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Abstract: Objective: To study the effect of intermittent hypoxia training (IHT) for migraine. Design: A single-blind, ran-
domized controlled trial. All participants were recruited from a rehabilitation department in an acute university-affil-
iated hospital. Methods: Participants with migraines were randomly assigned to two groups (IHT group and control 
group). The Migraine Disability Assessment (MIDAS), Visual Analog Scale (VAS), Beck Depression Inventory (BDI), 
Beck Anxiety Inventory (BAI), Vascular endothelial growth factor (VEGF), calcitonin gene related peptide (CGRP) and 
cerebrovascular hemodynamic parameters were collected at baseline and end of the 8th week. The attack frequen-
cies of migraines were evaluated at 3 months. Results: Among the 48 subjects, five males and forty-three females, 
the ages ranged from 19 to 53 years old (mean ± SD = 31.3±7.78). MIDAS, SF-36, VAS, BAI, BDI, VEGF, CGRP and 
cerebrovascular hemodynamic parameters were improved after IHT intervention. There were significant differences 
between IHT group and the control group in MIDAS, SF-36, VAS, BAI, BDI, VEGF, CGRP and cerebrovascular hemody-
namic parameters at the end of the 8th weeks (P<0.05). Attack frequencies were improved within 3 months after IH 
training intervention (P<0.01), but not in the control group (P>0.05). No adverse events occurred during the study. 
Conclusion: IHT could improve migraines after intervention up to three months. IHT could be an effective method 
for relieving a migraine.
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Introduction

A migraine is a common headache disorder 
characterized by recurrent headaches that are 
moderate to severe and occur more frequently 
in women. Typically, the headaches affect one 
half of the head, are pulsating in nature, and 
last from 2 to 72 hours [1]. Accompanying 
symptoms often include nausea, vomiting, and 
sensitivity to light, sound, or smell, some pa- 
tients even have agonal feeling with a migraine 
attack [2]. The pain is generally made worse  
by physical activity or emotional fluctuation [3]. 
Up to one-third of people have an aura: typical- 
ly a short period of visual disturbance that sig-
nals that the headache will soon occur [3]. Oc- 
casionally, an aura can occur with little or no 
headache following it [4]. A patient who is ex- 
periencing a migraine often suffers from limita-
tions in various common daily activities and is 

in a dangerous predicament because they can’t 
control onset time, frequency or emotion. 

The underlying mechanisms of a migraine are 
not fully known. However, it is believed to in- 
volve the nerves and blood vessels of the brain. 
Pain medication (ibuprofen and paracetamol), 
β1 receptor blocker (metoprolol) and other 
drugs (valproate) for the treatment of migraines 
are used to prevent or alleviate the migraine [5, 
6]. They have failed to completely halt the 
migraine. Other treatments like acupuncture or 
physiotherapy have few effects for migraines 
[7]. It remains a challenge for physicians to rem-
edy, therefore new approaches in treatment are 
needed. 

Intermittent hypoxia training (IHT) is initially rec-
ognized by the sports medicine community as a 
potentially useful strategy to enhance exercise 
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performance in athletes [8]. Living or training 
under hypoxic conditions may improve exerci- 
se performance by promoting cardiopulmon- 
ary function without eliciting the detrimental 
effects of chronic hypoxic exposure. Beyond 
the enhancement of physical performances [9], 
and on the basis of some established protec-
tive preclinical effects of IH, hypoxic condition-
ing in healthy subjects has been evaluated as  
a potentially useful intervention to improve so- 
me physiological functions. These include vaso-
motor function by mediating release of medium 
in the brain, which may be associated with a 
migraine [10]. In our previous study, we found 
that intermittent hypoxia training had an exact 
effect to dizziness due to its mediating intrac- 
ranial vessel vasomotor function [11].

To our knowledge, there were minimal studies 
investigating the effects of IHT for a migraine. 
The purpose of this study was to investigate 
migraine improvement under the IHT.

Materials and methods

Study design

This was a prospective, assessor-blinded ran-
domized controlled trial with an 8-week training 
period, conducted in a rehabilitation depart-
ment in an acute university-affiliated hospital. 
The trial was registered with the Chinese Cli- 
nical Trial Registry (Study ID ChiCTR1900028- 
242). This study was in accordance with the 
ethical standards of the responsible committee 
on human experimentation. All patients were 
randomly divided into two groups based on  
the different interventions (IHT group, control 
group). Randomization was conducted with the 
method of a computerized sample of conve-
nience after a subject was screened, recruited, 
and signed an informed consent statement. 
Assessments were conducted at baseline and 
the end of the 8th week by a therapist who was 
blinded to the subjects’ interventions.

Subjects

In this study, of the 66 patients admitted from 
the acute comprehensive hospital in China fr- 
om January to December in 2019, 48 patients 
met the selection criteria. The inclusion criteria 
for patients were: 1) mentally intact and were 
able to follow directions; 2) no intracranial le- 
sions by CT or MRI check. Patients were exclud-

ed if they had: 1) stroke or transient ischemic 
attack; 2) headache induced by cervical spon-
dylosis, depression, insomnia, neurasthenia, or 
intracranial lesions, et al; 3) severe cardiac, 
liver or kidney dysfunction that caused hospi-
talization in the last 3 months. All patients pro-
vided a written informed consent. 

Intermittent hypoxia intervention

Normobaric hypoxia condition was applied by 
exposing subjects to 5 cycles of 10% O2 for 5 
min followed by room air for 5 min. Subjects 
inspired hypoxic air through an air-cushioned 
disposable face-mask and then room air direct-
ed by a 3-way valve. All subjects practiced in- 
termittent hypoxia 50 minutes per session, 5 
times per week for 8 weeks.

Some subjects may be hyper-sensitive to hy- 
poxia (such as an extreme tachycardiac res- 
ponse and/or hyperventilation), although sh- 
ort-duration (5 min) exposures to hypoxia have 
negligible risk to evoke extreme hyper-reactivi-
ty. The orientation session will screen the sub-
jects who cannot tolerate or may have extreme 
tachycardia and hyperventilation reactions to 
the face-mask or hypoxic air. Should any sub-
ject not get accustomed to the face mask/
hypoxic air or have an extreme hyper-reactivity 
in heart rate, i.e., increases in heart rate mo- 
re than +30 beats/min, or in ventilation, i.e., 
breathing frequency more than 24 breaths/
min, during hypoxic exposures, we will remove 
the face-mask immediately and allow the sub-
ject direct room air to breathe. The removal of 
the face mask will eliminate the source of the 
subject’s distress and result in the subject 
being released from the whole study. In case  
of severe reaction, emergency medical servic-
es will be made.

Clinical assessments

The baseline information included age, gender 
and time of onset, et al. 

The primary migraine-related scale assess-
ments

The Migraine Disability Assessment (MIDAS), 
Visual Analog Scale (VAS), Beck Depression 
Inventory (BDI), and Beck Anxiety Inventory 
(BAI) were collected at baseline and end of the 
8th week. The attack frequencies of migraines 
were evaluated at 3 months. 
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The MIDAS is a 5-question tool to quantitative- 
ly evaluate the headache-related disability in 
terms of the number of days in the past 3 
months and activity limitations due to the mi- 
graines. Scores (0-27), measured the overall 
level of disability: Grade I (0-5), Grade II (6-10), 
Grade III (11-20), and Grade IV (above 21). It 
was found to be both reliable and valid [12].

Pain was measured by means of a VAS with 0 
indicating no pain and 10 indicating unbear-
able pain. The VAS is a valid and reliable mea-
sure for pain, and changes of 2 or more were 
considered as clinically relevant. Reliability for 
VAS was 0.97 [13].

The BDI is the most commonly used self-rating 
scale for depression [14]. Participants rated 21 
items on a scale from 0 to 3 according to  
how they felt at the time. Scale 0-9: normal to 
minimal depression; 10-18: mild to moderate 
depression; 19-29: moderate to severe de- 
pression; 30-63: severe depression. Cronbach 
coefficient was 0.8. 

The BAI is a 21-item self-report measure of  
anxiety severity, with each item describing a 
common symptom of anxiety [15]. The respon-
dent is asked to rate how much he or she has 
been bothered by anxiety symptoms during the 
previous week on a 4-point scale (0-3). Scale 
0-9: normal to minimal anxiety; 10-18: mild to 
moderate anxiety; 19-29: moderate to severe 
anxiety; 30-63: severe anxiety. Cronbach coef-
ficient was 0.94.

SF-36 assesses the quality of life in eight are- 
as, including physical functioning, role physical, 
bodily pain, general health, vitality, social func-
tion, emotional role, and mental health. In ad- 
dition, Physical Component Summary (PCS) en- 
compasses PF, RP, and BP, whereas Mental 
Component Summary (MCS) includes SF, RE, 
and MH. Scores ranged from 0-100, with 0 cor-
responding to low HRQL (Health-Related Qua- 
lity of Life) and 100 corresponding to high HRQ 
Scores were recorded from each domain to 
assess a subject’s quality of life. Reliability for 
SF-36 was 0.87 [16].

The serum markers and cerebrovascular hemo-
dynamic parameters test vascular endothelial 
growth factor (VEGF), calcitonin gene related 
peptide (CGRP) and cerebrovascular hemody-
namic parameters were collected at baseline 
and 8th week. 

3 ml venous blood was drawn on baseline and 
end of the 8th week, the supernatant was ta- 
ken after centrifugation. VEGF and CGRP were 
detected by enzyme linked immunosorbent 
assays. Kits were purchased from Sigma com-
pany, and operation steps were implemented 
strictly according to kit instructions. 

For the middle cerebral arteries (MCAs), bilat-
eral flow velocity was simultaneously recorded 
using a Multi-Dop X/TCD transcranial Doppler 
instrument (KJ-2V6M, China). Continuous mea-
surements were obtained using two dual 2-MHz 
transducers fitted on a headband and placed 
on the temporal bone windows. The optimal sig-
nal was obtained at a depth of 50 to 60 mm. 
For basilar artery (BA) recordings, a probe was 
placed on the back of the neck and directed 
toward the foramen magnum. The optimal sig-
nal was obtained at a depth of 75 to 85 mm. 

Statistical analysis

The data was analyzed using SPSS for Win- 
dows version 20.0. Continuous Data was ex- 
pressed as means and standard deviations. 
The comparison between baseline and end of 
the 8th week within each group was performed 
by the paired t tests for continuous data and 
McNemar tests for discrete data. The compari-
sons between groups at baseline and end of  
8th week were conducted using one-way analy-
sis of variance for continuous data and X2 tests 
for discrete data. Significant level was set at 
P<0.05.

Results

The flow diagram of eligible patients was shown 
in the study. A total of 66 participants were 
admitted to the study in the beginning and 18 
patients were excluded for several reasons 
(details are shown in Figure 1). Of these, 48 
patients met the inclusion criteria and consent-
ed to receive the intervention and follow-up 
assessment. Eventually, 48 patients complet-
ed the study without dropout. 

Among the 48 subjects, five males and forty-
three females, the ages ranged from 19 to  
53 years old. (mean ± SD = 31.3±7.78). There 
was no drop-out during the whole 8-week  
intervention. Demographic data of the recruit-
ed patients were shown in Table 1.

The comparisons within groups for MIDAS, 
SF-36, VAS, BAI, BDI, VEGF, CGRP, MCA and BA 
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were shown in Table 2. MIDAS, SF-36, VAS, BAI, 
BDI scores, VEGF, CGRP, MCA and BA were 
improved after IHT intervention at the end of  
8th week. There were significant differences 
between IHT group and control group in MI- 
DAS, SF-36, VAS, BAI, BDI scores, VEGF, CGRP, 
MCA and BA after IHT intervention in the end of 
8th weeks (P<0.05).

The attack frequencies of the migraines within 
3 months before and after intervention were 
showed in Table 3. Attack frequencies were 
improved within 3 months after IH training 
intervention (P<0.01), but not in the control 
group (P>0.05). There was a significant differ-
ence between IHT group and control group 
within 3 months after IHT intervention (P<0.01).

Safety outcomes

No adverse events occurred during the study 
such as chest distress, palpitation, falling, or 
hyperventilation reactions to the face-mask or 
hypoxic air. 

cular disorder with evidence supporting its 
mechanisms starting within the brain and then 
spreading to the blood vessels. Another study 
reported that migraines maybe associate with 
increased cerebral blood flow velocities which 
could be an important factor in migraines [20]. 
In addition, the effect of hypoxia was to regu-
late medium release, such as nitric oxide, hy- 
poxia-inducible factor 1 (HIF-1) [21], vascular 
endothelial growth factor (VEGF) [22, 23], or 
calcitonin gene-related peptide, (CGRP) [24] 
which could be related to vasodilator or vascu-
logenesis. In our results, we found that the 
blood flow velocities of MCAs and BA, VEGF  
and CGRP were improved after IHT interven-
tion. Hypoxia could regulate the medium re- 
lease and improve the cerebral blood flow [25, 
26]. Although the physiological mechanisms 
underlying vascular adaptations and medium 
release to hypoxic environment had not yet 
been elucidated, several studies have indicat-
ed that hypoxia is one of the most potent medi-
ators of vessels function [27]. 

Figure 1. Flow diagram.

Table 1. Clinical data
IHT group Control group

Gender (female) 21 (87.5%) 22 (91.7%)
Age (years) 32.1±9.22 30.6±5.92
Age since migraine (years) 22.0±3.39 22.3±2.94
Family history 9 (37.5%) 11 (45.8%)
Other disease Hyperlipemia (2) Hyperlipemia (3)

Hypertension (1) Hypertension (0)
Diabetes (1) Diabetes (0)

There were clinical data for three groups. Values were presented as mean ± standard 
deviation; IHT: intermittent hypoxia training.

Discussion

This was the first study to 
investigate the effects of 
intermittent hypoxia train-
ing in migraine patients. 
The main new finding of th- 
is study was that intermit-
tent hypoxia training signi- 
ficantly relieved the head-
ache, reduced the frequen- 
cy of migraines and impro- 
ved the symptom of anxiety 
and depression induced by 
a migraine.

The assumptive mecha-
nism of IHT

The mechanism of migrain- 
es was complicated. Some 
studies reported that neu-
ronal mechanisms play a 
greater role [17], while oth-
ers believe blood vessels 
play the key role [18]. Oth- 
ers believe both are likely 
important. However, the ex- 
act mechanism of a migra- 
ine remains unknown. Ja- 
cobs B [19] reported that 
migraines were a neurovas-
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The difference of IHT and chronic hypoxia

The therapeutic application of moderate IHT 
should not be confused with the intense, epi-
sodic intermittent hypoxia associate with sleep 
apnea. Sleep apnea is a pathological condi- 
tion which has shorter episodes of hypoxia 
which are usually more severe and continue 
throughout sleep for years. This is often accom-
panied by added stress of partial or complete 
nocturnal arousal and persistent activation of 
the sympathetic nervous system. It produced 
chronic hypertension and had adverse cardio-
vascular and cerebral effects. In contrast, ther-
apeutic IHT utilized exposures to moderately 
severe hypoxia produced in hypobaric cham-
bers or by inspiring normobaric atmospheres 
with O2 content lowered to approximately 10%. 
Animals, like rats and dogs, subjected to the- 
se protocols showed no distress, and humans 
reported no discomfort. In our previous study, 
we confirmed that the intermittent hypoxia tr- 
aining was safe for dizziness patients [11]. In 
other laboratories, human subjects with isch-
emic heart disease [28, 29] and chronic ob 

duced. We did not find any adverse events in 
our study. Although the data is encouraging, 
some study limitations should be noted. First, 
we only evaluated the outcomes within three 
months after intervention, but we did not per-
form the longer follow up. Therefore, we are  
not sure from this study how long the effects 
from each intervention would last after three 
months. Second, the small sample of subjects 
might cause insufficient statistical power. This 
means the results of study may be wrong.  

Conclusion

IHT could improve migraines after intervention 
up to three months. IHT could be an effective 
method for relieving a migraine.
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Table 2. Comparison of MIDAS, VAS, BAI, BDI, SF-36, MCAs, BA, VEGF and CGRP within groups at 8th 
week

IHT Group Control Group
Baseline 8 weeks P1 value Baseline 8 weeks P1 value P2 value P3 value

MIDAS 23.4±5.27 12.1±3.12 P<0.05 22.6±6.34 17.8±5.66 0.059 0.75 P<0.05

SF-36 PCS 37.9±5.81 50.4±7.57 P<0.05 37.4±3.97 40.6±6.51 0.16 0.79 P<0.05

MCS 37.4±6.37 48.4±7.61 P<0.05 36.9±5.69 41.5±6.06 0.06 0.85 P<0.05

VAS 6.3±0.92 2.3±0.84 P<0.05 6.2±1.06 5.4±1.18 0.13 0.84 P<0.05

BAI 19.3±5.01 13.1±3.05 P<0.05 18.9±3.87 16.6±3.89 0.15 0.83 P<0.05

BDI 17.8±3.23 12.3±2.91 P<0.05 18.8±2.98 17.1±3.42 0.19 0.43 P<0.05

Right MCA 64.3±7.29 51.7±6.76 P<0.05 62.3±6.98 58.6±3.72 0.18 0.56 P<0.05

Left MCA 66.7±7.30 53.7±6.26 P<0.05 68.5±4.36 64.3±4.45 0.058 0.53 P<0.05

BA 36.1±4.3 26.3±3.38 P<0.05 36.5±4.80 34.7±4.42 0.41 0.85 P<0.05

VEGF 1470.3±132.45 1243.6±75.38 P<0.05 1456.7±138.54 1421.8±143.90 0.69 0.87 P<0.05

CGRP 19.0±3.24 13.1±2.52 P<0.05 18.4±2.64 18.9±2.42 0.58 0.69 P<0.05
Values were presented as mean ± standard deviation; P1: comparison between baseline and end of 8th week; P2: comparison between IHT group and control group on 
baseline; P3: comparison between IH group and control group on end of 8th week. IHT: intermittent hypoxia training; MIDAS: Migraine Disability Assessment; VAS: visual 
analog scale; BDI: Beck Depression Inventory; BAI: Beck Anxiety Inventory. MCA: Middle Cerebral Artery; BA: Basilar Artery; VEGF: Vascular Endothelial Growth Factor; 
CGRP: Calcitonin Gene Related Peptide.

Table 3. Attack frequency before and after intervention
Group Number Baseline 3 months P value
IHT Group 24 13.4±4.79 7.7±3.95 <0.01
Control Group 24 15.9±5.50 13.6±4.48 0.27
P value 0.23 <0.01
Attack frequency was collected at 3 months before and after inter-
vention. Values were presented as mean ± standard deviation; IHT: 
intermittent hypoxia training. 

structive pulmonary disease [30] had 
completed similar protocols with no un- 
toward effects. Therefore, IHT is safe and 
convenient.

In our study, we exposed subjects to 5 
cycles of 10% O2 for 5 min followed by 
room air for 5 min for 8 weeks. We found 
migraines were improved after interven-
tion and episodes of migraines were re- 
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