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Cortisol and migraine: A systematic literature review

Kortizol ve migren: Bir sistematik literatiir derlemesi

Giuseppe LIPPI," Camilla MATTIUZZI?

Summary

Migraine is a highly prevalent and disabling disorder. Because stress appears to be a prominent trigger of this condition and
cortisol is a well-established stress hormone, we performed a search on Medline, Scopus, and Web of Science to identify clini-
cal studies that assessed cortisol levels in migraineurs. Four cross-section studies, one observational study, and three both
cross-sectional and observational studies were finally included in our analysis. The heterogeneity was modest for the sample
size (49.8%) but was remarkably high for a sample matrix (66.0%), thus precluding the possibility to meta-analyze the data. In
six of the seven cross-sectional studies, cortisol levels did not differ between the cases and controls. With regard to the four
observational trials, both nitroglycerine and human corticotropin-releasing hormone but not m-chlorophenylpiperazine were
effective in generating a more prominent cortisol release in migraineurs than in controls. In a fourth observation trial, salivary
cortisol did not differ during the migraine attack and during the migraine free-period. In conclusion, even if altered cortico-
trope responsiveness exists in migraineurs, it appears to be irrelevant in the pathogenesis of migraine.
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Ozet

Migren ¢ok yaygin bir maluliyettir. Bu durumun baslica tetikleyicisinin stres oldugu goriindiigu ve kortizolde iyice bilinen bir
stres hormonu oldugu icin migren hastalarinda kortizol diizeylerini degerlendiren klinik calismalari belirlemek icin Medline,
Scopus ve Web of Science tarama motorlarinda arastirma ydriittlk. Dort kesitsel, bir gézlemsel ve (ic hem kesitsel hem de g6z-
lemsel arastirma incelememize dahil edilmistir. Orneklem biiyiikligline gére heterojenlik orta derecede (%49.8), ancak 6érnek
matrisine gore hatiri sayilir derecede ytiksek (%66.0) oldugundan verilerin metaanalizini gerceklestirmeyi olanaksizlastirmistir.
Yedi kesitsel calismanin altisinda kortizol konsantrasyonu olgular ve kontroller arasinda farklilik gostermemistir. Dort gozlemsel
calisma agisindan, klorofenilpiperazinin aksine hem nitrogliserin, hem de insan kortikotropin serbestlestirici hormon kontrol-
lere gére migren hastalarinda daha belirgin bir kortizol salimina yol agmakta etkili olmustur. Bir dordiinci gozlemsel calismada
migren atagi sirasinda ve migrensiz donemde tikrikteki kortizol farkh degildi. Sonugta, migren hastalarinda kortikotropa yanit
verme yetisi bozulmus olabilmesine ragmen bu durumun migrenin patogeneziyle ilgisi olmadigi gériinmektedir.

Anahtar s6zcukler: Kortizol; bas agrisi ; migren; stres.

Migraine is a highly prevalent and disabling disor-
der, with an estimated prevalence of nearly 15% in
the general population and a disability weight of
approximately 43.3%."" Although the exact patho-
genesis of migraine is still incompletely understood,
several lines of evidence now attest that a reduction
of cerebral blood flow should be regarded as the
primary trigger, which is then followed by a reac-
tive vasodilatation of cerebral blood vessels, protein
extravasation and contextual hypersensitization of
pain pathways.”®! Regardless of the presence of an

aura (i.e., visual and/or sensory and/or speech dis-
turbances occurring before the headache pain), the
role of biological, psychological and environmental
factors on triggering or aggravating migraine attacks
has been now clearly acknowledged. Among these,
stress seems to play a very prominent role.

By means of a self-administered headache question-
naire, BAnk and Marton assessed the potential cor-
relates of migraine, and found that stress was by far
the leading precipitating factor of headache pain
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(90% of cases), ahead of sleep deprivation (58% of
cases) and alcohol (30% of cases).® Similar evidence
was also more recently reported by Fukui et al., who
interviewed 200 consecutive migraineurs about pos-
sible trigger factors for headache episodes, and re-
ported that stress was the lading precipitating factor
(70.0%; p<0.001), followed by fasting (63.5%), sleep
deprivation (61.5%) and alcohol (34.0%).

Cortisol is a well established stress hormone, which
is released in response to a kaleidoscope of stimuli
(e.g., fear, emotions, pain) by the adrenal glands.
The leading functions of this hormone include the
regulation of glucose homeostasis, the suppression
of immune system, along with the activation of a
number of anti-stress and anti-inflammatory path-
ways.”? Due to the clear relationship existing be-
tween stress and migraine, it is hence highly attrac-
tive for both clinical and therapeutic perspective to
elucidate whether triggering or worsening of head-
ache attacks in migraineurs may be supported or
mediated by cortisol.

Search criteria

We carried out an electronic searched on Medline,
Scopus and Web of Science (i.e., the mostly accessed
biomedical research platforms),® using the key-
words “migraine” and “cortisol’, with no language
restriction. We applied a date restriction (1994 to
present) in agreement with the publication of the
definitive criteria for classification of migraine re-
lease by the International Headache Society (HIS).”!
The references of retrieved items were also carefully
analyzed for identifying additional published stud-
ies. Only those articles using standardized criteria for
diagnosing migraine (i.e., those of the IHS), and re-
porting original data about the association between
cortisol values in biological fluids and migraine were
finally included. Heterogeneity across studies was
assessed by chi-square based statistics and I-square
test, with thresholds of 25%, 50% and 75% desig-
nating low, moderate and high heterogeneity. The
methodological quality of the included studies was
also assessed by QUADAS (quality assessment for
studies of diagnostic accuracy, an evidence-based
quality assessment tool for use in systematic reviews
of diagnostic accuracy studies; maximum score 14)
by the two authors. Potential discrepancies were re-
solved by consensus.
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58 potentially relevant items
identified and screened

20: Review articles
10 Editorials or letters
24: No data on cortisol in
migraineurs
4: Other forks of headache
1: No IHS criteria

A 4

h 4

8 items finally selected ‘

4 cross-sectional studies

—,‘

g 1 observational study

3 cross-sectional/
Observational study

A 4

Figure 1. Flow diagram of study selection about the association
between cortisol values and migraine.

The electronic search according to the predefined
criteria generated 58 items after elimination of du-
plicates among the three biomedical platforms.
The reference of the retrieved documents were also
hand-searched for identifying additional pertinent
studies. Careful reading of title, abstract and full text
(when available) allowed to exclude 50 non perti-
nent items (Fig. 1). Therefore, 4 cross-section stud-
ies, 1 observational and 3 both cross-sectional and
observational investigations were finally included
in our analysis (Table 1). The quality of study design
was acceptable, with a mean QUADAS score of 10+3.
The inter-study variability of the 7 cross-sectional tri-
als about cortisol concentration in migraineurs and
healthy controls was modest for the sample size
(49.8%); chi-squared, 13.9; DF, 7), but was found to be
remarkably high for the sample matrix (66.0%; chi-
squared, 20.61; DF, 7), thus precluding the possibility
to meta-analyze the data.

Review of clinical trials

Leone et al. measured morning serum cortisol lev-
els in 12 migraineurs without aura (5 females and
7 males, mean age, 3418 years) and in 14 matched
healthy controls (5 females, 9 males; mean age, 38+
12 years)."” Baseline serum cortisol levels did not
differ in the two groups (values not reported; p=ns).
Both groups of patients were then challenged with
two tests, one with 0.5 mg/kg oral m-chlorophenyl-
piperazine (mCPP) and the other with placebo, by
means of a double-blind crossover format. The area
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under the curve (AUC) of serum cortisol up to 3
hours after the challenge did not differ between cas-
es and controls (294+211 versus 444 + 175 ug/dL per
hour; p=ns). The maximum delta increase of cortisol
values was also similar between cases and controls
(0.83%£0.30 versus 1.04£0.24; p=ns).

Peres et al. monitored cortisol in blood samples
(sample matrix not clearly specified) taken every
hour (from 7 p.m. to 7 a.m.) from 17 patients with
chronic migraine (3 males and 14 females; mean
age, 3119 years), and 9 age and sex matched healthy
volunteers (2 males and 7 females; mean age, 29+6
years)."" Interestingly, the AUC of total cortisol con-
centration (101.7£49.0 versus 76.6+14.3 pg.h/dL;
p<0.005) as well as the cortisol peak (22.5+14.2 ver-
sus 18.6+4.1 ug/dL) were significantly higher in mi-
graine patients than in controls.

Rainero et al. investigated 18 patients with migraine
and medication-overuse headache (3 males and 15
females; mean age, 44+10 years) and 18 healthy con-
trols (3 males and 15 females; mean age, 4048 years).
12 The basal concentration of plasma cortisol was
not found to be significantly different between cases
and controls (values not reported; p=ns). However,
15 min after administration of 100 ug human corti-
cotropin-releasing hormone (hCRH) in both groups,
the maximum delta increase of serum cortisol was
significantly higher in cases than in controls, with a
total AUC of plasma cortisol secretion up to 90 min
after hCRH administration that was found to be more
than 2-fold higher in cases than in controls (p=0.01).

Morning salivary cortisol was also assessed by Pa-
tacchioli et al. in 20 women with chronic migraine
(mean age, 50+4 years) and 20 female controls sub-
jects (mean age, 49+3 years),!" and no significant
differences were recorded between the control
group (46.9+4.2 pg/mL) and the chronic migraine
group (47.7+£5.0 pg/mL).

Oncel et al. measured plasma cortisol levels between
8.30-9.30 a.m. in 25 migraine patients (4 males and
21 females; mean age, 338 years) and 24 healthy
controls (2 males and 21 females; mean age, 28+6
years),'¥ but failed to find significant differences be-
tween cases and controls (15.1£5.8 versus 16.7+6.7
ng/mL; p=0.91). No significant difference was also
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found in the cortisol values of migraine patients with
or without aura.

In an observational study, Schoonman et al. assessed
the potential temporal relationship existing between
salivary cortisol and onset of a migraine attack in 17
migraine patients (4 males and 13 females; mean
age, 41.8+9.9 years). Interestingly, the concentra-
tion of salivary cortisol was found to be not signifi-
cantly different during the migraine attack (15.8+6.7
ng/mL) and 4 days before the episode (14.4+3.9 ng/
mL; p=ns).

Leistad et al. measured baseline serum cortisol
in 21 migraine patients (2 males and 19 females;
mean age, 41 years and range 21-60 years) and in
34 healthy controls (4 males and 30 females; mean
age, 41 years and range 19-61 years),""s and failed
to find any significant difference between cases and
controls (values not reported; p=ns).

Juhasz et al. assessed plasma cortisol concentra-
tion in 30 unrelated migraine patients without aura
(mean age, 44+1 years) and 11 unrelated healthy
controls (mean age, 42+3 years),!"”! and found that
the baseline plasma cortisol concentration was in
the normal range (466+17 nmol/L) in the whole
study population, with no significant differences
between cases and controls (values not reported;
p=ns). After sublingual application of 0.5 mg nitro-
glycerin to the entire study population, a migraine
attack fulfilling the ISH criteria developed in 0 control
subjects (0%) and 22 migraineurs (73%; mean head-
ache score: 3.7+0.5). A highly significant correlation
was observed between variation of headache scores
and plasma cortisol changes at the second hour of
migraine attack (r=0.61; p<0.001). Accordingly, the
delta cortisol variation was more than 2-fold higher
in migraine patients than in controls (p=0.001).

Conclusions

The identification of biological mediators that can
trigger or worsen a migraine attack should be re-
garded as an attractive perspective for prevention or
treatment of this highly prevalent and disabling con-
dition worldwide.®™! |t is now well established that
stress should be regarded as an important precipi-
tating factor of migraine. Since cortisol is consistent-
ly produced and secreted by the adrenal grand in re-
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sponse to eustress and distress, more than 20 years
ago it has been hypothesized that this hormone may
be involved in the pathogenesis of migraine.*

Taken together, the results of our systematic litera-
ture review attest that the baseline cortisol values
are unlikely to be higher in migraineurs than in con-
trols. More specifically, in six out of the seven cross-
sectional studies included in our analysis the con-
centration of cortisol did not differ between cases
and controls, regardless of the biological matrix
used for hormone measurement (i.e., serum plasma
or saliva) (Table 1). As regards the four observation
trials, at variance with the mCPP challenge, both
nitroglycerine and hCRH were effective to gener-
ate a cortisol release that was more accentuated in
migraineurs than in controls (Table 1). Even more
importantly, however, in the fourth observation tri-
al it was reported that salivary cortisol did not dif-
fer during the migraine attack and in the migraine
free-period. As such, even if a sort of altered cor-
ticotrope responsiveness may exist in migraineurs,
this seems to be irrelevant in the pathogenesis of
this condition.
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