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China, ?Zhejiang Provincial Key Laboratory of Ophthalmology, Hangzhou, China

Objective: This study aimed to evaluate the features of macular
microvasculature with optical coherence tomography angiography (OCTA)
among migraine patients.

Methods: We systematically searched PubMed, Web of Science, Embase,
and Cochrane Library for studies that evaluated the macular microvasculature
of migraine patients. The weighted mean differences (WMDs) of the foveal
avascular zone (FAZ), foveal superficial capillary plexus (SCP) vessel density
(VD), parafoveal SCP VD, foveal deep capillary plexus (DCP) VD, and parafoveal
DCP VD with 95% confidence intervals (Cls) among migraine with aura
(MA) group, migraine without aura (MO) group, and healthy controls (HC)
group were analyzed using a random-effect model. P < 0.05 was considered
significant in statistical analyses. Publication bias was assessed using funnel
plots and statistical tests (Egger’s test and Begg's test).

Results: Nine studies covering 675 individuals were enrolled in this
meta-analysis ultimately. The FAZ of MA patients was not significantly different
from HC (WMD = 0.04, 95% CI —0.00 to 0.09). However, the FAZ of MA was
significantly larger than that of HC after correction of publication bias by trim
and fill method (WMD = 1.03, 95% C1 0.99 to 1.08). The FAZ of MO patients was
similar to that of HC (WMD = 0.03, 95% Cl —0.00 to 0.07), while smaller than
that of MA patients (WMD = 0.05, 95% CI 0.01 to 0.09). VD of the SCP, either in
the foveal or parafoveal area, was not significantly different among the three
groups. As for DCP, VD in MA patients was lower when compared with HC in
the parafovea (WMD = —1.20, 95% CI —1.88 to —0.51).

Conclusions: We found that there was a larger FAZ in MA compared with HC
after adjusting for publication bias. The FAZ in MO was not significantly different
from thatin HC, but significantly lower than that in MA. There was no significant
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difference in either foveal or parafoveal VD of SCP among MA, MO, and HC
participants, while the parafoveal VD of the DCP in MA was lower than that of

the HC.
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migraine, OCTA, capillary, vessel density, meta-analysis

Introduction

Migraine is considered a chronic neurovascular disease,
usually characterized by unilateral throbbing pain, moderate
to severe, which may last 4-72h and may be accompanied
with stomachache, nausea, and vomiting (1). With an overall
prevalence of 14.7% in the general population (10.7% in men and
18.8% in women), migraine is the third most common disorder
in the world for both sexes (2). Although the pathophysiology
of migraine has not been fully clarified, a complex interaction
between neural and vascular factors may play a vital role (3).
The headache is preceded by aura symptoms, usually visual
disturbances, in a third of migraine sufferers (4). For many
years, migraine has been thought to be associated with a variety
of ophthalmic diseases, such as central retinal artery and vein
occlusions, anterior and posterior ischemic optic neuropathy,
and normal-tension glaucoma (5-8). One study showed that
24% of patients with retinal arterial occlusions had a history
of migraine (9). Therefore, it has been suggested that migraine
might be one of the risk factors for ischemic events of the retina
and optic nerve (10, 11).

Optical coherence tomography angiography (OCTA) is an
advanced, fast imaging technology for noninvasive visualization
of vascular systems that provides three-dimensional details
of retinal and choroidal microvasculature (12). It can also
quantitatively evaluate the vessel density (VD) and the size of the
foveal avascular zone (FAZ) area. OCTA has not only been used
for the evaluation of ocular diseases, but also been used for the
assessment of systemic diseases such as coronary heart disease,
diabetes, preeclampsia, Alzheimer’s disease, and kidney disease.
It also provides a new way to study the pathogenesis of these
diseases (13-16).

To explore the retinal blood supply of migraine with new
technology, researchers had applied OCTA to assess macular

Abbreviations: Cl, confidence interval; DCP, deep capillary plexus; DL,
DerSimonian-Laird approach; FAZ, foveal avascular zone; HC, healthy
control; MA, migraine with aura; MM, millimeter; MO, migraine without
aura; NOS, Newcastle-Ottawa Quality Assessment Scale; PRISMA,
Preferred Reporting Items for Systematic Reviews and Meta-Analyses;
RNFL, retinal nerve fiber layer; SCP, superficial capillary plexus; VD,
vessel density; WMD, weighted mean difference; WMH, white matter

hyperintensities.
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vasculature changes in migraine patients in recent studies.
Some studies reported increased FAZ and decreased foveal
VD (1, 17), while others reported no significant changes in
FAZ or foveal VD in patients with migraine (18-20). To our
knowledge, there has been a lack of meta-analysis to assess
the retinal microvasculature changes measured by OCTA in
migraine patients. Thus, we intended to conduct a meta-analysis
of macular parameters examined with OCTA among migraine
patients, in the hope that the underlying mechanism of migraine
with or without aura could be further understood.

Methods

Terminology

According to the criteria of the International Classification
of the Headache Disorders, 3rd version (beta version), migraine
is divided into two major subtypes, the migraine with aura
(MA) and the migraine without aura (MO) (21). Specific
diagnostic criteria were provided in Supplementary Appendix 1
online. The central avascular region is defined as FAZ. The
macular capillary plexus can be divided into superficial capillary
plexus (SCP) and deep capillary plexus (DCP). The vasculature
within the ganglion cell layer and the vasculature around
the inner nuclear layer are included within SCP and DCP
respectively (18). The foveal and parafoveal regions may be
defined differently in different studies. In five studies (1, 18, 20,
22, 23), the foveal region is defined as the 1 mm diameter circle
centered at the fovea, while in the other two studies (17, 19), it is
defined as the 0.6 mm diameter circle centered at the fovea. The
parafoveal region refers to a ring area in all studies, but there are
differences in its size. The parafoveal region is defined as 1-3 mm
diameter ring in four studies (1, 18, 20, 22), while it is defined
0.6-2.5mm diameter ring in other two studies (17, 19). The
percentage of the area taken by flowing blood vessels is defined
as the VD (24). The inbuilt software of the OCTA can provide a
quantitative analysis of these above parameters.

Literature search

The search strategy was developed by three authors (WK,
NY, and XL) in consultation. We independently searched
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PubMed, Web of Science, Embase, and Cochrane Library
for all relevant studies published from inception to the 20th
of May 2022. We searched by using the following terms:
“migraine”, “headache”, “Optical Coherence Tomography
angiography/OCTA”, and “macula”. Search strategies are
not limited by the date of publication or clinical variants of
migraine. After eliminating duplicates, we screened the results
according to the title abstract and the indexing terms, to exclude
studies deemed as irrelevant. Next, we searched the full text of
qualified articles after preliminary screening. Two authors (WK
and NY) independently assessed whether the articles met the
eligibility criteria, and the disagreements were solved by a third
reviewer (XL).

Eligibility criteria
Studies were included based on the following criteria:

1. They were published before May 20th, 2022.

2. Studies that assessed FAZ and/or VD of the fovea and/or
VD of parafovea in patients with MA and healthy controls
(HC), in patients with MO and HC, or patients with MA
and MO.

3. Atleast 10 participants with a definite diagnosis of MA or
MO, and at least 10 healthy population as the HC group.

Studies were excluded based on the following criteria:

1. Inappropriate types of articles, such as reviews, meta-
analyses, animal studies, case reports, conference abstracts,
or letters.

2. Non-English studies.

3. Studies in patients with retinal diseases.

4. Studies with any nervous system disease or with any type
of headache other than migraine.

5. Studies based on the same population.

Data extraction and quality assessment

We extracted the following study characteristics from the
included studies: the first author, year of acceptance, country,
study design, type of groups, sample size, gender distribution,
the mean and standard deviation of the age of study participants,
OCTA devices, macular scan size, software used for image
analysis. For quantitative analysis, we collected the following 5
parameters as the primary outcomes: FAZ, foveal VD in the SCP,
foveal VD in the DCP, parafoveal VD in the SCP, and parafoveal
VD in the DCP.

Since all the included studies were cross-sectional studies,
we assessed the methodological quality with the modified
Moskalewicz and Oremus 7-question Newcastle-Ottawa Scale
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(NOS) questionnaire (25). NOS included an assessment of
selection (4 items), comparability (1 item), and outcome
(2 items), which was available in Supplementary Appendix 2
online. With a maximum score of 8, we assigned high
methodological quality to a study if a score >4 was given.
Low-quality articles were excluded.

Statistical analysis

Meta-analysis was performed in Stata software version 17.0
(Stata Corp., College Station, Texas, US). All meta-analyses
utilized the random-effect models to calculate the weighted
mean difference (WMD) and 95% confidence intervals (CIs).
Heterogeneity analysis among studies was performed using I>
analysis, and an I> > 50% indicated the existence of significant
heterogeneity (24). We performed a sensitivity analysis to
evaluate the contribution of each study to the results. Publication
bias was assessed by funnel plot, as well as Egger’s test and
Begg’s test (26, 27). P < 0.05 was considered a statistically
significant difference. The trim and fill methods were used to
adjust publication bias.

Results

A total of 263 studies were identified in our literature search
(PubMed, n = 114; Web of Science, n = 67; EMBASE, n = 80;
Cochrane Library, n = 2), of which 66 were duplicates and were
therefore excluded from the analysis. 180 unrelated studies were
excluded based on the titles and abstracts, leaving 17 full-text
papers of which 9 fitted the inclusion criteria. Figure 1 showed
the flow chart of the literature selection of the present study.

Study characteristics

The details of the included studies are shown in Table I.
Overall, we enrolled 9 prospective cross-sectional studies
covering 675 individuals in the meta-analysis. No article was
excluded by low quality. Specific assessments with NOS scores
for these 9 studies are shown in Supplementary Table 1. FAZ
was reported in 8 of the included studies, and VD in the fovea
and parafovea (including SCP and DCP) was reported in 7 of
the included studies. However, the data of VD in the study
of Chang et al. (23) were excluded because of the different
calculation methods from other studies. The part of data about
foveal and parafoveal VD were not included due to the lack of
standard deviation in the Bing6l Kiziltung’s study (20). In the
study of Tasli and Ersoy (28), migraine patients were divided into
groups with and without white matter hyperintensities (WMH),
and we only included data from the group without WMH. We
summarized OCTA devices, parameters, and methods used in

frontiersin.org


https://doi.org/10.3389/fneur.2022.1001304
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Ke et al. 10.3389/fneur.2022.1001304
[ Identification of studies via databases and registers ]
S
= Records identified from through
-.% database searching (n=263) Records removed before
* PubMed n=114 ina:
(2] 3 || screening:
£ + Embase n=80 Duplicate records removed
5 » Web of Science n=67 (n =66)
= + Cochrane Library n=2
—
\4
Records excluded on basis of
_ | title or abstract as irrelevant
Records screened (n = 197) "| studies/ inappropriate type of
2 article (n =180)
=
7}
2 l
(%]
w .
. Full-text articles excluded (n=8)
Full-text articles assessed for »| with reasons:
eligibility (n =17) « Inappropriate outcomes
— measures (n=4)
l * data not extractable (n=4)
Studies included in quantitative
synthesis (n =9)
FIGURE 1
PRISMA flow diagram of study selection.
included studies in Supplementary Table 2. Eight studies used SCP

the Optovue device and 1 study used the NIDEK device.

Qualitative analysis

We reviewed each of the included studies and summarized
the included data below. Detailed information on the qualitative
data in each study was provided in Supplementary Table 3.

FAZ

Measurement of FAZ was performed by eight authors (1,
17, 19, 20, 22, 23, 28, 29). Six studies (1, 17, 20, 22, 23, 29)
reported FAZ in patients with MA, three of which (1, 23, 29)
showed increased FAZ compared with HC, while the other three
(17, 20, 22) reported no significant difference. Among the six
studies that reported FAZ in MO patients, only one study (28)
stated that FAZ increased in MO patients compared with HC
(MA vs. HC: 0.35 £ 0.11 vs. 0.24 = 0.12), while the remaining
five (1, 17, 19, 20, 23) showed no significant difference. FAZ in
MA and MO patients was compared in four studies and all of
them indicated no statistical difference (1, 17, 20, 23).
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Measurement of foveal and parafoveal SCP VD in the SCP
was performed by five authors (1, 17-19, 22). Three studies
(1, 17, 22) reported foveal SCP VD in patients with MA, two
of which (1, 17) showed decreased foveal SCP VD in patients
with MA compared with HC, while one (22) found no statistical
difference (MA vs. HC: 30.93 & 5.46 vs. 30.21 &+ 5.12). Among
the four studies that reported foveal SCP VD in MO patients,
only one of them (17) discovered decreased foveal SCP VD in
MO patients (MO vs. HC: 21.1 £ 6.7 vs. 24.2 £ 9.6), while the
rest (1, 18, 19) showed no statistical difference. Foveal SCP VD
in MA and MO patients was compared in two studies, and both
studies indicated no statistical difference (1, 17). Parafoveal SCP
VD was reported in five studies (1, 17-19, 22), with no statistical
differences among MA, MO, and HC.

DCP

Measurement of foveal and parafoveal DCP VD in the DCP
was performed by five authors (1, 17-19, 22). Three studies
(1, 17, 22) explored foveal DCP VD in patients with MA, two
of which (1, 17) showed decreased foveal DCP VD in patients
with MA compared with HC, while the other (22) reported no
statistical difference (MA vs. HC: 29.12 & 6.09 vs. 29.94 &+ 6.4).
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TABLE 1 Study design and patient characteristics of included studies.

AERERE)]

ABojoInaN Ul sIauoI4

S0

BJo uISISUOLY

First author, year Country Study design Groups Sample size Sex(F/M) Age Quality scores FAZ Foveal VD Parafoveal VD

Changet al. (23) us Cross-sectional study MA 15 10/5 42 + NA Vv
MO 12 9/3 46 = NA
HC 22 8/14 39+ NA

Ulusoy et al. (17) Turkey Cross-sectional study MA 28 20/8 40.8 +12.5 J
MO 26 19/7 38.6 £13.5
HC 36 24/12 37.1+11.1

Bingoél Kiziltung et al. (20) Turkey Cross-sectional study MA 17 17/0 321+£NA 4
MO 16 16/0 30.4 = NA
HC 28 28/0 32.3 £ NA

Tasli and Ersoy (28) Turkey Cross-sectional study MO 37 29/8 38476 4
HC 43 32/11 36.9+8.2

Giiler and Giiler (18) Turkey Cross-sectional study MO 26 23/3 342+ 114
HC 24 21/3 346+9.4

Dereli Can et al. (19) Turkey Cross-sectional study MO 54 33/21 124+£33 N
HC 47 31/16 12.6 £2.9

Hamurcu et al. (29) Turkey Cross-sectional study MA 19 17/2 37.2+12.8 N
HC 19 17/2 369+ 115

Hamamci et al. (1) Turkey Cross-sectional study MA 30 25/5 339+6.4 N
MO 30 22/8 322+£75
HC 30 21/9 341465

Karahan et al. (22) Turkey Cross-sectional study MA 60 29/31 352184 J
HC 56 26/30 33.8+6.7

F/M, female/male; FAZ, foveal avascular zone; VD, vessel density; MA, migraine with aura; MO, migraine without aura; HC, healthy control; NA, not available.
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Of the four studies (1, 17-19) that reported foveal DCP VD in
MO patients, three (1, 18, 19) showed no statistical difference
compared with HC, and the other (17) showed a decrease in
foveal DCP VD in MO patients (MO vs. HC: 38.7 & 7.2 vs.
41.5 £ 8.8). Only two studies (I, 17) compared foveal DCP
VD in patients with MA and MO, one of which (17) suggested
a significant decrease in foveal DCP VD in patients with MA
compared with MO (MA vs. MO: 35.6 £ 7.1 vs. 38.7 £ 7.2),
while the other (1) showed no significant difference (MA vs.

10.3389/fneur.2022.1001304

MO: 32.85 4 9.48 vs. 34.50 + 9.43). Three studies (1, 17, 22)
reported parafoveal DCP VD in patients with MA, two of which
(1, 17) suggested no statistical difference compared with the HC
group, and the other one (22) showed reduced parafoveal DCP
VD in patients with MA (MA vs. HC: 51.13 &+ 7.85 vs. 54.53 &+
8.29). Four studies (1, 17-19) comparing MO and HC showed no
significant difference in parafoveal DCP VD. Two studies (1, 17)
compared parafoveal DCP VD in patients with MA and MO,
suggesting no statistical difference.

%
Groups and Author (Year) WMD (95% Cl) Weight
A MAvsHC
Melinda Y . Chang et al. (2017) — 0.08 (0.05,0.11) 18.93
Mahmut Oguz Ulusoy et al. (2019) —_— 0.08 (0.01,0.15) 14.17
Pinar Bingdl Kiziltung et al. (2020) —— -0.06 (—0.10,-0.02) 17.21
Mualla S. Hamurcu et al. (2021) —— 0.05 (0.01,0.10) 17.34
Mehmet Hamamci et al. (2021) —_—— 0.09(0.02,0.16) 14.23
M. Karahan et al. (2021) I 0.02 (-0.01, 0.06) 18.13
Overall, DL (I*=84.2%, p =0.000) <> 0.04 (-0.00, 0.09) 100.00
-(.‘:.2 higher in HC 0 higher in MA 0.|2
B MOvs HC
Melinda Y . Chang et al. (2017) —T— 0.01(-0.02, 0.04) 22.65
Mahmut Oguz Ulusoy et al. (2019) —1T— 0.04 (-0.02,0.10) 15.34
Nurdan Gamze Taslier al. (2020) — 0.11(0.06,0.16) 17.02
Gamze Dereli Can et al. (2020) —1— 0.01(~0.03, 0.05) 21.14
Pinar Bingdl Kiziltung et al. (2020) 4 —-0.02 (-0.09, 0.05) 11.90
Mehmet Hamamci et al. (2021) ¢ 0.05 (-0.02,0.12) 11.95
Overall, DL (I*=65.3%, p=0.013) <> 0.03 (-0.00, 0.07) 100.00
-0|.2 higher in HC 0 higher in MO 0.|2
C MAvs MO
Melinda Y . Chang et al. (2017) —— 0.07 (0.05, 0.08) 3542
Mahmut Oguz Ulusoy et al. (2019) —t 0.04 (-0.02,0.10) 19.91
Pinar Bingdl Kiziltung et al. (2020) —_—— —-0.04(-0.11,0.03) 18.96
Mehmet Hamamci et al. (2021) — 0.09 (0.04,0.14) 25.72
Overall, DL (I%=728% p=0.012) == 0.05 (0.01,0.09) 100.00
[ [
02 higher in MO 0 higher in MA 0.2
FIGURE 2
Forest plot of WMD of the FAZ. (A) FAZ comparison of MA and HC; (B) FAZ comparison of MO and HC; (C) FAZ comparison of MA and MO.
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Quantitative analysis

FAZ
MA vs. HC

Six studies (1, 17, 20, 22, 23, 29) with 360 (169 MA and 191
HC) participants were included in the meta-analysis. Analysis of
the FAZ was not significantly different between the MA group
and the HC group (WMD = 0.04, 95% CI —0.00 to 0.09), with
significant heterogeneity across studies (I> = 84.2%, Figure 2A).

MO vs. HC

Six studies (1, 17, 19, 20, 23, 28) with 381 (175 MO and
206 HC) participants were included in the meta-analysis. The
analysis of FAZ showed no significant difference in the MO
group compared with the HC group (WMD = 0.03, 95% CI
—0.00 to 0.07), with significant heterogeneity across studies (1>
= 65.3%, Figure 2B).

10.3389/fneur.2022.1001304

MA vs. MO

Four studies (1, 17, 20, 23) with 198 (90 MA and 108 MO)
participants were included in the meta-analysis. Analysis of the
FAZ was significantly larger in the MA group compared with the

TABLE 3 Original WMD (95% CI) and recalculated WMD (95% CI) by
trim and fill method.

FAZ Foveal SCP Parafoveal
(MA vs. HC) VD SCP VD
(MA vs. HC) (MO vs. HC)

WMD1 (95% 0.04 —2.72 —0.85
CDY (—0.00, 0.09) (=712, 1.69) (—2.86,1.71)
WMD2 (95% 1.03 —2.72 —0.85
CD1 (0.99, 1.08) (=7.12,1.69) (—2.86,1.71)

MA, migraine with aura; MO, migraine without aura; HC, healthy control; WMD,
weighted mean difference; CI, confidence interval; $Original WMD and 95% CI; {WMD
and 95% CI after using the trim and fill method.

A MAvsHC B MOvsHC c MAvs MO
Meta-analysis estimates, given named study is omitted Meta—analysi?estim.ates,given named slud)fis.omined Met ‘{ -. " . given " ,'i). omitted
ILower CILimit Ostimate | Upper Cl Limit ILower CILimit OFstimate | Upper Cl Limit ILower ClLimit OFstimate | Upper Cl Limit
Melinda Y. Chang etal. (2017) 0 1 Melinda Y. Chang et al. 2017) | o 1 Melinda Y . Chang et al. 2017) o 1
Mahmut Oguz Ulusoy et l. 2019) [ ¢ o Mahmut Oguz Ulusoy et al. (2019) 1
Mahmut Oguz Ulusoy et al. (2019) I 1
Pinar Bingd! Kizltun et al. 2020) = Nurdan Gamze Taglier al. (2020) o
Mualla S. Hamurcu et al. (2021) [k 1 Gamze DereliCanetal. 2020) | ¥ ° d
Pinar Bingd! Kiziltung et al. (2020) -0
Mehmet Hamami et al. (2021) o 1 Pinar Bingdl Kiziltun et al. (2020) t o 1
M.Karahan etal.2021) | 1 o 1 Mehmet Hamami etl. (2021) i Mehmet Hamamcietal. (2021) | I o ]
1
002-000 004 009 010 -0.00.00 003 007 008 -004 001 005 009 011
FIGURE 3
Sensitivity analysis data for studies included reported FAZ. (A) FAZ comparison of MA and HC; (B) FAZ comparison of MO and HC; (C) FAZ
comparison of MA and MO.

TABLE 2 Publication bias measured by Begg's test and Egger’s test.

MA vs. HC MO vs. HC MA vs. MO
Begg’s test Egger’s test Begg’s test Egger’s test Begg’s test Egger’s test
FAZ 1.000 0.920 1.000 0.545 0.089 0.445
Foveal SCP VD 0.296 0.015 0.734 0.140 NA NA
Parafoveal SCP VD 1.000 0.259 0.734 0.272 NA NA
Foveal DCP VD 1.000 0.159 0.308 0.363 NA NA
Parafoveal DCP VD 0.296 0.072 1.000 0.976 NA NA

MA, migraine with aura; MO, migraine without aura; HC, healthy control; FAZ, foveal avascular zone; SCP, superficial retinal capillary plexus; DCP, deep retinal capillary plexus, NA,

not available.
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MO group (WMD = 0.05, 95% CI 0.01-0.09), with significant
heterogeneity across studies (I* = 72.8%, Figure 2C).

We performed a sensitivity analysis to explore the source
of heterogeneity in the above three groups. The results
demonstrated that no individual study had an excessive
impact on the above-mentioned pooled effect (Figure 3). In
the FAZ meta-analysis (MA vs. HC), there was a visual
inspection of funnel plot asymmetry, manifesting the presence of
publication bias (Supplementary Figure 1), while other analyses
had symmetrical funnel plots (Supplementary Figures 2, 3).
Furthermore, Egger’s test and Begg’s test indicated no evidence

of publication bias (Table 2). To adjust the impact of publication

10.3389/fneur.2022.1001304

bias on the results, the trim and fill methods were used. We
found that the pooled results of FAZ were significantly different
from the original, and the revised results suggested that the FAZ
of MA was significantly larger than that of HC (Table 3).

SCP
MAvs. HC

Three studies (1, 17, 22) with 240 (118 MA and 122 HC)
participants were included in the meta-analysis. The foveal SCP
VD was not significantly different between the MA group and
the HC group (WMD = —2.72, 95% CI —7.12 to 1.69), with

%
Groups and Author (Year) WMD (95% ClI) Weight
A MAvs HC
Mahmut Oguz Ulusoy et al. (2019 + -4.00 (-8.00,-0.00) 31.76
Mehmet Hamamci et al. (2021) R -6.08(-10.88,-1.28) 2849
M. Karahan et al. (2021) — 0.72(-1.21, 2.65) 39.76
Overall, DL (I *=79.0%, p=0.009) <>> -2.72(-7.12,1.69) 100.00
I |
-10 __ higherinHC 0 higherin MA 10
B MOvs HC
Mahmut Oguz Ulusoy et al. (2019 * -3.10(-7.16,0.96) 19.56
Ozlem Giler et al. (2020) — T 0.80(-2.41,4.01) 27.83
Gamze Dereli Can et al. (2020) —_— 0.19(-2.34,2.72) 37.87
Mehmet Hamamci et al. (2021) * -3.63(-8.46,1.20) 1473
Overall, DL(I*=264%,p=0.254) <:> -0.85(-2.86,1.17) 100.00
I I
-10 _higherin HC 0 higherin MO N 10
C MAvs MO
Mahmut Oguz Ulusoy et al. (2019 —_— -0.90 (-4.48, 2.68) 63.89
Mehmet Hamamci et al. (2021) + -245(-7.21,231) 36.11
Overall, DL(I*=0.0%,p=0610) <:> ~1.46 (-4.32,1.40) 100.00
I I
-5 0 5
_ _higherin MO higherin MA
FIGURE 4
Forest plot of WMD of the foveal SCP VD. (A) Foveal VD comparison of MA and HC; (B) Foveal VD comparison of MO and HC; (C) Foveal VD
comparison of MA and MO.
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%
Groups and Author (Year) WMD (95%Cl) Weight
A MAvsHC
Mahmut Oguz Ulusoy et al. (2019) —_— -2.50 (-4.49,-0.51) 3355
Mehmet Hamamci et al. (2021) 4 -2.78 (-6.58,1.02) 16.77
M. Karahan et al. (2021) —— -0.24 (-0.99,0.51) 49.67
Overall, DL (I *=64.6%, p =0.059) <_>> -1.42(-3.30,0.45) 100.00
I . . |
-5 higherinHC 3 higherin MA .5
B MOvs HC
Mahmut Oguz Ulusoy et al. (2019) —_— -0.80 (-2.60, 1.00) 2713
Ozlem Giiler et al. (2020) —_— -1.33(-3.40,0.74) 21.93
Gamze Dereli Can et al. (2020) —1T 0.72 (=0.55, 1.99) 44,02
Mehmet Hamamci et al. (2021) + -1.16(-5.13, 2.81) 6.92
Overall, DL(I”=21.3%,p=0.282) <:> -0.27 (-1.35,0.81) 100.00
[ |
-5 higherinHC o higherinMO 5
C MAvsMO
Mahmut Oguz Ulusoy et al. (2019) + -1.82(-4.16,0.52) 7243
Mehmet Hamamci et al. (2021) + -1.62(-5.41,2.17) 27.57
Overall, DL (I %= 0.0% p=0930) - 176(-375,022)  100.00
[ T
-5 higherinMO o higherin MA .5
FIGURE 5
Forest plot of WMD of the parafoveal SCP VD. (A) Parafoveal VD comparison of MA and HC; (B) parafoveal VD comparison of MO and HC; (C)
parafoveal VD comparison of MA and MO.

significant heterogeneity across studies (1> =79.0%, Figure 4A).
The analysis of the parafoveal SCP VD showed no significant
difference in the MA group compared with the HC group
(WMD = —1.42, 95% CI —3.30 to 0.45), with significant
heterogeneity across studies (I* = 64.6%, Figure 5A).

MO vs. HC

Four studies (1, 17-19) with 273 (136 MO and 137 HC)
participants were included in the meta-analysis. The foveal
SCP VD was not significantly different between the MO group
and the HC group (WMD = —0.85, 95% CI —2.86 to 1.17),
with nonsignificant heterogeneity across studies (I> = 26.4%,
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Figure 4B). The analysis of the parafoveal SCP VD showed
no significant difference in the MO group compared with
the HC group (WMD = —0.27, 95% CI —1.35 to 0.81),
with nonsignificant heterogeneity across studies (I = 21.3%,
Figure 5B).

MA vs. MO

Two studies (1, 17) with 114 (56 MA and 58 MO)
included the The
foveal SCP VD was not significantly different between
the MA group and MO group (WMD —1.46, 95%

CI —4.32 1.40), heterogeneity

participants were in meta-analysis.

to with nonsignificant
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FIGURE 6

Sensitivity analysis data for studies included reported VD in the SCP. (A) Foveal VD comparison of MA and HC; (B) foveal VD comparison of MO
and HC; (C) foveal VD comparison of MA and MO; (D) parafoveal VD comparison of MA and HC; (E) parafoveal VD comparison of MO and HC;

(F) parafoveal VD comparison of MA and MO.

across studies (I> = 0.0%, Figure4C). The analysis
of the parafoveal SCP VD showed no significant
difference in the MA group compared with the MO
group (WMD = —-1.76, 95% CI —3.75 to 0.22), with
nonsignificant heterogeneity across studies (I> = 0.0%,
Figure 5C).

We performed a sensitivity analysis in the above three
groups and the results were consistent with the overall
analysis (Figure 6). In the parafoveal SCP VD meta-analysis
(MO vs. HC), there was a visual inspection of funnel plot
asymmetry, suggesting the presence of publication bias
(Supplementary Figure 8). Other analyses had symmetrical
funnel plots (Supplementary Figures 4-7, 9). Except for
Eggers test on foveal SCP VD (MA vs. HC), other
results showed no evidence of significant publication
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bias (Table 2). The pooled result of fovea and parafovea
was not changed when using the trim and fill methods
(Table 3).

DCP
MA vs. HC

Three studies (1, 17, 22) with 240 (118 MA and 122
HC) participants were included in the meta-analysis. The
foveal DCP VD was not significantly different between the
MA group and the HC group (WMD = —4.05, 95% CI
—8.14 to 0.04), with significant heterogeneity across studies (12
=73.4%, Figure 7A). The analysis of the parafoveal DCP VD
showed significantly lower in the MA group compared with
the HC group (WMD = —1.20, 95% CI —1.88 to —0.51),
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%
Groups and Author (Year) WMD (95%Cl ) Weight
A MAvsHC
Mahmut Oguz Ulusoy et al. (2019 —_—— -5.90 (-9.80, —2.00) 3259
Mehmet Hamamci et al. (2021) 4 -6.66 (-11.75,-1.57) 26.98
M. Karahan et al. (2021) — -0.82(-3.10, 1.46) 4043
Overall, DL(I*=73.4%, p=0.023) <> ~4.05 (-8.14,0.04) 100.00
| o _ !
-10 P higher in HC 0 higherin MA_ 10
B MOvs HC
Mahmut Oguz Ulusoy et al. (2019 —_—— -2.80(-6.79,1.19) 23.54
Ozlem Giler et al. (2020) —_—t 1.76 (-2.02, 5.54) 2497
Gamze Dereli Can et al. (2020) —— -0.04 (=272, 2.64) 34.01
Mehmet Hamamci et al. (2021) * -5.01(-10.08, 0.06) 17.48
Overall, DL(I*=47.2%,p=0.128) <:> -1.11(-3.69, 1.48) 100.00
[ I
-10 _ higherinHC ~  higherinMO 10
C MAvs MO
Mahmut Oguz Ulusoy et al. (2019 —_— -3.10(-6.92,0.72) 61.10
Mehmet Hamamci et al. (2021) + -1.65(-6.43,3.13) 38.90
Overall, DL (I*=0.0%,p=0642) <>> -2.54(-5.52,0.45) 100.00
[ ] ] I
-10 _ higherinMO o higherinMA 10
FIGURE 7
Forest plot of WMD of the foveal DCP VD. (A) Foveal VD comparison of MA and HC; (B) foveal VD comparison of MO and HC; (C) foveal VD
comparison of MA and MO.

with nonsignificant heterogeneity across studies (I> = 0.0%,
Figure 8A).

MO vs. HC

Four studies (1, 17-19) with 273 (136 MO and 137 HC)
participants were included in the meta-analysis. The foveal
VD was not significantly different between the MO group
and the HC group (WMD = —1.11, 95% CI —3.69 to 1.48),
with nonsignificant heterogeneity across studies (I> = 47.2%,
Figure 7B). The analysis of the parafoveal DCP VD showed
no significant difference in the MO group compared with
the HC group (WMD = —0.61, 95% CI —1.54 to 0.32),
with nonsignificant heterogeneity across studies (I> = 0.0%,
Figure 8B).
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MA vs. MO

Two studies (1, 17) with 114 (56 MA and 58 MO)
participants the The
foveal DCP VD was not significantly different between
the MA group and the HC group (WMD = —2.54, 95%
CI —552 to 0.45), with nonsignificant
across studies (I2 = 47.2%, Figure 7C).
of the DCP VD showed no
difference in the MA group compared with the HC

were included in meta-analysis.

heterogeneity
The analysis

parafoveal significant

group (WMD = —148, 95% CI —3.88 to 0.92), with
nonsignificant heterogeneity across studies (I> = 23.2%,
Figure 8C).

In the studies of the DCP, statistical tests (including Egger’s
test and Begg’s test) and funnel plots indicated no evidence of
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[ I
-5 higherinHC o higherinMA 5
B MOvs HC
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Gamze Dereli Can et al. (2020) —— -0.20(-1.62,1.22) 42,69
Mehmet Hamamci et al. (2021) 0.00(-4.19,4.19) 493
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[ I
-5 higherin HC o _higherinMO 5
C MAvsMO
Mahmut Oguz Ulusoy et al. (2019) —_—— -0.70 (-2.90, 1.50) 71.12
Mehmet Hamamci et al. (2021) —— -3.40(-7.48,0.68) 28.88
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[ I
-5 higherinMO 0  higherin MA oD
FIGURE 8
Forest plot of WMD of the parafoveal DCP VD. (A) Parafoveal VD comparison of MA and HC; (B) parafoveal VD comparison of MO and HC; (C)
parafoveal VD comparison of MA and MO.

significant publication bias (Table 2; Supplementary Figures 10—
15). We performed a sensitivity analysis in the above three
groups and the results were consistent with the overall analysis
except for the analysis of parafoveal VD in MA vs. HC (Figure 9).
After removing the one study that had an excessive impact
on the results, we reconducted the meta-analysis and found a
similar pooled effect (WMD = —2.13, 95% CI —3.99 to —0.27,
Supplementary Figure 16).

Discussion

In this systematic review and meta-analysis, we included
current evidence on the association between migraine and the
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changes in macular microvasculature in 675 individuals from
9 studies. We found that the FAZ area in MA participants
was greater compared with HC participants after adjusting for
publication bias. The FAZ in MO participants was significantly
smaller than that in MA participants and not significantly
different from that in HC participants. Furthermore, compared
with HC, the parafoveal VD in the DCP was significantly
reduced in the MA patients.

Regarding the size of FAZ, there was no significant difference
between migraine groups (both MA and MO) and healthy
controls, by eliminating the effect of publication bias with the
trim and fill method, we obtained the opposite result, indicating
that FAZ in the MA group was significantly larger than the HC
group, which strongly supported the findings of Hamamci et al.
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FIGURE 9
Sensitivity analysis data for studies included reported VD in the DCP. (A) foveal VD comparison of MA and HC; (B) foveal VD comparison of MO
and HC; (C) foveal VD comparison of MA and MO; (D) parafoveal VD comparison of MA and HC; (E) parafoveal VD comparison of MO and HC;
(F) parafoveal VD comparison of MA and MO.

(1), Chang et al. (23), and Hamurcu et al. (29). Although 4
enrolled studies (1, 17, 20, 23) showed no significant difference
in FAZ between MA and MO, the pooled effect led to the
opposite conclusion that FAZ in MA was significantly larger
than that in MO.

Although two studies (1, 17) reported reduced foveal VD
in MA patients, the pooled analysis of the association between
migraine and the VD of the foveal and parafoveal in the SCP,
there was no difference among the three groups. The results
of the trim and fill methods for the foveal and parafoveal SCP
VD suggested that publication bias did not affect the overall
results. There was no evidence of reduced SCP VD in migraine,
but in almost all of the included studies, patients with migraine
(especially MA) tended to have reduced SCP VD compared
with HC.

As for the DCP, our pooled analysis suggested no significant
difference in the foveal VD among the three groups. Although
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there was no evidence of decreased foveal DCP VD in patients
with MA, the data showed a decreasing trend. The parafoveal
DCP VD of the MA group was significantly reduced than that
of the HC group. The sensitivity analysis of studies that reported
parafoveal DCP VD showed that 1 out of 3 studies may have
excessive influence on the above-mentioned pooled effect. We
excluded the above studies and reconducted the meta-analysis,
then found a similar result.

Despite the exact pathophysiologic mechanisms of migraine
are still not well understood, many studies have shown that
migraine is associated with ischemic events (30-32). There was
evidence indicating that migraine was a risk factor for retinal
ischemia. Cankaya et al. (33) reported that the foveal thickness
in migraine patients was lower than that in control subjects,
and the authors suggested that this might be due to decreased
blood flow in migraine patients. A meta-analysis about migraine
and retinal nerve fiber layer (RNFL) changes suggested that
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the thickness of RNFL decreased in migraine patients, which
was a consequence of optic nerve head and retinal ischemia
(34). OCTA can evaluate the size of the FAZ area, VD of
the macular and optic disc, blood flow parameters, and other
indicators, so there were some studies to evaluate the macular
microvasculature in migraine patients by OCTA. In our study,
we evaluated the following five parameters: FAZ, foveal SCP VD,
parafoveal SCP VD, foveal DCP VD, and parafoveal DCP VD.
Microvascular ischemic events or capillary remodeling of near-
normal FAZ may be the cause of FAZ enlargement (23). The FAZ
area had been reported to be associated with the severity of some
systemic diseases such as diabetes, and some studies indicated
that screening for FAZ might help detect early microvascular
abnormalities (35, 36). Vascular abnormalities, including retinal
and choroidal vascular ischemia, can be detected by calculation
of VD (37). In the included 9 studies, these parameters produced
controversial results in migraine patients, which may be related
to ethnic differences, device, scan size (3 x 3 mm and 6 x 6 mm),
the definition of the foveal and parafoveal area, and other factors.
In these studies, we found that the MA group was more likely to
have FAZ enlargement and VD reduction than the MO group,
it might indicate a stronger association between the MA and
retinal ischemia.

To the best of our knowledge, our systematic review and
meta-analysis were the first to assess the currently available
evidence of the association between migraine and changes in
macular microvasculature. Our results indicate that migraine
may be a risk factor for retinal ischemia, and MA is more
strongly associated with ischemic events. Sensitivity analysis
confirmed the stability of the results. However, the available
evidence is insufficient to show that migraine is a risk factor
for systemic microvascular ischemia, and more studies are
needed to confirm the relationship between migraine and
microvascular ischemia.

Our systematic review and meta-analysis had several
potential limitations. First, the definition of foveal and
parafoveal regions was not completely consistent in our included
studies. Due to the limited original data, we could not
conduct subgroup analysis based on the definition of the
foveal and parafoveal region, age, follow-up time, OCTA device,
or other factors. Second, the number of studies and sample
size included was small, and only Turkish and American
articles were included. Therefore, the results drawn from
this study should be considered preliminary. We expect a
large number of studies to conduct more a comprehensive
analysis in the future. Third, the studies enrolled showed
considerable heterogeneity, due to differences in some factors,
such as population age range, ictal and interictal periods,
and scan size. Our findings underscored that population-
based data on the link between migraine and macular
microvasculature remain limited, and large-scale and high-
quality studies are needed to further confirm the link and
underlying mechanisms.
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Conclusion

Our meta-analysis indicated that there was increased FAZ in
MA participants compared with HC participants after adjusting
for publication bias. FAZ in MO was smaller than that in MA.
We found that there was no significant difference in SCP VD
among the three groups, while the parafoveal DCP VD in
MA participants was significantly decreased than that of the
HC participants.
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