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Abstract

Background: Apolipoprotein E (ApoE) gene has been reported to be associated with migraine and tension-type
headache (TTH), but the results are conflicting. This study aimed to evaluate the association of ApoE with migraine
by a meta-analysis.

Methods: MEDLINE, ISI Web of Knowledge, The Cochrane Central Register of Controlled Trials, and EMBASE
databases were searched to identify eligible studies published in English from 2000 to 2014. Data were extracted
using standardized forms. The association was assessed by relative risk (RR) with 95 % confidence intervals (Cls)
using a fixed or random effects model.

Results: Four studies, comprising 649 migraineurs, 229 TTH subjects and 975 controls, met all the criteria and were
included in the meta-analysis. No significant difference was found comparing genotypic and allelic frequencies in
the case of migraineurs versus controls and TTH subjects versus controls. Only when migraineurs and TTH subjects
were considered as a whole group, ApoE4 was found to increase the relative risk of headache by 1.48 (95 % Cl 1.16,

1.90; P =0.002), compared to controls.

(including migraine and TTH).

Conclusions: ApoF €4 allele is not associated with migraine susceptibility, but is positively related to headache

Background

Migraine is a common neurovascular disorder, charac-
terized by recurrent episodes of headache and the
dysfunction of the autonomic nervous system, affecting
10-20 % of the population [1, 2]. Although the patho-
physiology of migraine is largely unknown, a neurogenic
hypothesis of migraine has been proposed [3]. In par-
ticular, the genes involved in regulation of the endothelin
system are proved to be promising candidates in mi-
graine susceptibility [4, 5].

Apolipoprotein E (ApoE) is a 299 amino acid protein,
encoded by a gene located on chromosome 19cen-q13.2
[6, 7]. ApoE gene has three common alleles (2, €3, €4)
that encode three isoforms (APOE2, APOE3, APOE4).
Several studies have shown a relationship between
APOE polymorphism and the expression of the cyto-
kines involved in migraine and TTH [8, 9]. Moreover,
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several studies investigated the association between
APOE single nucleotide polymorphism (SNP) and mi-
graine, but the results are conflicting [10-13].

Therefore, to define further the disease risk associ-
ated with APOE polymorphism, in this study we per-
formed a meta-analysis of all related studies that
evaluated allelic and genotypic frequencies of ApoE
polymorphism in migraine.

Methods

Selection of studies

Eligible studies were identified by searching on web-
based databases (MEDLINE 2000 to 2014, ISI Web of
Knowledge 2000 to 2014, The Cochrane Central Regis-
ter of Controlled Trials 2000 to 2014, and EMBASE)
with no language restrictions. Search terms were “apoli-
poprotein E”, “APOE”, “e2”, “e3”, “e4”, “APOE2’,
“APOE3”, “APOE4”, “migraine”, “headache” and “Poly-
morphism”. Potentially relevant studies were retrieved
and reviewed by 2 reviewers. All case—control studies
with extractable data were included. Included studies
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were published as full-length articles in peer-reviewed
journals.

Data extraction and quality assessment

Studies were included for meta-analysis if they met the
following criteria: (1) the association between APOE and
migraine was examined by using a population-based,
case—control design; (2) migraine was diagnosed using
an international standard; (3) genotype or allele frequen-
cies were reported in both cases and controls; (4) the
genotype frequencies in control groups were consistent
with Hardy-Weinberg equilibrium.

Statistical analysis

Heterogeneity across the eligible studies was tested using
Q-test, and it was considered statistically significant
when P <0.1. Heterogeneity was also quantified with I*
test (I* = (Q- df) / Q x 100 %. I* values of above 25 %,
50 %, and 75 % were taken as indicators of mild, modest,
and high heterogeneities, respectively. When the effects
were assumed to be homogeneous (P >0.1, <50 %),
the fixed-effects model was used; otherwise, the
random-effects model was more appropriate. The meta-
analyses were performed using Stata Version 12.0 soft-
ware (Stata Corp., College Station, TX, USA).

Results

Study inclusion and characteristics

As a result of our literature search, a total of four pub-
lished articles reported on the relationship between
APOE SNP and migraine and met the inclusion criteria.
Rainero et al. divided the subjects into three subgroups:
migraine with aura; migraine without aura; and mixed
headaches (migraine associated with tension-type head-
ache) [10]. Stuart et al. separated migraineurs into MA
and MO groups. The other two reports investigated a
possible association of APOE polymorphism with mi-
graine and TTH [11, 12].

Results of meta-analyses
Total 649 migraineurs, 229 TTH subjects and 975 con-
trols were genotyped for APOE polymorphism. In the
four studies, the distribution of the genotypes in control
groups was in Hardy—Weinberg equilibrium (P < 0.05).
No significant difference was found between genotypic
and allelic frequencies in the case of migraineurs versus
controls and TTH subjects versus controls. Exclusively
in the comparison between subjects with the allele E2
vs. E3 + E4, pooled RR with fixed effect was 1.49 (95 %
CI 1.11, 2.01; P=0.009, I*=74.1 %). This significance
disappeared with random effect (RR1.82; 95 %CI 0.92,
3.61). While E4 gene increased the relative risk of head-
ache by1.48 (95 % CI 1.16, 1.90; P = 0.002), they did not
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show any effect when migraineurs and TTH subjects
were taken as a reference category (Figs. 1 and 2).

Meta-analysis of subgroups

To determine genetic heterogeneity of E2, MO and MA
subgroups were also compared vs. controls. No signifi-
cant difference between cases and controls was observed
(Figs. 3 and 4).

Discussion

The results of this meta-analysis suggest that there is no
association between migraine and APOE polymorphism,
even in subgroups analyses. However, when migraineurs
and TTH subjects as a whole headache group were ex-
amined, a significant association was found between
headache and E4 gene polymorphism. Migraineurs and
TTH subjects carrying the allele E4, using fixed effects,
showed a modest heterogeneity but significantly in-
creased disease risk. The modest heterogeneity is the
most likely explanation for the differences in ethnicity or
in sample characteristics. Our data therefore partially
confirm previous studies suggesting that this poly-
morphism represents a genetic risk factor for patients
with migraine or TTH.

Nitric oxide (NO) plays an essential role in the patho-
genesis of both migraine and TTH [14, 15]. Moreover,
the production of NO is dependent on APOE Hhal poly-
morphism [16]. NO production is greater in APOE4 car-
riers with characteristically high levels of oxidative stress
than in APOE3 carriers after closed head injury and
stroke [17]. In addition, higher inflammation activity was
associated with APOE &4 gene compared to APOE €3
gene [18]. Furthermore, APOE polymorphism influences
the expression of the cytokines involved in migraine and
TTH [8, 9, 19]. These results suggest that APOE4 may
be associated with more serious tissue damage and
higher disease susceptibility. Similarly, we found that
APOE4 increased the relatively higher risk of headache
compared to APOE3.

There are some limitations in our study. First, since
migraine is a complex and heterogeneous disorder with
a wide clinical spectrum, patients with different clinical
phenotypes may not sufficiently capture this variability
and may result in misclassification. Second, we only
chose three genotypes in our study, despite various ge-
notypes of APOE. Third, the lack of individual data has
restricted further adjustments for the subgroup analysis
for TTH. Fourth, the analysis was performed on a rela-
tively small number of retrospective case—control stud-
ies, and the subjects included in these studies are also
limited. Further population-based studies with larger
sample size are necessary to confirm our conclusions.
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Study | RR [95% Conf. Interval] % Weight
_________________________ e e S S S S S e S R S e S e
I. Rainero et al. (2002) | 0.964 0.921 1.010 41.62
Joshi G et al. (2011) | 0.966 0.943 0.989 38.48
Ravi Gupta et al. (2009) | 1.007 0.830 1.246 5.46
Stuart S et al.  (2013) | o0.998 0.912 1.092 14.43
......................... S = T S e S S
M-H pooled RR | 0.973 0.946 1.000 100.00
......................... R i S Sl s S Sl P S

Heterogeneity chi-squared = 0.96 (d.f. = 3) p = 0.811
I-squared (variation in RR attributable to heterogeneity) = 0.0%

Test of RR=1 : z= 1.98 p = 0.048

Study %

ID RR(95%Cl)  Weight
I. Rainero etal. (2002) —=—t 0.96 (0.92,1.01) 4162
Joshi G etal. (2011) —_— 0.97 (0.94,0.99) 38.48

Ravi Gupta et al. (2009) 1.02 (0.83, 1.25) 5.46

Stuart S et al. (2013) —_— 1.00(0.91,1.09) 14.43
Overall (-squared = 0.0%, p =0.811) <> 0.97 (0.95, 1.00) 100.00
803 1 1.25

Fig. 1 Forest plot of comparison: SNP APOE E3 of migraineurs and TTHSs versus control. SNP APOE E3 was shown to have no significant
association with migraineurs and TTH

N
Study | RR [95% Conf. Interval] % weight

_________________________ SRR i (SR o S N

I. Rainero et al. (2002) | 1.314 0.912 1.892 45.00

Joshi G et al. (2011) | 1.887 0.907 3.928 11.83

Ravi Gupta et al. (2009) | 3.833 1.695 8.670 8.14

Stuart S et al. (2013) | 1.019 0.658 1.579 35.03

_________________________ B e S S N T e

M-H pooled RR | 1.484 1.159 1.899 100.00

_________________________ R i B AR e

Heterogeneity chi-squared = 8.86 (d.f. = 3) p = 0.031

I-squared (variation in RR attributable to heterogeneity) = 66.2%

Test of RR=1 : z= 3.13 p = 0.002

Study %
D RR(95% Cl)  Weight
I. Rainero et al. (2002) 14— 1.31(0.91, 1.89) 45.00
Joshi G etal. (2011) — 1.89(0.91,3.93) 11.83
Ravi Gupta et al. (2009) : —— 3.83(1.69,8.67)8.14
Stuart S et al. (2013) —0-—:‘- 1.02(0.66, 1.58) 35.03
Overall (I-squared = 66.2%, p =0.031) <> 1.48 (1.16, 1.90) 100.00
15 1 8.67

Fig. 2 Forest plot of comparison: SNP APOE E4 of migraineurs and TTHSs versus control. SNP APOE E4 was shown to have significant association
with migraineurs and TTH
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Study | RR [95% Conf. Interval] % Weight
______________________ C- SR = A B O S
I. Rainero et al.(2002)| 1.228 0.796 1.89%4 74.55
Joshi G et al. (2011)] 3.807 0.993 14.595 5.35
Stuart S et al. (2013)| 1.100 0.460 2.628 20.10
...................... e S S S S R e S e S S S ST S S S e S
M-H pooled RR | 1.340 0.927 1.936 100.00
______________________ e T e R e s R

Heterogeneity chi-squared = 2.67 (d.f. = 2) p = 0.263

I-squared (variation in RR attributable to heterogeneity) = 25.2%

Test of RR=1 : z= 1.56 p = 0.119

Study %
D RR (95% CI) Weight
I. Rainero et al. (2002) —TE 1.23(0.80, 1.89) 74.55

Joshi G etal. (2011)

3.81(0.99,14.60) 5.35

Stuart S et al. (2013) _ 1.10 (0.46, 2.63) 20.10
Overall (I-squared = 25.2%, p = 0.263) <<> 1.34(0.93,1.94) 100.00
.0685 1 146

Fig. 3 Forest plot of comparison: SNP APOE E2 of migraineurs of MO versus control. SNP APOE E2 was shown to have no significant association
with migraineurs and TTH

\

Study | RR [95% Conf. Interval] % Weight

I. Rainero et al.(2002)] 0.384 0.055 2.679 19.76

Joshi G et al. (2011)] 5.167 1.307 20.423 6.54

Stuart S et al. (2013)| 0.952 0.512 1.770 73.70

M-H pooled RR | 1.116 0. 666 1.869 100.00
Heterogeneity chi-squared = 6.19 (d.f. = 2) p = 0.045

I-squared (variation in RR attributable to heterogeneity) = 67.7%

Test of RR=1 : z= 0.42 p = 0.678

Study %

D RR (95% CI) Weight

I. Rainero et al. (2002) 0.38(0.05,2.68) 19.76

Joshi G etal. (2011) ——— 5.17(1.31,20.42) 6.54

|

Stuart S et al. (2013) 0.95(0.51,1.77) 7370

Overall (-squared = 67.7%, p = 0.045) < 1.12(0.67,1.87) 100.00

T

T
.049 1 204

Fig. 4 Forest plot of comparison: SNP APOE E2 of migraineurs of MA versus control. SNP APOE E2 was shown to have no significant association
with migraineurs and TTH
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and TTH), suggesting a nonspecific role for the risk of and the regulation of microglial nitric oxide production: a link between
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