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a b s t r a c t

The incidence of migraine is higher in women than in men. Abnormality of the hypothalamus-pituitary-
gonadal (HPG) axis is believed to be implicated in the pathogenesis of migraine. The aim of this study was
to detect serum hormone levels in the HPG axis of migraineurs and analyze the relationship between the
hormone levels and migraine-related clinical characteristics. One hundred and nineteen migraineurs
were enrolled. Serum FSH, LH, estradiol, progesterone, testosterone, prolactin and GnRH was detected.
Pain intensity and migraine-related disability were evaluated using the visual analogue scale (VAS)
and the Migraine Disability Assessment questionnaire (MIDAS). The relationships between sex hormone
levels and the VAS score and the MIDAS score were also examined. Progesterone levels in male migrai-
neurs were lower than those in healthy controls (P < .01). In female patients, in the follicular phase,
testosterone levels were lower than in healthy controls (P < .01). In the luteal phase, estrogen and testos-
terone levels (P < .05) were lower than in healthy controls. Progesterone and testosterone levels (P < .01)
were lower than in healthy controls in the postmenopausal phase. In male patients, estrogen levels were
negatively associated with the MIDAS score (r = �0.602). In female patients, in the follicular phase, estro-
gen levels were positively correlated with headache duration and VAS score (r = 0.374, r = 0.331, respec-
tively) and negatively related with MIDAS score (r = �0.334). In the luteal phase, estrogen and
progesterone levels were negatively correlated with the MIDAS score (r = �0.772, r = �0.464, respec-
tively). The levels of HPG axis hormones were abnormal in migraineurs and were associated with
migraine-related clinical characteristics.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Migraine is a common primary headache, and the incidence of
migraine was reported to be higher in women (12.8%) than in
man (5.9%) in China [1]. However, the pathophysiological mecha-
nisms of migraine are not yet fully understood. In recent years, a
large number of researchers have shown that evident gender dif-
ferences exist among migraineurs in terms of epidemiology, clini-
cal characteristics, brain structure and function. Maleki et al. [2]

found that female migraineurs had thicker posterior insula and
precuneus cortices compared with male migraineurs and healthy
controls of both sexes using high-field magnetic resonance imag-
ing. Further use of functional magnetic resonance imaging (fMRI)
revealed that the cerebral amygdala and the hippocampus were
more sensitive to nociceptive stimulation in female migraineurs
than in male patients.

Among all the factors involved in gender differences, sex hor-
mones may be the most impotent. An abnormality of the HPG axis
is believed to be implicated in the pathogenesis of migraine. Hor-
monal fluctuations in women may alter the trigger point for
migraine. Estrogen may play an excitatory role in the brain neu-
ronal system, whereas progesterone has an opposite effect [3].
Migraine attacks occurring during menstruation were more pain-
ful, longer lasting and more disabling [4,5]. Women may experi-
ence relief of migraine-associated symptoms during pregnancy
and the postmenopausal period. Pregnancy may have a role in pro-
tection against migraine attacks. Migraine was less prevalent in
nulliparous pregnant women compared with all nonpregnant
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women and nulliparous nonpregnant women [6]. However, Freder-
ick et al. [7] found that migraine and headache-related disability
were prevalent conditions among pregnant women. Testosterone
may have a protective effect against migraine, whereas prolactin
was a risk factor for migraine [8,9].

The objective of this study was to detect serum levels of HPG
axis hormones in migraineurs and analyze the relationships
between these hormone levels and migraine-related clinical
characteristics.

2. Materials and methods

2.1. Subjects

One hundred and nineteen migraineurs and 42 patients with
tension-type headache were enrolled from the Out-patient Clinic
of Shandong Provincial Hospital between Nov 2014 and May
2015. Thirty age- (±3 years) and sex-matched healthy control sub-
jects were chosen from the Examination Center of Shandong
Provincial Hospital.

The inclusion criteria were as follows. (1) Migraine and tension-
type headache were confirmed according to the International Clas-
sification of Headache Disorders 2nd Edition, ICHD-Ⅱ [10]. (2)
Headache duration was more than six months and the patients
were between 13 and 65 years of age. (3) Menstrual migraine
was divided into pure menstrual migraine and menstrually related
migraine based on the International Headache Society criteria.
Hereditary migraine refers to first-degree relatives of patients with
migraine. The exclusion criteria included hypothalamus-pituitary
endocrine diseases and internal medicine diseases, intracranial
mass lesions, taking hormonal drugs within three months (includ-
ing oral contraceptives), taking painkillers or traditional Chinese
medicines within 2 weeks, regular medication for headache, preg-
nancy and lactation, and secondary headaches caused by hemor-
rhage or infection as confirmed by CT or MRI.

Basic information and migraine-related symptoms were
recorded for each patient. Pain intensity and headache-related dis-
ability were evaluated using the visual analogue scale (VAS) and
the Migraine Disability Assessment questionnaire (MIDAS), respec-
tively. This research was approved by the ethics committee of the
unit, and all subjects signed an informed consent form.

Blood samples were collected at 8–9 o’clock in the morning
after fasting for 12 h. Each blood sample was centrifuged at 3000
rpm for 20 min and then poured into an Eppendorf tube. Samples
were stored at �20 �C for the study. Serum FSH, LH, estradiol, pro-
gesterone, testosterone, prolactin content were evaluated using a
chemiluminescence assay kit (Roche Cobas E601, Basel, Switzer-
land). Serum GnRH was detected using an enzyme-linked
immunosorbent assay (ELISA) kit (Beijing Branch Surplus Technol-
ogy Company, China).

2.2. Statistical analysis

Statistical analysis was performed using SPSS software version
19.0. A Shapiro-Wilk test was used as the normality test. Analysis
of variance was used for comparison among three groups and the
Student-Newman-Keuls (SNK) test was used for between-group
comparisons when the data were normally distributed, otherwise
a rank test was performed. Count data were analyzed using a
chi-squared test among groups. Pearson correlation analysis was
used if the data had a normal distribution, otherwise Spearman
correlation analysis was performed. P < .05 was taken to represent
statistical significance.

3. Results

There was no significant difference in gender or age composi-
tion among the three groups (P > .05; Table 1.1). Migraine-related
symptoms are shown in Table 1.2.

The levels of prolactin (v2 = 6.714, P = .035) and GnRH (F =
19.606, P < .001) were higher in male migraineurs than in healthy
controls. Progesterone levels (F = 5.931, P = .005) were lower in
male patients than in healthy controls (Table 2.1). In the follicular
phase, testosterone levels were significantly lower in female
migraineurs than in healthy controls (Z = �2.886, P = .004), and
levels of prolactin (v2 = 9.348, P = .009) and GnRH (v2 = 14.692,
P = .001) were significantly higher in patients with migraine and
TTH than in healthy controls (Table 2.2). In the luteal phase, levels
of estrogen (t = �2.162, P = .041) and testosterone (t = �2.628, P =
.015) were lower than in healthy controls, and levels of prolactin
(Z = 2.038, P = .042) and GnRH (t = 2.902, P = .039) were signifi-
cantly higher than in healthy controls (Table 2.3). In the post-
menopausal phase, levels of progesterone (F = 11.515, P < .001)
and testosterone (v2 = 11.974, P = .003) were significantly lower
than in TTH patients and healthy controls, prolactin levels (v2 =
6.653, P = .036) were significantly higher than in healthy controls,
and GnRH levels (v2 = 8.381, P = .015) were significantly higher
than in healthy controls, but lower than in patients with TTH
(Table 2.4).

The levels of FSH (r = 0.474) and LH (r = 0.502) in male migrai-
neurs were positively related with the headache course, whereas
progesterone levels were negatively correlated with the headache
course (r = �0.399). In the follicular phase, FSH levels in female
migraineurs were positively related with the headache course (r
= 0.325) (Table 3.1). Estrogen levels in the follicular phase were
positively correlated with headache duration (r = 0.374) (Table 3.2).
Estrogen levels in the postmenopausal phase were negatively cor-
related with headache frequency (r = �0.674) (Table 3.3).

In the follicular phase, estrogen levels in female migraineurs
were positively correlated with VAS scores (r = 0.331) (Table 4).
Estrogen levels in male migraineurs were negatively associated
with MIDAS scores (r = �0.602). The levels of estrogen in female
migraineurs in the follicular phase were negatively correlated with
MIDAS scores (r = �0.334). In the luteal phase, levels of estrogen (r
= �0.772) and progesterone (r = �0.464) were negatively corre-
lated with MIDAS scores, whereas levels of FSH (r = 0.631) and
LH (r = 0.713) were positively related with MIDAS scores. The
levels of progesterone (r = �0.768) and testosterone (r = �0.889)
in the postmenopausal phase were negatively correlated with
MIDAS scores (Table 5, Figs. 1–7).

Table 1.1
General information for patients.

Group Migraine (n = 119) TTH (n = 42) Controls (n = 30)

Male 30 10 5
Age (years)

mean ± SD
13–58
32.37 ± 14.49

18–49
32.50 ± 9.36

15–54
34.80 ± 15.16

Female in RP
Female in FP
Female in LP

72
52
20

26
18
8

20
15
5

Age (years)
mean ± SD

13–54
33.74 ± 11.00

18–49
35.15 ± 10.25

16–51
32.65 ± 10.61

Female in PMP 17 6 5
Age (years)

mean ± SD
45–61
53.24 ± 4.29

48–55
50.67 ± 3.39

48–60
53.60 + 4.51

Note: RP, reproductive period; FP, follicular phase; LP, luteal phase; PMP, post-
menopausal phase. P > .05.
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