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Abstract

:

The genetic basis of migraine is rather complex. The rs2651899 in the PR/SET domain 16 (PRDM16) gene, the rs10166942 near the transient receptor potential cation channel subfamily M member 8 (TRPM8) gene, and the rs11172113 in the LDL receptor-related protein 1 (LRP1) gene, have been associated with migraine in a genome-wide association study (GWAS). However, data from subsequent studies examining the role of these variants and their relationship with migraine remain inconclusive. The aim of the present study was to meta-analyze the published data assessing the role of these polymorphisms in migraine, migraine with aura (MA), and migraine without aura (MO). We performed a search in the PubMed, Scopus, Web of Science, and Public Health Genomics and Precision Health Knowledge Base (v7.7) databases. In total, eight, six, and six studies were included in the quantitative analysis, for the rs2651899, rs10166942, and rs11172113, respectively. Cochran’s Q and I2 tests were used to calculate the heterogeneity. The random effects (RE) model was applied when high heterogeneity was observed; otherwise, the fixed effects (FE) model was applied. The odds ratios (ORs) and the respective 95% confidence intervals (CIs) were calculated to estimate the effect of each variant on migraine. Funnel plots were created to graphically assess publication bias. A significant association was revealed for the CC genotype of the rs2651899, with the overall migraine group (RE model OR: 1.32; 95% CI: 1.02–1.73; p-value = 0.04) and the MA subgroup (FE model OR: 1.40; 95% CI: 1.12–1.74; p-value = 0.003). The rs10166942 CT genotype was associated with increased migraine risk (FE model OR: 1.36; 95% CI: 1.18–1.57; p-value < 0.0001) and increased MO risk (FE model OR: 1.41; 95% CI: 1.17–1.69; p-value = 0.0003). No association was detected for the rs11172113. The rs2651899 and the rs10166942 have an effect on migraine. Larger studies are needed to dissect the role of these variants in migraine.
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1. Introduction


Migraine is a complex disorder of the brain, with great variety in its pathogenesis, clinical presentation, genetic make-up, and therapeutic approach [1]. It is the second most common cephalalgia, after the tension-type headache [2]. Moreover, it is considered to be among the commonest neurological disorders globally, while it confers greater disability compared with other neurological diseases [3].



Phenotypically, migraine manifests with recurrent episodes characterized by pulsating intense pain in the head unilaterally [4]. Additionally, symptoms such as photophobia, vomiting, phonophobia, and nausea usually accompany migraine attacks [5]. Migraine with aura (MA) and migraine without aura (MO) are considered to be the major migraine subtypes, which are mainly differentiated by the presence of focal neurological symptoms that can either precede or accompany headache in patients with MA [6].



From a pathophysiological perspective, several theories including various molecular mechanisms have been connected to migraine risk, such as the release of vasoactive neuropeptides vascular dysfunction, vasodilation, defective function of brain networks, plasma protein extravasation, cortical spreading depression (CSD), and “neurogenic inflammation” [7,8]. Moreover, increased glucose uptake has been reported in patients, with migraine especially in the posterior white matter of the cerebrum and cerebellum [9]. Additionally, glucose levels and metabolism may influence the frequency of CSD, and as such, migraine development [10,11].



While the pathophysiological pathways via which the previously referred mechanisms can lead to the migraine are not fully understood [12], there are multiple lines of evidence that genetic, environmental, and epigenetic factors all contribute, to some extent, to migraine’s susceptibility [13,14]. Among the environmental factors, body mass index (BMI), smoking, dietary habits, nutrients, physical activity, and socioeconomic status (to name a few) have been incriminated in altering migraine risk or as precipitating factors for migraine attacks [15,16,17,18,19,20,21].



The genetic architecture of migraine is complex, as migraine is considered a polygenic disease, where a few genetic factors are implicated in its appearance and phenotypic traits [22,23,24]. The complexity of the genetic influence on migraine is also evident considering that triggers and factors (genetic and environmental) heavily vary amongst the affected patients [25]. Nevertheless, there are a few known mutations in single genes that can cause the entity known as the familial hemiplegic migraine (FHM) [26]. As such, mutations in the Calcium Voltage-Gated Channel Subunit Alpha1 A (CACNA1A), encoding the α1 subunit of the brain specific P/Q- type calcium channel, in ATPase Na+/K+ Transporting Subunit Alpha 2 (ATP1A2), encoding the sodium–potassium- transporting ATPase, in Sodium Voltage-Gated Channel Alpha Subunit 1 (SCN1A) encoding a voltage- gated sodium channel subunit, can all lead to FHM [26,27]. Additionally, other monogenetic migraine with aura syndromes such as cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL), retinal vasculopathy with cerebral leukoencephalopathy and systemic manifestations (RVCL-S), and familial advanced sleep phase syndrome (FASPS), also exists [23]. However, phenotypic appearance may exhibit great variance (with the migraine not being a prominent feature), and there are also cases where novel mutations have been identified [27].



Apart from FHM and monogenic migraine with aura syndromes, there are polymorphisms (e.g., the MTHFR C677T, and BDNF rs6265 gene polymorphisms) that have been further found to be associated with migraine [28,29,30,31,32] and other headaches [33,34]. In 2011, in a genome-wide association study (GWAS), three genetic loci emerged as genetic risk factors for migraine [35]. These genetic loci are the rs2651899 in the PR/SET domain 16 (PRDM16) gene, the rs10166942 near the transient receptor potential cation channel subfamily M member 8 (TRPM8) gene, and the rs11172113 in the LDL receptor-related protein 1 (LRP1) gene [35]. These results for the rs10166942 and the rs11172113 have been replicated by a further GWAS [36]. However, results from subsequent studies examining the role of the aforementioned variants and their relationship with migraine remain inconclusive. While the PRDM16 rs2651899 has been reported to associate with migraine and MA and/or MO subtypes in an earlier meta-analysis [37], studies that followed revealed no association with migraine [38], while both the alleles of the polymorphism have been associated with increased migraine risk [39,40]. In the same manner, studies for the rs10166942 near the TRPM8 gene and the LRP1 rs11172113 have yielded inconsistent results [41].



In view of the former considerations, the aim of the present study was to retrieve, review, and meta-analyze the available published data assessing the role of the PRDM16 rs2651899, the rs10166942 near the TRPM8 gene, and the LPR1 rs11172113 polymorphisms on migraine. Additionally, we attempted to assess the role of these variants on the risk of the main migraine endophenotypes, namely the MA and the MO.




2. Materials and Methods


2.1. General Information


The Preferred Reporting items Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Supplementary File S1) were applied for the current meta-analysis [42], while this study was not registered in any database. Two authors (V.S. and I.L.), independently performed the processes, while any divergences were unraveled by a third author (E.D.).




2.2. Literature Search Strategy


We searched through the PubMed, Scopus, Web of Science, and Public Health Genomics and Precision Health Knowledge Base (v7.7) databases for eligible articles examining the relationship between migraine and the PRDM16 rs2651899, the rs10166942 near the TRPM8 gene, and the LPR1 rs11172113 polymorphisms (the last search was performed on 18 March 2022). The search for each variant was performed separately. We used the term “migraine” in combination with either “rs2651899”, or “rs10166942”, or “rs11172113”, as free words. The PubMed algorithm of the literature search for the present meta-analysis is presented at Supplementary File S2.




2.3. Identification of Eligible Articles


We initially checked titles and abstracts of identified articles for relevance. From the articles that passed the initial screening, full texts were retrieved. Additionally, the reference lists of the identified articles were scanned for supplementary eligible studies.




2.4. Eligibility Criteria


Studies that met the following criteria were included: (1) written in the English language, (2) publication before the 18 March 2022, and (3) the absolute genotype numbers for the examined variants were available for controls and patients with migraine. Data from GWASs and studies containing irrelevant data were not included.




2.5. Data Extraction


The following data from each eligible study were extracted when possible: (1) author, (2) year of publication, (3) ethnicity/location of the examined population, (4) numbers (n) of cases with migraine and controls, (5) age at onset of migraine, (6) mean age of the participants during examination, (7) number of males and females in patients with migraine and controls, (8) criteria applied to the assessment of the diagnosis of migraine, (9) test of the Hardy–Weinberg Equilibrium (HWE) principle, (10) applied method for correction for multiple comparisons, (11) genotype absolute numbers, and (12) main results.




2.6. Statistical Analysis


2.6.1. Calculation of the Effect Size


Statistical analyses were performed with Review Manager (RevMan) Version 5.4 (https://training.cochrane.org/online-learning/core-software-cochrane-reviews/revman/revman-5-download, accessed on 16 December 2021). The odds ratios (ORs) and the respective 95% confidence intervals (CIs) were calculated in order for the effect of each variant on migraine to be estimated. The following effects were calculated: (a) homozygosity for the variant allele genotype, (b) heterozygosity, and (c) homozygosity for the wild-type allele. Three phenotypic traits were considered as outcomes: (a) migraine, (b) MA, and (c) MO. Statistically significant values were considered those with values lower than 0.05 (p < 0.05).




2.6.2. Heterogeneity and Assessment of Publication Bias


Cochran’s Q and I2 tests were used to calculate the heterogeneity. The random effects (RE) model was applied when high heterogeneity was observed (PQ < 0.10 and/or I2 > 75%) [43]; otherwise, the fixed effects (FE) model was applied [44]. Funnel plots were created to graphically assess the publication bias.






3. Results


3.1. Study Selection and Study Characteristics


3.1.1. PRDM16 rs2651899


The search of the databases (after the removal of duplicate records) yielded 14 articles, published between 2011 and 2021. After the initial evaluation of titles and abstracts, three articles were excluded as review articles. Consequently 11 full texts were examined for eligibility. Four articles [35,38,45,46] were excluded (GWAS or no available genotypic data). One additional eligible study was identified via the manual screening of the reference lists [47]. Thus, eight studies were finally included in the quantitative meta-analysis [39,40,41,47,48,49,50,51], consisting of 2320 patients with migraine and 2615 controls. The flowchart with the selection procedure of eligible studies for the PRDM16 rs2651899 is presented in Supplementary File S3. The baseline characteristics of the studies that fulfilled the eligibility criteria are presented in Table 1.




3.1.2. rs10166942 near TRPM8 Gene


The search of the databases (after the remove of duplicate records) yielded 14 articles, published between 2011 and 2021. After the initial evaluation of titles and abstracts, three articles were excluded (no genetic studies or review articles). Consequently 11 full texts were examined for eligibility. Five articles [35,45,46,52,53] were excluded (GWAS or no available genotypic data, no examination of this polymorphism). As such, six studies were finally included in the quantitative meta-analysis [39,40,41,48,50,51], consisting of 1633 patients with migraine and 1514 controls. The flowchart with the selection procedure of eligible studies for the rs10166942 is presented in Supplementary File S4. The baseline characteristics of the studies that fulfilled the eligibility criteria are depicted in Table 1.




3.1.3. LPR1 rs11172113


The search of the databases (after the remove of duplicate records) yielded 18 articles, published between 2011 and 2022. After the initial evaluation of titles and abstracts, four articles were excluded (no genetic studies or review articles). Consequently 14 full texts were examined for eligibility. Eight articles [35,38,45,46,54,55,56,57] were excluded (GWAS or no available genotypic data). Accordingly, six studies were finally included in the quantitative meta-analysis [41,47,48,50,51,58], consisting of 1462 patients with migraine and 1659 controls. The flowchart with the selection procedure of eligible studies for the LPR1 rs11172113 is presented in Supplementary File S5. The baseline characteristics of the studies that fulfilled the eligibility criteria are depicted in Table 1.
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Table 1. The baseline characteristics of the studies included in the current meta-analysis.
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Cases

	
Controls

	




	
Author (Year) [Ref]

	
Population or Location

	
Gene (Polymorphism)

	
HWE Test/Multiple Test Correction

	
Diagnosis Assessment

	
Mean Age ± SD/Age of Onset ± SD

	
n

	
Male/Female

	
Mean Age ± SD

	
n

	
Male/Female

	
Main Results and Comments






	
An et al. (2013) [48]

	
Han-Chinese

	
PRDM16 (rs2651899); TRPM8 (rs10166942); and LPR1 (rs11172113)

	
Yes (cases and controls)/-

	
International Classification

of Headache Disorders, 2nd edition (ICHDII)

	
36.0 ± 10.9 years/-

	
207

	
37/170

	
35.8 ± 11.5

years

	
205

	
49/156

	
The rs2651899 G allele was associated with migraine and MO in allelic mode. No association for the TRPM8 rs10166942 and the LPR1 rs11172113.




	
Gosh et al. (2013) [50]

	
India

	
PRDM16 (rs2651899); TRPM8 (rs10166942); and LPR1 (rs11172113)

	
Yes (controls)/Yes (Benjamini–Hochberg false discovery

rate (FDR) test)

	
International Classification

of Headache Disorders, 2nd edition (ICHDII)

	
-/<50 years

	
340

	
-

	
matched

	
200

	
matched

	
Protective effect of the rs2651899 (T) on migraine and MO susceptibility (genotypic, dominant, allelic models). Protective effect of the LPR1 rs11172113 C allele on migraine MA and MO in various models.

No association for the TRPM8 rs10166942.




	
Fan et al. (2014) [51]

	
Han-Chinese

	
PRDM16 (rs2651899); TRPM8 (rs10166942); and LPR1 (rs11172113)

	
Yes (controls)/Yes (Bonferroni)

	
International Classification

of Headache Disorders, 2nd edition (ICHDII)

	
40.65 ± 12.18 years/24.03 ± 11.13 years

	
304

	
53/251

	
matched

	
304

	
matched

	
The rs2651899 minor allele (C) was associated with migraine and MO. No association for the TRPM8 rs10166942 and the LPR1 rs11172113.




	
Sintas et al. (2015) [40]

	
Spanish

	
PRDM16 (rs2651899); TRPM8 (rs10166942); and LPR1 (rs11172113)

	
Yes (cases and controls)/10,000 permutations and

Bonferroni’s correction

	
International Classification

of Headache Disorders, 2nd edition (ICHDII)

	
-/13.5 ± 12 years

	
512

	
78.13% female

	
matched

	
535

	
78.83% female

	
The rs2651899 minor allele (C) was nominally associated with migraine and MA. The TRPM8 rs10166942 (T) allele nominally associated with migraine. No significance remained after multiple comparison correction.




	
An et al. (2017) [47]

	
Chinese

	
PRDM16 (rs2651899); and LPR1 (rs11172113)

	
Yes (controls)/Yes (Benjamini–Hochberg false discovery

rate (FDR) test and Bonferroni)

	
International Classification of Headache Disorders

(ICHD-III beta)

	
-/35.4 ± 10.2 years

	
581

	
61/520

	
34.8 ± 8.9 years

	
533

	
57/476

	
The rs2651899 C allele was associated MO and migraine with family history subgroup. No association for the LPR1 rs11172113.




	
Ran et al. (2018) [49]

	
Swedish

	
PRDM16 (rs2651899);

	
Yes/-

	
International Classification

of Headache Disorders, 2nd edition (ICHDII)

	
-

	
100

	
-

	
-

	
581

	
56.3%

male

	
No association.




	
Kaur et al. (2019) [39]

	
North Indian

	
PRDM16 (rs2651899) and TRPM8 (rs1016694)

	
Yes (controls)/-

	
International Classification of Headache

disorders, 3rd edition

	
35.28 ± 6.6 years/

	
150

	
40/110

	
no statistical difference in terms of age as p = 0.35

	
150

	
60% females

	
The rs2651899 T allele was associated with migraine in genotypic, allelic, and dominant model. Association was found for the variant with the MO and the female migraineurs. The TRPM8 rs1016694 was associated with MA and in males.




	
Kaur et al. (2019) [58]

	
India

	
LPR1 (rs11172113)

	
Yes/-

	
International Classification of Headache

disorders, 3rd edition

	
MA:35.13 ± 6.0 years/-

MO: 36.40 ± 5.2 years/-

	
100

	
28/72

	
34.45 ± 7.6 years

	
100

	
38/62

	
No association




	
Zafar et al. (2021) [41]

	
Pakistan

	
PRDM16 (rs2651899); TRPM8 (rs10166942); and LPR1 (rs11172113

	
Yes (controls)/-

	
International Classification

of Headache Disorders, 2nd edition (ICHDII)

	
25.79 ± 5.19 years/-

	
127

	
31/96

	
26.26 ± 5.57 years

	
120

	
38/82

	
The rs2651899 G allele was associated with migraine, MO, and MA. The TRPM8 rs10166942 and the LPR1 rs11172113 were associated with migraine and MO.








PRDM16, PR/SET Domain 16; TRPM8, Transient Receptor Potential Cation Channel Subfamily M Member 8; LRP1, LDL receptor-related protein 1; MA, migraine with aura; MO, migraine without aura; CH, cluster headache.













3.2. Tests of Heterogeneity, Effect Size, and Publication Bias


3.2.1. PRDM16 rs2651899


Overall Migraine Group


A significant association was revealed between the PRDM16 rs2651899 and the overall migraine group for the CC genotype (RE model OR: 1.32; 95% CI: 1.02–1.73; p-value = 0.04). The forest plots can be accessed in Figure 1. Analysis for publication bias suggested that Zafar et al. [41] overestimated the risk conferring effect of the CT model and oversized the protective impact of the TT model (Supplementary File S6).




MA Group


A significant association revealed between the PRDM16 rs2651899 and the MA subgroup group for the CC genotype (FE model OR: 1.40; 95% CI: 1.12–1.74; p-value = 0.003) and a marginal trend for a protective effect of the AA genotype (FE model OR: 0.81; 95% CI: 0.66–1.00; p-value = 0.05). The forest plots can be accessed in Figure 2. Funnel plots were not indicative for publication bias (Supplementary File S7).




MO Group


No association was revealed for the PRDM16 rs2651899 and the MO subgroup. The forest plots can be accessed in Figure 3. Analysis for publication bias suggested that smaller studies tended to exaggerate the risk conferring association of the CT model (OR probably lies closer to 1.00 than estimated) (Supplementary File S8).





3.2.2. rs10166942 near TRPM8 Gene


Overall Migraine Group


A significant association for a protective effect was revealed between the rs10166942 and the overall migraine group for the CC genotype (FE model OR: 0.75; 95% CI: 0.62–0.91; p-value = 0.003) and for the TT genotype (FE model OR: 0.84; 95% CI: 0.71–0.99; p-value = 0.03). On the contrary, the heterozygosity CT was associated with increased migraine risk (FE model OR: 1.36; 95% CI: 1.18–1.57; p-value < 0.0001). The forest plots can be accessed in Figure 4. Analysis for publication bias (Supplementary File S9) suggested that smaller, less precise articles appeared to overestimate the risk conferring association of the CT model (the true OR is probably closer to 1.00, i.e., relatively mitigated), as well as the protective effect of the TT model (the true OR may be even equal to 1.00, i.e., no true effect). Publication bias was not apparent with respect to the CC model.




MA Group


No association was detected between the rs10166942 and the MA subgroup. The forest plots can be accessed in Figure 5. The funnel plots are not indicative of a clear direction for a biased publication trend (Supplementary File S10).




MO Group


A significant association, with a protective effect was revealed between the rs10166942 and the overall migraine group for the CC genotype (FE model OR: 0.78; 95% CI: 0.64–0.96; p-value = 0.02) while the heterozygosity CT was associated with increased MO risk (FE model OR: 1.41; 95% CI: 1.17–1.69; p-value = 0.0003). A marginal protective effect against MO was found for the TT genotype (FE model OR: 0.80; 95% CI: 0.63–1.01; p-value = 0.06). The forest plots can be accessed in Figure 6. Analysis for publication bias (Supplementary File S11) suggested that the smallest, least precise article seemed to mildly downsize the protective effect of the CC model and exaggerate the risk conferring effect of the CT model, as well as the protective effect of the TT model. Therefore, real associations are probably relatively stronger for the CC model and mitigated for the CT and TT models.





3.2.3. LPR1 rs11172113


Overall Migraine Group


Only a marginal trend for association was revealed between the LPR1 rs11172113 and migraine for the CT genotype (FE model OR: 0.86; 95% CI: 0.74–1.00; p-value = 0.05). The forest plots can be accessed in Figure 7. Analysis for publication bias (Supplementary File S12) suggested that smaller, less precise studies tended to overestimate the true effect (OR) of the CC model, which was probably closer to 1.00 than estimated (i.e., no association), and tended to mildly underestimate the true effect of the recessive model TT. The CT model appears to be less (if at all) affected by publication bias.




MA Group


No association was detected between the LPR1 rs11172113 and MA subgroup. The forest plots can be accessed in Figure 8. The funnel plots are not indicative of a clear direction for a biased publication trend (Supplementary File S13).




MO Group


No association was detected between the LPR1 rs11172113 and MO subgroup. The forest plots can be accessed in Figure 9. Analysis for publication bias (Supplementary File S14) suggested that smaller, less precise studies tended to overestimate the true effect (OR) of the CC model, which was probably closer to 1.00 than estimated (i.e., no association), and mildly underestimated the true effect of the recessive model TT. The CT model appears to be less (if at all) affected by publication bias.







4. Discussion


In this meta-analysis, we investigated the effect of three variants (namely the PRDM16 rs2651899, the rs10166942 near the TRPM8 gene, and the LPR1 rs11172113) on the risk of migraine, as well as on the risk of the main migraine phenotypes, namely the MA and the MO. Our study detected a significant influence of the PRDM16 rs2651899 on the risk of overall migraine and MA. Moreover, we detected a significant association between the rs10166942 (near the TRPM8 gene) CT genotype and increased migraine risk and MO risk, while the homozygosities appear to confer a protective effect. Finally, we did not detect any association between the LRP1 rs11172113 and any of the migraine phenotypes.



The PRDM16 gene encodes a zinc finger transcription factor, which contains an N-terminal PR domain [59,60]. The precise mechanism by which PRDM16 may be involved in migraine remains unknown. There are indications that the PRDM16 may be implicated in a molecular mechanism related to brown extra fat cells and preadipocytes, and as such, it may possibly be related to obesity [61]. This is of great interest, considering that obesity (total body and abdominal) has been associated with an increased prevalence of migraine and frequency of migraine attacks [62]. Moreover, the PRDM16 is implicated in oxidative stress and neurogenesis [63]. Such mechanisms have also been implicated in migraine pathogenesis [64,65,66].



The PRDM16 rs2651899 polymorphism is an intronic variant located at chromosome 1:3167148. This variant polymorphism may alter PRDM16 gene splicing or may have an effect on downstream regulatory elements, influencing the expression of PRDM16 mRNA [37]. The variety in the direction of the association between migraine and the rs2651899 (meaning that both the alleles have been reported to be associated with the migraine risk), denotes that the possible biological consequences of the rs2651899 on the PRDM16 polymorphism are far from being fully elucidated. This could possibly explain the fact that we did not detect any association between the PRDM16 rs2651899 and MO, as in a previous meta-analysis [37].



TRPM8 proteins are cold-sensitive channels responding to a great variety of ligands [67]. They are primarily expressed on peripheral sensory neurons and also on sensory afferents of the meninges [68,69]. Exposure to cold temperatures is a known trigger of migraine attacks [70]. While it is not clear whether meningeal TRPM8 protein are sensitive to weather fluctuations [70], it has been observed that activation of meningeal TRPM8 can alter the feeling of pain [67]. TRPM8 has also drawn attention as it is considered as a possible therapeutic target for migraine, neuropathic pain, and non-headache disorders [67,71,72,73].



The rs10166942 is an upstream gene variant located at Chromosome 2:233916448, near the TRPM8 gene. Interestingly, carriers of the rs10166942 C allele appeared to have decreased TRPM8 expression and reduced sensitivity to cold stimuli [74]. Moreover, carriers of the rs10166942 T allele presented more allodynic symptoms compared with the non-T allele carriers [53].



The third examined polymorphism in our study is the intronic rs11172113 located at Chromosome 12:57133500 of the LRP1 gene. The LRP1 gene is expressed in the brain, vasculature and, many other human tissues [75]. It is implicated in synaptic transmission, neuronal calcium signaling, amyloid precursor protein metabolism, and neuronal and glutamate signaling. [75]. Considering that elevated interictal glutamate levels have been found in the visual cortex of patients with MA, cortical hyperexcitability may be among the pathophysiological mechanisms that connect LRP1 with migraine [76,77,78]. Notably, our study did not detect any association between migraine and LRP1 rs11172113.



The fact that none of the examined polymorphisms has been associated with both MA and MO subgroups could be attributed to several reasons. Firstly, despite the similarities in genetic architecture between MA and MO, a few differences also exist [23]. Moreover, patients with MA were fewer than participants with MO, and obviously both the MA and MO datasets were smaller compared to the overall migraine group, suggesting that the analysis of the subgroup may lack the statistical power needed to detect a possible association with the tested variants.



Migraine causes severe impairment, influencing the quality of life, and the patients are unable to be productive in their daily activities [79,80]; consequently, migraine has a considerable economic impact on societies [81]. In an attempt to offer effective and personalized treatment, genetic studies are paving the way towards “precision medicine” targeted healthcare strategies, that take into account an individual’s genetic make-up and other environmental factors, to offer the optimal therapeutic and preventive options for each case. However, whether or not the variants meta-analyzed in our study could eventually have an impact on the diagnosis, prognosis, and treatment response remains elusive, highlighting the necessity for research on migraine, given the high prevalence in patients who suffer from this disease [14,82,83].




5. Conclusions


In conclusion, based on our findings the PRDM16 rs2651899 is associated with migraine and MA, and the rs10166942 (near the TRPM8 gene) CT genotype is associated with increased migraine risk and MO risk, while the homozygosities appear to confer a protective effect. Additionally, we did not detect any association between the LRP1 rs11172113 and any of the migraine phenotypes. In any case, considering that therapeutic approaches for migraine are often ineffective, it will be interesting to observe whether a personalized treatment based on the genetic architecture of each individual could be applied in the future. Future larger collaborative studies are needed, in cohorts with multiethnic backgrounds, for the role of these variants in migraine to be more accurately elucidated.
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Figure 1. The forest plots presenting the results from meta-analysis of the rs2651899 and overall migraine group. 
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Figure 2. The forest plots presenting the results from meta-analysis of the rs2651899 and migraine with aura group. 
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Figure 3. The forest plots presenting the results from meta-analysis of the rs2651899 and migraine without aura group. 
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Figure 4. The forest plots presenting the results from meta-analysis of the rs10166942 and overall migraine group. 
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Figure 5. The forest plots presenting the results from meta-analysis of the rs10166942 and migraine with aura group. 
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Figure 6. The forest plots presenting the results from meta-analysis of the rs10166942 and migraine without aura group. 
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Figure 7. The forest plots presenting the results from meta-analysis of the rs11172113 and overall migraine group. 
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Figure 8. The forest plots presenting the results from meta-analysis of the rs11172113 and migraine with aura group. 
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Figure 9. The forest plots presenting the results from meta-analysis of the rs11172113 and migraine without aura group. 
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cC
Mimgraine with Aura Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anetal 2013 11 3 95 205 17.2% 0.64[0.29, 1.40] —
Ghoshetal. 2013 18 105 44 200 20.0% 0.73[0.40,1.35] -
Fanetal 2014 23 41 137 304 192% 1.56 [0.81, 3.00] T
Sintas etal. 2015 5 512 23 535 18.0% 0.49[0.24,1.01] e
Kauretal. 2019 8 43 68 1580 16.4% 0.28[0.12,0.63] —
Zafaretal. 2021 3 26 6 120 9.2% 248058, 10.63]
Total (95% CI) 758 1514 100.0% 0.73[0.42, 1.26] -
Total events 74 373
Heterogeneity: Tau®=0.29; Chi*=14.35, df= 5 (P =0.01); F= 5% '0 02 051 150 505
Test for overall effect: Z2=1.12 (P = 0.26) ' ' Control  Migraine with Aura
CcT
Mimgraine with Aura Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anetal 2013 17 31 82 205 16.0% 1.82 [0.85, 3.90] T
Ghoshetal. 2013 a7 105 91 200 202% 1.42[0.89, 2.29] T
Fanetal 2014 13 41 129 304 169% 0.63[0.31,1.26] —
Sintas etal. 2015 165 512 148 535 229% 1.24[0.95,1.62] ™
Kauretal 2019 32 43 55 1580 16.0% 5.02[2.35,10.76] — =
Zafaretal. 2021 2 26 30 120 8.0% 0.25[0.06,1.12] "
Total (95% CI) 758 1514 100.0% 1.33[0.79, 2.24] e
Total events 286 535
Heterogeneity: Tau®*=0.29; Chi*= 21.89, df=5 (P = 0.00058); F=77% 0 =05 052 é 250
Test for overall effect Z=1.08 (P =0.28) ' ' Control  Migraine with Aura
T
Mimgraine with Aura Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
Anetal 2013 3 31 28 205 29% 0.68[0.19, 2.38] :
Ghosh etal. 2013 30 105 65 200 17.0% 0.83[0.50,1.39] —r
Fanetal 2014 L 41 38 304 4 6% 097 [0.36, 2.63]
Sintas etal. 2015 336 512 364 535 68.5% 0.90[0.69,6 1.16] s 3
Kauretal 2019 3 43 27 140 29% 034([010,1.19]
Zafaretal. 2021 21 26 84 120 41% 1.80[0.63,5.159]
Total (95% CI) 758 1514 100.0% 0.88[0.71, 1.09] &
Total events 398 BO6
Heterogeneity: Chi*=4.27 df=5(P=0.51), F=0% 0 *05 0}2 % 2{[]
Testfor overall effect Z=116 (P = 0.25) ' ' Control Migraine with Aura
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cC
Mimgraine without Aura Control Odds Ratio Odds Ratio
Study or Subgroup BEvents Total BEvents Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
Anetal 2013 69 176 95 2056 251% 0.75[0.50,1.12] —&T
Ghoshetal 2013 39 228 44 200 181% 0.73[0.45,1.18] —T
Fanetal 2014 103 263 137 304 373% 0.78[0.56,1.10] —
Kauretal 2019 45 107 B8 150 16.7% 0.88[0.53,1.44] —
Zafaretal. 2021 a 101 B 120 2.8% 0.99[0.29, 3.34]
Total (95% CI) 875 979 100.0% 0.78][0.64, 0.96] 3
Total events 261 350
Heterogeneity: Chi*=0.46, df=4 (P =0.98); F=0% 0 =05 012 g é 2=D
Testfor overall effect: 2= 233 (P=0.02) ' ) Control Migraine without Aura
CcT
Mimgraine without Aura Control Odds Ratio Odds Ratio
Study or Subgroup Events Total BEvents Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
Anetal 2013 a6 176 82 205 209% 1.43[0.95 2.19] T
Ghoshetal 2013 118 228 91 200 238% 1.28([0.88,1.88] T
Fanetal 2014 128 263 129 304 31.3% 1.29[0.92,1.79] i Bl
Kauretal 2019 44 107 85 150 13.3% 1.21[0.73, 2.01] -
Zafaretal. 2021 47 101 30 120 10.7% 2.61[1.48, 4.61] e
Total (95% CI) 875 979 100.0% 1.41[1.17,1.69] &
Total events 423 387
Heterogeneity: Chi = 5.40, df= 4 (P =0.25); F= 26% 005 02 g : 1
Test for overall effect: £= 3.60 (P = 0.0003) Control  Migraine without Aura
TT
Mimgraine without Aura Control Odds Ratio Odds Ratio
Study or Subgroup BEvents Total BEvents Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
Anetal 2013 21 176 28 205 149% O086([0.47, 1.57]
Ghosh etal. 2013 71 228 65 200 329% 094[062 1.41]
Fanetal 2014 32 263 38 304 21.6% 0.97[0.59, 1.60] .
Kauretal 2019 18 107 27 150 127% 0.92([0.48,1.78] _—
Zafaretal. 2021 49 101 84 120 179% 040([0.23, 0.70] .
Total (95% CI) 875 979 100.0% 0.80][0.63, 1.01] &
Total events 191 242
Heterogeneity: Chi = ?.EB, df= 4£P =0.12), F= 45% 0n5 02 ; : 0
Test for overall effect: Z=1.87 (P = 0.06) Control Migraine without Aura
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cC
Mimgraine without Aura Control Odds Ratio Odds Ratio
Study or Subgroup Events Total EBEvents Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anetal 2013 a6 176 34 2056 206% 1.29[0.77, 217] B el
Ghosh etal. 2013 a1 231 41 200 21.5% 2.09[1.35, 3.24) E———
Fanetal 2014 he 263 43 304 21.5% 1.60[1.04, 2.49] Ea
Kauretal 2019 17 107 52 150 19.4% 0.36 [0.19, 0.66] —
Zafaretal. 2021 21 101 10 120 17.0% 2.89[1.29, 6.47] —_—
Total (95% Cl) 878 979 100.0% 1.34[0.73, 2.47] ih -
Total events 210 180
Heterogeneity: Tau*=0.40; Chi*= 2569, df=4 (P < 0.0001); F=84% ; 505 052 ) é 2?0
Test for overall effect: Z=0.94 (P =0.35) ' ' Control  Migraine without Aura
o
Mimgraine without Aura Control Odds Ratio Odds Ratio
Study or Subgroup Events Total BEvents Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anetal 2013 92 176 94 205 206% 1.29[0.86, 1.94] T
Ghosh etal. 2013 98 231 106 200 20.9% 0.65 [0.45, 0.96] —
Fanetal 2014 138 263 150 304 21.6% 1.13[0.81,1.58] -
Kauretal 2019 70 107 78 150 18.9% 1.75[1.05, 2.91] [
Zafaretal. 2021 56 101 32 120 18.0% 3.42[1.95, 6.01] ——
Total (95% Cl) 878 979 100.0% 1.37 [0.85, 2.22] R
Total events 454 460
Heterogeneity: Tau?= 0.25; Chi*= 25.34, df= 4 (P < 0.0001); F= 84% s 02 , t 2h
Test for overall effect Z=1.31{(F=0.19) ) ) Control Migraine without Aura
TT
Mimgraine without Aura Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anetal 2013 48 176 77 2056 20.9% 0.62 [0.40, 0.96] ]
Ghosh etal. 2013 52 231 53 200 20.8% 0.81[0.52,1.25] —=r
Fanetal 2014 70 263 111 304 21.8% 0.63[0.44, 0.90] ="
Kauretal 2019 20 107 20 150 17.7% 1.49[0.76, 2.94] T
Zafaretal. 2021 24 101 78 120 18.8% 0.17 [0.09, 0.30] ——
Total (95% Cl) 878 979 100.0% 0.60 [0.35, 1.04] e
Total events 214 339
Heterogeneity: Tau?= 0.33; Chi*= 26.55, df= 4 (P < 0.0001}; F=85% 0 =05 u’z 5 2%0
Test for overall effect: Z=1.81 (FP=0.07) ' ' Control  Migraine without Aura
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(]
Migraine Control Odds Ratio Odds Ratio
Study or Subgroup EBvents Total Events Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
Anetal 2013 a0 207 95 205 226% 0.73[0.49 1.08] —&
Ghosh etal 2013 ¢ 333 44 200 18.0% O0.73[0.47,1.14] =l
Fanetal 2014 126 304 137 304 337% 086[0.63, 1.19] —-
Sintas etal. 2015 11 %12 23 5935 B.5% 049([0.24 1.01] —
Kauretal 2019 53 140 68 150 161% 0.66[0.41,1.08] g
Zafaretal. 2021 8 127 B 120 29% 1.28[0.43, 3.80]
Total (95% CI) 1633 1514 100.0% 0.75]0.62, 0.91] &
Total events 335 373
Heterogeneity; Chi®= 3.30, df= 5 (P = 0.65); F= 0% 0 505 D’E é 250
Test for overall effect: 2= 2.99 (P =0.003) ) ) Contral  Migraine
CT
Migraine Control Odds Ratio Odds Ratio
Study or Subgroup  Bvents Total Bvents Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
Anetal 2013 103 207 82 205 141% 1.49[1.01,219] Rl
Ghosh etal 2013 178 333 91 200 17.3% 1.33[0.93,1.89] T
Fanetal 2014 141 304 129 304 209% 1.17[0.85 1.62] =
Sintas etal. 2015 166 812 148 535 3045% 1.24[0.95 1.62] T
Kauretal 2019 76 140 a5 180 101% 1.77[1.12, 2.81] =&
Zafaretal. 2021 49 127 30 120 7.2% 1.88[1.09, 3.29] e
Total (95% CI) 1633 1514 100.0% 1.36 [1.18, 1.57] L
Total events 709 A35
Heterogeneity, Chi*= 412, df=8(P=053; F=0% 0 =[15 D:E % E:D
Test for overall effect: Z=4.12 (P = 0.0001) ' ' Control Migraine
TT
Migraine Control Odds Ratio Odds Ratio
Study or Subgroup  BEvents Total Bvents Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
Anetal 2013 24 207 28 205 8.3% 0.83[0.46,1.49] —
Ghosh etal 2013 101 333 65 200 198% 090[062, 1.32] —.
Fanetal 2014 37 304 38 304 12.0% 0497[0.60 1.57] S
Sintas etal. 2015 336 512 364 535 424% 0.90[0.69, 1.16] -
Kauretal 2019 21 150 27 1580 7.3% 074040, 1.38] g
Zafaretal. 2021 70 127 84 120 10.2% 0.53[0.31,0.89] —_—
Total (95% CI) 1633 1514 100.0% 0.84[0.71, 0.99] E
Total events 5849 G606
Heterogeneity: Chi*= 3.895, df= 4 (P = 0.56) F=0% 2 IDS DIE é EIIII
Test for overall effect: Z=2.02 (P =0.04) ) ) Control Migraine
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cC
Mimgraine with Aura Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Anetal 2013 B 31 34 204 52% 1.21[0.46, 3.17]
Ghoshetal. 2013 27 108 41 200 157% 1.29[0.74, 2.29] 2N
Fanetal 2014 10 41 43 304 7.9% 1.96([0.90, 4.28] !
Sintas etal. 2015 140 512 110 535 591% 1.45[1.09,1.94] .
Kauretal 2019 15 43 54 150 9.5% 1.01[0.50, 2.06] S
Zafaretal. 2021 3 26 10 120 26% 1.43[0.37,5.63]
Total (95% CI) 761 1514 100.0% 1.40[1.12, 1.74] e
Total events 201 290
?et!ta;ogenemizl C#I T1ZEBQ cgifszi;jEPD:UDU.?E’lB};l =0% 0.05 02 j : 20
est for overall effect: 2= 2.95 (F = 0.003) Control Migraine with Aura
CcT
Mimgraine with Aura Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Anetal 2013 16 31 94 205 6.0% 1.26[0.59, 2.68] N o
Ghoshetal 2013 a1 108 106 200 157% 0.79[0.50,61.27] —
Fanetal 2014 16 41 150 304 7.7% 0.66([0.34,1.28] 1
Sintas etal. 2015 248 512 26Y B35 586% 094074, 1.20] . =
Kauretal 2019 20 43 78 150 7.5% 0.80[0.41,1.58] 1
Zafaretal. 2021 13 26 32 120 46% 2.75[1.15, 6.56] - E—
Total (95% CI) 761 1514 100.0% 0.94[0.78, 1.13] &
Total events J64 727
_II-_ietnta;ogenewlzl CQI ngﬁn gf;SEPD:sg.M};I =39% 0hs 02 ; : 0
estfor overall effect: 2= 0.63 (P = 0.53) Control Migraine with Aura
¥ ]
Mimgraine with Aura Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Anetal 2013 9 31 77 205 6.4% 0.68[0.30,1.55]
Ghoshetal 2013 a0 108 53 200 157% 1.07[0.63,1.80] —
Fanetal 2014 15 41 111 304 95% 1.00[0.51,1.97] ——
Sintas etal. 2015 124 512 158 535 575% 0.76[0.58,1.00] i
Kauretal 2019 8 43 20 150 5.3% 1.49[0.60, 3.66] B I
Zafaretal. 2021 10 26 78 120 7% 0.34[0.14,0.81]
Total (95% CI) 761 1514 100.0% 0.81[0.66, 1.00] g
Total events 196 497
Heterogeneity: Chi*=7.41, df=58{(P=019); F= 33% 0hs 0 , : 20

Testfor overall effect. £=1.938 (P = 0.0%)

Control Migraine with Aura
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cC
Migraine Control Odds Ratio Odds Ratio
Study or Subgroup Events Total BEvents Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anetal 2013 14 207 19 205 158% 0.92[0.43, 1.96] — = -
Ghosh et al. 2013 17 340 18 200 17.1% 0.53[0.27,1.086] —_—
Fanetal 2014 19 304 19 304 17.0% 0.78[0.39, 1.56] ——r—
Anetal 2017 37 581 35 533 215% 0.97 [0.60, 1.56] —r
Kauretal 2019 20 100 11 100 151% 2.021[0.91, 4.48] =
Zafaretal 2021 20 127 7120 13.4% 3.02[1.23, ¥.42] -
Total (95% Cl) 1659 1462 100.0% 1.09 [0.69, 1.71] ’
Total events 123 105
Heterageneity: Tau*=0.19; Chi*=12.56, df= 5 (P =0.03); = 60% 0 505 052 é 250
Testfor overall effect Z=036(P=0.72) ' ’ Control  Migraine
CT
Migraine Control Odds Ratio Odds Ratio
Study or Subgroup EBvents Total Events Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
Anetal 2013 i3 207 77 205 13.45% 0.91[0.61,1.359]
Ghoshetal 2013 89 340 74 200 1545% 0.60([0.41,0.88] o
Fanetal 2014 106 304 102 304 194% 1.06([0.76,1.48]
Anetal 2017 204 581 204 533 366% 087 [0.68,1.11]
Kauretal 2019 30 100 42 100 6.4% 0.59[0.33,1.06] /T
Zafaretal. 2021 B9 127 B0 120 8.7% 1.19[0.72,1.96] =
Total (95% CI) 1659 1462 100.0% 0.86[0.74, 1.00] +
Total events 571 559
Heterogeneity: Chi*=8.18, df= 8 (P=0.15); F= 39% 0 ijs 0?2 é 2*0
Test for overall effect: Z=1.97 (P = 0.05) ’ ) Control Migraine
TT
Migraine Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Bvents Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anetal 2013 120 207 113 205 16.8% 1.12[0.76, 1.66] -1
Ghosh etal. 2013 234 340 108 200 17.6% 1.88[1.31, 2.70] —
Fanetal 2014 183 304 183 304 187% 1.00[0.72,1.38] ——
Anetal 2017 340 581 294 533 21.4% 1.15[0.90, 1.45] ™
Kauretal 2019 a0 100 47 100 12.4% 1.13[0.65, 1.96] —
Zafaretal 2021 38 127 83 120 131% 0.54 [0.32, 0.91] — =
Total (95% CI) 1659 1462 100.0% 1.10 [0.84, 1.44] -
Total events 965 798
Heterogeneity: Tau®= 0.08; Chi*=15.87, df= 5 (P = 0.007); F= 68% 0 i]ﬁ 052 é 2’0
Test for overall effect: Z2=0.68 (P = 0.50) ' ’ Control  Migraine
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cC
Migraine Control Odds Ratio Odds Ratio
Study or Subgroup Bvents Total Bvents Total Weight [V, Random, 95% ClI IV, Random, 95% CI
Anetal 2013 42 207 34 208 11.7% 1.28[0.78, 2.11] -
Ghosh etal. 2013 108 339 41 200 13.5% 1.81[1.20, 2.74] —
Fanetal 2014 65 304 43 304 13.3% 1.65[1.08, 2.52] e
Sintas etal. 2015 140 512 110 535 16.3% 1.45[1.09, 1.94] -
Anetal 2017 121 581 84 531 1589% 1.40[1.03, 1.90] Eal
Ranetal 2018 17 100 98 570 1045% 0.99 [0.56, 1.74] ————
Kauretal 2019 32 150 52 150 11.4% 0.51[0.31, 0.86] —_—
Zafaretal. 2021 24 127 10 120 7.3% 25617, 5.62] ——
Total (95% CI) 2320 2615 100.0% 1.32[1.02, 1.73] e
Total events 549 472
Heterogeneity: Tau®= 0.09; Chi*= 20.57, df=7 (P = 0.004); F= 66% ) l ) l
Test for overall effect: Z=2.08 (P=0.04) 0s [z : — g 2
Control Migraine
CcT
Migraine Control Odds Ratio Odds Ratio
Study or Subgroup Bvents Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anetal 2013 108 207 94 205 122% 1.29[0.87,1.90] r—
Ghosh etal. 2013 149 339 106 200 128% 0.70[0.49, 0.99] ==
Fanetal 2014 154 304 150 304 13.4% 1.05[0.77,1.45] I
Sintas et al. 2015 248 512 267 535 145% 0.94 [0.74,1.20] . il
Anetal 2017 292 581 272 531 146% 0.96 [0.76,1.22] - i
Ranetal 2018 36 100 283 570 11.4% 0.587[0.37, 0.89] —
Kauretal 2019 90 150 78 150 111% 1.38[0.88, 2.19] T
Zafaretal. 2021 B9 127 2z 12U 9.9% 3.27[1.92, 5.58] —
Total (95% CI) 2320 2615 100.0% 1.07 [0.82, 1.40] ’
Total events 1146 1282
Heterogeneity: Tau*=0.11; Chi*=33.28, df=7 (P = 0.0001); F=79% ) : ) :
Testfor overall effect Z= 0.49 (P = 0.62) L 20
Control Migraine
T
Migraine Control Odds Ratio Odds Ratio
Study or Subgroup BEvents Total EBEvents Total Weight IV, Random, 95% ClI IV, Random, 95% CI
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