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Background. Migraine is a frequently observed neurological disease in patients with systemic lupus erythematosus. However, the
relationship between these two conditions is still a subject of controversy. Objectives. Our aim was to investigate the association
between migraine and the risk of developing systemic lupus erythematosus through a meta-analysis of case-control studies.
Methods. Following the Preferred Reporting Project for Systematic Reviews and Meta-Analysis statement, we conducted a
comprehensive search of the following literature databases, including PubMed, Embase, and Web of Science, to identify
relevant articles published up to June 2022 using the keywords “migraine” and “systemic lupus erythematosus” as subject
headings. If heterogeneity was expected to be low (I* <50%), the pooled analysis was performed using a fixed-effects model
calculated by the Mantel-Haenszel method. Analysis in this study was conducted using R software (http://www.r-project.org).
Results. Six case-control experimental studies involving 908 participants were included in the meta-analysis. The overall
combined relative risk of developing systemic lupus erythematosus in patients with migraine, compared to the control group,
was 1.69 (95% confidence interval (CI): 1.26 to 2.27). The analysis revealed minimal evidence of heterogeneity and publication
bias. Conclusions. Based on our meta-analysis, there is suggestive evidence that patients with migraine may have an elevated

risk of developing systemic lupus erythematosus attacks.

1. Introduction

Systemic lupus erythematosus (SLE) is a severe systemic
autoimmune disease that presents significant challenges in
terms of diagnosis and treatment, leading to morbidity, mor-
tality, and reduced quality of life [1]. Neuropsychiatric lupus
(NPSLE) is a common manifestation of SLE [2]. Although
several neurological symptoms are recognized as important
features of SLE and indicative of central nervous system
(CNS) involvement, limited research has been conducted
specifically on the manifestation of migraine in the CNS
[3]. Currently, no specific pathogenic mechanism has been
identified to fully explain the development of SLE associated
with migraine. Controversy surrounds the contribution of
circulating cytokines, vascular injury, neuronal damage,

and antiphospholipid antibodies (aPL) in triggering SLE in
patients with migraine [4-6].

Migraine is a common occurrence in patients with SLE,
with a reported prevalence of up to 70% [7]. However, the
precise percentage of SLE patients affected by migraines
remains uncertain [8]. This uncertainty may arise from fac-
tors such as small study sample sizes, diverse study designs,
and the use of various classification criteria. Furthermore,
the underlying pathophysiology of migraine and SLE
remains unclear, and it is possible that autoimmunity may
be the cause of both [9-11]. In this study, a meta-analysis
was conducted to investigate the relationship between
migraine and the risk of SLE. The goal was to elucidate the
clinical connection between these two conditions and pro-
vide theoretical support for further basic research.
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2. Materials and Methods

2.1. Standard Protocol Approvals, Registrations, Search
Strategy, and Patient Consents. We searched the following
literature databases: PubMed, Embase, and Web of Science
(WOS) for publications published up to June 2022 pertain-
ing to the subject headings “migraine” and “SLE.” This sys-
tematic review and meta-analysis were registered in the
International Prospective Register of Systematic Reviews
under the number CRD42022345927. This study involved
an analysis of publicly available documents and did not
require an ethical committee review or direct patient
interaction.

2.2. Study Selection. The literature search yielded a total of
1,003 articles, out of which 541 unique papers were included
after screening for duplicates and removing irrelevant stud-
ies. A core reference database comprising 49 articles was
established by assessing the inclusion/exclusion criteria in
titles and/or abstracts. Full-text copies of these papers were
obtained for quality assessment by the expert committee
(Wang X]J, Tian DC, and Liu J). In these articles, the expert
committee reached a consensus and selected six papers
(Figure 1).

2.3. Inclusion and Exclusion Criteria. To be eligible, studies
had to meet the following criteria: (1) study population:
individuals with SLE or in good health; (2) exposure factor:
migraine as the variable of interest; (3) outcomes: the risk
of developing SLE associated with migraine; (4) study
design: case-control studies; (5) language: written in English;
and (6) study subjects: human participants. Moreover, the
studies conducted by Goh et al. and Ainiala et al., which
met the inclusion criteria but were excluded, were primarily
due to small sample sizes or duplication of study populations
[12, 13]. The following criteria were used for exclusion: (1)
study types: case reviews, case reports, meta-analyses, and
reviews; and (2) studies with unreliable odds ratios (OR) or
hazard ratios (HR).

24. Data Extraction. From the included studies, we
extracted various data items using a standardized data form,
including the last name of the first author, publication year,
research population, country, number of cases and partici-
pants, assessment of exposure, and outcome. The risk esti-
mation was presented with the corresponding odds ratios
(OR) and 95% confidence intervals (CI). Two authors (Hui
X and Zhang LJ]) independently conducted the research
selection and, together with a third author (Zhang TT),
performed data extraction. Any disputes were resolved
through discussion.

2.5. Statistical Analysis. For binary outcomes, we calculated
the OR and the corresponding 95% CI. In the meta-analysis,
we combined data from multiple studies and obtained
pooled ORs and 95% CIs using the Mantel-Haenszel
method. The findings were presented using forest plots,
which displayed individual studies and the combined results.
Heterogeneity between the studies was assessed using the I
statistic and the X? test (p value > 0.10 was considered statis-
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tically significant). Heterogeneity levels were classified as low
(I? value of 25%), moderate (50%), or high (75%). When
there was little or no significant heterogeneity between the
studies, fixed-effects models were used to combine the data.
If heterogeneity was present (I* = 50 — 75%), random-effects
models were employed. If significant heterogeneity existed
(I* > 75%), the data were not pooled. Data analysis was per-
formed using R software version 4.13 (with the meta pack-
age). Subsequently, to explore potential reasons for the
observed heterogeneity, subgroup analysis and sensitivity
analysis were conducted to evaluate the stability of the com-
bined results.

2.6. Study Quality Assessment. The quality of the case-
control studies included in the meta-analysis was assessed
using the Newcastle-Ottawa scale (NOS) [14]. In each study,
two authors independently used the checKklist to reach a con-
sensus on the score. Any conflicting assessments were dis-
cussed and resolved. If disagreements persisted between the
two reviewers, a third reviewer was consulted to make the
final decision. The study quality was also included as a mod-
erator in the following analyses, with a score of 7-9 indicat-
ing good quality, 4-6 indicating a high risk of bias, and 0-3
indicating an extremely high risk of bias.

3. Results

3.1. Study Characteristics. The characteristics of the six case-
control studies [15-20], published between 1982 and 2014,
are presented in Table 1. Among these studies, one was
conducted in the United States and five in Europe. Five
studies included both men and women, while one study
included only women [20]. The proportion of women
exceeded 90% in all of these studies. Two articles [15,
16] identified migraine based on the International Classifi-
cation of Headache Disorders (ICHD II) criteria, while
alternative criteria were utilized in the remaining studies.
Five studies [15-19] identified SLE using the American
College of Rheumatology’s (ACR) 1982 updated criteria,
while the remaining study adopted the criteria of the
American Rheumatism Association. Adjustments were
made for various confounding factors. Two studies [15,
17] were corrected for univariate analysis, whereas four
studies were adjusted for age and sex.

3.2. Main Analysis. Figure 2 displays the adjusted odds ratios
(ORs) for each study as well as the summary OR for the
association between migraine and SLE risk. The pooled rela-
tive risk for developing SLE in participants with migraine,
compared to controls, was 1.69 (95% CI: 1.26-2.27, p value
= 0.0004). This indicates that the prevalence of SLE is 1.69
times higher in patients with migraine compared to those
without migraine, suggesting that migraine increases the risk
of SLE.

3.3. Subgroup Analyses. Subgroups were categorized based
on the presence of migraine with or without aura, country,
and statistical model. Corresponding results showed no evi-
dence of heterogeneity between subgroups, and hence the
results were calculated based on the fixed-effects model. In
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FIGURE 1: Flowchart of study selection.

Figure 2, the subgroup without aura did not show a statisti-
cally significant result (OR 1.20, 95% CI: 0.76-1.89), whereas
in the subgroup with aura, exposure to migraine with aura
was associated with an increased risk of SLE (OR 1.61,
95% CI: 1.00-2.57). Additionally, the subgroup analysis in
Figure 3 demonstrated that exposure to migraine in the
European (Norway, Greece, Brazil, Spain, and UK) subgroup
(OR 1.52, 95% CI: 1.10-2.08) and North American (Brazil)
subgroup (OR 1.79, 95% CI: 1.02-3.14) could increase the
risk of SLE. Furthermore, the model-based subgroup analy-
sis in Figure 4 indicated that migraine exposure in the uni-
variate analysis group significantly contributed to the risk
of SLE (OR 1.81, 95% CI: 1.18-2.79), whereas in the matched
age and sex group, this association was not statistically sig-
nificant (OR 1.52, 95% CI: 0.90-2.56).

3.4. Sensitivity Analysis. A sensitivity analysis was conducted
to assess the influence of individual studies on the overall
risk estimate by sequentially excluding each study. The
analysis revealed that none of the studies significantly
affected the overall risk estimate, which ranged from 1.54
(95% CIL 1.11-2.12) to 1.88 (95% CI 1.37-2.59), as
depicted in Figure 5.

3.5. Publication Bias. According to the results of the funnel
plots in Figure 6, there was no evidence of publication
bias regarding the risk of SLE in relation to migraine.
The corresponding Egger tests repeatedly produced non-
significant findings (p=0.77), suggesting the absence of
publication bias.

4. Discussion

4.1. Main Findings. In this study, migraine emerged as a sig-
nificant risk factor for SLE, particularly evident in subgroup
analyses focusing on migraine with aura, subgroup analyses
based on diverse ethnic populations, and subgroup analyses
utilizing various statistical models. Further research was
imperative to unravel the underlying mechanisms and estab-
lish a causal relationship between migraine and SLE.

4.2. Mechanisms Underlying the Migraine-SLE Association.
There were multiple possible mechanisms for the signifi-
cant correlation between migraine and SLE risk. A poten-
tial mechanism underlying the onset of SLE attacks in
migraine patients involved platelet activation and the
impact of antiphospholipid antibodies on the modulation
of their immune system [19-24]. Research had explored
the potential associations between migraine and abnormal-
ities in platelet activation [21]. Regulatory T cell function
can be shut down by platelet activation through a suffi-
cient increase in intracellular H,O, [22], which breaks
Tregs’ grip on self-reactive T cells with an immunosup-
pressive effect [23]. Therefore, migraine patients can
potentially disrupt their own immune systems through
the activation of platelets.

Moreover, there was also emerging evidence suggesting
that migraine represents a neurologic disorder with potential
implications for autoimmune dysregulation [24]. Further-
more, migraine was the most prevalent neurological disease
among patients with antiphospholipid syndrome, with high
titers of antiphospholipid antibodies (up to 40%), which were
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Study SLE group Control group

Events Total Events Total Odds ratio OR 95%-CI
Migraine with aura
Tjensvoll AB-2014 9 67 13 108 — 1.13  [0.46; 2.82]
Lessa B-2006 30 115 19 92 —ITEE 1.36  [0.70;2.61]
Fernandez-Nebro A-1999 3 71 1 71 3.09 [0.31;30.42]
Isenberg DA-1982 12 30 4 30 —_— 4.33  [1.20;15.61]
Common effect model 283 301 —— 1.61  [1.00;2.57]
Random effects model > 1.57  [0.97;2.54]
Heterogeneity: I’=13%,7° =0, p=033
Migraine without aura
Lessa B-2006 46 115 29 92 TR — 145 [0.81;2.58]
Fernandez-Nebro A-1999 13 71 12 71 — 1.10  [0.46; 2.62]
Isenberg DA-1982 2 30 5 30 I 0.36  [0.06;2.01]
Common effect model 216 193 t 1.20  [0.76; 1.89]
Random effects model 1.21  [0.76;1.92]
Heterogeneity: I” = 14%, 7° = < 0.0001, p = 0.31
All migraine
Katsiari CG-20011 17 72 18 72 — 0.93  [0.43;1.99]
Tjensvoll AB-2014 24 67 25 108 T 1.85  [0.95; 3.62]
Lessa B, 2006-2006 76 115 48 92 L 1.79  [1.02;3.14]
Fernédndez-Nebro A-1999 16 71 13 71 —TE— 1.30  [0.57;2.95]
Markus HS-1992 31 90 15 90 — 2.63  [1.30;5.31]
Isenberg DA-1982 14 30 9 30 o e — 2.04 [0.71;5.89]
Common effect model 445 463 > 1.69  [1.26;2.27]
Random effects model > 1.69  [1.26;2.27]
Heterogeneity: I'=0%,7° =0, p=048 T . . .

0.1 05 1 2 10

FIGURE 2: Forest plot of studies examining the association between systemic lupus erythematosus and risk of migraine.

Study TE seTE Odds ratio OR 95%-CI
Europe

Tjensvoll AB-2014 0.62 0.3413 T 1.85 [0.95; 3.61]
Katsiari CG-2011 -0.07 0.2819 - e— 0.93 [0.54; 1.62]
Fernandez-Nebro A-1999 0.26 0.4194 B 1.30 [0.57; 2.96]
Markus HS-1992 0.97 0.3590 - 2.63 [1.30; 5.32]
Isenberg DA-1982 0.71 0.5397 2.04 [0.71; 5.88]

Common effect model — 1.52 [1.10; 2.08]
Random effects model ——— 1.57 [1.04; 2.39]
Heterogeneity: I’= 35%, = 0.0865, p=0.19

South America

Lessa B-2006 0.58 0.2868 — 1.79 [1.02; 3.14]
Heterogeneity: I’= 22%, = 0.0506, p =0.27 012 015 1 é ;

F1GURE 3: Forest plot of subgroup analysis relating migraine to SLE by the characteristic of the country.

closely associated with the autoimmune system [25]. The
study also discovered that SLE patients had clinically sig-
nificant antiphospholipid antibodies [26]. Hence, sys-
temic platelet activation and antiphospholipid antibodies
may be the reasons behind the increased risk of SLE
associated with migraine, mediated through autoimmune
mechanisms.

4.3. Heterogeneity and Sensitivity. A common concern in a
meta-analysis is heterogeneity. Fortunately, there was little
evidence of heterogeneity during our study. The following
facts assisted in partially explaining this: inclusion and

exclusion criteria were correctly defined and consistent
study types were used; the majority of included studies
exhibited consistency among patients in terms of age, gen-
der, and other relevant factors [13-18].

Our subgroup and sensitivity analyses yielded very con-
sistent and reliable results. There was a significant positive
association between all subgroups except migraine without
aura. In the subgroup analysis specifically examining
migraine without aura, no significant association was found
between migraine without aura and the risk of SLE. This
could be attributed to the limited number of included studies
(n=3), resulting in inadequate statistical power.
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Study TE seTE Odds ratio OR 95%-CI
Univariate analysis
Tjensvoll AB-2014 0.62 0.3413 I S — 1.85 [0.95; 3.61]
Lessa B-2006 0.58 0.2868 — = 1.79 [1.02; 3.14]
Common effect model ——— 1.81 [1.18;2.79]
Random effects model 1.81 [1.18;2.79]
Heterogeneity: I’=0%, 72 =0, p=094
Matched for age and sex
Katsiari CG-2011 -0.07 0.2819 I — 0.93 [0.54; 1.62]
Fernandez-Nebro A-1999 0.26 0.4194 S B E— 1.30 [0.57; 2.96]
Markus HS-1992 0.97 0.3590 —_—a 2.63 [1.30; 5.32]
Isenberg DA-1982 0.71 0.5397 2.04 [0.71; 5.88]
Common effect model E—— 1.43 [1.00; 2.05]
Random effects model —— 1.52 [0.90; 2.56]
Heterogeneity: I” = 47%, 7° = 0.1345, p = 0.13 . : : ,

Heterogeneity: I* = 22%, 7 = 0.0506, p = 0.27 0.2 05 1 ) 5

FIGURE 4: Forest plot of subgroup analysis relating migraine to SLE by the characteristic of the statistical model.

Study Odds ratio OR  95%-CI
Omitting Tjensvoll AB-2014 + 1.66  [1.20;2.30]
Onmitting Katsiari CG-2011 —— 188 [137;259]
Omitting Lessa B-2006 1.66  [1.18;2.34]
Omitting Ferndndez-Nebro A-1999 1.76  [1.29;2.41]
Omitting Markus HS-1992 — 1.54  [1.11;2.12]
Onmitting Isenberg DA-1982 W 167 [123226]
|
1
Common effect model —_— 1.69  [1.26;2.27]
0.5 1 2
FIGURE 5: Sensitivity test for forest analysis.
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FIGURE 6: Funnel plot for case-control studies.

4.4. Advantages and Limitations. In this study, we analyzed
the associations between migraine and SLE using a meta-
analysis to obtain robust conclusions. To the best of our
knowledge, this is the first comprehensive meta-analysis of
the effects of migraine and the risk associated with SLE.
Few studies have yet attempted to elucidate the pathogenic

role of migraine in the risk of SLE; therefore, it would be
interesting to investigate the exact mechanisms of
migraine-mediated SLE. Furthermore, the presence of
migraine would be considered a potential diagnostic indica-
tor for the early detection of SLE. However, further investi-
gation through high-quality studies was necessary to
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confirm whether migraine indeed increases the risk of
developing SLE.

Therefore, it is important to note several limitations of
our meta-analysis. Firstly, since the studies were all retro-
spective, recall bias was a concern. Secondly, there was not
enough research included in this analysis, especially in
regard to subgroup analysis. Therefore, even if our statisti-
cal analysis did not yield a significant bias, there may be a
potential publication bias. Thirdly, there could be some
linguistic bias as English was the only language utilized
in the study.

4.5. Clinical Implications. Finding the clinical connection
between migraine and SLE will point fundamental research
in the right direction for further examining the pathophysi-
ology of both conditions and for creating efficient treatment
regimens. Additionally, it will give clinicians a theoretical
foundation on which to treat SLE or migraine.

5. Conclusions

Based on our meta-analysis, patients with migraine may
have a higher risk of experiencing systemic lupus erythema-
tosus attacks.

Data Availability

The data used to support the findings of this study are
included within the article.

Additional Points

Key Message. Patients with migraine are more likely to
develop SLE.
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