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What is the relative contribution of biological and psychosocial factors to the
generation of hypoxia headache?
Diletta Barbiania,b*, Eleonora Cameronea,b,c*, and Fabrizio Benedetti a,b

aNeuroscience Department, University of Turin Medical School, Turin, Italy; bPlateau Rosà Laboratories, Plateau Rosà, Italy/Switzerland;
cInstitute of Psychiatry, Psychology & Neuroscience, King’s College, London, UK

ABSTRACT
Background: The biopsychosocial model claims that illness is generated by both biological
and psychosocial factors. Accordingly, several studies have shown that both factors contribute
to the generation of pain.
Aims: The aim of the present study is to manipulate biological, psychological, and social
factors in hypobaric hypoxia headache in order to understand their relative contribution to
the generation of headache pain.
Methods: Healthy subjects were subdivided into three groups and brought to our high-
altitude labs for the assessment of hypoxia-induced headache, blood oxygen saturation
(SO2), prostaglandins, and cortisol during the first 24 h after arrival. The first group did not
undergo any manipulation. The second group (negative expectation) was told that severe
headache would occur if SO2 dropped to less than 80% and their oximeters were set to display
a saturation of 75%, even though real SO2 was much higher. The third group (negative
expectation and social interaction) underwent the same manipulation as the second group,
but these subjects spent the night together with people experiencing headache and insomnia.
Results: Although none of the three groups differed significantly for SO2, the second group,
compared to the first, experienced more severe headache and showed an increase in pros-
taglandins and cortisol. The third group, compared to the second group, showed a further
increase of headache as well as of prostaglandin (PG) E2 and cortisol.
Conclusions: These findings indicate that biological, psychological, and social factors are additive
not only in the generation of headache but also for the biochemical changes related to hypoxia.

RÉSUMÉ
Contexte : Le modèle biopsychosocial affirme que la maladie est engendrée à la fois par des
facteurs biologiques et psychosociaux. Plusieurs études ont donc démontré que ces deux types
de facteurs contribuent à engendrer de la douleur.
But : Le but de la présente étude est de manipuler les facteurs biologiques, psychologiques et
sociaux dans les cas de céphalées associées à l’hypoxie hypobarique afin de comprendre leur
contribution relative dans l’apparition de la douleur occasionnée par les céphalées.
Méthodes : Des sujets en bonne santé ont été répartis en trois groupes et ont été conduits dans
des laboratoires à haute altitude afin d’évaluer les céphalées induites par hypoxie, la saturation de
l’oxygène dans le sang (SO2), les prostaglandines et le cortisol au cours des premières 24 heures
suivant leur arrivée. Le premier groupe n’a été soumis à aucune manipulation. Le second groupe
(attente négative) a été informé qu’une céphalée sévère surviendrait si le SO2 diminuait àmoins de
80 % et les oxymètres des sujets de ce groupe ont été réglés de manière à indiquer une saturation
de 75 %, même si le SO2 réel était beaucoup plus élevé. Le troisième groupe (attente négative et
interaction sociale) a été soumis à lamêmemanipulation que le second groupe, mais ces sujets ont
passé la nuit avec des personnes souffrant de céphalées et d’insomnie.
Résultats : Bien qu’aucun de ces trois groupes ne différait de manière sinificative en ce qui a
trait au SO2, le deuxième groupe, comparativement au premier, a souffert de céphalées plus
sévères, en plus de démontrer une augmentation des prostaglandins et du cortisol. Le
troisième groupe, comparativement au deuxième, a démontré une augmentation des
céphalées, des prostaglandines (PG) E2 et du cortisol encore plus marquée.
Conclusions : Ces résultats indiquent que les facteurs biologiques, psychologiques et sociaux
sont cumulatifs non seulement dans l’apparition de la céphalée, mais aussi dans les change-
ments biochimiques liés à l’hypoxie.
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Introduction

In 1977, Engel1 challenged the medical and scientific
community by putting forward a new medical model
that takes into account biological, psychological, and
social factors as important determinants of illness.
According to this biopsychosocial model, the anatomy,
physiology, and biochemistry of different organs and
systems take an important part in the emergence and
course of illness, yet they are not enough, because addi-
tional factors must be included in a global model of ill-
ness. Many psychological and social aspects have been
recognized over the centuries by physicians and psychol-
ogists as contributing factors to the emergence of certain
diseases, but the scientific formulation of such a contribu-
tion is relatively recent.2 This is attributable to the recent
emergence of modern concepts in psychosomatics, psy-
choneuroimmunology, and psychoneuroendocrinology.

The basic idea of the biopsychosocial model is not so
much to deny biomedical research but rather to criticize its
narrow focus on the biochemical and physiological
mechanisms.1 Indeed, emerging experimental evidence in
modern medicine indicates powerful influences of the
mind over the body, whereby the patient’s psychological
state and the social factors impinging on him or her are all
involved in both the pathophysiology and the treatment
outcomes of a given disease.3–6 Recent research of placebo
and nocebo effects support this model, whereby either
positive or negative expectations about the therapeutic out-
come may impact the response to a treatment.7 Indeed,
placebo effects derive from the psychosocial context around
the patient and the therapy.7,8 A positive context may lead
to positive outcomes, or the placebo effect.7–10Differently, a
negative context may lead to negative outcomes, or the
nocebo effect.8,10–13

Despite the general agreement in the scientific com-
munity about the interaction between biological mechan-
isms and psychosocial influences,14 these interactions are
still little understood or completely unknown.3–6 Crucial
unanswered questions include the following: Are biologi-
cal, psychological, and social factors additive in the gen-
eration of illness? Are biological factors more important
than psychosocial factors or vice versa? Can such interac-
tions operate across a variety of illnesses or only in specific
medical conditions? All of these questions are very much
related to nocebo effects, which have been shown to be

generated by negative expectations and whose biological
underpinnings have been partially uncovered.12,15–17

Clearly, nocebo effects highlight the important interaction
between biological and psychological factors in the gen-
eration of illness, particularly pain.8,18

In the present study, we use the model of hypobaric
hypoxia, or high-altitude, headache to investigate the rela-
tive contribution of biological factors (hypoxia) and psy-
chosocial factors (negative expectation and social
interaction) in the generation of pain. To do this, we ana-
lyzed how headache pain, cyclooxygenase (COX) activity,
cortisol, blood oxygen saturation (SO2), andheart rate (HR)
were affected by hypoxia and by negative expectations and
social interactions. This allowed us to understand the rela-
tive contribution of each of these elements in the generation
of headache pain.

Material and methods

Subjects and study location

A total of 36 healthy subjects (18 males, 18 females), were
recruited from the student population of the Medical
School, Psychology School, and PhD Neuroscience
Program of the University of Turin. The participants
signed a written informed consent form in which the
experimental procedure was described in detail after
approval by the Ethics Committee of the School of
Medicine. All subjects engaged in recreational fitness
training and were asked to avoid hard exercise starting
from at least 24 h before the experimental sessions. They
were either nonsmokers or light smokers (less than 10
cigarettes/day). The subjects were randomly subdivided
into three groups on the basis of a homemade computer
randomization program, whose characteristics are sum-
marized in Table 1. All subjects were asked to refrain from
consuming coffee, tea, or other caffeine-containing bev-
erages for 24 h before each experimental session, as well as
alcohol and any drug.

All subjects went up to our laboratories at 3500 m
through three gondolas, starting from an altitude of
2000 m in Breuil-Cervinia; all itineraries were exactly
the same for all subjects. All experiments were per-
formed under acute hypobaric hypoxia, that is, in the
first 24 h after reaching 3500 m. The experiments
were performed at the Plateau Rosà Laboratories in

Table 1. Subject characteristics in the three groups.a

Group 1 Group 2 Group 3 P value

Number of subjects 12 (5 m) 12 (6 m) 12 (7 m) 0.71
Age (years) 29.33 ± 4.57 29.5 ± 4.01 28.91 ± 3.28 0.93
Weight (kg) 63.4 ± 10.23 68.33 ± 10.96 66.75 ± 12.22 0.55
BMI (kg/m2) 21.74 ± 3.12 22.29 ± 2.19 22.62 ± 2.39 0.87

aValues are means ± SD.
m = males; BMI = body mass index.
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the Matterhorn area at the Italian–Swiss border, at an
altitude of 3500 m. Here air pressure is 490 mmHg
(760 mmHg at sea level) and oxygen pressure is
102 mmHg (159 mmHg at sea level). This corre-
sponds to a blood oxygen saturation in the range of
85%–90% (98%–99% at sea level), depending on dif-
ferent individuals. Ambient temperature inside the
laboratory was always maintained in a comfortable
range (18–21°C).

Experimental procedure

The subjects were subdivided into the following three
groups.

Group 1 (natural history, N = 12; smokers = 5, non-
smokers = 7). These subjects left from Turin (altitude:
220 m) at 8:00 AM on the first day. At 7:00 AM, before
leaving, SO2, HR, and headache “right now” and “last
night” were assessed, the Lake Louise Score (LLS) ques-
tionnaire was administered, and saliva samples were
taken. Arrival at our laboratories at 3500 m was around
11:00 AM, and then they spent the whole day and the night
at high altitude. At 7:00 AM on the second day, the same
measurements were taken (SO2, HR, headache “right
now” and “last night”, LLS, saliva samples). This group
represents a no-treatment group, in which we assessed the
changes at high altitude compared to sea level.

Group 2 (negative expectation, N = 12; smokers = 6,
nonsmokers = 6). The measurements were exactly the
same as in group 1. However, these subjects were
informed that they would experience severe headache if
SO2 dropped below 80%. Indeed, their oximeter was
manipulated, displaying a value of 75% for the whole
day of their stay in our laboratories, even though SO2

was much higher than 80%. Therefore, the constant 75%
value on the display of the oximeter made the subjects
expect the occurrence of severe headache, also reported by
the subjects themselves.

Group 3 (negative expectation and social interaction,
N = 12; smokers = 7, nonsmokers = 5). This group
underwent the same procedure and measurements as
group 2. However, these subjects spent the night sharing
a room with two skiers who were diagnosed with acute
mountain sickness by means of LLS. Indeed, the two
skiers complained of severe headache and insomnia, a
very common situation in our high-altitude center.
Therefore, the subjects in this group expected severe
headache, due to their oximeter displaying a 75% SO2,
and interacted with acute mountain sickness sufferers all
night long, as also reported by the subjects themselves.

At the end of the study, all subjects were debriefed and
the aim of the study was explained in detail. In particular,
they were told that their oximeter was manipulated,

displaying a value of 75%, even though their SO2 was
higher than 80%. We did not observe any negative reac-
tion and all subjects were enthusiastic about the study.

Measurements and data analysis

Physiological parameters were monitored by means of
an Equivital EQ02 LifeMonitor (Hidalgo, Cambridge,
UK), providing recordings of the electrocardiogram
and blood oxygen saturation (SO2). SO2 was also mea-
sured by means of a PM-60 pulse oximeter (Mindray,
Shenzhen, China).

LLS questionnaire was administered to assess acute
mountain sickness, whereby symptoms such as headache,
dizziness, gastrointestinal symptoms, insomnia, and fati-
gue are evaluated by a doctor: each symptom is rated on a
scale where 0 = none, 1 = mild, 2 = moderate, 3 = severe.
Diagnosis of acute mountain sickness is made when the
overall score is greater than 3. A score equal to or higher
than 3 indicates the occurrence of acute mountain sick-
ness. Headache was assessed by means of a numerical
rating scale ranging from 0 = no pain to 10 = unbearable
pain. This was done for “headache right now”, that is, in
themorning (PainM) and “headache last night” (Pain N).

Saliva samples were collected after stimulation with
sterile 2% citric acid applied to the tip and sides of the
tongue with a cotton-tipped applicator. To prevent
mixing of stimulated and unstimulated saliva, the first
2 min of saliva was discarded. Then citric acid was
continually applied for an additional 2 min or until
2 mL of saliva was collected. Saliva was collected by
means of a syringe. All samples were kept at −18°C
until preparation for analysis. Analysis started by thaw-
ing the saliva samples at room temperature and record-
ing the volume of each sample. Then, the samples were
centrifuged at 3000 rpm at 4°C and the supernatant was
utilized for prostaglandin (PG) and total protein analy-
sis. We determined all of the main products of COX,
the enzyme that transforms arachidonic acid into PG
H2, which, in turn, is transformed into PGD2, PGE2,
PGF2, PGI2, and thromboxane A2 (TXA2). Using
enzyme-linked immunosorbent assay (ELISA) kits
(Cayman Chemical, Ann Arbor, MI), we analyzed
PGD2, PGE2, and 8-isoprostane PGF2a (PGF2)
directly, whereas PGI2 (prostacyclin) was analyzed by
assessing its stable metabolite 6-keto PGF1a, and TXA2
was assessed through its stable metabolite TXB2. In
order to control for artifact variance in the ELISA
assay, the amount of PG was normalized to the volume
of saliva collected and amount of total protein, which
was determined using a standard protein assay (Bio-
Rad Laboratories, Hercules, CA).
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Cortisol analysis was performed by thawing the saliva
samples at room temperature and recording the volume
of each sample. Then samples were centrifuged at 3000
rpm at 4°C. A salivary Cortisol ELISA Kit (Marburg,
Germany) was used to measure salivary cortisol concen-
trations. The range of the assay was between 0.537 and
80 ng/mL, and the intra- and interassay variability coeffi-
cients were 1.5%–4.5% and 5.8%–7.5%, respectively.

Statistical analysis

A first between-groups analysis was performed bymeans of
one-way analysis of variance in order to see possible
changes at baseline (sea level) across different groups.
Gender balance was tested by means of the chi-square
tests. A within-group analysis was performed by means of
a paired t test to assess differences between sea level and
high altitude. We also used Mauchly’s sphericity test to
verify that the variances of the differences between all
possible pairs of groups were equal. In no case was spheri-
city violated. Then, we performed a between-groups analy-
sis by computing the differences of the means and the 95%
confidence intervals (CIs). The expectation effect was
expressed as the difference between natural history (group
1) andnegative expectation (group 2), the social effect as the
difference between negative expectation (group 2) and
negative expectation/social interaction (group 3), and the
global psychosocial effect as the difference between natural
history (group 1) and negative expectation/social interac-
tion (group 3).

Results

A first between-groups analysis was performed in order
to assess possible baseline differences at sea level across
the three groups. Table 2 shows the means, CI, and
levels of significance for all measurements performed at
sea level. It is possible to see that there were no sig-
nificant differences between the three groups, which
indicates that the subjects of different groups started
from the same baseline values.

Then we performed a within-group analysis. When
the subjects were tested 24 h later at high altitude,
group 1 showed an increase in all measurements, with
the exception of PGD2 and cortisol (Table 3). Likewise,
groups 2 and 3 showed an increase in all measurements
when at high altitude, with the exception of PGD2
(Table 3). Therefore, whereas the natural history
group did not show any increase in cortisol, the nega-
tive expectation and social groups showed a substantial
increase in salivary cortisol, which indicates that corti-
sol increase is not attributable to high-altitude-induced
hypoxia per se but rather to negative expectations.

In order to assess the relative contribution of biologi-
cal, psychological, and social factors in the changes
observed at high altitude, a between-groups analysis was
carried out by calculating the differences of the means
(Table 4 and Figure 1). It can be seen that the effect of
negative expectations, calculated as the difference
between natural history (group 1) and negative expecta-
tion (group 2), was significant for pain “right now” (in the
morning), PGE2, PGF2, PGI2, TXA2, and cortisol. Thus,
all of these parameters were enhanced by negative expec-
tation compared to the biological factor alone (hypoxia).
The effect of negative social interaction, calculated as the
difference between negative expectation (group 2) and
negative social interaction (group 3), was significant for
pain at night, pain in the morning, PGE2, and cortisol.
Therefore, these parameters were further increased by
negative social interaction compared to negative expecta-
tion alone.

Overall, the global effect of negative expectation
and negative social interaction, compared to the bio-
logical factor alone (natural history of hypoxia effect),
was significant for LLS, pain at night, pain in the
morning, PGE2, PGF2, PGI2, TXA2, and cortisol
(Table 4 and Figure 1). Therefore, negative expecta-
tion and social interaction were crucial in the genera-
tion of both severe headache pain and the associated
biochemical changes, with the exception of SO2, HR,
and PGD2.

Table 2. Means and CIs of the measurements at sea level in the three groups. No significant differences are present; thus, baseline
values are the same across the three groups.
Outcome measures Group 1 Group 2 Group 3 P value

LLS 0.66 (0.1 to 1.23) 0.33 (−0.08 to 0.74) 0.33 (−0.08 to 0.74) 0.45
Pain N 0 0.16 (−0.2 to 0.52) 0.16 (−0.08 to 0.4) 0.50
Pain M 0.08 (−0.09 to 0.25) 0 0 0.37
SO2 98.67 (98.38 to 98.95) 98.82 (98.61 to 99.02) 98.85 (98.57 to 99.12) 0.89
HR 64.23 (59.59 to 68.86) 61.89 (57.51 to 66.26) 64.2 (60.48 to 67.91) 0.81
PGD2 176.91 (162.58 to 191.23) 177.33 (163.16 to 191.49) 179.41 (163.46 to 195.35) 0.96
PGE2 4.3 (3.77 to 4.82) 4.2 (3.73 to 4.66) 3.98 (3.43 to 4.52) 0.86
PGF2 3.62 (3.2 to 4.03) 3.49 (3.02 to 3.95) 3.23 (2.86 to 3.59) 0.52
PGI2 14.87 (13.54 to 16.19) 14.43 (12.83 to 16.02) 14.97 (13.3 to 16.63) 0.94
TXA2 28 (26.01 to 29.98) 29.17 (27.44 to 30.89) 29.38 (27.71 to 31.04) 0.98
Cortisol 1.01 (0.86 to 1.15) 1.03 (0.89 to 1.16) 0.97 (0.88 to 1.05) 0.97

CI = confidence interval; LLS = Lake Louise Score; Pain N = headache last night; Pain M = headache right now (i.e., measured in the morning); SO2 = blood
oxygen saturation; HR = heart rate; PG = prostaglandin; TXA2 = thromboxane A2.
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Discussion

Themain finding of the present study is that the biological
factor (hypobaric hypoxia) is only partially responsible for
the changes we observed at high altitude. Negative psy-
chosocial factors were found to be crucial in both the
generation of symptoms and the biochemical changes
associated with hypoxia. In fact, whereas hypoxia alone
not surprisingly generated acute mountain sickness and
associated changes (Table 3), both negative expectation
and negative social interaction worsened both symptoms
and biochemical changes (Table 4 and Figure 1). The fact
that the outcomes for LLS differed from Pain N/M is not
surprising, because LLS evaluates not only headache but
nausea/vomiting, dizziness, insomnia, and fatigue. For
example, there were significant differences between
groups 2 and 3 for Pain N/M but not for LLS.

Interestingly, most of the changes we observed in
hypoxic conditions were additive. Negative expectation

exacerbated hypoxia-induced changes and negative social
interaction further exacerbated negative expectation-
induced changes. These findings are compatible with the
biopsychosocial model of illness proposed by Engel,1

whereby, in addition to the physiology and biochemistry
of different organs and systems, psychosocial factors must
be included in a global model of illness. For example,
biological factors include genetics and environmental
influences, whereas psychological factors include person-
ality styles, coping behaviors, health beliefs, and social
factors such as doctor–patient communication, social
class, and observation of others’ behaviors.1–8 Indeed, in
our study, we considered hypoxia as a biological environ-
mental influence, negative expectation about SO2 < 80%
as a health belief, and negative social contact as the obser-
vation of others’ behaviors. The global experience of
hypobaric hypoxia headache derived from a complex
interplay between different elements, such as negative
beliefs and negative social contacts. This may have

Table 3. Mean (and CI) changes from sea level to high altitude in the three groups for all measurements performed.a

Outcome measures bSignificant changes Sea level mean (CI) High altitude mean (CI) P value

Group 1
Natural history
LLS * 0.66 (0.1 to 1.23) 3.33 (2.38 to 4.28) <0.001
Pain N * 0 2.75 (1.8 to 3.7) <0.001
Pain M * 0.08 (−0.09 to 0.25) 1 (0.33 to 1.66) <0.02
SO2 * 98.67 (98.38 to 98.95) 88.96 (87.11 to 90.8) <0.001
HR * 64.23 (59.59 to 68.86) 85.27 (78.94 to 91.59) <0.001
PGD2 176.91 (162.58 to 191.23) 198.91 (189.18 to 208.63) 0.077
PGE2 * 4.3 (3.77 to 4.82) 7.28 (6.53 to 8.02) <0.002
PGF2 * 3.62 (3.2 to 4.03) 5.61 (5.22 to 5.99) <0.005
PGI2 * 14.87 (13.54 to 16.19) 23.55 (21.66 to 25.43) <0.002
TXA2 * 28 (26.01 to 29.98) 48.97 (47.11 to 50.82) <0.001
Cortisol 1.01 (0.86 to 1.15) 1.1 (0.92 to 1.27) 0.36
Group 2
Negative
expectation
LLS * 0.33 (−0.08 to 0.74) 4.5 (3.58 to 5.41) <0.001
Pain N * 0.16 (−0.2 to 0.52) 3.91 (2.95 to 4.86) <0.001
Pain M * 0 2.16 (1.23 to 3.08) <0.002
SO2 * 98.82 (98.61 to 99.02) 88.16 (87.05 to 89.26) <0.004
HR * 61.89 (57.51 to 66.26) 81.53 (76.84 to 86.21) <0.01
PGD2 177.33 (163.16 to 191.49) 201.25 (190.68 to 211.81) 0.085
PGE2 * 4.2 (3.73 to 4.66) 11.32 (10.58 to 12.05) <0.001
PGF2 * 3.49 (3.02 to 3.95) 10.5 (9.69 to 11.03) <0.001
PGI2 * 14.43 (12.83 to 16.02) 27.5 (26.11 to 28.88) <0.001
TXA2 * 29.17 (27.44 to 30.89) 62.33 (58.8 to 65.85) <0.001
Cortisol * 1.03 (0.89 to 1.16) 1.78 (1.59 to 1.96) <0.01
Group 3
Negative expectation
+ negative social interaction
LLS * 0.33 (−0.08 to 0.74) 5.5 (4.86 to 6.13) <0.001
Pain N * 0.16 (−0.08 to 0.4) 5.66 (4.98 to 6.33) <0.001
Pain M * 0 3.58 (2.74 to 4.41) <0.001
SO2 * 98.85 (98.57 to 99.12) 88.02 (86.79 to 89.24) <0.002
HR * 64.2 (60.48 to 67.91) 83.6 (80.84 to 86.35) <0.01
PGD2 179.41 (163.46 to 195.35) 203.25 (192.92 to 213.57) 0.082
PGE2 * 3.98 (3.43 to 4.52) 13.05 (12.18 to 13.91) <0.001
PGF2 * 3.23 (2.86 to 3.59) 10.3 (9.6 to 10.99) <0.001
PGI2 * 14.97 (13.3 to 16.63) 28.01 (26.62 to 29.39) <0.001
TXA2 * 29.38 (27.71 to 31.04) 61.04 (56.86 to 65.21) <0.001
Cortisol * 0.97 (0.88 to 1.05) 2.6 (2.33 to 2.86) <0.005

aLLS values > 3 indicate acute mountain sickness. Pain SO2 values are expressed as %, HR as beats/min, PG and TX as nmol/mg, cortisol as μg/dL.
bSignificant changes are shown with an asterisk.
CI = confidence interval; LLS = Lake Louise Score; Pain N = headache last night; Pain M = headache right now (i.e., measured in the morning); SO2 = blood
oxygen saturation; HR = heart rate; PG = prostaglandin; TXA2 = thromboxane A2.
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important implications not only for the pathophysiology
of headache but for its treatment as well.19,20 For example,
our study clearly shows that reducing negative expecta-
tions and negative social contacts can be quite effective in
mitigating the effects of hypoxia.

Recent research on placebo and nocebo has shown that
the psychosocial context around the patient and the ther-
apy may have an important impact on the therapeutic
outcome.8,18 In particular, and related to the present
study, nocebo effects have been shown to affect both the
clinical symptoms and the associated biochemical and
physiological changes of high-altitude hypoxia.15 For
example, placebo and nocebo effects have been found to
be associated to themodulation of COX activity in hypoxic
conditions as well as to respiratory and cardiovascular
activity.15,18,21,22 The present study was aimed at disentan-
gling biological, psychological, and social factors in the

generation of headache pain and in the modulation of
COX activity. In this regard, the manipulations we used
in this study to modulate expectations and social observa-
tion may be considered nocebo-like effects, whereby nega-
tive expectations and social contacts are crucial elements.

Some limitations of this study must be acknowl-
edged. First, the sample of the subjects is relatively
small, which is justified by the inherent difficulty of
bringing healthy volunteers to high altitude. Thus, these
findings will require further investigation with larger
groups. Second, the biopsychosocial approach we used
is limited to the model of hypobaric hypoxia headache,
which is not necessarily true for other types of head-
ache or pain or illness. Third, we did not measure other
physiological parameters such as ventilation, blood pH,
fatigue, or performance, as done in a previous study.21

Therefore, it will be interesting to investigate the overall
performance—for example, fatigue tolerance—in future
studies. Fourth, in the present study, it is difficult to
understand the very nature of the social interaction
between the experimental subjects and the two sick
skiers. Indeed, they spent the night together and inter-
acted with each other and the experimental subjects
observed the administration of the LLS questionnaire
and the diagnosis of acute mountain sickness. However,
we cannot identify which factor was more important in
the negative social interaction. An interesting challenge
for future research will be to understand the role of
different social factors—for example, observation and/
or verbal interaction—in these negative social effects.

Surprisingly, only a few studies have considered the
biopsychosocial model within the context of headache
and migraine.23–27 We believe that our model of hypobaric
hypoxia headache may help answer many unanswered
questions as well as understand some of the interactions
between biological and psychosocial factors. In fact, high-
altitude headache is at the borderline between the clinical
and the experimental setting, because it can be considered
as a real clinical condition triggered by hypobaric hypoxia
but, at the same time, it can be induced at will by simply
bringing healthy volunteers to high altitude.22 In other
words, it is a kind of clinical condition that can be induced
experimentally. High-altitude headache is part of a clinical
condition known as acute mountain sickness, which is
usually diagnosed by means of the LLS questionnaire.28

This is aimed at detecting several symptoms, such as head-
ache, nausea/vomiting, dizziness, insomnia, and fatigue, as
well as neurological symptoms, which emphasizes the com-
plex nature of this hypoxia-related clinical syndrome.

The hypoxia headache model is interesting for at least
two reasons. On the one hand, acute mountain sickness is
triggered by the drop in atmospheric oxygen pressure at
high altitude.29,30 One important factor triggering high-

Table 4. Differences in means and CIs for all measurements
performed at high altitude.a

The effect of negative expectation
Group 1 (natural history) − group 2
(expectation)

LLS −1.17 (−2.41 to 0.07)
Pain N −1.16 (−2.42 to 0.1)
Pain M * −1.16 (−2.23 to −0.09)
SO2 0.8 (−1.23 to 2.83)
HR 3.74 (−3.67 to 11.15)
PGD2 −19.14 (−55.44 to 17.16)
PGE2 * −4.04 (−5.03 to −3.05)
PGF2 * −4.89 (−5.73 to −4.05)
PGI2 * −3.95 (−6.15 to −1.75)
TXA2 * −13.36 (−17.11 to −9.61)
Cortisol * −0.68 (−0.92 to −0.44)
The effect of negative social interaction
Group 2 (expectation) − group 3
(social)

LLS −1 (−2.05 to 0.05)
Pain N * −1.75 (−2.85 to −0.65)
Pain M * −1.42 (−2.59 to −0.25)
SO2 −0.14 (−1.42 to 1.7)
HR −2.07 (−7.19 to 3.05)
PGD2 −2 (−15.92 to 11.92)
PGE2 * −1.73 (−2.8 to −0.66)
PGF2 0.2 (−0.8 to 1.2)
PGI2 −0.51 (−2.36 to 1.34)
TXA2 1.29 (−3.86 to 6.44)
Cortisol * −0.82 (−1.12 to −0.52)
The global effect of negative
expectation and social interaction

Group 1 (natural history) − group 3
(expectation + social)

LLS * −2.17 (−3.24 to −1.1)
Pain N * −2.91 (−4 to −1.82)
Pain M * −2.58 (−3.58 to −1.58)
SO2 0.94 (−1.15 to 3.03)
HR 1.67 (−4.83 to 8.17)
PGD2 −4.34 (−16.93 to 8.25)
PGE2 * −5.77 (−6.85 to −4.69)
PGF2 * −4.69 (−5.43 to −3.95)
PGI2 * −4.46 (−6.66 to −2.26)
TXA2 * −12.07 (−16.37 to −7.77)
Cortisol * −1.5 (−1.8 to −1.2)

aSignificant changes are shown with an asterisk.
CI = confidence interval; LLS = Lake Louise Score; Pain N = headache last night;
Pain M = headache right now (i.e., measured in the morning); SO2 = blood
oxygen saturation; HR = heart rate; PG = prostaglandin; TXA2 = thromboxane
A2.
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altitude headache is represented by the acute effects of
hypoxia on PG synthesis through the COX enzyme, with
the formation first of PGH2 and then of PGF2, PGD2,
PGE2, PGI2, and TXA.2.15,31–35 One of themost important
effects of these eicosanoids is represented by vasodilation,
which is thought to be the principal factor inducing acute
hypoxia headache,36–40 although the direct stimulation of
nociceptive afferents may also occur.41 On the other hand,
high-altitude headache is modulated by both nocebo and
placebo, along with a variety of biochemical parameters
such as PG and TX, thus representing an excellent model
to better understand the influences of psychological
factors.9–11

In conclusion, hypobaric hypoxia headache is amenable
to the experimental manipulation of both biological and

psychosocial factors, yet is a clinical condition in all
respects. We believe that further investigation of this con-
dition will shed light on the complex interplay between
biological and psychosocial factors in the generation of
headache pain.
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