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Background: The causal relationship between insomnia and migraine is contradictory and 
no study has been carried out among the Chinese population to date.
Methods: In this case, we conducted a case–control study and a bidirectional mendelian 
randomization (MR) analysis to determine whether insomnia is causally related to the 
development of migraine. The instrumental variables for insomnia were derived from the 
largest genome-wide association study of 1,331,010 participants, while the genetic instru-
ments for migraine were available from the largest meta-analysis of migraine with 59,674 
cases and 316,078 controls.
Results: In case–control study, subjects with insomnia have significantly higher risk of 
migraine (OR=4.29, 95% CI: 3.21–5.74, P<0.001), compared with those without insomnia. 
The bidirectional two-sample MR analysis revealed that insomnia was significantly asso-
ciated with higher risk of migraine (OR=1.24, 95% CI: 1.11–1.38, P=1.01×10-4), and the 
results were validated in the UK Biobank data. The results showed no indication for 
directional pleiotropy effects as assessed by the MR-Egger intercept (P>0.05).
Conclusion: Conclusively, our study highlighted that increased migraine risk was confined 
to subjects with a genetic pre-disposition to insomnia, and these findings had potential 
implications for improving the sleep quality to reduce the burden of migraine.
Keywords: mendelian randomization, insomnia, migraine, case–control

Introduction
Migraine, the most common headache disorder with a great impact on life quality of 
the patients, has become an important global public health concern.1–5 According to 
a systematic review and meta-analysis of community-based studies involving 
6 million participants, migraine affects more than 10% of people worldwide.6 

Meanwhile, unfavorable sleep disorders are also important public concern. The 
relationship between insomnia and migraine has been explored by many studies; 
however, the results were still inconsistent and the causality was undetermined to 
date.7–10 This might be caused by potential residual confounding bias and reverse 
causality in epidemiologic studies. Besides, we also found that no study was 
conducted in Chinese population to date.

Mendelian randomization (MR), which utilizes genetic variants associated with 
exposure variables as genetic instruments to infer the causality, can be a useful tool 
for assessing the role of insomnia in migraine occurrence.11 The MR design is 
rarely affected by confounding bias and reverse causation due to the random 
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assortment of genetic variants at conception.12–14 It has 
been adopted in a wide range of diseases, including cardi-
ovascular diseases, cancers, neuropsychiatric disorders, 
ischemic stroke, Type 2 diabetes, infectious diseases, and 
so on.15–26

In this case, we conducted a case–control study and 
a bidirectional MR analysis to determine whether insom-
nia is causally related to development of migraine. To 
ensure the authority and sophistication of the study, the 
instrumental variables for insomnia were derived from the 
largest genome-wide association study (GWAS) of 
1,331,010 participants, while the genetic instruments for 
migraine were available from the largest meta-analysis of 
migraine with 59,674 cases and 316,078 controls.

Patients and Methods
Study Subjects
A diagnostic interview and a structured questionnaire were 
conducted based on the international classification of head-
ache disorder diagnostic criteria, 3rd edition (ICHD-3).27 

Controls did not suffer from migraine or other headache 
types. Subjects with severe systemic disease, tumor, major 
psychiatric disorder, or immunosuppressed patients were 
excluded. All the participants were recruited in Union 
Hospital and interviewed by headache specialist. Eligible 
participants were invited to complete a structured question-
naire. A total of 312 consecutive cases and 557 controls 
were contacted, and finally 300 migraine cases and 500 age- 
and gender-matched controls were included in this case– 
control study. The study received approval by the local 
Ethics Committee of the Union Hospital of Tongji 
Medical College and was conducted in accordance with 
the Declaration of Helsinki. All participants signed written 
informed consent prior to their enrolment to this study.

Assessment of Insomnia
According the method by UK Biobank study,28 insomnia 
complaints were assessed by asking: “Do you have trouble 
falling asleep at night or do you wake up in the middle of 
the night?” The participants were able to choose one of the 
following four answers: “never/rarely”, “sometimes”, or 
“usually”. Insomnia cases were defined as participants 
who answered this question with “usually” or “some-
times”, while participants answering “never/rarely” were 
defined as controls.

Statistical Analysis and Mendelian 
Randomization
The STATA 14.0 (Stata Corporation, College Station, TX, 
USA) was used for the statistical analyses, and a two-sided 
P value of <0.05 was considered statistically significant. 
The Chi-square (χ2) test and Student’s t-test were used to 
evaluate the distribution difference of selected variables in 
migraine cases and healthy controls. Adjusted odds ratios 
(ORs, adjusted for age, gender, family history of migraine, 
drinking status and BMI) and 95% confidence intervals 
(CIs) of the association between insomnia and migraine 
were calculated using unconditional logistic regressions.

Either insomnia is a cause or a downstream effect of 
migraine is still controversial, here we adopted 
a bidirectional MR design using R (version 3.6.0, 
R Foundation for Statistical Computing) packages and 
MRbase.29 The random-effect inverse-variance weighted 
(IVW) method was used as the primary analysis. 
Heterogeneity was estimated using Cochran’s Q statistic. 
MR-Egger method was used for the detection of direc-
tional pleiotropic effects. The instrumental variables for 
insomnia were derived from the largest GWAS study to 
date of 1,331,010 participants, which identified 248 inde-
pendent lead SNPs (r2< 0.1) for insomnia28 Summary 
statistics data for migraine were available from finn- 
a-G6_MIGRAINE (3650 cases and 83,167 controls) and 
UK Biobank (ukb-b-16868, 13,597 cases and 449,336 
controls).29 The genetic instruments for migraine were 
available from the largest meta-analysis of migraine with 
59,674 cases and 316,078 controls.30 Summary statistics 
data for insomnia were available from UK Biobank (ukb- 
b-3957, with 462,341 participants).

Results
Case–Control Study
Table 1 presents the distributions of selected variables in 
migraine cases and healthy controls. We found no signifi-
cant differences in distributions of age, gender and BMI. 
However, migraine cases have higher percentage of family 
history of migraine and drinking habits, compared with 
healthy controls. Table 2 shows the association between 
insomnia and migraine risk. Compared with subjects with-
out insomnia, those with insomnia have significantly 
higher risk of migraine (OR=4.29, 95% CI: 3.21–5.74, 
P<0.001). Both those with insomnia sometimes 
(OR=3.51, 95% CI: 2.47–4.98, P<0.001) and those with 
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usual insomnia (OR=5.42, 95% CI: 3.78–7.76, P<0.001) 
have higher risk of migraine.

Genetically Predicted Insomnia on 
Migraine Risk
Supplementary Table 1 listed the independent SNPs, 
which were used as the genetic instrumental variables 
for insomnia. We first evaluated the effect of genetically 
predicted insomnia on migraine risk in finn- 
a-G6_MIGRAINE. Insomnia was significantly asso-
ciated with higher risk of migraine (Figure 1, 
OR=1.24, 95% CI: 1.11–1.38, P=1.01×10−4). The results 
were validated in the UK Biobank data (Figure 2). The 
results showed no indication for directional pleiotropy 
effects as assessed by the MR-Egger intercept (P>0.05). 
However, sensitivity analyses by MR-Egger did not 
validate the findings of IVW. Supplementary Figure 1 
and 3 presented the forest plot, while Supplementary 
Figure 2 and 4 presented the funnel plot.

Genetically Predicted Migraine on 
Insomnia Risk
The genetic instruments for migraine are listed in 
Supplementary Table 2. Using the IVW method, we did 
not detect significant causal relationship between geneti-
cally predicted migraine and insomnia risk (OR=1.01, 
95% CI: 1.00–1.02, P=0.159). The results also showed 
no indication for directional pleiotropy effects as assessed 
by the MR-Egger intercept (P>0.05).

Discussion
The current study explored the association between insom-
nia and migraine risk using a hospital-based case–control 
study in a Chinese population. We found that insomnia was 
significantly associated with higher risk of migraine, in both 
patients with insomnia sometimes and those with usual 
insomnia. Additionally, to remove the possible residual 
confounding bias and reverse causation, a bidirectional 
two-sample MR analysis was conducted and revealed that 
insomnia was causally related to the development of 
migraine. Collectively, our study highlights insomnia as 
a potentially modifiable risk factor for migraine.

Migraine ranks the second most disabling condition 
worldwide and has been revealed to be associated with 
cerebrovascular diseases, multiple sclerosis, depression, as 
well as sleep disorders.5,31–33 Although the association 
between migraine and sleep disorders is underlined by evi-
dence from epidemiological studies, their relationship (caus-
ality or co-existence) has been the subject of much debate. 
According to a systematic review, ten association studies 
have evaluated the association between migraine and insom-
nia; however, their causal relationship is contradictory and 
none of the studies have been carried out among the 
Chinese.7 MR analyses have identified the causality between 
serum calcium, smoking, coronary artery disease and atrial 
fibrillation, Alzheimer’s disease, intelligence, brain volume, 
sleep disturbances, blood pressure, social and socioeconomic 
outcomes and migraine.34–40 In this context, we conducted 

Table 1 Distributions of Selected Variables in Migraine Cases 
and Healthy Controls

Cases 
(n=300)

Controls 
(n=500)

P value

Age 35.7 ± 7.6 35.5± 7.1 0.707

Gender

Male 37 (12.3%) 64 (12.8%) 0.847

Female 263(87.7%) 436 (87.2%)

Family history of 
migraine

Yes 207 (69.0%) 101 (20.2%) <0.001
No 93 (31.0%) 399 (79.8%)

Drinking status

Yes 97 (32.3%) 79 (15.8%) <0.001
No 203 (67.7%) 421 (84.2%)

BMI (Kg/m2) 24.8±6.1 24.1±5.2 0.085

Notes: P value in bold means statistically significant.

Table 2 A Case–Control Study of Association Between Insomnia and Migraine Risk

Cases (n=300) Controls (n=500) OR (95% CI)* P

No insomnia 111 354 1.00 (reference)

Insomnia 189 146 4.29 (3.21–5.74) <0.001
Sometimes 91 86 3.51 (2.47–4.98) <0.001
Usually 98 60 5.42 (3.78–7.76) <0.001

Notes: *Adjusted for age, gender, family history of migraine, drinking status and BMI. P value in bold means statistically significant.
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this case–control study in Chinese and bidirectional two- 
sample MR analysis. Our findings provides a direct evidence 
for a causal relationship between insomnia and occurrence of 
the migraine.

Our study has several methodological strengths. First, 
the joint application of epidemiological study and MR 
analysis was used to sort out the relationship between 
insomnia and migraine. Second, in this bidirectional two- 
sample MR analysis, the instrumental variables for insom-
nia and migraine were derived from either the largest 
GWAS study of insomnia, or the largest meta-analysis of 
migraine. This ensured the authority and sophistication of 
the study. Third, the sample sizes in both case–control 
study and MR analysis maximize the statistical power for 
drawing the corresponding conclusions.

Several limitations should also be considered when 
interpreting the results. First, we adopted self-reported 
insomnia complaints rather than objective measures in 

the case–control study, due to the complexity of trait 
measurement. Second, collider bias remains an issue in 
MR analysis, and the possible pleiotropy effect might be 
concealed by small sample size. Third, due to the limita-
tion of the GWAS summary statistics data, we did not 
perform stratified analyses on the major subtypes of 
migraine. Fourth, overlapping samples in the two-sample 
MR analysis may cause the results to be overestimated. 
Future larger studies upon migraine subtypes are needed.

Conclusions
In conclusion, we observed that insomnia was significantly 
associated with higher risk of migraine. Both epidemiolo-
gical study and MR analysis suggested that increased 
migraine risk was confined to subjects with a genetic pre- 
disposition to insomnia. Further research should be directed 
towards exploring the molecular and cellular mechanisms 
underlying the effect of insomnia on increasing the 

−0.2

0.0

0.2

0.05 0.10 0.15 0.20
SNP effect on insomnia

S
N

P
 e

ffe
ct

 o
n 

M
ig

ra
in

e 
|| 

id
:fi

nn
−a

−G
6_

M
IG

R
A

IN
E

MR Test

Inverse variance weighted MR Egger

Figure 1 Scatter plots depicting the genetic association between insomnia and migraine risk in finn-a-G6_MIGRAINE.
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likelihood of migraine. Nonetheless, these findings have 
potential implications for improving the sleep quality to 
reduce the burden of migraine.
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