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Multiple Sclerosis (MS) is a degenerative disease with symptoms that
include irregulation of body temperature, fatigue, depression and often
excessive yawning. Fatigue is an ongoing issue for many people with MS
and there is little understood about the mechanisms involved in regulating
body temperature in MS after activity. Measuring and monitoring fatigue
and body temperature has been reported in healthy subjects but no reports
to date have considered thermoregulation monitoring using E-textile
specialist wearable garments in MS. Discussion of the thermoregulatory
mechanism involved in MS is offered together with recommendations for
assisting people with MS in temperature control following fatigue and
during activity.
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INTRODUCTION

Multiple Sclerosis (MS) is a chronic debilitating
condition that is progressive and affects the fatty tissue
sheath surrounding nerves [1]. Incomplete innervation
due to loss of the myelin sheath surrounding nerves
is considered to be responsible for uncoordinated
movements [2]. Fluctuations in brain temperature are
often seen in people with MS as well as symptoms of
fatigue and especially when carrying out mentally or
physically demanding tasks. These are also associated
with excessive yawning [3,4]. However, the cause of
fatigue and temperature fluctuation in MS is not fully
understood.

Thermoregulation, fatigue and yawning

Gallup and Gallup [5] report on two women who
suffered from chronic and debilitating episodes of
excessive yawning which had not been related to any
existing sleeping problems. They exhibited signs of
thermoregulatory dysfunction as well as relief through
behavioural cooling. Brain temperature fluctuations are
also known to exist in people suffering from depression
[6,7]. Depression and excessive yawning together with
temperature fluctuations is a common symptom of
Relapsing-Remitting Multiple Sclerosis [1]. Yawning may
be a brain cooling mechanism and has been hypothesized
because of evidence showing that nasal breathing and
forehead cooling reduced the incidence of contagious
yawning [8].

Thermoregulatory dysfunction is common in MS with
heat making symptoms worse and cooling providing
symptom relief [9]. People with MS very often experience
problems with sleep pattern [10]. Gallup, et al. [11] found
that their MS patients experienced symptom relief when
they were able to nap during the day. Thermoregulation
has been found to be linked with fatigue and scientists
have revealed involvement of the prefrontal cortex,
inferior parietal cortex, anterior cingulate cortex and
the thalamus in people with MS [12]. The International
Scientific Committee on Research into Multiple Sclerosis
(iMSpire) has brought together Anglo-French partnership
[13,14] which aims to conduct research that will directly
benefit people with MS. Panel members include those
with MS as well as scientists, practitioners, representatives
of the UK MS Society and the French MS Society, Ligue
Francaise contre la Sclérose En Plaques [15].

Thompson, et al. [16] and his team from iMSpire
discovered that cortisol levels were found to be higher
during mental vs. motor (physical) tasks. Recruitment
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of brainstem and hypothalamus regions, important
in cortisol activity, was affected differently and is an
important finding that demonstrates the association
between fatigue and cortisol - the latter being linked with
yawning and fatigue in MS [17]. During fatigue in MS,
threshold level rises of cortisol appear to trigger yawning
which is likely to be part of a complex mechanism for
lowering brain temperature [18]. Brain temperature can
rise dramatically during fatigue in MS [5]; cortisol may
be able to regulate brain temperature because of its
importance within the Hypothalamus-Pituitary-Adrenal
(HPA)-axis [19], which has been evidenced even in the
foetus and in young babies [20].

Secretion of cortisol is controlled by three inter-
communicating regions of the brain: hypothalamus,
pituitary and adrenal glands. When there are low levels
of cortisol in the blood, the hypothalamus releases
corticotrophin-releasing hormone causing the pituitary
gland to secrete adrenocorticotropic hormone into the
bloodstream [1]. High levels of adrenocorticotropic
hormone are detected in the adrenal glands which
stimulate the secretion of cortisol and cause blood levels of
cortisol to rise. As the cortisol levels rise, they start to block
the release of corticotrophin-releasing hormone from the
hypothalamus and adrenocorticotropic hormone from
the pituitary [18]. As a result, the adrenocorticotropic
hormone levels start to fall resulting in a fall in cortisol
levels. This mechanism is known as a negative feedback
loop.

Understanding thermoregulation and
fatigue in MS

Thompson [17,21] presented the Thompson Cortisol
Hypothesis which is the first evidence-based report linking
cortisol with yawning and demonstrates that cortisol rises
when we yawn. Produced by the zona fasciculate of the
adrenal cortex within the adrenal gland [22], Thompson
[19,23-26] suggested that the rise in cortisol level triggers
the yawning response in healthy people. During fatigue,
either mentally or physically, and in particular in MS,
yawning becomes important for regulating cortisol. It
is probable that cortisol also affects the hypothalamus
temperature regulation within the HPA-axis and may
signal brain cooling particularly when elevation in brain
temperature is common such as in MS [1].

Future research

At Winchester School of Art, University of
Southampton, UK, thermoregulation in people with
MS is being investigated with the view to regulating
body temperature during activity. Wearable E-textiles
that measure and monitor anthropometrics is growing
in popularity; particularly for protecting those who
work in extreme conditions, e.g., mountain rescuers in
cold altitudes [27]; and divers working at depth in cold
temperatures [28-30]. To date there have been no reports
of E-textiles in the application of thermoregulation in MS
despite reports of applications in other demographics,
e.g., measuring skin temperature and sweat in healthy
cohorts [31,32]. Since fatigue is a known symptom of
MS, being able to pace an activity and regulate body
temperature would be of potential benefit. A variation in
body temperature of only two degrees in healthy people
can be tolerated [33] but fluctuations may be greater in
MS during activity [3,4,8,23,26] causing fatigue and the
abandonment of a task or activity.

RECOMMENDATIONS

Examining temperature fluctuation and fatigue
requires careful measurement and monitoring. The
use of physiological and neuropsychological tests [34-
39] can be of potential benefit at the design stage
before the implementation of E-textile garment testing.
Questionnaires [40,41], focus groups [42-44] and
structured interviews [45] can also be beneficial during
testing stages as well quality of life measures [46-50] in
order to gain a better understanding of how to regulate
temperature during activity in MS and to hopefully
prevent or mediate fatigue.
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