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Purpose: Fibromyalgia has predominantly been classified as a condition of amplified pain processing associated with greater
sensitivity to pain. Beyond disturbed pain processing, emerging evidence suggests that people with fibromyalgia experience intoler-
ances (increased unpleasantness) across sensory modalities. Limited research, however, has investigated how discrimination and
detection in different senses are affected in this group. Understanding how basic perception is affected in fibromyalgia has important
implications for treatment and could lead to the development of new perceptual training interventions. This study used self-report
methods to investigate how different aspects of sensory processing in fibromyalgia, including detection/discrimination and intolerance,
are affected across modalities.

Patients and Methods: One hundred and eighty-eight people with fibromyalgia and 121 controls completed the Sensory
Hypersensitivity Scale (intolerance) and the Sensory Perception Quotient (discrimination/detection) online.

Results: Pre-registered group comparisons revealed that the fibromyalgia group reported increased intolerance across all measured
sensory modalities and an increased subjective perceptual ability (discrimination/detection) across all modalities except smell and
taste. Exploratory cluster analysis identified three fibromyalgia subgroups. While one group reported low intolerance that was
comparable to healthy controls, the remaining two groups primarily differed in their subjective perceptual ability with one group
enhanced and the other reduced.

Conclusion: These findings suggest that there are heterogenous sensory features in fibromyalgia that point to the potential value of
treatments focusing on non-pain perceptual processing for some people. Future research should investigate whether the higher
subjective perceptual abilities reported by people with fibromyalgia are matched by superior objective perceptual ability.
Keywords: pain, fibromyalgia, perception, sensory modalities

Introduction
Fibromyalgia is a widespread chronic pain condition, estimated to affect 2.7% of the global population.' In addition to chronic
pain, the condition is accompanied by physical symptoms including chronic fatigue, stiffness and difficulty sleeping and is
often comorbid with mental health conditions such as anxiety and depression.” The modal view is that the condition reflects
a sensitization of the central nervous system which is experienced as allodynia (pain perception in response to innocuous
stimuli) and hyperalgesia (amplification of pain perception).? Peripheral factors may also play a role, with a growing body of
evidence suggesting that around 50% of people with fibromyalgia have small fiber pathology which may contribute to central
sensitization.® Despite this, the pathophysiology of fibromyalgia is poorly understood with no clear clinical biomarkers and
there is a lack of universally effective treatments, reflecting the complex nature of the condition.*

As well as being more sensitive to touch and pain stimuli, many people with fibromyalgia also report increased
sensitivity to sounds, visual stimuli and smells.® The term “sensitivity” can mean different things, however. In Wilbarger

and Cook,® it was used to refer to how bothered participants were by sensory stimuli; we refer to this here as infolerance.
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In other settings, however, sensitivity refers to basic perceptual processes including detection and discrimination abilities.
In the interest of clarity, in this paper we use the term increased intolerance to refer to increased ratings of unpleasantness
in response to sensory stimuli or a reduction in the intensity of stimuli required to create an unpleasant or overwhelmed
response. In contrast, we use the term perceptual ability to refer to detection and discrimination abilities.

In an experimental setting, increased intolerance in people with fibromyalgia has been reported across multiple
sensory modalities including, vision, audition, touch, and olfaction.®'* Using functional magnetic resonance imaging
(fMRI), increased intolerance to different sensory modalities in people with fibromyalgia has been associated with altered
brain activity, including reduced neural responses in early sensory cortices and increased responses in areas implicated in
sensory integration.'* Evidence of increased intolerance to sensory stimuli across modalities has led to the suggestion
that fibromyalgia may reflect a global disturbance in sensory processing, further supported by significant correlations
between pain tolerance and tolerance in different modalities in this group.®

Individual differences in perceptual ability pertain to sensory detection (the ability to detect the presence of
a stimulus) and discrimination (the ability to differentiate between stimuli on a given feature), both of which inform
body representation.'> Using objective measures of perceptual ability, there is some evidence that people with fibro-
myalgia display decreased accuracy in detecting internal bodily sensations such as heartbeats (a measure of
interoception).'® Similarly, using tactile acuity as a measure of discrimination ability, Martinez et al'” found that people
with fibromyalgia require a greater distance between two tactile stimuli on the skin in order to correctly identify them as
discrete points. Similar impairments have been shown in other aspects of tactile discrimination, including temporal
discrimination.'® Importantly, these impairments have been found to correlate with self-reported pain intensity, suggest-
ing that an increased intolerance to pain in fibromyalgia may be associated with impaired basic bodily perception in the
pain and touch modalities. This fits with the Bayesian account of chronic pain, which suggests that noisy and imprecise
bodily signals (bottom-up information) force the brain to rely on top-down information such as expectations to inform
sensory experiences. This can result in the perception of an innocuous stimulus as painful, if this fits with an individual’s
prior expectations.'??°

Understanding how intolerance and perceptual ability are affected in fibromyalgia is crucial for informing treatment
of the condition, particularly given evidence suggesting that body perception training can be effective in reducing pain in
chronic pain conditions, including fibromyalgia.?'** A caveat of training as a treatment, however, is that its success is
dependent on the source of imprecise bodily signals. For example, if small fiber pathology is present, improved
perception through training may not be effective. If this is not the case and if impairments in perceptual processing
extend to other modalities in fibromyalgia, then improving perception in one modality may have the potential to influence
symptoms in another. If true, then training could potentially be administered using non-painful stimuli, which would have
obvious clinical benefits such as being possible to administer remotely by the patient themselves. Currently, however,
very few studies have investigated how detection and discrimination abilities are affected across modalities in people
with fibromyalgia.

The overall aim of the current study was to investigate how people with fibromyalgia rate different aspects of their
sensory processing, namely detection/discrimination and intolerance, across sensory modalities. Several self-report
questionnaires have been developed to measure different aspects of sensory processing in clinical populations. These
include the Sensory Perception Quotient (SPQ)* and the Sensory Hypersensitivity Scale (SHS).'> The SPQ was
designed to measure perceptual experiences other than emotional reactions to stimuli by asking about the person’s
perceived discrimination and detection ability across five different sensory modalities in autistic adults (ie, touch,
hearing, vision, smell and taste). In contrast, the SHS was designed to serve as a proxy measure for central sensitization
and contains questions relating to greater perceived noxiousness of sensory stimuli (intolerance) across nine separate
subscales (eg, allergies, heat, cold, light, pain, smell, hearing, taste and touch). In a fibromyalgia population (N = 44),
intolerance was found to be greater relative to healthy controls across all modalities of the SHS, with the exception of
hearing which did not reach significance.'?

To address our aim, the current study compared people with fibromyalgia and healthy controls on both the SHS and
SPQ, as measures of self-rated intolerance and subjective detection/discrimination ability across modalities respectively.
For the SHS, it was predicted that people with fibromyalgia would report increased intolerance across modalities as
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previously reported. For the SPQ, it was predicted that the fibromyalgia group would report reduced subjective
perceptual ability, that is, impaired detection/discrimination ability across modalities, in line with evidence of impaired
basic perception in the touch modality.'® An exploratory analysis aimed to identify subgroups that show similar patterns
of responses across questionnaires. As fibromyalgia presents with varied symptoms, subgrouping has the potential to help
identify different underlying mechanisms that may play a role and lead to more tailored treatments.

It should be noted that a secondary aim of the study was to attempt to validate a new scale (containing questions from
the SPQ and SHS) measuring three different aspects of perception (detection, discrimination and intolerance). See
supplementary materials for the analysis which indicated that it was best to use the questionnaires in their original forms.

Materials and Methods

Design

The study contained one independent variable with two levels (the presence or absence of fibromyalgia). The main
dependant variables consisted of scores on the SPQ* and SHS for each modality.'*> This consisted of five dependant
variables for the SPQ and nine for the SHS.

Participants

Participants were 188 people with a self-reported diagnosis of fibromyalgia (178 females, 9 males and 1 participant who
preferred not to say) with a mean age of 45.10 years (+ 11.80, range 21-68). The average number of years since diagnosis
was 7.14 (= 7.00, range less than 1 year- 51 years). The control group consisted of 121 participants (86 female, 32 male
and 3 who preferred not to say) who self-reported that they did not suffer from a chronic pain condition. Chronic pain
was defined as the self-reported presence of persistent pain in any part of the body for the last 3 months. The mean age of
the control group was 31.60 years (£11.50, range 18—78). The fibromyalgia group were significantly older than the
control group (W= 18310, p <0.001, »=0.515). There were significantly more females in the fibromyalgia group (X* =
32.99, p <0.001). Participants were recruited through social media, online support groups and via the charity
Fibromyalgia Action UK, using a link to the survey. For most participants there was no financial incentive to take
part, however, a prize draw with a modest prize was later introduced to boost recruitment. The pre-registered sample size
was 150 participants in each group and the stopping rule to end recruitment was 12 months after the date of launch or
when the target sample size was reached. At 12-months, power calculations were run using G*Power which suggested
that the collected sample size would give sufficient power to capture an effect size of 0.05 (small effect size) when
o =0.05, p=0.20 for a two-tailed MANOVA test.>* Ethical approval was granted by the University of Manchester
(University research ethics committee 5 2021-10,504-17,619).

Materials

The SPQ measures subjective detection and discrimination abilities across five separate sensory modalities (vision,
hearing, touch, taste and smell). The questionnaire consists of 35 items (eg, “I would be able to distinguish different
people by their smell”), taken from an earlier 92-item version. Participants are asked to indicate whether they strongly
agree with each statement (score of zero), agree (score of 1), disagree (score of 2), or strongly disagree (score of 3).
Lower scores represent higher subjective perceptual ability. The maximum possible total score participants could achieve
was 105. The questionnaire has excellent internal reliability with a Cronbach’s alpha value of .93.>> The Cronbach’s
alpha value for the total scale in the current study was .90 for the fibromyalgia group and .88 for the healthy controls
(Cronbach’s alpha =0.90 for both groups together).

The SHS contains questions relating to increased noxiousness of sensory stimuli (intolerance) across nine subscales
(allergies, heat, cold, light, pain, smell, hearing, taste and touch). Participants are presented with 25 statements (eg, “l am
easily disturbed by high temperatures™), and are asked to indicate whether they strongly disagree (score of 1), disagree
(score of 2), neutral/not sure (score of 3), agree (score of 4) and strongly agree (score of 5). Higher scores represent
higher intolerance. The maximum total possible score was 125 (average of 5). The questionnaire has a Cronbach’s alpha
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value of .81.' The Cronbach’s alpha value for the total scale in the current study was .83 for the fibromyalgia group
and.82 for the healthy controls (Cronbach’s alpha =0.89 for both groups together).

For the purpose of addressing our secondary aim of validating a new scale containing questions from the SPQ and
SHS, as the SPQ and SHS did not have an equal number of questions measuring detection/discrimination and intolerance
for each modality, we added 25 items to the SPQ and three items to the SHS for the additional analyses to ensure that
questions were more equally spread across modalities. This is reported in the supplementary material (Supplementary
Tables 1-3).

To explore the relationship between physical symptom severity and scores on the SPQ and SHS, the Patient Health
Questionnaire-15 (PHQ-15) was used as a measure of symptom reporting.”> This questionnaire consists of 15 somatic
symptoms including pain and measures the overall tendency to be bothered by physical symptoms (ibid). Participants are
required to rate how often they have been bothered by each symptom in the past 4 weeks. Responses include not bothered
at all (score of 0), bothered a little (score of 1) or bothered a lot (score of 2). Greater scores indicate greater symptom
reporting. The maximum possible total score was 30. The Cronbach’s alpha value for the total scale in the current study
was .77 for the fibromyalgia group and .79 for the healthy controls (Cronbach’s alpha =0.90 for both groups together).

Fibromyalgia symptoms were measured using the Revised Fibromyalgia Impact Questionnaire (FIQR).*® This
questionnaire measures the impact of fibromyalgia symptomatology in the past seven days. The questionnaire is divided
into three main sections: function, overall impact and symptoms. In each section, participants are asked to rate statements
on an 11-point scale (0-10), where 10 is the worst possible impact. The maximum possible total score was 100. The
Cronbach’s alpha value for the total scale in the current study was .93 for the fibromyalgia group.

Procedure

All survey responses were collected and managed using RedCap electronic data capture tools®’ hosted at the University
of Manchester. Participants gave informed consent, completed demographic questions and were then asked to complete
each questionnaire in the following fixed order: SPQ, SHS, PHQ-15; the FIQR was then completed by participants who
reported a diagnosis of fibromyalgia. Attention checks were included throughout the questionnaires, consisting of four
questions where participants were instructed to respond with a specified response (eg, respond strongly disagree for this
question). Participants who failed to respond correctly on two or more attention questions were removed from the
analysis.

Data Analysis

The pre-registration of this study can be found at https://osf.io/n4s9g. Deviations from the original plan are detailed in the

supplementary material. R version 4.1.0 was used to analyze the data.?® Total scores were calculated for each modality on

the SPQ and SHS. In line with the original papers, total scores for the SPQ were calculated by summing each individual
item; for the SHS, total scores consisted of the average response across modalities. Attention check errors resulted in the
removal of six fibromyalgia participants and three healthy controls.

A MANOVA was conducted for between-group comparisons for each of the five modalities on the SPQ. Pillai’s trace
was used as the criterion for significance to maximise robustness given unbalanced sample sizes and some violations of
normality in the fibromyalgia group.*® A significant result was followed by six ANOVAs (including an ANOVA for the
total SPQ score), correcting for multiple comparisons using Bonferroni correction (o =0.0083). Two MANCOVAs were
also conducted. The first included age and gender added as covariates, while the second also included the total score on
the PHQ-15. Effect sizes were calculated using partial eta squared.

As the normality assumptions of MANOVA were violated for modality scores on the SHS, a Mann Whitney U-test
was conducted for all nine modality scores as well as the total SHS score, using a Bonferroni corrected alpha score of
0=0.005. Effect sizes were calculated using the r value.

To assess whether modality scores on each questionnaire could predict fibromyalgia severity (as measured by the
FIQR), a simultaneous multiple linear regression was conducted. All five modality scores from the SPQ and all nine
modality scores from the SHS were added as predictor variables, in addition to age. A separate regression equation was
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also constructed with SPQ total, SHS total and age added as predictor variables. Variance inflation factors (VIF) were
checked for each predictor to ensure predictors were sufficiently uncorrelated.

Factor analyses on the adapted SHS and SPQ scales suggested that the scales were best used in their original form,
without the inclusion of our additional items (see supplementary material and supplementary Tables 1-8).

Exploratory Analysis

A cluster analysis was conducted to explore the presence of subgroups in the data after finding that some of the data were
unevenly distributed. An exploratory factor analysis was first conducted on the total sub-scores of each modality of the
SPQ and SHS for both groups to aid interpretation of the underlying dimensions of the scales and to reduce the
dimensionality of the data. Factors were extracted using principal factor analysis. Deciding the number of factors to
retain was based on a combination of the visual inspection of scree plots, parallel analysis and the Kaiser criterion (Eigen
values greater than 1). Promax rotation was used to aid interpretation of the factors based on the expectation that the
factors would be correlated. As recommended by Tabachnick,*® variables with factor loadings lower than .32 were not
interpreted. Factor scores were calculated using the factor scores function. Hierarchical clustering using Ward’s criterion
was conducted on the factor scores to create a hierarchical tree. The number of clusters identified was based on the
minimization of intra-cluster inertia and the visualization of elbow and silhouette plots. To enhance interpretation, data
from both scales were standardized using min-max normalization and scores on the SPQ were reverse scored prior to the
factor analysis.

ANOVAs were conducted to measure between-cluster differences on ages, factor scores and FIQR scores in the
fibromyalgia group. Significant results were followed up with post-hoc tests using Tukey HSD corrected p values.
ANCOVAs were also conducted with age and gender added as covariates.

A Kruskal Wallis test was used to measure between-cluster differences in scores on the PHQ-15. Significant results
were followed up with three Mann Whitney U-tests using Bonferroni corrected p values.

Results
Hypothesis One — Subjective Perceptual Ability Will Be Reduced in the Fibromyalgia

Group (Greater Scores on the SPQ)

Figure 1 displays raincloud plots for each SPQ modality and Figure 2 the total SPQ score. A MANOVA showed
significant group differences for scores on the SPQ (F(1,307) = 23.34, p <0.001, partial eta squared =0.280). Follow-up
univariate ANOVAs for each modality on the SPQ and the total SPQ score showed that the fibromyalgia group scored
significantly lower (indicating higher subjective perceptual ability) in touch, hearing, vision and on the total SPQ score.
No group differences were found for smell and taste (see Table 1). These findings therefore did not support our prediction
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Figure | Raincloud plots for each SPQ modality. A lower score indicates higher subjective perceptual ability.
Note: The distribution of the data for each group is shown in green and orange. Box plots represent the median and interquartile range with each point representing an
individual participant.
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Figure 2 Raincloud plots for PHQ-15, FIQR, SHS total and SPQ total.

that the fibromyalgia group would report reduced subjective perceptual ability. Group differences on the SPQ remained
significant after controlling for age and gender (F(1,304) = 16.73, p <0.001, partial eta squared =0.220). Age (F(1,304) =
6.87, p <0.001, partial eta squared =0.100) and gender (F(2,304) = 2.90, p =0.001, partial eta squared =0.050) were both
significant covariates. After adding PHQ-15 scores, group differences for the SPQ were no longer significant (¥(1,303) =
1.79, p =0.115, partial eta squared =0.030). PHQ-15 scores (F(1,303) = 31.45, p <0.001, partial eta squared =0.340) and
gender (F(1,307) = 1.99, p =0.033, partial eta squared =0.030) were both significant covariates within the second
MANCOVA. A Mann Whitney U-test revealed that the fibromyalgia group had significantly higher PHQ-15 scores
(Mdn= 19.00, range =28.00) than the healthy controls (Mdn= 7.00, range= 24.00; W= 21388, p <0.001, r=0.744; see
Figure 2).

Hypothesis Two — Self — Reported Intolerance Will Be Greater in the Fibromyalgia
Group (Greater Scores on the SHYS)

Figure 3 displays raincloud plots for each SHS modality and Figure 2 the total SHS score. Mann Whitney U-test
comparisons for each SHS modality demonstrated that the fibromyalgia group had significantly higher responses for all
modalities and the total SHS score (indicating greater intolerance; see Table 2). These findings therefore support our
prediction that the fibromyalgia group would report increased intolerance across modalities.

Multiple Regressions in the Fibromyalgia Group — Investigating the Relationship
Between Questionnaire Variables and Fibromyalgia Severity

The regression model predicting fibromyalgia impact including scores for all modalities on the SPQ and SHS as predictor
variables in addition to age was significant F(15,172) = 5.86, p <0.001, R*=0.338. SPQ hearing, SPQ vision, SHS
hearing, SHS taste and SHS touch were found to be significant unique predictors of FIQR scores; all were positively

Table | Mean (Standard Deviation), F, p and Partial Eta Square Values for
Comparisons on the SPQ

Modality | Fibromyalgia | Control F value | p value | Partial eta
M(SD) M(SD) Squared
Touch 7.72(3.85) 9.44(3.74) 15.00 <0.001 0.050
Hearing 6.30(2.56) 7.28(2.88) 9.75 0.002 0.030
Vision 6.04(2.84) 9.28(2.84) 96.15 <0.001 0.240
Smell 11.20(4.82) 12.30(4.97) 4.34 0.038 0.010
Taste 3.98(2.11) 4.28(1.97) 1.53 0.217 0.005
Total SPQ | 35.20(13.00) 42.60(12.90) | 23.97 <0.001 0.072
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Figure 3 Raincloud plots for each SHS modality. Higher scores indicate greater intolerance.

associated with FIQR scores, with the exception of SPQ vision, which was negatively associated (VIF range 1.13-2.56).
There is no clear explanation as to why SPQ vision shows the opposite pattern of results, however, low VIF values
suggest that this is not due to multicollinearity. The remaining predictor variables were not significant (see Table 3). The
regression model with total scores for the SHS and SPQ entered as predictor variables in addition to age was also

Table 2 Mean (Standard Deviation), W, p and r for All Comparisons

on the SHS
Modality | Fibromyalgia | Control | W value | p value | r
M(SD) M(SD)

Taste 3.15(1.13) 2.43(1.14) | 15,453 <0.001 0.304
Allergies 3.45(1.13) 2.08(1.17) | 18,099 <0.001 0.501
Heat 4.00(1.05) 3.10(1.11) | 16,586 <0.001 0.391
Cold 4.07(1.00) 3.12(1.25) | 16,372 <0.001 0.377
Vision 4.36(0.78) 3.11(1.06) | 18,975 <0.001 0.573
Pain 3.55(1.10) 3.00(1.00) | 14,770 <0.001 0.253
Hearing 3.89(0.93) 3.22(1.10) | 15,342 <0.001 0.296
Touch 4.05(0.76) 3.01(1.05) | 17,841 <0.001 0.484
Smell 4.11(0.79) 3.69(0.92) | 14,477 <0.001 0.233
Total SHS | 3.83(0.50) 2.96(0.53) | 2081 <0.001 0.646

Journal of Pain Research 2025:18

https:

6953



Shepherd et al

Table 3 t, p, Standardised b and Part? for All Predictors in
the Regression Model with All Modalities

Modality t value | p value | Standardized b | Part®
SPQ hearing | 2.05 0.041* 0.16 0.016
SPQ vision 3.18 0.002%* —0.30 0.039
SHS hearing | 2.08 0.039%* 0.15 0.017
SHS taste 333 0.001* 0.23 0.043
SHS touch 233 0.021* 0.19 0.021

SPQ taste 0.91 0.365 0.08 0.003
SPQ touch 0.98 0.328 0.09 0.004
SPQ smell 0.55 0.582 —0.05 0.001

SHS allergies | 0.88 0.380 0.06 0.003
SHS cold 0.80 0.423 —0.06 0.003
SHS heat 0.72 0.472 0.05 0.002
SHS pain 0.48 0.633 0.03 0.001

SHS smell 0.02 0.983 —0.00 0.000
SHS vision 0.74 0.459 0.06 0.002
Age 1.23 0.222 0.08 0.006

Note: *Significant unique predictors.

significant F(3,184) = 18.84, p<0.001, R?=0.235. SHS total (= 7.00, p<0.001, standardised »=0.49, Part®=0.204), was
found to be the only significant unique predictor of the FIQR and was positively associated. SPQ total (= 0.30, p=0.767,
standardised »=0.02, Part’=0.001) and age (= 1.13, p=0.258, standardised »=0.07, Part’=0.005) were not significant
predictors (VIF range 1.02-1.18).

Exploratory Analysis

Factor Analysis — Investigating the Underlying Dimensions of the Scales

Exploratory factor analysis resulted in the identification of two factors, which explained 42% of the variance in the SPQ and
SHS modality scores. Each of the SPQ modality variables and SHS smell positively loaded on factor one, which explained
22% of the variance. Each of the SHS modality variables apart from smell positively loaded on factor two, which explained
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20% of the variance. See Figure 4 for a path diagram showing the factor loadings for each variable. Factor one appears to
correspond to a measure of subjective perceptual ability while factor two corresponds to a measure of intolerance.

Cluster Analysis — Exploring the Presence of Subgroups
Visual inspection of the dendrogram, elbow plot and silhouette plot suggested that four clusters was the optimal solution
(see Figures 5a and b and supplementary Figures 1 and 2). Cluster one consisted primarily of healthy controls (92.5%),

cluster two had sizable numbers of people with fibromyalgia (43%) and healthy controls (57%), and clusters three and
four both consisted primarily of people with fibromyalgia (91% and 83.2% respectively; see Figure 5c for pie charts
showing the breakdown of clusters for both groups.

A one-way ANOVA revealed between-cluster differences in ages (F (3,305) = 12.34, p<0.001, eta squared =0.108).
Follow up post-hoc tests revealed that cluster one was significantly younger than clusters three (p=0.001, d=0.76) and
four (p<0.001, d=0.72) and cluster two was significantly younger than clusters three (p<0.001, d=0.71) and four
(»<0.001, d=0.67). There were no significant differences between the ages of clusters one and two (p=0.985, d=0.06)
and three and four (p=0.991, d=0.05). There was an uneven spread of genders across clusters (XZ(G) =33.52, p <0.001).
Descriptive statistics are in Table 4.

One-way ANOVAs revealed between-cluster differences on factor one (F (3,305) = 173.30, p<0.001, eta
squared =0.630) and factor two (F (3,305) = 235.40, p<0.001, eta squared =0.700). For factor one, follow up post-
hoc tests revealed that cluster one had significantly lower subjective perceptual ability than clusters two (p-
<0.001, d = 2.59), three (»p<0.001, d =5.00) and four (»p<0.001, d =1.43). Cluster two had significantly lower
subjective perceptual ability than cluster three (p<0.001, d = 1.94), but higher than cluster four (»p<0.001, d =
1.08). Finally, cluster three had significantly higher subjective perceptual ability than cluster four (p<0.001, d =
3.11). See Table 4 for descriptive statistics. Cluster differences for factor one remained significant after controlling
for age and gender (F(3,302) = 173.90, p <0.001, partial eta squared =0.630). Age (£(1,302) = 0.19, p =0.665,
partial eta squared <0.001) and gender (£(2,302) = 1.96, p =0.143, partial eta squared =0.004) were not significant
covariates.

For factor two, post-hoc tests revealed that cluster one had significantly lower intolerance than clusters two (p-
<0.001 d = 1.74), three (p<0.001 d = 5.58) and four (p<0.001 d = 3.65). Cluster two had significantly lower intolerance
than clusters three (p<0.001 d =3.21) and four (»p<0.001 d =1.80). Finally, cluster three had significantly higher
intolerance than cluster four (p<0.001 d =1.11). See Table 4 for descriptive statistics. Cluster differences for factor
two remained significant after controlling for age and gender (£(3,302) = 240.19, p <0.001, partial eta squared =0.698).
Gender was a significant covariate (F(2,302) = 3.88, p =0.022, partial eta squared =0.008), however, age was not
significant F(1,302) = 1.43, p =0.233, partial eta squared =0.001). See Figure 5d for SHS modality and SPQ modality
means for each cluster.

A Kruskal Wallis test revealed between-cluster differences on PHQ-15 scores (H (3)= 221.00 p <0.001, eta squared
=0.410). Post-hoc tests demonstrated that cluster one scored significantly lower than clusters two (p <0.001, » =0.331),
three (p <0.001, » =0.804) and four (p <0.001, » =0.635). Cluster two scored significantly lower than clusters three
(p <0.001, » =0.635) and four (p <0.001, r =0.483) and cluster three scored significantly higher than cluster four
(p <0.001, r =0.246; see Table 4 for descriptive statistics).

A one-way ANOVA revealed between-cluster differences on FIQR scores for people with fibromyalgia
(F (3,184)=12.57, p <0.001, eta squared =0.170). Post-hoc tests demonstrated that cluster two scored significantly
lower than clusters three (p <0.001, d =1.23) and four (p =0.002, d =0.63) and cluster three scored significantly
higher than cluster four (p =0.007, d =0.61; see Table 4 for descriptive statistics). As cluster one contained only
a small number of people with fibromyalgia, post hoc comparisons were not conducted for this cluster. Cluster
differences for scores on the FIQR remained significant after controlling for age and gender (F(3,181) = 12.44,
p <0.001, partial eta squared =0.170). Age (F(1,181) = 0.31, p =0.576, partial eta squared =0.001) and gender (¥
(2,181) = 0.38, p =0.683, partial eta squared =0.003) were not significant covariates.
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Figure 5 Results of the exploratory cluster analyses.

Notes: 5A Dendrogram with four cluster solution highlighted in red. 5B Partitioning of the clusters on factor scores for factor one and two. 5C Pie charts showing the
break-down of clusters for fibromyalgia sample (left) and control sample (right). 5D SHS modality and SPQ modality means for each cluster.
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Table 4 Descriptive Statistics for Between Cluster Comparisons

Cluster One | Cluster Two Cluster Cluster Significance
Three Four Direction
Age 34.60(12.50) 35.40(12.20) 44.40(13.20) 43.80(13.00) 1<3,4
2<3,4
Gender 13M, 27F 22M, 83F, 2PNS | OM, 55F OPNS 6M, 99F, 2PNS
Factor | | —1.36(0.63) 0.27(0.63) 1.30(0.41) —0.43(0.67) 1<2,3,4 2<3,
2>4
3>4
Factor 2 | —1.50(0.52) —0.53(0.59) 1.09(0.40) 0.53(0.59) 1<2,3,4
2<3,4
3>4
PHQ-15 | 6.00(19.00) 10.00(25.00) 21.00(23.00) 18.00(27.00) 1<2,3,4
2<3,4
3>4
FIQR 63.20(25.40) 64.00(16.50) 82.80(13.90) 74.00(15.10) 2<3,4
3>4

Notes: Mean (Standard Deviation), for PHQ-15 Median (Range).
Abbreviations: M, male; F, Female; PNS, Prefer not to say.

Discussion

The primary aim of the current study was to investigate how different aspects of subjective sensory processing, that is
detection/discrimination and intolerance, are rated by people with fibromyalgia across different sensory modalities. Using the
Sensory Hypersensitivity Scale (SHS),'? we found greater intolerance on all measured modalities in the fibromyalgia group,
supporting our prediction that fibromyalgia is associated with increased sensory intolerance beyond the pain modality.
Assessing perceived discrimination/detection abilities via the Sensory Perception Quotient, (SPQ)> our findings showed
that people with fibromyalgia reported enhanced subjective detection/discrimination abilities in touch, vision and audition,
with no group differences in smell and taste. We therefore did not find support for our overall prediction that fibromyalgia
would be associated with a self-reported impairment in basic perceptual ability across modalities.

Evidence of increased intolerance in the fibromyalgia group across all modality subscales replicates the findings of
Dixon et al'? and extends this to include hearing, which did not reach significance in the previous study. The findings are
also in line with experimental studies showing that people with fibromyalgia display a reduction in the intensity of
a stimulus required to create an unpleasant or overwhelmed response in different sensory modalities.” It is also consistent
with evidence that people with fibromyalgia avoid certain sensory stimuli, for example bright lights.*! Evidence of
increased intolerance across modalities further supports the notion that fibromyalgia may reflect a global disturbance in
sensory processing, suggestive of a common underlying mechanism.

Our finding that people with fibromyalgia reported superior subjective discrimination and detection abilities in the touch,
visual and hearing modality is at odds with recent evidence of impaired tactile discrimination and detection performance in
this group.'®*? Only one recent study has used the SPQ in people with fibromyalgia and found superior subjective perceptual
ability across sensory modalities relative to a non-fibromyalgia chronic pain group.®' Our study extends and builds on this by
showing how sensory processing in fibromyalgia diverges from what would typically be expected in the general population.

Enhanced subjective perceptual ability in fibromyalgia is consistent with the generalized hypervigilance model of the
condition, where a person with fibromyalgia is hypothesized to display heightened detection of sensory stimuli due to
allocating more attentional resources towards potentially aversive stimuli.*®> Objective evidence for hypervigilance in
fibromyalgia is limited, however, casting doubt on this interpretation.>*>>

An alternative explanation of our SPQ findings is that self-reported beliefs about basic perception do not reflect
objective perceptual ability in fibromyalgia, at least for some participants. This explanation would be analogous to
findings relating to interoception in fibromyalgia. Interoception refers to the detection of internal physiological changes
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and, according to one commonly cited model, encompasses three related constructs: interoceptive accuracy (objective
measure of detection ability), sensibility (self-evaluated report of internal sensations) and awareness (meta-cognitive
insight of ability).*® Findings have shown that while some people with fibromyalgia display reduced interoceptive
accuracy,'® sensibility is increased,>” which may point to a discrepancy between objectively measured perceptual ability
and the subjective experience of internal sensations in fibromyalgia. Further research is required to determine whether
our finding of subjectively enhanced perception of external stimuli is similarly associated with objectively measured
differences in perceptual ability.

The fact that taste and smell showed a different pattern of results on the SPQ to the other modalities may be because
these are chemical senses which are processed, and therefore perceived, differently. Furthermore, smell and taste are
argued to be the least dominant senses in humans,*® which may influence the degree of attention allocated towards them,
affecting participants’ ratings of their perceptual ability in these modalities. As vision is suggested to be the most
dominant sense, this may explain why the largest group difference was in this modality. In autistic adults, enhanced
perceptual ability was reported across all modalities on the SPQ with the exception of smell, further suggesting that
chemical senses are processed differently in terms of enhanced perception.”?

An additional finding was that after controlling for symptom reporting (PHQ-15 scores), group differences on the SPQ
were no longer present. This could be attributed to group differences being related to the tendency to experience and report
somatic symptoms, which could be considered part of the wider fibromyalgia phenotype.*® In the literature on somatic
symptom reporting, scores on measures like the PHQ-15 are often regarded as reflecting a trait-like tendency to experience and
report disturbances in somatic awareness'” that may also be responsible for the elevated SPQ scores in our sample.

As an exploratory analysis, we conducted hierarchical clustering on factor scores for each of the subscales of the SPQ and
the SHS. This enabled us to explore the underlying dimensions of both scales and investigate the presence of subgroups
according to questionnaire responses. The exploratory factor analysis identified two underlying dimensions supporting our
predictions that these questionnaires measure distinct underlying constructs (ie, intolerance and subjective perceptual ability).
In a four-cluster solution, cluster one was predominantly made up of healthy controls and contained 31% of this sample who
reported low intolerance and low subjective perceptual ability. Most people with fibromyalgia were spread across the other
three clusters, which varied significantly in their self-reported intolerance and perceptual ability. Evidence of three distinct
fibromyalgia groups supports the notion that people with fibromyalgia are heterogeneous with respect to perceptual processes.
Particularly notable was a large cluster two comprising both healthy controls and people with fibromyalgia, pointing to
normative perception in these participants. Most of the remaining participants with fibromyalgia were distributed across two
clusters with increased intolerance to sensory stimuli across modalities, but which differed in subjective perceptual ability
(cluster 3 rating themselves as having higher subjective perceptual ability and cluster 4 rating themselves as having lower
subjective perceptual ability). Although caution is required when interpreting the findings of this analysis, they raise the
possibility that different psychophysiological mechanisms contribute to symptom experience in different people with
fibromyalgia. This should be explored in future research.

If the low subjective ability across sensory modalities reported by cluster four is matched by objectively poor
performance, then this could support Bayesian accounts*® that implicate low perceptual precision as a key factor in the
development of fibromyalgia. In contrast, the superior subjective perceptual ability reported by fibromyalgia participants
in cluster three may be accounted for by hypervigilance towards external stimuli in this group.’” Within-group variability
in the condition may explain the mixed findings in relation to hypervigilance in fibromyalgia more generally. A flare in
fibromyalgia symptoms indicated by increased symptom reporting and increased scores on the FIQR in this cluster may
also cause hypervigilance, resulting in enhanced subjective perceptual ability. However, experimental evidence that
increased discrimination thresholds are correlated with the severity of fibromyalgia symptoms suggests that this
explanation is unlikely.*' Furthermore, as the SPQ asks general questions about perceptual experiences, participants
may be less likely to be influenced by their current state. An alternative explanation is that the heightened perceptual
abilities reported by this group may be accounted for by exaggerated self-evaluation, resulting in a discrepancy between
subjective and objective perceptual ability. Cluster three and four may therefore differ in terms of the accuracy of their
perceptual self-awareness. Increased symptom reporting in cluster three may also suggest that reduced accuracy in self-
awareness increases symptom severity. Similar findings have been reported in people with functional seizures where the
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discrepancy between objective and subjective measures of interoception positively predicted seizure frequency and
dissociation.** A similar pattern could indicate a role for impaired sensory meta-cognition in fibromyalgia, either as
a cause or consequence of the condition. It should be noted that differences between the clusters may also be attributed to
changes in the peripheral nervous system such as small fiber pathology.’ Another important question is the meaning
behind the group of healthy controls classified as clusters three and four. Whether these findings are clinically interesting
and highlight a risk of developing fibromyalgia or other functional symptoms remains to be seen and may be worth
studying in the future.

Potential practical implications of these findings include the use of the SPQ and SHS questionnaires as a tool to
identify distinct subgroups of fibromyalgia who might have different treatment needs, or people who may be a risk of
developing fibromyalgia. Further research is first required, however, to untangle how subjective perceptual ability relates
to objective perceptual ability in fibromyalgia and further investigate the presence of subgroups. Depending on the
mechanism at play (eg Bayesian accounts, hypervigilance model) evidence of similar patterns of results across modalities
in the current study could also suggests that improving perception in one modality may have the potential to reduce
symptoms in a different modality. This would have clinical benefits as interventions could be designed around the most
accessible and acceptable modality for patients. In general, the findings may also be used to raise awareness and improve
education of how fibromyalgia can affect a person’s life beyond pain, affecting multiple sensory systems.

A strength of the study is that it begins to unpack how common usages of the term “sensitivity” may actually refer to
different aspects of sensory processing. In the literature, sensitivity is frequently used as an umbrella term encompassing
both tolerance and perceptual ability, which can lead to confusion regarding which construct is being measured and in the

interpretation of findings. This is evident in Dorris et al’s®'

study where increased sensitivity across modalities on the
SPQ in fibromyalgia is interpreted as being an extension of an increased intolerance to pain. The findings of our factor
analysis, which suggest that intolerance and subjective perceptual ability are distinct constructs, challenge this inter-
pretation and suggest that future work should consider them separately.

A limitation of this study is that most questions in the SPQ are designed to measure increased perceptual ability as
opposed to reduced perceptual ability. Higher scores on the SPQ may therefore represent the absence of superior
perceptual ability rather than impaired perceptual ability itself. A recent revised method of scoring the SPQ which
provides a separate score for hyposensitivity and hypersensitivity could help overcome this problem.** An additional
limitation of the study is that the SPQ and the SHS do not assess interoceptive modalities. It is therefore unclear
whether people with fibromyalgia would also report increased intolerance and perceptual ability for interoceptive
signals.

Conclusion

In conclusion, this study represents the first attempt to disentangle how both subjective perceptual ability and intolerance
are affected in fibromyalgia across sensory modalities. Overall group comparisons showed that people with fibromyalgia
report increased intolerance and increased subjective discrimination/detection ability in most measured modalities. While
this supports the argument that fibromyalgia is associated with a global disturbance in sensory processing, findings of
higher levels of subjective perceptual ability in fibromyalgia raises the question of how closely self-reported ability
reflects objective ability. Exploratory cluster analysis revealed three distinct fibromyalgia subgroups warranting further
investigation of fibromyalgia as a heterogenous condition, in which within-group differences should be considered when
developing treatment strategies.

Abbreviations
fMRI, Functional Magnetic Resonance Imaging; PHQ-15, Patient Health Questionnaire 15; SHS, Sensory Hypersensitivity
Scale; SPQ, Sensory Perception Quotient; FIQR, Revised Fibromyalgia Impact Questionnaire.
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