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Abstract: Background: We aimed to assess the differences between menstrual and non-menstrual 
headache in women with chronic migraine treated with erenumab. Methods: We included fertile 
women from a single center. Patients were defined as responders to erenumab if reporting a ≥50% 
decrease in monthly headache days, as compared to pre-treatment for more than half of the treat-
ment period. Premenstrual days were defined as the two days preceding menstruation, while men-
strual days were defined as the first three days of menstruation. Results: We included 18 women 
(11 erenumab responders and 7 erenumab non-responders) contributing to a total of 103 menstrual 
cycles and 2926 days. The proportion of headache days was higher in menstrual than in premen-
strual and non-menstrual days in erenumab responders (34.4% vs. 14.8% vs. 16.3%, respectively; p 
< 0.001) and in erenumab non-responders (71.4% vs. 53.6% vs. 48.3%, respectively; p < 0.001). Head-
ache days with ≥2 acute medications were higher in menstrual than in premenstrual or non-men-
strual headache days in erenumab non-responders (p = 0.002) but not in erenumab responders (p = 
0.620). Conclusions: Our data suggest that migraine is more frequent during than outside menstrual 
days even in women treated with erenumab. 
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1. Introduction 
Migraine is a headache disorder affecting 14% of people worldwide [1]. This disorder 

can manifest itself with variable degrees of frequency and severity. The most severe form 
is chronic migraine, in which headache occurs on ≥15 days each month [2]. Migraine is 
often associated with vascular [3,4], psychiatric [5,6], and gastrointestinal comorbidities 
[7] which might, in turn, have a negative impact on the course of headache. Migraine 
prevalence and related disability is particularly high in young women due to the presence 
of high estrogen levels and their frequent fluctuations [8]. Migraine occurs more fre-
quently during the days around the menstruation than in the other periods of the men-
strual cycles in fertile women [9,10], due to a sudden fall in estrogen levels—the so-called 
“estrogen withdrawal” [11]. Compared with non-menstrual migraine episodes, menstrual 
episodes are longer, more severe, and more refractory to acute treatments [12]. The men-
strual pattern of migraine is so typical that the International Classification of Headache 
Disorders includes the definitions of “pure menstrual migraine” and “menstrually-re-
lated migraine” to identify migraines that occur only or preferentially during the days 
around the menstruation [2]. 
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Calcitonin gene-related peptide (CGRP), which is released after the activation of the 
trigeminovascular system, is one of the key mediators of migraine pain [13]. Monoclonal 
antibodies antagonizing CGRP or its receptor are the first approved migraine-specific pre-
ventive agents [14,15]. Assessing the effect of those drugs on menstrual migraine attacks 
is important to determine the need for additional preventive measures, such as hormonal 
treatments. 

To determine whether the difference between menstrual and non-menstrual mi-
graine persists under treatment with a migraine-specific preventive agent, we performed 
a within-woman analysis in patients treated with erenumab, a monoclonal antibody an-
tagonizing the CGRP receptor. 

2. Materials and Methods 
2.1. Study Population 

The present study is a within-woman analysis from a real-life observational study on 
the efficacy and safety of erenumab [16,17]. The study was approved by the Internal Re-
view Board of the University of L’Aquila; Reference number 44/2019. Each patient signed 
an informed consent. All anonymized data are available upon reasonable request to the 
corresponding author. 

We included women aged ≥18 years, who were referred to our tertiary Headache 
Center from January 2019 to June 2020 with a diagnosis of chronic migraine, reporting 
regular menstrual cycles, and reporting menstruation as a trigger of more severe headache 
attacks. Women were treated with erenumab according to clinical indication [14]. To be 
included in the study, all women had to be free from medical comorbidities. To only assess 
the effect of natural menstrual cycles, without the influence of exogenous hormones [18], 
we excluded women who were taking oral contraceptives during the study period. We 
also excluded women in menopause. Erenumab samples were dispensed from the manu-
facturing company and were free of charge to patients. Patients started erenumab at the 
dose of 70 mg monthly; escalation to 140 mg monthly was allowed according to clinical 
needs. As this was an observational study, no treatment was mandatory, and concurrent 
oral preventive treatments were allowed. Women were defined “responders” to ere-
numab if reporting a ≥50% decrease in monthly headache days, as compared to the re-
ported baseline for more than half of the treatment follow-up. 

2.2. Data Collection 
We collected the daily diaries in which patients were asked to annotate headache 

days, pain intensity according to a 0–10 Numerical Rating Scale, the number of acute med-
ications used, and days of menstruation. We defined “moderate-to-severe” headache days 
as those days with a ≥4 score on the Numerical Rating Scale. We did not ask women to 
distinguish migraine from other headaches. 

We included in the study women who reported days of menstruation for at least 
three cycles. Diary data were entered into a computerized database by a single operator. 

According to the definition of the International Classification of Headache Disorders 
[2], we considered the five days around the first day of menstruation—i.e., days −2 to +3—
to assess perimenstrual days. We defined the two days preceding the menstruation as 
“premenstrual” and the first three menstruation days as “menstrual”. 

2.3. Statistical Analysis 
We considered the observation day as the statistical unit. We recorded the number of 

headache days (including migraine and non-migraine), the number of acute medications 
per each headache day, and headache intensity. Those parameters were reported for men-
strual, perimenstrual, and non-menstrual days. We calculated the odds ratios (ORs) and 
95% confidence intervals of menstrual and premenstrual vs. non-menstrual headache 



Brain Sci. 2021, 11, 370 3 of 8 
 

days and moderate-to-severe headache days. We also calculated the ORs and 95% confi-
dence intervals for days with ≥2 acute medication use, over the total days of observation. 
Proportions of headache days, moderate-to-severe headache days, and days with ≥2 acute 
medication use were compared using the Chi-square test. p-values were set at <0.05 for 
significance. The analyses were performed using SPSS version 20.0 (IBM, Armonk, NY, 
USA). 

3. Results 
We included in the study 18 women, with a median age of 38 years (interquartile 

range, 28–47 years), a median migraine duration of 18 years (interquartile range, 12–27 
years), and a median of 19 years (interquartile range, 15–25 years) monthly headache days, 
before starting the erenumab treatment. The included women contributed a total of 2926 
days and 103 menstrual cycles, with a mean (±standard deviation) cycle length of 27.3 ± 
6.5 days; 309 days were considered menstrual, 206 premenstrual, and 2411 non-menstrual. 
Eleven of the 18 women were classified as erenumab responders and seven as erenumab 
non-responders; erenumab responders had 183 menstrual, 122 premenstrual, and 1414 
non-menstrual days, while erenumab non-responders had 126 menstrual, 84 premen-
strual, and 997 non-menstrual days. Table 1 reports the patients’ characteristics. The char-
acteristics of erenumab responders did not differ from those of erenumab non-responders, 
except from a lower proportion of patients treated with the 140 mg monthly dose (p = 
0.013). Three women escalated the dose from 70 mg to 140 mg monthly at the second ad-
ministration, two at the third, two at the fourth, and four at the fifth administration. Med-
ication overuse withdrawal occurred in all five erenumab responders and in none of the 
six erenumab non-responders reporting previous medication overuse. Notably, non-re-
sponders used concomitant oral preventatives more frequently than responders (Table 1). 

Table 1. Characteristics of the 18 included women. 

No. Age 
Migraine 

Years 
Medication 

Overuse Aura 
Concomitant Oral Pre-

ventives 
Erenumab Dose 

(mg)  
Re-

sponder 
No. of Cy-

cles 
1 38 22 No Yes No 70 Yes 7 
2 50 35 No Yes Yes 140 No 10 
3 25 12 Yes No Yes 140 No 4 
4 49 12 Yes Yes Yes 140 No 10 
5 38 29 No Yes No 70 Yes 6 
6 39 30 Yes No No 70 Yes 10 
7 48 33 No Yes Yes 140 Yes 3 
8 28 13 No No No 70 Yes 9 
9 36 11 Yes No No 70 Yes 3 

10 26 12 Yes No No 140 Yes 3 
11 42 20 Yes No Yes 140 No 3 
12 47 28 Yes No No 70 Yes 11 
13 18 2 Yes Yes No 140 No 3 
14 45 25 Yes No Yes 140 No 5 
15 29 16 No No No 140 Yes 6 
16 27 22 No No No 140 Yes 4 
17 36 11 Yes Yes No 70 Yes 3 
18 52 14 Yes Yes No 140 No 3 

The proportion of headache days was higher in menstrual than in premenstrual or 
non-menstrual days (49.5% vs. 30.6% vs. 29.5%, respectively; p < 0.001). The finding was 
consistent in erenumab responders (34.4% vs. 14.8% vs. 16.3%, respectively; p < 0.001) and 
non-responders (71.4% vs. 53.6% vs. 48.3%, respectively; p < 0.001) (Figure 1A). Notably, 



Brain Sci. 2021, 11, 370 4 of 8 
 

the ORs showed that the difference was significant only between menstrual and non-men-
strual days (Table 2). 

 
Figure 1. (A) Proportion of headache days in menstrual, premenstrual, and non-menstrual days in 
the study patients according to response to erenumab. (B) Proportion of moderate-to-severe head-
ache days in menstrual, premenstrual, and non-menstrual days in the study patients according to 
response to erenumab. (C) Number of acute medications per headache day in menstrual, premen-
strual, and non-menstrual days in the study patients, according to response to erenumab. All com-
parisons were significant (p < 0.001). 
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Table 2. Odds ratios and 95% confidence intervals for headache days and moderate-to-severe headache days, according 
to the phases of the menstrual cycle. 

 Overall Responders Non-Responders 
 OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value 

Headache days       
Menstrual 2.34 (1.84–2.97) <0.001 2.70 (1.93–3.78) <0.001 2.67 (1.78–4.01) <0.001 

Premenstrual 1.05 (0.77–1.43) 0.751 0.89 (0.53–1.50) 0.663 1.23 (0.79–1.93) 0.358 
Non-menstrual 1.00 (Ref.) - 1.00 (Ref.) - 1.00 (Ref.) - 

Moderate-to-severe headache days       
Menstrual 2.45 (1.91–3.14) <0.001 2.94 (1.99–4.34) <0.001 2.79 (1.90–4.09) <0.001 

Premenstrual 1.33 (0.96–1.85) 0.085 1.18 (0.65–2.15) 0.594 1.56 (1.00–2.44) 0.051 
Non-menstrual 1.00 (Ref.) - 1.00 (Ref.) - 1.00 (Ref.) - 

Headache days with ≥2 acute medications       
Menstrual 1.82 (1.14–2.90) 0.012 1.00 (0.39–2.57) 0.992 2.46 (1.43–4.25) 0.001 

Premenstrual 2.03 (1.06–3.89) 0.034 1.89 (0.51–7.04) 0.342 2.05 (0.96–4.35) 0.062 
Non-menstrual 1.00 (Ref.) - 1.00 (Ref.) - 1.00 (Ref.) - 

       

The proportion of moderate-to-severe headache days was higher in menstrual than 
in premenstrual or non-menstrual days in the overall group (38.8% vs. 25.7% vs. 20.6%, 
respectively; p < 0.001), in erenumab responders (23.0% vs. 10.7% vs. 9.2%, respectively; p 
< 0.001) and in erenumab non-responders (61.9% vs. 47.6% vs. 36.8%, respectively; p < 
0.001) (Figure 1B). Again, the ORs showed that the difference was significant only between 
menstrual and non-menstrual days (Table 2). 

Figure 1C reports the number of medications used by patients per headache day. The 
proportion of headache days with ≥2 acute medications over total headache days was 
higher in menstrual or in premenstrual than in the non-menstrual days, in the overall 
group (19.0% vs. 20.6% vs. 11.4%; p = 0.009) and in erenumab non-responders (25.6% vs. 
22.2% vs. 12.2%; p = 0.002), but not in erenumab responders (9.5% vs. 16.7% vs. 9.6%; p = 
0.620). Compared to non-menstrual days, the difference was significant for both men-
strual and premenstrual days in the overall group, for menstrual days only in erenumab 
non-responders, and for none of the categories in the erenumab responders (Table 2). 

4. Discussion 
Here, we present the first real-life data on the effect of erenumab on migraine, ac-

cording to the different phases of the menstrual cycle. A subgroup analysis of a random-
ized controlled trial showed the efficacy of erenumab in menstrually-related migraine 
[19]. However, that study did not distinguish menstrual from non-menstrual days. Our 
data suggest that women with chronic migraine on treatment with erenumab had head-
aches more commonly in menstrual than in premenstrual or non-menstrual days. The pat-
tern was similar in responders and non-responders to the treatment. Additionally, even 
in responders, moderate-to-severe attacks occurring on menstrual days were more com-
mon than those occurring on premenstrual or non-menstrual days. Notably, we observed 
a similar need for acute medication, and particularly repeated medication, in menstrual 
and in non-menstrual days in the subgroup of erenumab responders. This finding sug-
gests that erenumab might improve the acute management of menstrual migraine in 
women who have a positive response to the treatment. This effect might be due to an 
overall reduced occurrence of attacks in responders and to a decreased attack duration or 
increased drug responsiveness during menstrual days, leading to less need for medica-
tion. This hypothesis is relevant as menstrual attacks are usually longer and less respon-
sive to medication, as compared to non-menstrual attacks [12]. However, further studies 
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comparing erenumab treatment with the pre-treatment status are needed to support this 
hypothesis. 

Susceptibility to migraine pain is increased during the rapid estrogen decrease of the 
days preceding menstruation [11]. This increased susceptibility to migraine might depend 
on the increased CGRP levels. While some animal models suggested that the levels of 
CGRP are not influenced by estrogen levels throughout the menstrual cycle [20], several 
other models suggest that CGRP is upregulated when ovarian steroid levels fall [21–26]. 
Experimental evidence in humans suggests that trigeminovascular reactivity, an indirect 
measure of CGRP expression, peaks during the estrogen fall of the premenstrual period 
[27]; the fluctuations in trigeminovascular reactivity are particularly evident in menstru-
ally-related migraine [28]. Taken together, evidence suggests that female sex hormones, 
and mostly estrogen, can modulate CGRP levels in women [29]. Hence, CGRP blockade 
might be counterbalanced by an increased expression of CGRP in the days around the 
menstruation. This might provide a biological explanation to the persistence of a men-
strual pattern of migraine, despite treatment with a migraine-specific agent. Therefore, by 
hypothesis, hormonal treatments to prevent estrogen withdrawal [30] might be combined 
with erenumab to attain better migraine control. 

Our study was limited by its small sample, which could not allow subgroup analyses 
according to the presence of aura, concomitant medication, or the potential benefit of ere-
numab dose escalation from 70 mg to 140 mg monthly [31]. Furthermore, dose escalation 
from 70 mg to 140 mg monthly was performed at variable time-points. We could also not 
directly compare erenumab responders with non-responders, but could only perform sub-
group analyses, as the two groups were not matched. A further limitation of the study 
was the heterogeneous number of menstrual cycles contributed by each woman (Table 1). 
The small sample size implied that our findings should be confirmed in larger prospective 
studies, allowing those subgroup analyses and controlling for potential confounders. 
However, we considered the 2926 days of observation as statistical units, which improved 
the reliability of our findings. An additional study limitation, as previously stated, is that 
we could not compare data during treatment with erenumab with those preceding the 
treatment, as our patients did not provide information about their previous menstrual 
days. Moreover, we did not assess the difference between migraine and non-migraine 
headache; however, some patients find it difficult to distinguish between them. Addition-
ally, our definition of ‘moderate-to-severe headache days’ likely included migraine days. 

5. Conclusions 
Our data showed that erenumab might improve menstrual migraine but that men-

struation remains a trigger for migraine occurrence even after treatment with erenumab 
and even in those women who have a favorable response to the treatment. 

Author Contributions: Conceptualization, R.O. and S.S.; methodology, R.O. and V.C.; data cura-
tion, I.F.; writing—original draft preparation, R.O.; writing—review and editing, V.C., I.F., E.D.M., 
F.P., and S.S. All authors have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The study was conducted according to the guidelines of the 
Declaration of Helsinki and approved by the Internal Review Board of the University of L’Aquila 
(protocol code 44/2019). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Data Availability Statement: The data presented in this study are available on request from the 
corresponding author. The data are not publicly available due to privacy reasons. 

Acknowledgments: The Authors wish to thank the study patients for their kind cooperation. 



Brain Sci. 2021, 11, 370 7 of 8 
 

Conflicts of Interest: R.O. reports sponsored presentations for Novartis and Eli Lilly, and non-fi-
nancial relationships with Allergan, Novartis, and Teva; V.C. reports participating in advisory 
boards for Novartis; S.S. reports participating in advisory boards for Allergan and Eli Lilly and 
sponsored presentations for Teva, Novartis, and Allergan; I.F. and E.D.M. report no conflicts of in-
terest. 

References 
1. GBD 2016 Headache Collaborators. Global, regional, and national burden of migraine and tension-type headache, 1990-2016: A 

systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol. 2018, 17, 954–976, doi:10.1016/S1474-
4422(18)30322-3. 

2. Headache Classification Committee of the International Headache Society (IHS). The International Classification of Headache 
Disorders, 3rd ed. Cephalalgia 2018, 38, 1–211, doi:10.1177/0333102417738202. 

3. Sacco, S.; Olivieri, L.; Bastianello, S.; Carolei, A. Comorbid neuropathologies in migraine. J. Headache Pain 2006, 7, 222–230, 
doi:10.1007/s10194-006-0300-8. 

4. Sacco, S.; Cerone, D.; Carolei, A. Comorbid neuropathologies in migraine: An update on cerebrovascular and cardiovascular 
aspects. J. Headache Pain 2008, 9, 237–248, doi:10.1007/s10194-008-0048-4. 

5. Minen, M.T.; De Dhaem, O.B.; Van Diest, A.K.; Powers, S.; Schwedt, T.J.; Lipton, R.; Silbersweig, D. Migraine and its psychiatric 
comorbidities. J. Neurol. Neurosurg. Psychiatry 2016, 87, 741–749, doi:10.1136/jnnp-2015-312233. 

6. Dresler, T.; Caratozzolo, S.; Guldolf, K.; Huhn, J.I.; Loiacono, C.; Niiberg-Pikksööt, T.; Puma, M.; Sforza, G.; Tobia, A.; Ornello, 
R.; et al. Understanding the nature of psychiatric comorbidity in migraine: A systematic review focused on interactions and 
treatment implications. J. Headache Pain 2019, 20, 51, doi:10.1186/s10194-019-0988-x. 

7. Arzani, M.; Jahromi, S.R.; Ghorbani, Z.; Vahabizad, F.; Martelletti, P.; Ghaemi, A.; Sacco, S.; Togha, M.; School of Advanced 
Studies of the European Headache Federation (EHF-SAS). Gut-brain Axis and migraine headache: A comprehensive review. J. 
Headache Pain 2020, 21, 15, doi:10.1186/s10194-020-1078-9. 

8. Delaruelle, Z.; Ivanova, T.A.; Khan, S.; Negro, A.; Ornello, R.; Raffaelli, B.; Terrin, A.; Mitsikostas, D.D.; Reuter, U.; European 
Headache Federation School of Advanced Studies (EHF-SAS). Male and female sex hormones in primary headaches. J. Headache 
Pain 2018, 19, 117, doi:10.1186/s10194-018-0922-7. 

9. Stewart, W.F.; Lipton, R.B.; Chee, E.; Sawyer, J.; Silberstein, S.D. Menstrual cycle and headache in a population sample of 
migraineurs. Neurology 2000, 55, 1517–1523, doi:10.1212/wnl.55.10.1517. 

10. MacGregor, E.A.; Hackshaw, A. Prevalence of migraine on each day of the natural menstrual cycle. Neurology 2004, 63, 351–353, 
doi:10.1212/01.wnl.0000133134.68143.2e. 

11. MacGregor, E.A.; Frith, A.; Ellis, J.; Aspinall, L.; Hackshaw, A. Incidence of migraine relative to menstrual cycle phases of rising 
and falling estrogen. Neurology 2006, 67, 2154–2158, doi:10.1212/01.wnl.0000233888.18228.19. 

12. Granella, F.; Sances, G.; Allais, G.; Nappi, R.E.; Tirelli, A.; Benedetto, C.; Brundu, B.; Facchinetti, F.; Nappi, G. Characteristics of 
menstrual and nonmenstrual attacks in women with menstrually related migraine referred to headache centres. Cephalalgia 2004, 
24, 707–716, doi:10.1111/j.1468-2982.2004.00741.x. 

13. Edvinsson, L.; Warfvinge, K. Recognizing the role of CGRP and CGRP receptors in migraine and its treatment. Cephalalgia 2019, 
39, 366–373, doi:10.1177/0333102417736900. 

14. Sacco, S.; Bendtsen, L.; Ashina, M.; Reuter, U.; Terwindt, G.; Mitsikostas, D.D.; Martelletti, P. European headache federation 
guideline on the use of monoclonal antibodies acting on the calcitonin gene related peptide or its receptor for migraine 
prevention. J. Headache Pain 2019, 20, 6, doi:10.1186/s10194-018-0955-y. 

15. De Matteis, E.; Guglielmetti, M.; Ornello, R.; Spuntarelli, V.; Martelletti, P.; Sacco, S. Targeting CGRP for migraine treatment: 
Mechanisms, antibodies, small molecules, perspectives. Expert Rev. Neurother 2020, 20, 627–641, 
doi:10.1080/14737175.2020.1772758. 

16. Ornello, R.; Casalena, A.; Frattale, I.; Gabriele, A.; Affaitati, G.; Giamberardino, M.A.; Assetta, M.; Maddestra, M.; Marzoli, F.; 
Viola, S.; et al. Real-life data on the efficacy and safety of erenumab in the Abruzzo region, central Italy. J. Headache Pain 2020, 
21, 32, doi:10.1186/s10194-020-01102-9. 

17. Ornello, R.; Casalena, A.; Frattale, I.; Caponnetto, V.; Gabriele, A.; Affaitati, G.; Giamberardino, M.A.; Assetta, M.; Maddestra, 
M.; Marzoli, F.; et al. Conversion from chronic to episodic migraine in patients treated with erenumab: Real-life data from an 
Italian region. J. Headache Pain 2020; 21, 102, doi:10.1186/s10194-020-01171-w. 

18. Sacco, S.; Merki-Feld, G.S.; Ægidius, K.L.; Bitzer, J.; Canonico, M.; Gantenbein, A.R.; Kurth, T.; Lampl, C.; Lidegaard, Ø.; 
MacGregor, E.A.; et al. Effect of exogenous estrogens and progestogens on the course of migraine during reproductive age: A 
consensus statement by the European Headache Federation (EHF) and the European Society of Contraception and 
Reproductive Health (ESCRH). J. Headache Pain 2018, 19, 76, doi:10.1186/s10194-018-0896-5. 

19. Pavlovic, J.M.; Paemeleire, K.; Göbel, H.; Bonner, J.; Rapoport, A.; Kagan, R.; Zhang, F.; Picard, H.; Mikol, D.D. Efficacy and 
safety of erenumab in women with a history of menstrual migraine. J. Headache Pain 2020, 21, 95, doi:10.1186/s10194-020-01167-
6. 

20. Puri, V.; Cui, L.; Liverman, C.S.; Roby, K.F.; Klein, R.M.; Welch, K.M.; Berman, N.E.J. Ovarian steroids regulate neuropeptides 
in the trigeminal ganglion. Neuropeptides 2005, 39, 409–417, doi:10.1016/j.npep.2005.04.002. 



Brain Sci. 2021, 11, 370 8 of 8 
 

21. Martin, V.T.; Lee, J.; Behbehani, M.M. Sensitization of the trigeminal sensory system during different stages of the rat estrous 
cycle: Implications for menstrual migraine. Headache 2007, 47, 552–563, doi:10.1111/j.1526-4610.2007.00714.x. 

22. Aggarwal, M.; Puri, V.; Puri, S. Effects of estrogen on the serotonergic system and calcitonin gene-related peptide in trigeminal 
ganglia of rats. Ann. Neurosci 2012, 19, 151–157, doi:10.5214/ans.0972.7531.190403. 

23. Herbison, A.E.; Spratt, D.P. Sexually dimorphic expression of calcitonin gene-related peptide (CGRP) mRNA in rat medial 
preoptic nucleus. Brain Res. Mol. Brain Res. 1995, 34, 143–148, doi:10.1016/0169-328x(95)00144-h. 

24. Shu, H.; Liu, S.; Tang, Y.; Schmidt, B.L.; Dolan, J.C.; Bellinger, L.L.; Kramer, P.R.; Bender, S.D.; Tao, F. A Pre-Existing Myogenic 
Temporomandibular Disorder Increases Trigeminal Calcitonin Gene-Related Peptide and Enhances Nitroglycerin-Induced 
Hypersensitivity in Mice. Int. J. Mol. Sci. 2020, 21, 11, doi:10.3390/ijms21114049. 

25. Wang, D.; Zhao, J.; Wang, J.; Li, J.; Yu, S.; Guo, X. Deficiency of female sex hormones augments PGE2 and CGRP levels within 
midbrain periaqueductal gray. J. Neurol Sci 2014, 346, 107–11, doi:10.1016/j.jns.2014.08.002. 

26. Yang, Y.; Ozawa, H.; Lu, H.; Yuri, K.; Hayashi, S.; Nihonyanagi, K.; Kawaka, M. Immunocytochemical analysis of sex differences 
in calcitonin gene-related peptide in the rat dorsal root ganglion, with special reference to estrogen and its receptor. Brain Res. 
1998, 791, 35–42, doi:10.1016/s0006-8993(98)00021-3. 

27. Ibrahimi, K.; Vermeersch, S.; Frederiks, P.; Geldhof, V.; Draulans, C.; Buntinx, L.; Lesaffre, E.; Van Den Brink, A.M.; de Hoon, J. 
The influence of migraine and female hormones on capsaicin-induced dermal blood flow. Cephalalgia 2017, 37, 1164–1172, 
doi:10.1177/0333102416668659. 

28. Ibrahimi, K.; van Oosterhout, W.P.; van Dorp, W.; Danser, A.H.; Garrelds, I.M.; Kushner, S.A.; Lesaffre, E.M.E.H.; Terwindt, 
G.M.; Ferrari, M.D.; van den Meiracker, A.H.; et al. Reduced trigeminovascular cyclicity in patients with menstrually related 
migraine. Neurology 2015, 84, 125–131, doi:10.1212/WNL.0000000000001142. 

29. Labastida-Ramírez, A.; Rubio-Beltrán, E.; Villalón, C.M.; Van Den Brink, A.M. Gender aspects of CGRP in migraine. Cephalalgia 
2019, 39, 435–444, doi:10.1177/0333102417739584. 

30. MacGregor, E.A.; Frith, A.; Ellis, J.; Aspinall, L.; Hackshaw, A. Prevention of menstrual attacks of migraine: A double-blind 
placebo-controlled crossover study. Neurology 2006, 67, 2159–2163, doi:10.1212/01.wnl.0000249114.52802.55. 

31. Ornello, R.; Tiseo, C.; Frattale, I.; Perrotta, G.; Marini, C.; Pistoia, F.; Sacco, S. The appropriate dosing of erenumab for migraine 
prevention after multiple preventive treatment failures: A critical appraisal. J. Headache Pain 2019, 20, 99, doi:10.1186/s10194-
019-1054-4. 


