype (MA and
MWA) after utilizing any genetic models (Supplementary Table 13 S1).

Trial sequential analysis

After finding a non-significant association for MTHFR-C677T, DAO- rs10156191, TNF-a G308A, and ESRI-Xbal,
the required sample size estimation was done for allele model using TSA. For the MTHFR-C677T, the last point
of the Z-curve reached or positioned within the conventional boundary which is considered as a statistically
non-significant zone therefore, we cannot conclude that there is any risk association between the variant under
study and diseases. Therefore, to achieve power (RIS: 10,616) further studies are required (Fig. 9). Concerning
remaining DAO- rs10156191, TNF-a G308A, and ESR1-Xbal, the TSA showed “Boundary RIS is ignored due
to little information use”

Protein—protein interaction

In the present study, we also aimed to find the most connected node in the list of genes studied in the popula-
tion of India. Therefore, the String database which is a potential PPI tool that collects data from several online
databases was used. Concerning the PPI setting, medium confidence (40%-69%), with active interaction sources
which include test mining, experiments, databases, co-expression, neighborhood, gene fusion, and co-occurrence
were utilized. We found that there were 32 connections/ edges between the processed 16 nodes/protein with an
average node degree of four and six expected number of edges, 0.683 of average local clustering coefficient, and
a significant PPI enrichment p-value (1.57¢-14). It was observed that the highest degree (Degree: 8) was found
with TNF-a followed by APOE and SLC6A4 (Degree: 7) (Table 3). String PPI was later edited and presented
using Cytoscape tool version 3.9.1, which is an open-source bioinformatics software platform for visualizing
molecular interaction networks and integrating them with gene expression profiles and other state data (Fig. 10).

Discussion
Migraine is considered a complex disorder with polygenic inheritance and it has been shown by the most recent
and updated meta-analysis of GWAS data has shown that numerous genes contribute to the risk of diseases with
small effect sizes”. Other than the advanced GWAS, multiple studies have been conducted in different popula-
tions and found different genes. Specifying with the example of population, many genes have also been explored
in the Indian population belonging to Asian ethnic groups constituted of different states (Fig. 2). Within the
same population, association disparity was found in many genes and risk of migraine. Therefore, the present
meta-analysis aimed to find out the precise risk between the different genes that have been explored in the past.
We have found that the variant "C677T” of MTHFR showed a non-significant association with the risk of
overall migraine in the Indian population which supports the independent studies'* '8 in contrast to the posi-
tive association found by different independent studies'”?> . Comparing the present pooled result with the most
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recent meta-analysis which discussed the association of C677T with the risk of migraine, showed a significant
risk association*’. However their selection of studies was before December 2018 and only two studies from the
Indian population were included'® '® and also missed the inclusion of one more study'’. In addition to meta-
analysis, we have also estimated the "Required sample Size” using trial sequential analysis and observed that the
Z-curve was unable to cross the required information/ sample size (Fig. 9). Therefore, we cannot conclude that
there is any risk association between the variant under study and diseases and thus required more sample size.
Concerning the ACE-I/D polymorphism, the present meta-analysis showed a significant association between
the variant of interest and the risk of migraine and both clinical subtypes such as MA and MWA. This present
study supports the independent study by Jasrotia and group and Joshi and group'*'” in contrast non-significant
association was observed by Wani and group®*. Interestingly all studies'>!”>* were from north India, thus
disparity between such might be due to different sample sizes i.e., control and case subjects. Evidence from the
meta-analysis published in 2016 powered with 7334 patients and 22,990 control showed no relationship between
the ACE I/D polymorphism and any migraine but upon subgrouping based on the criteria of ethnicity, they
observed a protective effect against migraine with aura and without aura at least in the Turkish population®!.
Regarding ESRI and its variant studied in the Indian population, only Pvull showed a significant association
with the risk of migraine including both of its clinical subtypes in contrast to Xbal. which was consistent with
Kumar and group® in contrast to Ghosh and group”. The other intronic variant i.e., Pvull which is separated by
the 50 bp from Xbal, two studies discussed the association in the respective populations, and upon combing both
studies, the present pooled meta-analysis showed significant association with the risk of migraine including both
of its clinical subtypes which supports the result observed by Joshi and group* in contrast to Kumar and group?.
TNEF-alpha is known for its critical role in pro-inflammation and critical regulator of microglial activation
which leads to the initiation of neurogenic-neuroinflammation®. But the presence of a functional variant i.e.,
— 308 G > A leads to elevated plasma level of protein thus hindering the susceptibility of inflammation threshold.
In the present study, after analysis of two independent studies*> ** we did not find any significant association
after utilizing different genetic models and risk of migraine which was the opposite of what was observed by the
included independent study®>*. This prime reason for such disparity might be due to the different regions one is
from north India?> and the other is from south India’. Therefore, it is very important to conduct more studies in
the respective population to find out the precise result. Comparing our meta-analytic data with the pre-existing
meta-analysis, the results were found consistent with different studies®*~** in contrast to Chen and group*.
Concerning the LRPI- rs11172113, the present review observed a protective role of variant (allelic model)
(Fig. 7A) with overall migraine, and such protective effect was found consistent with both of its clinical subtypes.
Thus, the present pooled result supports the result that Ghosh and group previously observed® in contrast to
Kaur and group"’. Each study was observed in the north Indian population, but such disparity might be due to
the low sample size and also the patient group was not in HWE". Comparing our meta-result with the overall
pooled result presented by Siokas and the group where they observed a non-significant association between the
rs11172113 and risk of migraine (OR: 1,10 [0.84-1.44], I*: 68%)*.

Strengths and limitations of the present meta-analysis

The prime strength of the present pairwise meta-analysis is the strategy utilized for the literature survey, then
the inclusion of searched studies based on the criteria discussed (Section “Inclusion and exclusion features”),
and secondly the use of statistical analysis for finding the risk association between the different risk variants and
diseases under consideration. Thirdly, the presentation of pooled summary estimates is considerably simpler to
understand. Fourth, we have also found the risk attribution between the selected variants and migraine subtypes
(MA and MWA). Fifth, we also presented the protein—protein interaction in an attempt to find out the most con-
nected node in the network of nodes selected from the population under study. Sixth, a precise risk attribution
toward the risk of migraine within a specific population i.e., the Indian population has been established. Apart
from the strength, the first limitation is that migraine is an extremely heterogeneous condition, as all studies have
diagnosed the suspected individual using criteria of ICHD-3 / HIS, but still, there could be misclassification.
Second, the present analysis is only limited to clinical subgrouping and no subgroup was done based on gender.
Also, there was an incredible disparity in sample size between the studies. Also, the risk of non-significantly
associated variants can be modified by different modifier genes which were not explored in the present study.
Additionally, the risk of disease can be attributed to the interaction between the markers of the same gene. In
addition, concerning with the included studies in the meta-analysis were not enough, therefore for a precise
estimate, more studies are required.

Future perspectives

In the present study, we aimed to find out the critical gene or genes that are responsible for the significant
risk attribution toward disease susceptibility within a specific population (India) using a high statistical meta-
analytical research approach. Different genes such as ACE-1/D, and ESRI-Pvull showed a significant association
with the risk of migraine in contrast to LRP1-rs11172113 and MTHFR-C677T, PRDM16-rs2651899, DAO-
rs10156191which showed protective and non-significant association in respect to Indian population respectively.
We also noticed that there was much disparity in the sample size between studies, specifically the patient’s group
was even not found in HWE. Also, the ratio between case and control was not even equal in the different studies,
and for a fixed sample size, the chi-square test for independence is most powerful if the number of cases is equal
to the number of controls (i.e., 1:1)*. Additionally, we can increase or recruit more controls to boost the study’s
statistical power if we are unable to find enough cases, but only up to 4 controls for every one case. Given the
expense of recruiting them, adding more controls (more than four) might limit the increase in statistical power
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beyond this ratio?”. There have only been a few, sometimes just two, studies exploring specific variants, which
makes it necessary for more research to be done to support the risk attribution hypothesis.

Conclusion

In conclusion, this present meta-analysis showed that the ACE-DD variant and ESRI-Pvull showed a significant
risk of migraine in the Indian population in contrast to LRPI- rs11172113 which showed a protective role in
the respective population.

Data availability
All data generated or analyzed during this study are included in this article. Further inquiries can be directed
to the corresponding author.
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