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Objective: The objective of this study was to evaluate skin wetness perception and
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ated with reported pain in migraine, such as the forehead.

versity hospital setting, evaluated skin wetness perceptions and thermal sensations

to wet non-noxious warm-wet, neutral-wet, and cold-wet stimuli applied to the fore-
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head, the posterior neck, and the index finger pad of 12 patients with migraine (mean

Results: On the forehead, people with migraine reported a significantly higher wetness
perception than healthy controls across all thermal stimulus (15.1 mm, 95% confidence
interval [Cl]: 1.8 to 28.5, p = 0.027, corresponding to ~ 15% difference), whereas no
significant differences were found on the posterior neck nor on the index finger pad.
We found no differences among groups in overall thermal sensations (-8.3 mm, 95% Cl:
-24.0t0 7.3, p = 0.291; -7.8 mm, 95% Cl: -25.3 to 9.7, p = 0.375; and 12.4 mm, 95% Cl:
-4.0 to 28.9, p = 0.133; forehead, posterior neck, and index finger, respectively).

Conclusion: These findings indicate that people with migraine have a heightened sen-
sitivity to skin wetness on the forehead area only, which is where pain attacks occur.
Future studies should further explore the underlying mechanisms (e.g., TRPM8-
mediated cold-wet allodynia) that lead to greater perception of wetness in people

with migraine to better understand the role of environmental triggers in migraine.

Abbreviations: ANOVA, analysis of variance; Cl, confidence interval; ICHD, International Classification of Headache Disorders; NSAIDs, non-steroidal anti-inflammatory drugs; SD,
standard deviation; TRPMS, transient receptor potential melastatin-8; Tsk, skin temperature; VAS, visual analog scale.
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INTRODUCTION

Migraine represents one of the most common neurological condi-
tions worldwide, and it is associated with significant morbidity and
economic impact.! Many patients affected by migraine report a
wide set of environmental triggers that contribute to the onset of
an attack, including changes in weather (e.g., rain or snowstorms),
exposure to bright lights, high altitude, smoke, and certain odors.>®
Among environmental triggers, the weather is commonly reported
to be a major contributor to migraine.z’8 Specifically, cold tempera-
tures, high humidity, bright sunshine, and low as well as rapidly
changing barometric pressure, are all weather-related parameters
that have been reported to affect patients with migraine. Cold can
induce intracerebral vasoconstriction,” which might trigger mi-
graine, and increased humidity can further disrupt thermal transfer.
Interestingly, high humidity levels have been associated with head-
ache in 69% of patients,'© leading to the common assumption that
this weather-related parameter is an important contributing factor
to migraine.*>*? Yet, the underlying mechanisms of action of high
humidity as a trigger of a migraine attack are yet to be elucidated.

The pathophysiology of migraine has been linked to altered sen-
sory processing.13 As an example, people with migraine have been
shown to have cutaneous allodynia and hypersensitivity in response
to noxious and non-noxious mechanical and thermal stimuli when
compared with healthy controls.**"Y” These findings could provide
evidence on the potential mechanisms underlying the impact of
changes in ambient temperature in triggering migraine. Specifically,
it would be reasonable to hypothesize that a migraine-induced sen-
sitization of nociceptive pathways and related decrease in thermal
thresholds for discomfort and pain may result in a non-noxious
change in skin temperature to be perceived as painful,'® similar
to what has been hypothesized for the hypersensitivity to light.'?
Applying this conceptual framework to the role of high humidity in
triggering migraine, it could be proposed that a heightened skin sen-
sitivity to humidity and wetness may underlie people with migraine's
susceptibility to high ambient humidity (Figure 1). However, to the
authors' knowledge, whether skin wetness sensitivity is altered in
people with migraine compared with healthy controls has not been
investigated empirically.

Humans are very sensitive to skin wetness and people can de-
tect as little as 0.0002 ml/mm? of moisture on their finger pad.?°
Increases in skin wetness are also positively correlated with the onset
of thermal discomfort.?! Yet, there is no evidence that our skin pos-
sesses a hygroreceptor.?? Over the past 9 years, it has been shown
that healthy young adults perceive physical wetness on their skin
by using cooling-related thermosensory cues induced by conductive
and evaporative heat transfer in the presence of moisture on the

skin, in combination with tactile and mechanosensory cues arising
from the movement of moisture across the skin.?® Cooling cues are
key for this perception, to the extent that an illusion of skin wetness
can be induced in blindfolded young adults by cooling their skin with
a dry-cold stimulus inducing skin cooling at a rate equivalent to that
resulting from actual moisture evaporation.?* Neurophysiologically,
activity from cutaneous A-type afferent nerve fibers transducing
cold and touch sensations is key for young adults' ability to perceive
skin wetness.?® Furthermore, it has been recently discovered that
the cold-sensing cation channel TRPM8, expressed on A-type cold-
sensing thermoreceptors, plays the dual role of cold and wetness
sensor in human skin.?

The literature above helps explain how, in the absence of a skin
hygroreceptor, healthy young adults optimally integrate thermal and
tactile cues to perceive wetness on their skin. Importantly, these
physiological mechanisms could support the development of test-
able hypotheses for the role of humidity in migraine. Specifically,
because people with migraine may have heighted thermal-tactile
sensing, it would be reasonable to hypothesize that their wetness
sensing may also be upregulated. Cold humid environments result
in rapid drops in skin temperature as well as in an increase in con-
densation of moisture on surfaces (including the skin), which may in
turn trigger a sensation of skin wetness, as well as colder sensations
than those triggered by cold dry environments. Hence, should peo-
ple with migraine perceive a greater level of skin wetness for the
same moisture level, this may in turn result in greater discomfort for
the same humid environment. Furthermore, because the cold and
wetness sensing TRPMS8 receptor is also implicated in cold allodyn-
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it cannot be excluded that a migraine-induced sensitization of
TRPM8 may result not only in cold, but also wet-allodynia.

The aim of this investigation was to assess differences in skin
wetness and thermal sensitivity between people with episodic mi-
graine and healthy similar controls, on the principal painful body area
(the forehead), on a body area which might be painful in some cases
(the posterior neck), and on a neutral body area (the index finger
pad). We hypothesized that people with migraine will have a greater
perception of wetness for the same wet stimulus than healthy con-

trols, and that this would be secondary to a greater cold sensitivity.

METHODS

Patients diagnosed with low-frequency (<4 severe/disabling mi-
graine attacks/month) episodic migraine without aura attending the
Headache Center of the University Hospital of Trieste were enrolled
in this prospective cross-sectional observational study from April 1,
2021, to June 30, 2021. All the participants met the International
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FIGURE 1 The diagram presents the physiological hypothesis of increased wetness perception and its possible role in migraine following
a bottom-up and a top-down approach. Wet stimuli can be abnormally perceived by people with migraine, and this might lead to pain and
the concept of wetness allodynia. Concomitantly, migraine could reduce the threshold for sensory triggering and further alter wetness
perception. DEG/ENaC, degenerin/epithelial Na+ channel; TRPMS, transient receptor potential cation channel subfamily M (melastatin)
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Classification of Headache Disorders (ICHD) criteria for migraine.
Written informed consent was provided by all participants, includ-
ing healthy controls. Included patients typically experienced pain in
the forehead during attacks and had to have at least one subjective
weather-related trigger of migraine attack among the following: hot
temperatures, cold temperatures, humidity, and wind. Participants
were not taking drug prophylaxis therapy or had stopped it for at
least 3 months, and they were not using long half-life symptomatic
drugs for migraine attacks (e.g., frovatriptan), including paraceta-
mol or nonsteroidal anti-inflammatory drugs (NSAIDs). Participants
were excluded if they presented with any comorbidity potentially
influencing thermal and sensory function (e.g., diabetes, neuropa-
thies, or Raynaud's syndrome). Patients had to be pain-free during
the measurements that were performed at least 72 h before or after
the cessation of a migraine attack and/or use of analgesic medica-
tions. Based on sex and age distribution, a sample of similar controls
was selected from a normative dataset from healthy participants as-
sessed with identical procedures as the ones described here, dur-
ing this and other experiments conducted in our laboratories (36
individuals were selected from 40).3%%! To account for interindi-
vidual differences, a sample size at least three times greater than
the migraine sample was selected. Specifically, we were able to de-
vise normative values for cold-wetness, neutral-wetness, and warm-
wetness sensing based on 36 for the forehead and posterior neck,
and on 16 for the finger pad. Participants were instructed to refrain
from: (i) performing strenuous exercise in the 48 h preceding testing;
(ii) consuming caffeine or alcohol in the 24 h preceding testing; and

(iii) consuming food in the 3 h preceding testing. No statistical power
calculation was conducted prior to the study, and the sample size
was based on our previous experience with this design. The research
was conducted according to the principles of the Declaration of
Helsinki. All participants released their informed consent for treat-
ment of clinical data after all procedures had been fully explained,
as per standard institutional procedure. This study was approved by
the Local Ethics Committee Comitato Etico Unico Regionale (CEUR,
FVG, Italy).

Sensory testing

All participants took part in one experimental session, during which
the same quantitative sensory test was performed in a quiet room
at 25.2 + 0.8°C and relative humidity 36% + 7%. Measurements
were performed at the same time of the day, between 15:00 and
17:00. Before measurements, participants were asked to rest on a
chair for 20 min to adjust to the environmental conditions. During
this time, participants were familiarized with the experimental pro-
cedures, and calibrated to the visual analog scale (VAS). Calibration
procedures consisted of the following. Six stimuli varying in tem-
perature and wetness (i.e., 0.8 ml of water, or dry) were applied
to the volar surface of both forearms (i.e., midpoint between the
wrist and antecubital fossa) in a random order, and participants
were instructed to associate each stimulus to a specific descrip-
tor on the thermal scale. The stimuli and related descriptors were:
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(i) wet stimulus, 10°C above local skin temperature—scale descrip-
tor: very hot; (ii) wet stimulus, 5°C above local skin temperature—
scale descriptor: midpoint between neutral and very hot; (iii) wet
stimulus, equal temperature as local skin temperature—scale de-
scriptor: neutral; (iv) dry stimulus, equal temperature as local skin
temperature—scale descriptor: neutral; (v) wet stimulus, 5°C below
local skin temperature—scale descriptor: midpoint between neu-
tral and very cold; and (vi) wet stimulus, 10°C below local skin
temperature—scale descriptor: very cold. During each of the six
stimuli applications, participants were instructed to freely deter-
mine the level of wetness experienced on the wetness VAS. This
procedure ensured that all participants had comparable experi-
ences of the different stimuli and related perceptual anchor points
to be used during testing. The forearm was chosen as a “neutral”
calibration site to avoid any priming, given that this region was not
going to be tested during the mapping protocol. Regional skin tem-
perature (Tsk) was measured with an infrared thermal camera (FLIR
Systems, Wilsonville, OR, USA) on the selected sites of measure-
ments: on the forehead, 2 cm above the eyebrow arch, and on the
posterior neck, 2 cm lateral to the C7 spinal process. The order of
testing region was counter-balanced between participants and the
order of stimuli (e.g., warm vs. neutral vs. cold wet) was counter-
balanced between and within participants. All measurements were
taken during the same day/sitting session, lasting around 40 min.
Between each stimulus, a 30 s rest was allowed as a nervous re-
fractory period. All measurements were taken on the side par-
ticipants with migraine reported as the primarily affected during
migraine attacks. All the participants with migraine (n = 12) and a
subsample of healthy controls (n = 16) also performed the meas-
urements on the dominant hand index finger pad to verify the ab-
sence of altered perception in body areas where differences should
not be expected. The quantitative sensory test was based on an
established protocol32 that consisted of participants having to re-
port the perceived magnitude of local thermal and wetness per-
ceptions arising from the short-duration (i.e., 5 s) static application
of a warm-wet (i.e., 5°C above local Tsk), neutral-wet (i.e., equal
temperature as local Tsk) and cold-wet (i.e., 5°C below local Tsk)
hand-held temperature-controllable probe (surface area: 1.32 cm?,
water content: 0.8 ml; NTE-3, Physitemp Instruments LLC, Clifton,
NJ, USA). Participants reported the magnitude of their local per-
ceptions on two VAS for thermal sensation (length 200 mm; anchor
points: 0, very cold; 100, neutral; and 200, very hot) and wetness
perception (length: 100 mm; anchor points: O, dry; 100, completely
wet). All the stimulations were performed three times and the av-
erage score was automatically computed. Based on the repeated
measures for each stimulus and location, the coefficient of varia-
tion ranged from 6.8% to 10.7%. The wetness VAS scale has been
consistently used in our previous studies of wetness sensing, and
showed very good validity in relation to the association between
increasing amounts of moisture and related magnitude of percep-
tion (see Merrick et al. for relevant data on validity).20

25,31,32

In accordance with previous studies, all participants

were blinded to the nature and application of the stimuli to limit

expectation biases, and they were only informed about the location
of the stimulation. The same investigator performed all testing to
limit any interindividual variability arising from the procedures car-

ried out.

Statistical analyses

All statistical analyses were performed with SPSS version 23 (IBM).
This is the primary analysis of these data. Data are reported as the
means, standard deviations (SDs) and 95% confidence intervals (Cl),
or counts and proportions (%) as appropriate. Two-tailed testing
was performed. Skin temperature was compared for each body re-
gion between people with migraine and healthy controls by using
an independent samples t-test. To account for differences between
groups in thermal and wetness perception on the investigated body
sites, the independent and interactive effect of health status (2 lev-
els between subjects: people with migraine vs. healthy controls) and
stimulus temperature (3 levels repeated measures: cold, neutral,
and warm) was performed with a two-way mixed analysis of vari-
ance (ANOVA). These analyses established the generalized effect of
migraine on wetness and thermal sensing over the different tested
areas, and its interaction with stimulus temperature.®! In the event
of statistically significant main effects or interactions, post hoc anal-
yses were conducted with Sidak's test. Normality testing using the
Shapiro-Wilk test was performed for all datasets. Significance was
set for p < 0.05.

RESULTS

Twelve participants with migraine without aura (44.5 + 13.2 year,
58% women) and 36 similar healthy controls (39.4 + 14.6 year, 50%
women) were included in the study. There were no missing data.
Patients' clinical characteristics and weather triggers for migraine
are reported in Table 1. Skin temperature before testing was found
to be similar between people with migraine and healthy controls
(forehead: p = 0.198; posterior neck: p = 0.107; and index finger pad:
p =0.091). Wetness perception and thermal sensation results on the

investigated body sites are summarized in Figure 2.

Migraine effects on wetness perception and thermal
sensation on the forehead

When considering wetness perception on the forehead, a signifi-
cant effect for group was found (F1,46 = 5.19, p = 0.027), as well
as for stimulus temperature (F2,92 = 6.75, p = 0.002), whereas no
group-stimulus interaction was present (F2192 =0.30,p =0.739). In
particular, people with migraine reported an overall higher wetness
perception than healthy controls across all wet stimuli (migraine vs.
healthy 15.1 mm, 95% CI: 1.8 to 28.5, p = 0.027, corresponding to
~15% difference; Figure 3A). Both groups reported the cold stimulus
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TABLE 1 Demographic and clinical characteristics of the
migraine and control group

Migraine group Control group

(n=12) (n = 36)
Demographics
Age, years 44.5 +13.2 394 +14.6
Sex (females), n (%) 7 (58) 18 (50)
Weight, kg 75.0+9.2 728 +7.7
Height, m 1.70 + 0.08 1.72+0.11
Clinical characteristics
Time from migraine onset, 16.5+79
years
Migraine frequency, 5+4
days/month
Severe migraine frequency, 3+1
days/month
Drug for attack, n (%)
Triptans 7 (58.3)
NSAIDs 3(25.0)
Combination analgesics 2(16.7)
Side of pain, n (%)
Forehead 12 (100.0)
Right 5(41.7)
Left 1(8.3)
Bilateral 6 (50.0)
Posterior neck 3(25.0)

Weather triggers
Hot temperatures, n (%) 1
Cold temperatures, n (%) 4
Wind, n (%) 6
Humidity, n (%) 7

Note: Mean + SD and count (%), as appropriate.
Abbreviation: NSAIDs, nonsteroidal anti-inflammatory drugs.

being wetter than the neutral-wet (mean difference cold-wet vs.
neutral-wet 19.4 mm, 95% ClI: 5.9 to 33.0, p = 0.003, correspond-
ing to ~19% difference) and warm-wet (mean difference cold-wet vs.
warm-wet 16.0 mm, 95% Cl: 2.3 to 29.6, p = 0.017, corresponding to
~16% difference).

When considering thermal perception on the forehead, we
found a significant effect was present for stimulus temperature
(F2‘92 = 86.88, p < 0.001); yet, no significant effect for group
(F1,46 = 1.14, p = 0.291; migraine vs. healthy -8.3 mm, 95%
Cl: -24.0 to 7.3), nor group-stimulus interaction was present
(F2’92 =0.85, p =0.430; Figure 3B). Both groups reported the cold
stimulus being colder than the neutral-wet (mean difference cold-
wet vs. neutral-wet: -43.2 mm, 95% Cl: -61.7 to -24.7, p < 0.001,
corresponding to ~21% difference) and the warm stimulus being
warmer than the neutral (mean difference warm-wet vs. neutral-
wet 46.8 mm, 95% Cl: 35.3 to 58.4, p < 0.001, corresponding to
~23% difference).

Forehead wetness perception and thermal sensation VAS scores

are reported in Table 2.

Migraine effects on wetness perception and thermal
sensation on the posterior neck

When considering wetness perception on the posterior neck, a sig-
nificant effect was present for stimulus temperature (F2’92 = 9.10,
p < 0.001); yet, we found no effect of group (F1,46 =0.43,p=0.515;
migraine vs. healthy 4.8 mm, 95% Cl: -9.9 to 19.5), nor group-
stimulus interaction (Fz,92 =0.94, p = 0.394; Figure 4A). Both groups
reported the cold stimulus being wetter than the neutral-wet (mean
difference cold-wet vs. neutral-wet 21.1 mm, 95% Cl: 8.7 to 33.6,
p < 0.001, corresponding to ~21% difference) and warm-wet (mean
difference cold-wet vs. warm-wet 21.4 mm, 95% Cl: 5.9 to 36.9,
p = 0.004, corresponding to ~21% difference).

When considering thermal perception on the posterior neck,
we found a significant effect was present for stimulus temperature
(F2,92 = 75.70, p < 0.001); yet, we found no significant effect for
group (F1,46 =0.80, p = 0.375; migraine vs. healthy -7.8 mm, 95% Cl:
-25.3 to 9.7), nor group-stimulus interaction (F2,92 =0.26,p=0.772;
Figure 4B). Both groups reported the cold stimulus being colder than
the neutral (mean difference cold-wet vs. neutral-wet: -52.5 mm,
95% Cl: -69.5 to -35.4, p < 0.001, corresponding to ~26% differ-
ence) and the warm stimulus being warmer than the neutral (mean
difference warm-wet vs. neutral-wet: 61.5 mm, 95% Cl: 36.4 to 86.6,
p < 0.001, corresponding to ~30% difference).

Posterior neck wetness perception and thermal sensation VAS
scores are reported in Table 3.

Migraine effects on wetness perception and thermal
sensation on the index finger pad

When considering wetness perception on the finger pad, we found a
significant effect for stimulus temperature (F2152 =30.83,p < 0.001);
yet, we found no significant effect for group (F1,26 =0.19,p = 0.666;
migraine vs. healthy -3.3 mm, 95% Cl: -18.9 to 12.3), nor group-
stimulus interaction (F2,52 =1.01, p = 0.373; Figure 5A). Both groups
reported the cold stimulus being wetter than the neutral-wet (mean
difference cold-wet vs. neutral-wet: 30.7 mm, 95% Cl: 19.6 to 41.8,
p = 0.001, corresponding to ~15% difference) and warm-wet (mean
difference cold-wet vs. warm-wet: 32.8 mm, 95% Cl: 21.4 to 44.1,
p = 0.001, corresponding to ~16% difference).

When considering thermal perception on the finger pad, we
found a significant effect for stimulus temperature (Fz,sz = 34.85,
p < 0.001); yet, we found no significant effect for group (F1,26 =2.41,
p = 0.133; migraine vs. healthy 12.4 mm, 95% Cl: -4.0 to 28.9), nor
group-stimulus interaction (F,,, = 0.50, p = 0.609; Figure 5B).
Both groups reported the cold stimulus being colder than the neu-
tral (mean difference cold-wet vs. neutral-wet: -44.4 mm, 95% Cl:
-60.2 to -28.5, p < 0.001, corresponding to ~22% difference) and
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TABLE 2 Wetness perception and thermal sensation on the
forehead, in people with migraine and healthy controls

Healthy
controls
Forehead Migraine (n = 12) (n=36)
Warm-wet stimulus
Wetness perception, mm 52.3 +30.2 41.3 + 30.3
Thermal sensation, mm 146.9 + 25.8 149.1 + 37.5
Neutral-wet stimulus
Wetness perception, mm 50.7 + 24.6 36.0+30.1
Thermal sensation, mm 99.1 + 30.7 103.3 + 32.2
Cold-wet stimulus
Wetness perception, mm 72.7 +17.6 529 +254
Thermal sensation, mm 48.7 +31.3 67.3 +33.0

Notes: Visual analog scale scoring (mm) for wetness perception (O
dry-100 wet) and thermal sensation (0 cold-100 neutral-200 hot)
during a warm-wet stimulus (+5°C and 0.8 ml), neutral-wet stimulus
(temperature equal to the skin and 0.8 ml), and cold-wet stimulus (-5°C
and 0.8 ml).

Mean + standard deviation.

the warm stimulus being warmer, although not significantly, than the
neutral (mean difference warm-wet vs. neutral-wet: 20.3 mm, 95%
Cl: -1.1to 41.8, p = 0.067, corresponding to ~10% difference).

Index finger pad wetness perception and thermal sensation VAS
scores are reported in Table 4.

DISCUSSION

The aim of this investigation was to study the independent effect of
migraine on skin wetness and thermal sensitivity across a principal
painful body area (the forehead), a body area that might be painful in
some cases (the posterior neck), and a neutral body area (the index
finger pad). Our cohort of people with migraine reported wetness
perceptions from the application of wet stimuli to the forehead that
were ~15% more intense that those reported by the healthy control
group; yet, no differences in wetness perception were observed be-
tween groups during the stimulation of the posterior neck and the
index finger pad. In contrast, we found that, whereas both groups
were able to discriminate thermal sensations arising from cold, neu-
tral, and warm stimuli, the magnitude of those sensations did not
differ between the groups on any of the tested body sites. Finally,
both groups perceived the cold-wet stimulus as “wetter” compared
with the neutral and warm-wet stimuli, despite that the same quan-
tity of water (0.8 ml) was applied to the probe during each stimu-
lation. Taken together, these findings provide preliminary evidence
that people with migraine may have a heightened perception of skin
wetness in response to non-noxious temperature stimuli spanning
warm and cold temperatures, which is specific to a principal pain-
ful body area (i.e., the forehead). Furthermore, our study indicates
that, whereas people with migraine may experience sensitization to
wet stimuli, they maintain similar central integratory mechanisms
for wetness sensing to healthy individuals (i.e., integration of cold-
sensing and mechano-sensing afferent inputs).?>2%323% We believe
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with migraine (n = 12, empty bars) and similar controls (n = 36, dashed bars) for the three stimuli temperature conditions (warm-wet, neutral-
wet, and cold-wet). For wetness perception, only significant temperature stimulus effect (*r < 0.001). For thermal sensation, only significant

temperature effect (*p < 0.001). VAS, visual analog scale

TABLE 3 Wetness perception and thermal sensation on the
posterior neck, in people with migraine and healthy controls

Healthy
Migraine controls
Posterior neck (n=12) (n = 36)
Warm-wet stimulus
Wetness perception, mm 34.1+29.2 38.0+31.6
Thermal sensation, mm 152.9 +48.6 165.0 +43.3
Neutral-wet stimulus
Wetness perception, mm 42.0 + 277 39.6 +28.9
Thermal sensation, mm 97.4 + 39.8 97.5 + 477
Cold-wet stimulus
Wetness perception, mm 60.9 + 28.9 53.9 + 29.3
Thermal sensation, mm 39.4+274 50.6 +33.6

Notes: Visual analog scale scoring (mm) for wetness perception (O
dry-100 wet) and thermal sensation (0O cold-100 neutral-200 hot)
during a warm-wet stimulus (+5°C and 0.8 ml), neutral-wet stimulus
(temperature equal to the skin and 0.8 ml), and cold-wet stimulus (-5°C
and 0.8 ml).

Mean + standard deviation.

that these findings are novel and carry clinical implications for the
understanding of the link between high humidity and greater sus-
ceptibility to the onset of a migraine episode.

Transient receptor potential cation channel subfamily M (me-
lastatin) member 8 (TRPMS8) can be triggered by moisture, chemi-
cals, and even cold-dry stimuli, resulting in a series of functions not

immediately related to each other in human sensitivity.?%3* The
relative importance of thermal sensing compared to tactile sens-
ing depends on the wet stimulus temperature, as neutral-wet and
warm-wet perception might rely more on tactile than on thermal
cues, whereas a higher contribution of the cold-sensing receptors
might be expected for cold-wet perception.®? Thermal perception
did not show a significant group effect, with a preserved capacity
to discriminate among the three stimuli conditions in both groups.
As such, we could speculate that there were minimal peripheral
thermal (including cold) sensing differences between the two
groups, and this might have a minor impact on the altered wetness
perception. Nevertheless, the thermal stimuli were above the pain
threshold and therefore these findings should be considered as
indicative of non-noxious thermal sensations. Previous findings
indicated that during the interictal period, people with episodic
and chronic migraine can be more sensitive to thermal stimula-
tion than non-migraine controls.r®> The non-noxious experimen-
tal model used in this study can help to discriminate the relative
contribution of thermal versus tactile cues in wetness sensing.
Specifically, wetness perceptions reported during the neutral-wet
stimulus compared with those reported during the cold-wet and
warm-wet ones can suggest the contribution of tactile cues, which
depends on the mechanical adhesion of the wet surface to the skin
in the absence of thermal cues,® to the perception of wetness.
Although it did not reach statistical significance, people with mi-
graine reported a slightly higher wet perception on the forehead
also during the neutral-wet stimulus. Taken together, these find-
ings do not provide a clear indication of the principal contributor
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FIGURE 5 Boxplots representing the difference in wetness perception (A) and thermal sensation (B) on the index finger pad of individuals
with migraine (n = 12, empty bars) and similar controls (n = 16, dashed bars) for the three stimuli temperature conditions (warm-wet, neutral-
wet, and cold-wet). For wetness perception, only significant temperature stimulus effect (*r < 0.001). For thermal sensation, only significant

temperature effect (*p < 0.001). VAS, visual analog scale

TABLE 4 Wetness perception and thermal sensation on the
index finger pad, in people with migraine and healthy controls

Healthy
Migraine controls
Index finger pad (n=12) (n=16)
Warm-wet stimulus
Wetness perception, mm 43.9 + 20.6 444 + 29.3
Thermal sensation, mm 103.0+ 354 96.1+34.1
Neutral-wet stimulus
Wetness perception, mm 40.8 + 22.7 51.6 + 29.5
Thermal sensation, mm 90.0 + 15.2 68.5 + 38.8
Cold-wet stimulus
Wetness perception, mm 777 + 16.6 76.2+21.5
Thermal sensation, mm 39.3 +30.0 30.4 + 29.2

Notes: Visual analog scale scoring (mm) for wetness perception (O
dry-100 wet) and thermal sensation (0 cold-100 neutral-200 hot)
during a warm-wet stimulus (+5°C and 0.8 ml), neutral-wet stimulus
(temperature equal to the skin and 0.8 ml), and cold-wet stimulus (-5°C
and 0.8 ml).

Mean + standard deviation.

to altered forehead wetness perception in people with migraine
(i.e., thermal vs. tactile sensing), but it might be speculated that
it depends on their combination. Indeed, the altered thermal pain
threshold reported in other studies could suggest a primary role
of these sensory pathways in the development of pain,15 although
increased mechanical sensitivity has been also reported in people
with migraine.®¢

According to this study, some potential mechanisms could be
discussed related to the higher wetness perception reported by
people with migraine and its relationship with weather-induced
pain attacks. Despite three patients reporting that their migraine-
related pain originated also in the posterior neck area, the forehead
was the common body area related to migraine attacks. Previous
studies have shown that TRPM-8 receptors are highly expressed in
trigeminal and dorsal root ganglia, particularly in a subpopulation
of small-diameter nonmyelinated neurons which may exert both a
thermoceptive and a nociceptive function.®” The aforementioned
circuitries are eminently involved in migraine and in neuronal pain
and, in confirmation of this, a reduced level of genetic expression
of TRPM-8 receptors entails a diminished risk to develop migraine
attacks.®® Therefore, a rationale might exist behind the reciprocal
inter-relation between moisture sensitivity and migrainous diathe-
sis. Unfortunately, the absence of a significantly higher thermal
sensitivity to cold stimulus does not allow speculation on the ex-
pression and activity of these receptors in people with migraine,
and, in particular, on the forehead, trigeminal nerve territory,39 and
in comparison to control subjects and to the posterior neck surface,
occipital nerve territory.40 However, by the use of a validated ex-
perimental protocol to evaluate wetness and thermal perception, it
was possible to show an association with the clinical observation
that some patients with migraine, in contrast to unaffected people,
can particularly experience atmospheric events, and, in particular,
cold and humid conditions. As described in the work by Burstein
et al.,’* the 79% of enrolled people with migraine had cutaneous
allodynia, variably spreading but always engaging the referred area
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of pain onset. We have additionally found that in correspondence
with the most involved site of pain (invariably the forehead in our
sample) an increased sensitivity to cold wetness seems also to

exist, even without evoking pain.

Limitations and future perspectives

This study was conducted on a small sample of people with mi-
graine, which might represent a limitation to interpreting the find-
ings. Indeed, although the selection criteria attempted to include
a sample of patients with similar clinical characteristics (including
migraine frequency), some differences might be present among the
patients and might have influenced the results. In addition, due to
the variable nature of the symptoms and the variability in pain side
(some patients reported bilateral pain or alternating sides), it was
not possible to perform a comparison between the affected and
unaffected sides of the body. Future studies in larger populations
should consider potential differences based on the side of pain. All
measurements were performed during a pain-free period, and all
the participants were asked to avoid analgesics during the 72 h prior
to the experiments; nonetheless, it is not possible to determine if
the medication's long-term effects might have influenced the rating.
Skin biophysical characteristics (as skin hydration) might influence
skin and thermal wetness perception®?; in this study, we were not
able to collect such data, although any effect of migraine on such
characteristics should not be expected. The involvement of TRPM-8
receptors should be further investigated, given their already eluci-
dated role in the disposition to migraine and the modulation of skin
wetness sensation. In perspective, a more extensive application
of sensory testing procedures could help clinicians to identify the
subpopulation of people with migraine who are more susceptible to
develop headaches in relation to specific environmental conditions.
These patients might be recommended to avoid these trigger fac-
tors to reduce the incidence of attacks and could also be selected
as possible better responders to eventual future therapies directed
against TRPM-8 receptors.41

CONCLUSIONS

In conclusion, this study used an accurate and reproducible experi-
mental procedure to evaluate skin wetness and thermal perception
in people with low-frequency episodic migraine and sensitivity to
environmental triggers. Compared with similar healthy controls,
higher wetness sensitivity (especially to cold-wet stimulus) was
found coinciding with the forehead. These findings provide a prelim-
inary pathophysiological rationale behind the association between

environmental conditions and migraine attacks.

ACKNOWLEDGEMENTS
The authors want to acknowledge all the participants who volun-
teered for the study.

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS

Study concept and design: Alex Buoite Stella, Davide Filingeri,
Giovanni Furlanis, Antonio Granato, Paolo Manganotti. Acquisition
of data: Alex Buoite Stella, Gabriele Garascia, Davide Filingeri,
Laura D’Acunto. Analysis and interpretation of data: Alex Buoite
Stella, Davide Filingeri, Paolo Manganotti. Drafting of the manu-
script: Alex Buoite Stella, Davide Filingeri, Gabriele Garascia,
Laura D'Acunto. Revising it for intellectual content: Giovanni
Furlanis, Antonio Granato, Paolo Manganotti. Final approval of
the completed manuscript: Alex Buoite Stella, Davide Filingeri,
Gabriele Garascia, Laura D'Acunto, Giovanni Furlanis, Antonio

Granato, Paolo Manganotti.

DATA AVAILABILITY STATEMENT
Anonymized data are available upon reasonable request to the cor-

responding author according to standard institutional procedure.

REFERENCES

1. Stovner LJ, Nichols E, Steiner TJ, et al. Global, regional, and na-
tional burden of migraine and tension-type headache, 1990-2016:
a systematic analysis for the Global Burden of Disease Study 2016.
Lancet Neurol. 2018;17(11):954-976.

2. Friedman DI, De Ver DT. Migraine and the environment. Headache.
2009;49(6):941-952.

3. Spierings ELH, Ranke AH, Honkoop PC. Precipitating and aggravat-
ing factors of migraine versus tension-type headache. Headache.
2001;41(6):554-558.

4. Bener A, Uduman SA, Qassimi E, et al. Genetic and environmen-
tal factors associated with migraine in schoolchildren. Headache.
2000;40(2):152-157.

5. Turner LC, Molgaard CA, Gardner CH, Rothrock JF, Stang PE.
Migraine trigger factors in a non-clinical Mexican-American pop-
ulation in San Diego county: implications for etiology. Cephalalgia.
1995;15(6):523-530.

6. Von Mackensen S, Hoeppe P, Maarouf A, Tourigny P, Nowak D.
Prevalence of weather sensitivity in Germany and Canada. Int J
Biometeorol. 2005;49(3):156-166.

7. Wober C, Holzhammer J, Zeitlhofer J, Wessely P, Wober-Bingol C.
Trigger factors of migraine and tension-type headache: experience
and knowledge of the patients. J Headache Pain. 2006;7(4):188-195.

8. YangAC, Fuh JL, Huang NE, Shia BC, Wang SJ. Patients with migraine
are right about their perception of temperature as a trigger: time se-
ries analysis of headache diary data. J Headache Pain. 2015;16(1):49.

9. Micieli G, Tassorelli C, Bosone D, et al. Increased cerebral blood
flow velocity induced by cold pressor test in migraine: a possible
basis for pathogenesis? Cephalalgia. 1995;15(6):494-498.

10. Prince PB, Rapoport AM, Sheftell FD, Tepper SJ, Bigal
ME. The effect of weather on headache. Headache.
2004;44(6):596-602.

11. Hoffmann J, Lo H, Neeb L, Martus P, Reuter U. Weather sensitivity
in migraineurs. J Neurol. 2011;258(4):596-602.

12. Li W, Bertisch SM, Mostofsky E, Buettner C, Mittleman MA.
Weather, ambient air pollution, and risk of migraine headache onset
among patients with migraine. Environ Int. 2019;132:105100.

13. Goadsby PJ, Holland PR, Martins-Oliveira M, Hoffmann J, Schankin
C, Akerman S. Pathophysiology of migraine: a disorder of sensory
processing. Physiol Rev. 2017;97(2):553-622.



HEADACHE 11

14. Burstein R, Yarnitsky D, Goor-Aryeh I, Ransil BJ, Bajwa ZH. An as- 29. Dussor G, Cao Y-Q. TRPM8 and migraine. Headache.
sociation between migraine and cutaneous allodynia. Ann Neurol. 2016;56(9):1406-1417.
2000;47(5):614-624. 30. Valenza A, Bianco A, Filingeri D. Thermosensory mapping of skin

15. Schwedt TJ, Krauss MJ, Frey K, Gereau RW IV. Episodic and chronic wetness sensitivity across the body of young males and females
migraineurs are hypersensitive to thermal stimuli between migraine at rest and following maximal incremental running. J Physiol.
attacks. Cephalalgia. 2011;31(1):6-13. 2019;597(13):3315-3332.

16. Harriott AM, Schwedt TJ. Migraine is associated with altered pro- 31. Wildgoose C, Valenza A, Buoite Stella A, Feka K, Bianco A, Filingeri
cessing of sensory stimuli. Curr Pain Headache Rep. 2014;18(11):458. D. Ageing reduces skin wetness sensitivity across the body. Exp

17. Deodato M, Granato A, Ceschin M, Galmonte A, Manganotti P. Physiol. 2021;106(12):2434-2444.

Algometer assessment of pressure pain threshold after onabot- 32. Filingeri D, Fournet D, Hodder S, Havenith G. Body mapping of
ulinumtoxin-a and physical therapy treatments in patients with cutaneous wetness perception across the human torso during
chronic migraine: an observational study. Frontiers in Pain Research. thermo-neutral and warm environmental exposures. J Appl Physiol.
2022;3. doi:10.3389/fpain.2022.770397 2014;117(8):887-897.

18. Bernstein C, Burstein R. Sensitization of the trigeminovascular 33. Filingeri D. Humidity sensation, cockroaches, worms, and humans:
pathway: perspective and implications to migraine pathophysiol- are common sensory mechanisms for hygrosensation shared across
ogy. J Clin Neurol. 2012;8(2):89. species? J Neurophysiol. 2015;114(2):763-767.

19. Artemenko AR, Filatova E, Vorobyeva YD, Do TP, Ashina M, Danilov 34. YudinY, Rohacs T. Regulation of TRPM8 channel activity. Mol Cell
AB. Migraine and light: a narrative review. Headache. 2022;62(1):4-10. Endocrinol. 2012;353(1-2):68-74.

20. Merrick C, Rosati R, Filingeri D. Skin wetness detection thresholds 35. Bergmann Tiest W, Kosters N, Kappers A, Daanen H. Haptic per-
and wetness magnitude estimations of the human index fingerpad ception of wetness. Acta Psychol. 2012;141(2):159-163.
and their modulation by moisture temperature. J Neurophysiol. 36. Scholten-Peeters GGM, Coppieters MW, Durge TSC, Castien
2021;125(5):1987-1999. RF. Fluctuations in local and widespread mechanical sensitivity

21. Gagge AP, Stolwijk JA, Hardy JD. Comfort and thermal sensations throughout the migraine cycle: a prospective longitudinal study. J
and associated physiological responses at various ambient tem- Headache Pain. 2020;21(1):16.
peratures. Environ Res. 1967;1(1):1-20. 37. Peier AM, Mogrich A, Hergarden AC, et al. A TRP channel that

22. FilingeriD, Havenith G.Human skin wetness perception: psychophys- senses cold stimuli and menthol. Cell. 2002;108(5):705-715.
ical and neurophysiological bases. Temperature. 2015;2(1):86-104. 38. Gavva NR, Sandrock R, Arnold GE, et al. Reduced TRPM8 expres-

23. Filingeri D, Havenith G. Peripheral and central determinants of skin sion underpins reduced migraine risk and attenuated cold pain sen-
wetness sensing in humans. Handb Clin Neurol. 2018;156:83-102. sation in humans. Sci Rep. 2019;9(1):19655.
doi: 10.1016/B978-0-444-63912-7.00005-9 39. Edvinsson JCA, Vigano A, Alekseeva A, et al. The fifth cranial nerve

24. Filingeri D, Redortier B, Hodder S, Havenith G. The role of decreas- in headaches. J Headache Pain. 2020;21(1):65.
ing contact temperatures and skin cooling in the perception of skin 40. Yu M, Wang S-M. Anatomy, Head and Neck, Eye Occipital Nerves.
wetness. Neurosci Lett. 2013;551:65-69. StatPearls; 2020.

25. Filingeri D, Fournet D, Hodder S, Havenith G. Why wet feels wet? A 41. Gonzélez-Mufiz R, Bonache MA, Martin-Escura C, Gdémez-
neurophysiological model of human cutaneous wetness sensitivity. Monterrey |. Recent progress in TRPM8 modulation: an update. Int
J Neurophysiol. 2014;112(6):1457-1469. J Mol Sci. 2019;20(11):2618.

26. Typolt O, Filingeri D. Evidence for the involvement of peripheral
cold-sensitive TRPM8 channels in human cutaneous hygrosensation.

Am J Physiol Regul Integr Comp Physiol. 2020;318(3):R579-R589. How to cite this article: Buoite Stella A, Filingeri D, Garascia

27. De Caro C, Cristiano C, Avagliano C, et al. Characterization X . .
of new TRPM8 modulators in pain perception. Int J Mol Sci. G, et al. Skin wetness sensitivity across body sites commonly
2019;20(22):5544. affected by pain in people with migraine. Headache.

28. Ling Y-H, Chen S-P, Fann CS-J, Wang S-J, Wang Y-F. TRPM8 ge- 2022;00:1-11. doi:10.1111/head.14323

netic variant is associated with chronic migraine and allodynia. J
Headache Pain. 2019;20(1):115.



https://doi.org/10.3389/fpain.2022.770397
https://doi.org/10.1016/B978-0-444-63912-7.00005-9
https://doi.org/10.1111/head.14323

	Skin wetness sensitivity across body sites commonly affected by pain in people with migraine
	Abstract
	INTRODUCTION
	METHODS
	Sensory testing
	Statistical analyses

	RESULTS
	Migraine effects on wetness perception and thermal sensation on the forehead
	Migraine effects on wetness perception and thermal sensation on the posterior neck
	Migraine effects on wetness perception and thermal sensation on the index finger pad

	DISCUSSION
	Limitations and future perspectives

	CONCLUSIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	REFERENCES


