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Methods: The present cross-sectional study used online questionnaires to investi-

sample including 117 individuals with probable migraine and 827 without. Mediation
analyses were also used to determine whether any relationship between migraine and
sensory sensitivity was mediated by anxiety.

Results: Significant increases in subjective reports of sensory sensitivity (d = 0.80)
and sensory avoidance (d = 0.71) were found in participants with migraine. Anxiety
symptoms partially mediated the relationship between subjective sensory sensitivity
and migraine. Finally, visual, movement, and auditory subscales were found to provide
unique explanatory variance in analyses predicting the incidence of migraine (area
under the curve = 0.73, 0.69, 0.62 respectively).

Conclusion: Subjective sensory sensitivities are present between attacks and across
senses in individuals with migraine. Anxiety symptoms are relevant to this relationship;
however, sensory sensitivities appear to exist independent of this affective influence.
The implications of interictal sensitivities for the daily lives of those with migraine

should, therefore, be considered in clinical management wherever appropriate.
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BACKGROUND

Migraine attacks are typically characterized by enduring headache,
nausea and sensitivity to light, sound, and odors.! Sensory stim-
uli can also trigger or worsen attacks,>® and sensory disturbances
(most often visual) commonly occur in those who experience mi-
graine with aura.*

In this paper, we investigate whether differences in sensory ex-
perience exist in people with migraine between attacks (also known
as interictal differences). It is important to distinguish two mean-
ings of “sensitivity”: heightened sensory experience or measured
thresholds for detecting or discriminating sensory stimuli. These
two meanings are not straightforwardly related.

There is some evidence that between attacks, people with
migraine show a different threshold sensitivity to stimuli com-
pared with people without migraine. The evidence is mixed; for
example, both higher and lower sensory thresholds have been
reported across modalities.” However, threshold performance
does not predict the strength or quality of self-reported sensory
experience,®® highlighting a need to clearly distinguish between
these two concepts. Threshold measurements are thought to tap
the basic capabilities of early processing, whereas the subjective
experience involves extensive activation and feedback well be-
yond the primary sensory cortices.® Given that the subjective
sensory experience is associated with reduced well-being”® and
anxiety,” understanding whether sensory experiences differ in
migraine remains important whether or not threshold differences
are confirmed.

Evidence from children and adolescents with migraine has shown
increases in self- or parent-reported sensory behaviors, which may
indicate heightened sensitivity to sensory information (known as

sensory hypersensitivitym’n)

. In children, this reported hypersensi-
tivity was associated with reductions in quality of life.

Furthermore, work investigating the presence of psychotic
symptoms and hallucinations in migraine has also found evidence
of hypersensitivity.'2 Although the self-report measure used in this
study was not a direct measure of sensory sensitivity, people with
migraine more frequently endorsed items relating to a heightened
experience of sensory stimuli when compared with people without
migraine.

Finally, in an investigation of the relationship between subjective
sensory sensitivity and attention in migraine, Leveque et al.®® re-
cently found that adults with migraine self-reported increased sen-
sitivity to light, sounds, and odors between attacks when compared
with people without migraine. Sensory sensitivities were correlated
with self-reported attentional difficulties, but not migraine disability.

Taken together, this literature is consistent with the idea that
migraine is associated with interictal differences in subjective sen-
sory experience. However, an additional consideration in investi-
gating sensory experience in migraine is the experience of anxiety.
Anxiety is found to commonly co-occur with migraine at both trait
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and clinical levels, and the two conditions might share genetic

predispositions,*® neurotransmitter systems,'’ and psychological

influences (e.g., interoceptive conditioning?). Anxiety is also asso-
ciated with sensory hypersensitivity in people without migraine.”
It is therefore possible that if differences in sensory experience
exist in migraine, they could be driven (at least in part) by height-
ened levels of anxiety.

It is worth noting that Leveque et al.'® did not find that anxiety
explained differences in sensory processing that they observed. In
fact, they did not find that anxiety and sensory sensitivities were
correlated at all in their sample. Therefore, the triadic relationship
that may exist between migraine, sensory experience, and anxiety
has not been well characterized in the literature so far and could
be addressed by using more formal mediation analyses with a larger
pool of participants. Given differences in anxiety and subjective
sensory sensitivity could have relevance for the day-to-day expe-
riences of individuals with migraine, these effects are worth being
fully explored.

In the present study, our aim was therefore to better character-
ize differences in interictal sensory experience in migraine. We did
this by (1) using an established questionnaire in sensory processing
that is underpinned by theory and spans the range of sensory modal-
ities, (2) describing the relationship with anxiety more comprehen-
sively using a formal mediation model, (3) exploring the individual
and unique contribution of different sensory modalities, and (4)
using a large community sample of 117 individuals with migraine and
827 comparison participants without migraine.

The sensory experience questionnaire we used was the
Adolescent/Adult Sensory Profile (AASP?Y). The AASP was the most
appropriate for our study; unlike other similar measures, it is de-
signed for general population use and provides a measure of subjec-
tive sensory experience across six sensory modalities (taste/smell,
visual, auditory, tactile, movement, and activity). We were interested
in two subscales of the AASP that indicate subjective sensory hyper-
sensitivity: sensory sensitivity and sensory avoidance. Despite its
common use in sensory processing literature, the AASP is yet to be
used in adult migraine populations, the absence of which has been
noted.?? To explore the relationship between sensory experience,
migraine, and anxiety, we also collected data on anxiety, using the
Hospital Anxiety and Depression Scale (HADS).?

We hypothesized that migraine would be associated with in-
creased subjective sensory sensitivity and avoidance across all
modalities, and this relationship would be mediated by symptoms
of anxiety. We speculated that vision might be the dominant sense
driving these relationships, because it is commonly associated with

migraine aura and triggers.z'4

METHOD
Participants
Participants were recruited from the community via two methods.

The first involved emailing participants from a community health
list with an advertisement to participate in a survey. The advert



1344

HEADACHE

described the broad interest in dizziness (the findings of which re-
late to another study?®), sensory sensitivity, and migraine held by
the researchers, while emphasizing the desire for a range of partici-
pants regardless of experience with topics of interest, excluding only
those under 18. Approximately 2500 responses were received (of
18,683 email addresses used); 465 participants had missing data for
the AASP, while 1379 had missing anxiety data. Analyses therefore
only included those with complete data for all measures of interest
(n = 818). Participants were aged between 19 and 86 (mean = 57.0,
SD = 13.8) and 604 (74%) were female. Median-reported education
attainment was 3, where O = no education, 1 = General Certificate of
Secondary Education/O Level, 2 = A-level/Business and Technology
Education Council, 3 = Undergraduate, and 4 = Postgraduate.

The second recruitment method used the website Prolific
Academic, on which the public can participate in surveys and re-
ceive compensation. Participants were compensated £5 for the sur-
vey. Of 214 responses received, 14 had missing AASP data, while
74 had missing anxiety data. A total of 126 participants returned
valid and complete responses for each measure and were therefore
included in analyses. Participants were aged between 18 and 54
(mean = 26.8, SD = 6.8), and 35 (28%) were female. Median educa-
tional attainment was 3.

The final combined sample therefore consisted of 944 partici-
pants aged between 18 and 86 (mean = 53.0, SD = 16.6), 639 of
which were female (68%). Cardiff University's School of Psychology
ethics committee provided approval for all procedures. Participants
read a consent form online, before providing electronic informed
consent via an on-screen tick box.

This is an a priori secondary analysis of collected data, which was
primarily analyzed to answer questions concerning visually induced
dizziness.?*?° The sample size was based on available data; no statis-
tical power calculation was conducted prior. All data reported in this

article will be made available following acceptance.

Measures

All questionnaires were delivered online via Qualtrics. Demographic
information and details of currently diagnosed vestibular disorder

were collected.

Migraine Screening Questionnaire?®

The Migraine Screening Questionnaire (MS-Q) includes five items,
which ask individuals about migraine episodes experienced in their
lifetime, each with a yes/no response. Participants reporting four or
more “yes” responses were categorized as having probable migraine.
Example items include “Do you usually suffer from nausea when you
have a headache?” and “Does light or noise bother you when you
have a headache?” The MS-Q shows adequate validity and reliability
(Cronbach's a = 0.82).2

Adolescent/Adult Sensory Profile?’

The AASP is a 60-item self-report measure of sensory function as
it relates to Dunn's model.?® Of four possible subscales, we were
only interested in the sensory sensitivity and sensory avoidance
subscales. Both subscales are argued to indicate subjective sensory
sensitivity but refer to different behavioral reactions to sensory
input. Although the sensory sensitivity subscale represents a dislike
for sensory stimuli and distractibility in its presence (e.g., “I'm un-
comfortable wearing certain fabrics”), sensory avoidance indicates
behaviors which limit exposure to stimuli and restrict unpredictabil-
ity (e.g., “l avoid or wear gloves during activities that will make my
hands messy”). Higher subscale scores indicate greater levels of the
corresponding sensory behavior. The AASP quadrants have been
found to have moderate to good internal consistency (Cronbach's «
between 0.66 and 0.81) and construct validity.?%?’

Subscales remained separate for initial analyses; however, for
ease of interpretation and due to their high collinearity (r = 0.78),
sensory sensitivity and sensory avoidance subscales were combined
into a single variable (referred to as “subjective sensory sensitivity”)
for mediation analysis.

Items of the AASP assess sensory processing across six modali-
ties: taste/smell, visual, auditory, tactile, movement, and activity. As

k,2%3° modality-specific subscales were also calcu-

in previous wor
lated to explore the relative influence of sensory sensitivities in each
domain on migraine. This involved summing items from both sensory
avoidance and sensory sensitivity subscales according to their asso-

ciated modality.

Hospital Anxiety and Depression Scale?®

The HADS is a 14-item measure assessing the symptoms of depres-
sion and anxiety. Individuals are asked to indicate the frequency with
which they experience each item, on a four-point scale (e.g., where
0 = Not atall, 1 = Occasionally, 2 = A lot of the time, 3 = Most of the
time). Given the overlapping literature between migraine, sensory
processing, and anxiety, we focused our analysis on the seven-item

anxiety subscale (e.g., “Worrying thoughts go through my mind”).

Statistical analyses

Descriptive statistics were calculated, including frequencies and
means for all measures of interest. Relevant parametric assumptions
were confirmed using visualizations, kurtosis and skewness values,
and Levene's test for homogeneity of variances.

Two-tailed, between-subjects, independent t-tests were con-
ducted to determine whether participants with and without mi-
graine significantly differed in their sensory sensitivity, sensory
avoidance, and HADS-A scores, before these variables were en-

tered into mediation analyses. As described, sensory sensitivity and
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sensory avoidance subscales were then combined into a single vari-
able (“subjective sensory sensitivity”) for mediation analysis.

Mediation analysis is a statistical approach, which seeks to clar-
ify whether the effect of an independent variable on a dependent
variable occurs via a third, mediating variable. Mediation can either
be complete or partial. Complete mediation would suggest that the
independent variable (in this case, subjective sensory sensitivity)
has no direct effect on the dependent variable (migraine), and the
entire effect occurs indirectly via the mediating variable (anxiety).
Partial mediation instead indicates both a direct effect (e.g., of sub-
jective sensory sensitivity on migraine) and an indirect effect (e.g.,
of subjective sensory sensitivity on anxiety, which in turn influences
migraine). In this analysis, we will determine to what extent anxi-
ety symptoms mediate the relationship between subjective sensory
sensitivity and migraine, controlling for age and gender. Mediation
analyses were conducted using model four of the PROCESS macro®!
in SPSS 25.0,2 using bootstrapping with 5000 samples and 95%
confidence intervals. Indirect effects were deemed to be significant
if corresponding confidence intervals do not contain zero.%®

Importantly, mediation analysis does not in itself imply causal
relationships unless an experimental design which manipulates
variables is used. This study was instead cross-sectional, and rela-
tionships are therefore correlational. Mediation analyses using each
subscale separately also found an identical pattern of results (avail-
able in the Supporting Information).

Subsequent exploratory analyses used between-subjects t-tests
to ascertain whether those with migraine significantly differed in
their scores on the six modality subscales derived from the AASP.
Bivariate Pearson correlations were also calculated to determine the
degree of collinearity between the subscales. The predictive ability
of each modality upon migraine was determined individually using
logistic regression, before all six were entered into a multiple logis-
tic regression model to establish their unique contributions. Anxiety
was also included to control for its influence. Relevant assumptions
of logistic regression were assessed, and the Hosmer and Lemeshow
goodness-of-fit test was calculated.

Finally, following interpretation of our initial mediation model, a
post hoc mediation analysis was conducted to determine whether

depression symptoms, also measured by the HADS, mediated the

relationship between subjective sensory sensitivity and migraine.
Details of this analysis, which found no mediating effect of depres-
sion symptoms, are available in the Supporting Information.

Significance levels were specified as p < 0.05 for all analyses.

RESULTS

Did people with probable migraine report higher
sensitivity, avoidance, and anxiety?

Of 944 participants, 117 (12%) scored 4 or above in the MS-Q and
were categorized as having probable migraine. Demographic details
are presented in Table 1, and mean scores for both groups are pre-
sented as z-scores in Figure 1, calculated using normative scores
available for the AASP and HADS.?!:34

Between-subjects t-tests found that mean scores significantly
differed between migraine and control participants for sensory
sensitivity (t(942) = 8.05, p < 0.001, d = 0.80), sensory avoidance
(t(942) = 7.24, p < 0.001, d = 0.71), and HADS-A (t(942) = 8.78,
p <0.001,d =0.87).

Does anxiety mediate the sensory association with
migraine?

Mediation analysis was used to determine whether anxiety symp-
toms influenced the relationship between subjective sensory sensi-
tivity and migraine (Figure 2). The total effect of subjective sensory
sensitivity on migraine was significant (c = 0.04, p < 0.001). The

TABLE 1 Summary of demographic characteristics for both
control and probable migraine participants

Probable
Controls migraine
N 827 117
Mean age (SD) 53.6 (16.9) 48.3 (13.6)
No. female (%) 539 (65) 100 (85)

__

2
1.5
FIGURE 1 Mean z-scores and their g
; o 8 1
associated standard errors for migraine ?
and control participants for Adolescent/ N
Adult Sensory Profile (AASP) and Hospital 05
Anxiety and Depression Scale (HADS) ’
subscales calculated from available
normative means (where zero indicates 0

the expected population mean, and 1
indicates one standard deviation above
this for the population)

Sensory Sensitivity

Sensory Avoidance HADS-A

m Control & Migraine
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FIGURE 2 Mediation model of the
relationship between subjective sensory

Anxiety
sensitivity, anxiety, and migraine including
95% confidence intervals for each path.
Each path denotes associations between
variables of interest and is on a log-odds
metric. *p < 0.005
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Sensory Migraine
Sensitivity c’'=.02
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(B)
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4
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estimated indirect effect via anxiety was 0.01, and the 95% boot-
strapped confidence interval was entirely above zero (0.01-0.02),
and thus significant. The direct effect of sensory sensitivity on
migraine remained significant once this mediating effect was ac-
counted for (¢’ = 0.02, p = 0.001) indicating partial mediation.
Therefore, subjective sensory sensitivity was significantly asso-
ciated with migraine both directly and via the mediating effect of
anxiety symptoms. Note that mediation models are correlational and
produce similar results if rotated (i.e., using subjective sensory sensi-

tivity as the mediator). They do not establish causality.

Sensory modality analyses

These exploratory analyses sought to determine whether the as-
sociation between multisensory processing and migraine was
driven by sensitivities in particular modalities. First, it is impor-
tant to note that sensitivities in the different sensory modalities

Activity

Auditory

are correlated with each other (see Figure 3). However, all asso-
ciated variance inflation factor values were below 5 or 10, the
thresholds at which collinearity between variables is a con-
cern® (Visual = 2.81, Movement = 1.48, Touch = 2.08, Taste/
Smell = 1.27, Activity = 1.86, Auditory = 2.14).

Given that each modality subscale was calculated using a differ-
ent number of items (see Figure 4A), Figure 3 displays mean scores
for each modality in a standardized form, calculated by dividing each
raw mean by the number of items used to calculate that subscale.

Between-subjects t-tests were conducted to determine whether
participants with migraine significantly differed in mean modality
sensitivity scores when compared with controls. This was the case
for all six modality subscales. Subsequently, individual logistic re-
gression analyses found that each modality subscale significantly
correlated with probable migraine (Figure 4).

Receiver operating characteristic curves and corresponding
area under the curve values for each subscale are also displayed in
Figure 4. Area under the curve values of greater than 0.55, 0.63, and
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0.71 are thought to correspond to small, medium, and large effect
sizes respectively (compared with Cohen's standards®®). The ma-
jority of our modality subscales would thus be considered to have
a corresponding medium effect size, with the exception of audi-
tory and visual subscales, which have small and large effect sizes,
respectively.

To determine the relative influence of each subscale, given that
they correlate with each other, all six were included in a logistic re-
gression model. The HADS-A subscale was also included to control
for its influence. As can be seen in Table 2, this model produced four
significant predictor subscales: movement (f = 0.096, p = 0.010),
visual (f = 0.105, p = 0.004), auditory (s = -0.071, p = 0.015), and

TABLE 2 Summary of multivariate logistic regression analyses
predicting incidence of migraine, using each modality subscale and
anxiety as predictor variables

Modality p OR 95% Cl p

Constant -5.05 0.01 <0.001
Visual 0.105 111 1.04,1.19 0.004
Movement 0.096  1.10 1.02,1.18 0.010
Touch 0.014 1.01 0.96,1.07 0.614
Taste/smell 0.078 1.08 0.99,1.18 0.090
Activity -0.018 0.98 0.90, 1.08 0.697
Auditory -0.071 093 0.88,0.99 0.015
HADS-A 0.104 111 1.05,1.17 <0.001

(A)

HADS-A (5 =0.104, p < 0.001). The Hosmer and Lemeshow test was
nonsignificant for this model (2 = 9.398, p = 0.310), suggesting that
the model adequately fits the data.

All analyses were repeated removing participants who reported
any vestibular conditions. The pattern of results remained the same
and thus are not reported here.

DISCUSSION

Sensitivities to sensory input are known to occur during migraine,
but comparatively little is known about the extent to which such
sensitivities continue between attacks. The present study there-
fore aimed to characterize whether individuals with migraine report
higher interictal subjective sensory sensitivity across senses when
compared with controls. In line with our hypothesis, this was found
to be the case for both sensory sensitivity and sensory avoidance
subscales of the AASP. We further hypothesized that this relation-
ship would be at least partially mediated by symptoms of anxiety,
given the co-occurrence and commonalities in mechanisms seen in
similar populations.7'14’17’37 This second hypothesis was also sup-
ported. Possible causes and implications of these results are now
discussed.

First, the finding that increased levels of subjective sensitivity to
sensory input are associated with migraine aligns with and extends
initial evidence of self-reported sensory hypersensitivity in the con-

dition.1°"*3 Previous work in adults has used questionnaires designed

Modality t Cohen’sd B OR [95% CI] AUC
(no. of items)
Visual (6) 8.3* 0.82 .16 1.17[1.13,1.22] 0.73
Movement (4) 7.5 0.74 .21 1.23[1.16,1.31] 0.69
Touch (7) 6.7** 0.66 12 1.12[1.08,1.16] 0.69
Taste/Smell (3) 5.6** 0.55 .21 1.24[1.14,1.33] 0.65
Activity (4) 4.9%* 0.49 .16 1.17[1.10,1.25] 0.64
Auditory (6) 4.3** 042 .08 1.08[1.04,1.12] 0.62
(B)
1
0.9
0.8
FIGURE 4 (A)Asummary of t-test and Visual
individual logistic regression analyses 0.7 Movement
for modality subscales derived from 206 Touch
the Adolescent/Adult Sensory Profile 2
(AASP) predicting incidence of migraine, @ 0.5 TasteSmell
including area under the curve (AUC) $ o4 Activity
values for each associated receiver Auditory

operating characteristic curve displayed 03
in Figure 4B. *p < 0.05, **p < 0.01. (B) 0.2
Receiver operating characteristic curves

for each modality subscale derived from 0.1
the AASP, used to predict incidence of 0
migraine [Color figure can be viewed at 0

wileyonlinelibrary.com]

= = = Chance

0.2 04 0.6 0.8 1
False Positive Rate
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to assess specific sensitivities (e.g., photophobia®), whereas this ap-
pears to be the first study to implement a broad, validated measure
of subjective sensory sensitivity in this population. We found that
these sensitivities are not limited to those inputs known to trigger
migraine (e.g., light'®), but instead significantly higher interictal sen-
sitivity is observed across all sensory modalities.

Second, part of the relationship between subjective sensory sen-
sitivities and migraine is accounted for by their relationships with
anxiety symptoms. Thisis consistent with existing evidence that finds
heightened levels of anxiety in those with sensory sensitivities.”’

However, as this study was cross-sectional, further research is
required to explore the direction of causality. Subjective sensory
sensitivity may induce anxiety as the sensory input is perceived
as overwhelming. Equally, input could provoke anxiety about an
oncoming migraine attack in these groups, as sensory information
is a cited migraine trigger.2 Alternatively, increased levels of anxi-
ety may elicit a heightened reactivity to sensory stimuli.®® A causal
mechanism such as this, stemming from anxiety, would be more
readily amenable to treatment, particularly given that some phar-
maceutical interventions show efficacy in treating both migraine
and anxiety.39 Investigation of these relationships using a research
design which allows for causal inference is needed. For example,
determining whether reductions in anxiety relate to a reduction in
subjective sensory sensitivity in this population could elucidate di-
rection of effects. Importantly, information on participant's current
medications was not collected in the current study; therefore, the
possible influence of medication on these constructs could not be
determined.

It is also important to note that although mediation effects were
present, they did not entirely explain the relationship between sub-
jective sensory sensitivity and migraine. A robust direct effect was
still present, meaning even if anxiety symptoms were causative and
were reduced through intervention, sensitivity might be expected
to persist. The implications of interictal sensitivities therefore need
to be understood and acknowledged in clinical management wher-
ever necessary, with the awareness that these effects could vary
across individuals. Biopsychosocial models of headache view pain
and chronic illness as stemming from a complex interaction among
biological, psychological, and social factors, with variation in these
interrelationships contributing to differing iliness presentations.40 In
the context of migraine, anxiety may be more relevant to subjective
sensory sensitivity in one person than another. Future work could
thus build on these findings to determine how the presence of sub-
jective sensory sensitivity and anxiety relates to migraine character-
istics, such as frequency, severity, duration, and the presence of aura
(which is known to relate to sensory sensitivities*'#).

We also investigated whether sensitivities in certain sensory
modalities were particularly important in predicting the incidence of
migraine; visual, movement, and auditory subscales were significant
predictors when controlling for scores in other modalities as well as
anxiety. We had speculated that the visual domain may drive the
main effects seen in our analyses, given that visual triggers and auras
are commonly reported.?*

However, it is noteworthy that movement sensitivities were also
significantly and positively predictive of migraine in these analy-
ses. The movement subscale of the AASP assesses the presence of
dizziness and avoidance or dislike of movement, which is known to
be relatively common in those with migraine.?**® The association
between movement sensitivity and migraine highlights how under-
standing sensory experiences in the condition could be beneficial in
improving the current unmet need for nonpharmaceutical interven-
tion. Physical activity is reported to reduce the severity of migraine,
and yet those with migraine are found to exercise less regularly.**
Individuals with migraine may therefore need additional support to
engage with exercise, with a focus on improving these sensitivities.
Exercise may not only improve migraine, but also feelings of anxi-
ety® which independently, and via the influence on sensory sensi-
tivities reported here, could further improve upon well-being.

In contrast to the effects of the visual and movement subscales,
the auditory subscale was significantly predictive of migraine but
with a negative coefficient. This implies that a higher subjective au-
ditory sensitivity is associated with reduced odds of migraine, which
is counterintuitive in the context of auditory sensitivities and trig-
gers.2 It is possible that this unexpected finding is merely statistical
in nature, which can happen in a regression model where a notable
amount of shared variance between factors exists, as is the case
here. Additional work would be needed to determine the nature and
role of subjective auditory sensitivity in migraine.

Lastly, for heightened sensitivity to touch and smell/taste, our
results do not rule out their relevance for predicting migraine, but
these contributions could not be disentangled from the correla-
tions of these senses with vision, movement, hearing, and anxiety.
Although widely used and validated, one limitation of the AASP is
the limited number of items used to reflect taste and smell; of 30
questions assessing subjective sensory sensitivity, only three relate
to taste/smell, and ultimately only one assesses olfactory sensi-
tivity. Given this lack of clarity on the role of sensitivities in these
modalities and the prominence of olfaction in migraine trigger lit-
erature,>® future research could use initial findings reported here
to more extensively explore subjective sensitivity in each modality
independently using a measure with established modality subscales.

Enhancing understanding of modality-specific sensitivities will
also benefit from study which moves beyond focusing on only one
form of sensory sensitivity, as the current literature tends to. For
example, a combined approach that considers not only subjective
sensory sensitivity but also sensitivity at a behavioral and neural
level.?? It is not clear whether subjective sensory sensitivity and
behavioral sensitivity are distinct; work relating the AASP to exper-
imental sensory testing is largely focused on conditions such as au-
tism spectrum disorder, and the results are mixed.***” Recent work
considering these relationships in the general population also finds
that detection thresholds are not related to self-reported sensitiv-
ity in either visual or auditory domains,®® and instead argues that
they are distinct constructs. It is thus not known whether behavioral
and subjective sensitivity would consistently co-occur in the same
individuals with migraine. Furthermore, combining questionnaire
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measures with neurophysiological data would allow us to relate sub-
jective sensory sensitivities to existing models of cortical excitabili-
ty48'50 to determine what underlies subjective sensory sensitivity at
a neural level in this group.

Additional study limitations include the nature of recruitment;
participants volunteered themselves after receiving an emailed ad-
vert, which potentially introduces self-selection bias. Despite em-
phasizing the inclusivity of the survey in our recruitment advert in
an attempt to mitigate this bias, this could explain why, for sensory
sensitivity measures, our control participants scored slightly above
normative data.

Participants were also not asked to confirm whether they were
currently experiencing a migraine attack. However, the AASP does
not ask about sensitivity in the current moment; instead, partic-
ipants report the frequency with which each item is experienced.
It is assumed that this would therefore represent the everyday, in-
terictal experience. Additionally, it could be argued that individuals
with migraine are unlikely to undertake a lengthy computer survey
(as was required in the study) during an attack as this could exacer-
bate symptoms®! and there was no time limit to complete the survey.

Finally, as this was not an exhaustive exploration of possible
correlates or mediators of sensory experiences in migraine, there
are other factors that may also be relevant to relationships found
here. For example, although anxiety has more established associa-
tions with sensory hypersensitivity, other traits, conditions, or clini-
cal symptoms comorbid with migraine (e.g., neuroticism®?) may also
be relevant. How these parameters might affect the relationships
described here would be an interesting avenue for future work for
which this study can provide initial insight.

CONCLUSIONS

In summary, interictal subjective sensory sensitivities were found
to be significantly increased in migraine. This finding expands on
extant literature by using validated questionnaire measures to
consider sensitivities across several sensory modalities and ad-
ditionally using a large community sample. We found that the
relationship between subjective sensory sensitivity and migraine
was partially mediated by anxiety symptoms. Although the causal
mechanisms of this mediation are yet to be determined, this find-
ing highlights the relevance of affect in sensory sensitivities be-
tween attacks. Targeting these symptoms therapeutically could
improve upon sensory experiences, which may be affecting the
quality of life and access to intervention in this population. Finally,
it was found that visual and movement sensory sensitivities posi-
tively predicted the incidence of migraine, highlighting how these
senses may be particularly important to the experience of sen-
sory sensitivity in the disorder. Further investigation is needed to
better understand the specific relevance of these modalities, per-
haps with a focus on creating a unified understanding of sensory
sensitivity across subjective, behavioral, and neural measures in

migraine and beyond.
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