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Background: Despite IASP’s recognition of pain as a sensory and emotional experience, current assessment tools largely overlook 
affective hypersensitivity to socially neutral stimuli, a phenomenon we term “emotional allodynia” that appears particularly recurrent 
in fibromyalgia.
Methods: This preliminary psychometric validation study evaluated the Emotional Allodynia Questionnaire (AEQ), an 11-item 0–4 
Likert scale designed to quantify maladaptive emotional responses to subtle relational stimuli (perceived unresponsiveness, loss of 
reciprocity) in 107 patients with fibromyalgia from a tertiary pain clinic (90.7% female, mean age 56.8 years, median VAS 8.0).
Results: AEQ demonstrated excellent internal consistency (Cronbach’s α = 0.917, 95% CI: 0.880–0.943). Exploratory factor analysis 
supported unidimensional structure (Kaiser–Meyer–Olkin, KMO = 0.90, loadings 0.55–0.86). Confirmatory factor analysis provided 
partial support (CFI = 0.924, RMSEA = 0.104). Convergent validity showed moderate-to-strong Spearman correlations with Central 
Sensitization Inventory (CSI) (ρ = 0.40), Pain Catastrophizing Scale (PCS) (ρ = 0.57), Difficulties in Emotion Regulation Scale 
(DERS) (ρ = 0.59), Beck Depression Inventory-II (BDI-II) (ρ = 0.52), State-Trait Anxiety Inventory (STAI-Y) (ρ = 0.51–0.56, all p 
<0.001). Principal Component Analysis revealed that AEQ loaded strongly on a shared affective-sensitization dimension (65.9% 
variance). Exploratory median-split AEQ-CSI phenotyping identified four distinct profiles - resilient, emotional allodynia, central 
sensitization, mixed - that differed across all measures (Kruskal–Wallis p <0.001).
Conclusion: These preliminary findings suggest that the AEQ may represent a promising and theoretically coherent instrument for 
assessing a relational-affective dimension relevant to nociplastic pain, warranting replication in larger, independent samples.
Keywords: fibromyalgia, chronic pain, nociplastic pain, central sensitization, emotion regulation, psychometrics

Introduction
Despite the International Association for the Study of Pain (IASP) explicitly defining pain as both a sensory and 
emotional experience, the emotional dimension is often overlooked in the clinical practice of pain therapy.1 Emotional 
aspects are usually assessed inconsistently, typically through indirect observation or psychometric screening tools like the 
Pain Catastrophizing Scale (PCS),2 the Central Sensitization Inventory (CSI),3 Beck Depression Inventory-II (BDI-II),4 

State-Trait Anxiety Inventory (STAI-Y),5 and the Difficulties in Emotion Regulation Scale (DERS).6 While these tools 
capture important constructs, including depression, anxiety, catastrophizing, and emotion regulation, they do not 
specifically evaluate heightened affective sensitivity to interpersonal or relational stimuli.

This limitation is especially clear in fibromyalgia, a typical nociplastic pain condition7 marked by central amplifica
tion, symptom heterogeneity, and significant interindividual variability.8 Although fibromyalgia is commonly linked to 
emotional distress, the affective component of pain is often insufficiently integrated into mechanism-based models of 
pain.9,10 Certain individuals demonstrate heightened emotional reactivity to subtle relational signals, including perceived 
unresponsiveness, exclusion, or diminished reciprocity, with exacerbations of pain closely associated with these 
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phenomena. Others, despite experiencing similar levels of pain, exhibit relative emotional resilience. This clinical 
heterogeneity underscores the necessity for enhanced phenotypic frameworks that extend beyond the severity of 
symptoms reported by the patients.

We propose that a subset of patients with chronic pain, particularly within the fibromyalgia spectrum, exhibits a 
distinct clinical pattern, characterized by affective hypersensitivity to low-intensity interpersonal stimuli. This phenom
enon reflects a form of affective nociplasticity, whereby emotionally neutral or mildly negative social cues elicit 
disproportionate emotional distress and pain amplification. We hypothesize that this affective hypersensitivity represents 
a specific psychosociological amplifier of pain, that might not be fully addressed by existing measures of mood, 
cognition, or general emotional dysregulation.

The Emotional Allodynia Questionnaire (AEQ) was developed to address this gap by providing a structured, specific tool 
to identify emotional allodynia, thereby aligning clinical assessment with the IASP’s comprehensive definition of pain.

The term “emotional allodynia” is modeled on the concept of physical allodynia, a hallmark of patients with 
fibromyalgia in which normally harmless physical stimuli provoke pain.11 By analogy, emotional allodynia refers to a 
condition in which neutral or low-intensity interpersonal stimuli provoke disproportionate emotional distress. Just as the 
physical allodynia threshold is lowered for tactile or thermal stimuli, the emotional allodynia threshold is lowered for 
relational stimuli, a parallel that reflects the shared neurobiological substrate of physical and social pain.12 The construct 
was first operationalized by Ushinsky et al,13 who showed heightened pain sensitivity following negative mood induction 
in individuals with major depressive disorder. Subsequent neuroimaging studies14–16 confirmed that social-emotional 
distress and physical pain activate overlapping brain regions, including the anterior cingulate cortex and insula,17 

pointing to a common pain–affect network.18,19

This shared neurobiology not only supports the construct of emotional allodynia but suggests an analogous 
opportunity for stratification. While in neuropathic pain quantitative sensory testing (QST)-based sensory phenotyping 
has identified subgroups of patients with distinct mechanistic profiles and differential treatment responses,20 nociplastic 
pain currently lacks comparable tools for mechanism-informed phenotyping. Emotional allodynia (EA) may have a 
neurobiological basis in the circuits governing both pain processing and emotional regulation so that individuals prone to 
emotional dysregulation exhibit heightened responses to nociceptive stimuli.21 Impairments in descending inhibitory 
pathways involving serotonergic and noradrenergic systems may contribute to central sensitization and increased 
emotional reactivity,22 and investigating this dimension with a structured instrument may support more targeted, 
biopsychosocial pain management approaches.

In clinical practice, the affective dimension of fibromyalgia is often subsumed under a coexisting psychiatric label, an 
approach that risks obscuring the heterogeneity of affective-relational mechanisms that may independently modulate pain 
amplification. We argue that affective hypersensitivity to interpersonal stimuli represents not merely a comorbid 
psychological trait but a clinically relevant dimension of central amplification that current pain scales may not fully 
address.

The AEQ was developed as an exploratory instrument to identify individuals displaying significant relational 
emotional hypersensitivity (Figure 1), to support the identification of emotionally driven nociplastic pain phenotypes. 
Designed as a brief, self-administered tool completable in approximately 5 to 8 minutes, the AEQ is intended for routine 
use in pain clinic settings, providing pain specialists with a rapid and specific instrument to identify this socio-affective 
dimension, helping clinicians move beyond a one-size-fits-all model toward individualized pain management strategies.

Methods
Study Design and Population
This is a single-center, cross-sectional observational study conducted in patients with fibromyalgia attending a tertiary 
pain outpatient clinic.

The study is part of an ongoing research program (STUDIO PEARL) and is conducted in accordance with the ethical 
principles of the Declaration of Helsinki and the IASP guidelines for pain research in humans. Approval was obtained 
from the local Ethics Committee (2451/CEL – STUDIO PEARL), and all participants provided written informed consent.
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The present manuscript reports a preliminary exploratory analysis of data collected at the Pain Clinic of Policlinico 
Hospital in Bari between September 2025 and January 2026, focusing on the initial psychometric validation of the 
Emotional Allodynia Questionnaire (AEQ). A formal sample size calculation was performed for the final validation 
phase of the study, which is ongoing and designed to support confirmatory psychometric analyses.

Fibromyalgia was diagnosed according to the 2016 revision of the American College of Rheumatology (ACR) 
criteria.23 The study population was intentionally restricted to patients with fibromyalgia in order to maximize construct 
homogeneity in this initial validation phase, given the prototypical nociplastic and affectively modulated nature of the 
syndrome.

Patients were eligible if they were ≥18 years old and could independently complete self-report questionnaires in 
Italian. Exclusion criteria included acute pain with a clear structural etiology, severe cognitive impairment, inability to 
understand Italian, oncological disease, and any current or past psychiatric diagnosis except depression and panic 
disorder, as assessed by clinical history. This exclusion strategy was defined in consultation with a clinical psychiatrist. 
Ongoing pharmacological treatment for pain or mental health was not an exclusion criterion, as it represents standard of 
care in fibromyalgia populations.

Procedure and Data Collection
After clinical screening and written informed consent, eligible participants completed a set of self-report questionnaires 
in paper format during their clinical visit. A physician was available throughout the session to clarify any items or 
instructions upon request. Completed questionnaires were subsequently verified and entered into a secure digital platform 
by the physician, ensuring complete item-level data collection. Data were treated as confidential throughout. In addition 
to psychometric questionnaires, basic sociodemographic, clinical, lifestyle, and relational variables were collected using a 
standardized self-report form developed for the study. These variables included age, sex, educational level, occupational 
status, marital status, living arrangement, pain duration, physical activity level, sleep quality, perceived quality of life, 
relational history, and current or past psychological and pharmacological treatments. No personally identifiable informa
tion was collected. The estimated completion time was approximately 25–30 minutes.

The assessment questionnaires included AEQ, CSI, PCS, BDI-II, STAI-Y (1–2), DERS, and Visual Analog 
Scale (VAS).

Figure 1 Conceptual schematic of Emotional Allodynia. This figure is an explanatory illustration and does not represent empirical data from the present study.
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Although patients with fibromyalgia present widespread pain, they were asked to indicate the body region perceived 
as the most painful or clinically dominant at the time of assessment.

The AEQ consists of 11 items scored on a 0–4 Likert scale that assess the frequency of maladaptive emotional 
responses to subtle interpersonal or relational cues (eg, delayed responses, unresponsiveness, loss of reciprocity). Higher 
scores indicate greater affective hypersensitivity.

The AEQ items were developed through a process informed by the theoretical framework of physical allodynia and 
its proposed affective analogue, drawing on literature on interpersonal sensitivity, social pain neuroscience, and emotion 
regulation in chronic pain. Item content was generated and refined through iterative discussion among the multi
disciplinary research team, including pain medicine specialists and clinical psychologists with expertise in fibromyalgia. 
Preliminary item comprehensibility was informally reviewed with a subset of patients prior to final item selection. The 
questionnaire was originally developed and administered in Italian; the English version presented in this manuscript is a 
translation prepared by the authors for publication purposes and has not undergone formal back-translation.

The complete questionnaire including administration instructions and scoring guidelines, is provided in Figure 2.

Statistical Analysis
Descriptive demographic and clinical characteristics are reported to contextualize the sample and support the interpret
ability of the psychometric analyses.

Demographic and clinical variables are reported as mean ± SD given their approximately normal distribution; 
psychometric scale scores and VAS are reported as medians and interquartile ranges given the non-normal distribution 
of these measures.

Categorical variables were summarized using counts and percentages. Floor and ceiling effects for the AEQ were 
explored descriptively.

Internal consistency of the AEQ was assessed using Cronbach’s alpha. The latent structure of the AEQ was explored 
through Exploratory Factor Analysis (EFA) on item-level data.

EFA was conducted using the minimum residuals extraction method with oblimin rotation, allowing for correlated 
factors. Sampling adequacy was assessed using the Kaiser–Meyer–Olkin (KMO) measure, and factorability was 
evaluated using Bartlett’s test of sphericity. The number of factors was determined using parallel analysis. Factor 
loadings ≥0.30 were considered meaningful.

To complement the EFA and explore the factorial structure of the AEQ in a preliminary confirmatory framework, a 
Confirmatory Factor Analysis (CFA) was conducted in the same sample using the lavaan package (via jamovi). Given 
this single-sample design, CFA results should be interpreted as preliminary internal cross-validation rather than 
independent confirmatory evidence.

A single-factor model was specified a priori, consistent with the unidimensional structure identified by EFA and 
parallel analysis. Model fit was evaluated using the following indices: Comparative Fit Index (CFI), Tucker-Lewis Index 
(TLI), Root Mean Square Error of Approximation (RMSEA) with 90% confidence interval, and Standardized Root Mean 
Square Residual (SRMR). Conventional thresholds were applied: CFI and TLI ≥ 0.90, RMSEA ≤ 0.08, and SRMR ≤ 
0.08. Modification indices were inspected post hoc to identify theoretically justifiable residual covariances.

The CFA was conducted using Maximum Likelihood (ML) estimation as implemented in jamovi, with Full 
Information Maximum Likelihood (FIML) specified as the missing data method. Given the self-administered format 
with physician verification of completeness, complete item-level responses were obtained from all participants. Items 
were treated as continuous variables in this model, consistent with common practice in preliminary psychometric studies 
using 5-point Likert scales.24

Convergent validity of the AEQ was assessed using Spearman’s rank correlation coefficients between AEQ total 
scores and CSI, PCS, BDI-II, STAI-Y1, STAI-Y2, and DERS total scores.

To explore the discriminant validity of the AEQ with respect to DERS, a median-split approach was applied to both 
instruments. A 2×2 contingency table was constructed to identify patients showing dissociated profiles, specifically, those 
with high AEQ and low DERS, or low AEQ and high DERS, as empirical evidence that the two instruments capture 
partially distinct constructs. Association between groups was tested using the chi-square test. Additionally, the average 
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Figure 2 The Emotional Allodynia Questionnaire (AEQ), Version 1.0. The instrument comprises 11 self-administered items rated on a five-point Likert scale (0 = Never; 1 = 
Rarely; 2 = Sometimes; 3 = Often; 4 = Always). The total score is obtained by summing all item scores (range 0–44); higher scores indicate greater emotional sensitivity to 
low-intensity relational stimuli. The score interpretation table presents four preliminary ranges: absent or low sensitivity (0–10, green); mild hypersensitivity (11–20, yellow); 
moderate emotional allodynia (21–32, Orange); high emotional allodynia (33–44, red); ranges are provided for exploratory and descriptive purposes only. The AEQ is not a 
diagnostic instrument and does not replace specialist clinical assessment. Figure property of the author.
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variance extracted (AVE) was calculated from the standardized CFA loadings to evaluate discriminant validity according 
to the Fornell-Larcker criterion, which requires AVE to exceed the squared correlation between constructs.

To explore the multivariate relationships between affective, cognitive, and somatic dimensions, a Principal 
Component Analysis (PCA) was performed on total scores of AEQ, CSI, PCS, BDI-II, STAI-Y1, STAI-Y2, and 
DERS. Components were retained based on eigenvalues and inspection of the scree plot. A biplot was generated to 
visualize the joint distribution of patients and scale loadings.

For exploratory purposes, a bidimensional stratification framework was adopted to investigate potential heterogeneity 
within the study population. One axis was defined a priori by the AEQ, as the primary construct under investigation. The 
second axis was selected post hoc among the remaining psychometric measures, based on its relative divergence from 
AEQ and its ability to capture a complementary dimension of pain-related amplification.

Both axes were dichotomized using median splits, which is acknowledged as a methodological limitation of this 
exploratory analysis.25,26 Values equal to the median were classified in the higher category. The resulting categorical 
variables were combined to generate four exploratory patient groups within a bidimensional framework. This stratifica
tion was data-driven, not predefined, and was intended solely for exploratory analyses rather than confirmatory 
classification.

Between-group differences across psychometric measures were assessed using Kruskal–Wallis tests, followed by 
Dwass–Steel–Critchlow–Fligner post-hoc comparisons when appropriate. Given the exploratory nature of this prelimin
ary study, no multiple comparison correction (eg, Bonferroni) was applied.27 Effect sizes (ε2) were calculated for 
Kruskal–Wallis tests.

All tests were two-tailed, and statistical significance was set at p < 0.05. All statistical analyses were performed using 
jamovi (version 2.6). Descriptive statistics, non-parametric tests, and correlation analyses were conducted using the 
jamovi base module (jmv). Exploratory factor analysis, including the Kaiser–Meyer–Olkin measure, Bartlett’s test of 
sphericity, and parallel analysis, was performed using the psych R package within jamovi. Graphical visualizations were 
generated using the scatr module for jamovi.28

Results
Sample Characteristics
A total of 107 consecutive patients with fibromyalgia were included in the analysis. The mean age was 56.8 ± 11.0 years, 
and the sample was predominantly female, with 90.7% of participants being women. Most patients were unemployed or 
retired (65.4%), and the majority had a middle or high school level of education. Most participants were married or in a 
stable relationship (69.2%), although 20.6% reported living alone.

Pain was long-standing and severe. Nearly half of the sample reported a pain duration longer than 10 years, and more 
than two-thirds had experienced pain for over five years. Pain intensity was high, with a median VAS score of 8.0 (IQR = 
3.0). Pain distribution was heterogeneous, with spinal pain being the most frequently reported primary location, followed 
by girdle and widespread pain.

Lifestyle indicators showed a largely sedentary profile, with 57.0% of patients reporting less than one hour of physical 
activity per week. Subjective sleep quality and overall quality of life were both low, with mean scores below the midpoint 
of the scale.

Psychosocial and relational variables revealed a high prevalence of emotional vulnerability. A large proportion of 
patients reported distress in response to perceived emotional distance (78.5%) and a history of abandonment, betrayal, or 
rejection (57.0%). Rapid and intense attachment tendencies were reported by 40.2% of the sample. Although most 
patients reported having social support available, the perceived level of emotional support showed wide variability.

Regarding mental health and pharmacological treatments, 13.1% of patients were engaged in psychotherapy at the 
time of assessment, while more than half were receiving psychotropic medications (SSRI, SNRI, gabapentinoids, 
benzodiazepines, medical cannabis). Analgesic and adjuvant medication use was frequent, including opioids, paraceta
mol, NSAID and muscle relaxants.

All demographic, clinical, psychosocial, and treatment-related characteristics are summarized in Table 1.
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Table 1 Baseline Demographic, Clinical, Psychosocial, and Treatment Characteristics of the Study 
Sample (N = 107)

Variable Overall (N = 107)

Sample and demographics
n 107

Age, mean (SD) 56.78 (10.98)
Male sex, n (%) 10 (9.3)

Occupation, n (%)

Unemployed 56 (52.3)
Employed 37 (34.6)

Retired 14 (13.1)
Level of education, n (%)

Primary school 10 (9.3)

Middle school 43 (40.2)
High school 36 (33.6)

University degree 18 (16.8)

Marital status, n (%)
Single 9 (8.4)

Married 74 (69.2)

Divorced / Separated / Widowed 24 (22.4)
Live alone, n (%) 22 (20.6)

Pain characteristics
Pain duration, n (%)
Between 6 months and 1 year 3 (2.8)

Between 1 and 3 years 15 (14.0)

More than 3 years 17 (15.9)
More than 5 years 25 (23.4)

More than 10 years 47 (43.9)

VAS pain, median (IQR) 8 (3)
Lifestyle and self-rated outcomes
Physical activity level, n (%)

Sedentary (less than 1 hour/week) 61 (57.0)
Light (1 to 2 hours/week) 31 (29.0)

Moderate (3 to 5 hours/week) 15 (14.0)

Vigorous (6 hours/week or more) 0 (0)
Subjective sleep quality (0 to 10), mean (SD) 4.34 (2.60)

Subjective quality of life (0 to 10), mean (SD) 4.50 (2.16)

Psychosocial and relationship history
Current romantic relationship, n (%) 82 (76.6)

Relationship duration, n (%)

More than 3 years 80 (98.8)
Time since last relationship, n (%)

Between 6 months and 1 year 1 (4.0)

Between 1 and 3 years 4 (16.0)
More than 3 years 20 (80.0)

Significant breakup in last 3 years, n (%) 19 (17.8)

Still emotionally involved, n (%) 17 (56.7)
Social support available, n (%) 87 (81.3)

Emotional support level, mean (SD) 5.85 (3.36)

Abandonment/betrayal/rejection history, n (%)
Never 46 (43.0)

Once 18 (16.8)

Multiple times 43 (40.2)

(Continued)
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Descriptive Statistics of Psychometric Instruments
Descriptive statistics of all psychometric instruments are reported in Table 2. AEQ total scores showed wide variability 
(median 16, range 1–44), while CSI scores were consistently elevated (median 61, range 24–92), indicating a substantial 
burden of central sensitization in the sample.

Reliability and Internal Structure of the AEQ
The AEQ showed excellent internal consistency, with a Cronbach’s alpha of 0.917. Full reliability statistics are reported 
in Tables 3 and S1.

Exploratory factor analysis was conducted to examine whether the AEQ captures a single underlying construct. 
Sampling adequacy was excellent, with a KMO value of 0.90 and a significant Bartlett’s test of sphericity. Parallel 
analysis and scree plot inspection supported a one-factor solution. All items loaded positively on the same latent factor, 
with loadings ranging from 0.55 to 0.86. This indicates that the AEQ measures a unified affective-relational dimension 
rather than multiple unrelated traits. Factor loadings and adequacy indices are presented in Tables 4A, B and S2, and the 
scree plot is shown in Figure 3.

Confirmatory Factor Analysis
To further examine the factorial structure of the AEQ in a confirmatory framework, a single-factor CFA model was 
tested.

The baseline model yielded adequate fit for SRMR (0.058) but suboptimal values for CFI (0.892), TLI (0.866), and 
RMSEA (0.122, 90% CI: 0.095–0.150). Inspection of modification indices revealed a substantial residual covariance 
between items EQ10 (“minor relational situations leave a persistent sense of pain”) and EQ11 (“delayed reply causes 
feeling of exclusion”), which share highly overlapping content regarding responses to delayed digital communication.

Freeing this residual covariance on theoretical grounds yielded an improved model: CFI = 0.924, TLI = 0.903, SRMR 
= 0.055, and RMSEA = 0.104 (90% CI: 0.074–0.133). While CFI and TLI met conventional thresholds, RMSEA 
remained above the 0.08 cutoff. Taken together, these results offer partial support for a unidimensional structure and 
should be interpreted as preliminary, consistent with the exploratory single-sample design.

All standardized factor loadings were statistically significant (all p <0.001) and ranged from 0.534 (EQ3) to 0.867 
(EQ8), confirming that all items contributed meaningfully to the latent construct. CFA results are reported in Table S3A 
and S3B.

Table 1 (Continued). 

Variable Overall (N = 107)

Distress from perceived distance, n (%) 84 (78.5)

Rapid intense attachment tendency, n (%) 43 (40.2)
Current psychotherapy, n (%) 14 (13.1)

Medication history, pain-related
SNRI use, n (%) 18 (16.8)
SSRI use, n (%) 7 (6.5)

Opioids use, n (%) 43 (40.2)

Medical cannabis use, n (%) 14 (13.1)
NSAID use, n (%) 20 (18.7)

Corticosteroids use, n (%) 10 (9.3)

Paracetamol use, n (%) 19 (17.8)
Muscle relaxants use, n (%) 23 (21.5)

Benzodiazepines use, n (%) 15 (14.0)

Gabapentinoids use, n (%) 42 (39.3)
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Relationship Between Emotional Allodynia and Established Psychological Dimensions
To assess convergent validity, AEQ scores were correlated with established measures of central sensitization, affective 
distress, and emotion regulation. Clinically meaningful associations were observed across multiple domains. In parti
cular, AEQ showed its strongest correlations with DERS (ρ = 0.59) and PCS (ρ = 0.57); the comparatively weakest, 
though still significant, with CSI (ρ = 0.40). Full correlation matrix is reported in Table 5 and scatterplots are shown in 
Figure 4.

Discriminant Validity of AEQ with Respect to DERS
To empirically address the potential conceptual overlap between AEQ and DERS, a cross-tabulation of median-split 
groups was performed. Despite a moderate Spearman correlation (ρ = 0.594, corresponding to 35% shared variance), 28 
out of 107 patients (26.2%) showed dissociated profiles: 15 patients (14.0%) had high AEQ with low DERS, and 13 
patients (12.1%) had low AEQ with high DERS (Table 6). This dissociation was statistically significant (χ2 = 24.3, df = 1, 

Table 2 Descriptive Statistics of Psychometric Instruments

Overall (N=107)

AEQ_total
Mean (SD) 18.1 (10.5)

Range 1.0–44.0

Median 16
PCS_total
Mean (SD) 32.7 (11.8)

Range 4.0–52.0
Median 35

CSI_total
Mean (SD) 60.4 (15.0)

Range 24.0–92.0

Median 61
BDI_total
Mean (SD) 21.7 (10.3)

Range 4.0–52.0
Median 20

DERS_total
Mean (SD) 78.8 (23.4)
Range 37.0–136.0

Median 77

STAI-Y1_total
Mean (SD) 48.6 (12.9)

Range 22.0–77.0

Median 48
STAI-Y2_total
Mean (SD) 48.0 (9.8)

Range 31.0–74.0
Median 47

Table 3 Internal Consistency of the AEQ: Cronbach’s α with 95% 
Bootstrap Confidence Interval and McDonald’s ω

Scale Reliability Statistics

Mean SD Cronbach’s α McDonald’s ω 95% CI

Scale 1.64 0.955 0.917 0.917 [0.880, 0.943]
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p <0.001), and indicates that a substantial proportion of patients exhibit elevated emotional-relational hypersensitivity in 
the absence of general emotion dysregulation, or vice versa. Furthermore, the AVE of the AEQ, calculated from 
standardized CFA loadings, was 0.506. This value exceeded the squared Spearman correlation between AEQ and 
DERS (0.5942 = 0.353), satisfying the Fornell-Larcker criterion for discriminant validity. These results should be 
interpreted as exploratory rather than as definitive evidence of discriminant validity, given the single-sample design 
and the application of the Fornell-Larcker criterion to a single comparator instrument.

A graphical visualization is provided in Figure 5.

Table 4 Exploratory Factor Analysis of the AEQ Items

A. Factor Loadings

Factor

1 Uniqueness

EQ 8 0.863 0.255

EQ 9 0.786 0.383
EQ 10 0.777 0.396

EQ 4 0.760 0.422

EQ 11 0.736 0.459
EQ 6 0.725 0.474

EQ 7 0.701 0.508

EQ1 0.650 0.578
EQ 2 0.611 0.626

EQ 5 0.607 0.632
EQ 3 0.552 0.695

B. Bartlett’s Test of Sphericity

χ2 df p

668 55 <0.001

Note: “Minimum residual” extraction method was used in combination with a “oblimin” rotation.

Figure 3 Scree plot and parallel analysis for AEQ items. Blue filled circles: observed eigenvalues. Yellow filled circles: mean eigenvalues from 1000 simulated datasets (parallel 
analysis).
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Shared and Distinct Dimensions Across Psychological Scales
To explore the broader dimensional structure, a principal component analysis was performed on the total scores of all 
psychological instruments. A single principal component explained 65.9% of the total variance, reflecting a shared 
affective-sensitization dimension across scales. AEQ loaded strongly on this component, with a magnitude comparable to 
PCS and DERS.

The PCA biplot, shown in Figure 6, indicates that AEQ aligns with affective and sensitization-related measures, but 
its vector orientation suggests a specific relational-affective emphasis rather than a generic distress signal. PCA loadings 
are reported in Table 7A and B.

Phenotypic Stratification Based on Emotional and Central Sensitization
To translate these dimensions into clinically meaningful profiles, patients were stratified using median cutoffs of AEQ 
and CSI scores. This approach yielded four phenotypes representing different combinations of emotional and central 
sensitization:

● Resilient phenotype: low AEQ, low CSI
● Emotional Allodynia phenotype: high AEQ, low CSI
● Central Sensitization phenotype: low AEQ, high CSI
● Mixed phenotype: high AEQ, high CSI

Group sizes and descriptive statistics for all psychological measures across phenotypes are shown in Table 8.

Between-Phenotype Differences
Non-parametric Kruskal–Wallis analyses were performed to compare phenotypes across psychological measures not used 
for phenotype definition, including PCS, DERS, BDI-II, and STAI-Y scores. Significant between-group differences were 
observed across all these measures (all p < 0.001; Table 8), indicating that the exploratory phenotypes were associated 
with distinct affective and psychological profiles beyond the variables used for their construction.

Effect sizes were moderate to large, with the highest values observed for anxiety (STAI-Y1; ε2 = 0.331) and emotion 
dysregulation (DERS total score; ε2 = 0.319).

Post hoc pairwise comparisons demonstrated a consistent gradient. The mixed phenotype showed the highest levels of 
affective distress, emotion dysregulation, and central sensitization. The resilient phenotype showed the lowest scores 

Table 5 Spearman Correlations Between AEQ and Psychological Scales

Correlation Matrix

AEQ_Total CSI_Total PCS_Total DERS_Totale BDI_Totale STAI- 
Y1_Totale

STAI- 
Y2_Totale

CSI_total Spearman’s rho 0.401 —
p-value <0.001 —

PCS_total Spearman’s rho 0.569 0.508 —

p-value <0.001 <0.001 —
DERS_Total Spearman’s rho 0.594 0.514 0.596 —

p-value <0.001 <0.001 <0.001 —

BDI_total Spearman’s rho 0.518 0.538 0.521 0.701 —
p-value <0.001 <0.001 <0.001 <0.001 —

STAI- 
Y1_Total

Spearman’s rho 0.509 0.559 0.610 0.680 0.726 —

p-value <0.001 <0.001 <0.001 <0.001 <0.001 —
STAI- 
Y2_Total

Spearman’s rho 0.556 0.548 0.555 0.716 0.743 0.878 —

p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 —
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across measures. EA and central sensitization phenotypes occupied intermediate positions and differed primarily in 
affective burden versus central sensitization load. Detailed pairwise results are reported in Table S4A–S4G. Group 
distributions are visualized using boxplots in Figures 7–13.

Integrated Visualization of Emotional and Central Sensitization Dimensions
Finally, an integrated scatterplot of AEQ versus CSI scores is provided as a conceptual visualization of the bidimensional 
framework underlying the proposed phenotypic model. Rather than serving as a classification test, this figure illustrates 
how EA and central sensitization distribute continuously across patients and how different phenotypic profiles emerge 
from their interaction. The visualization is intended to support clinical interpretation rather than inferential validation 
(Figure 14).

Figure 4 Scatterplot matrix of AEQ, CSI, PCS, DERS, BDI-II, and STAI-Y scores. Each dot represents one participant. Diagonal lines are Spearman regression lines. Upper 
panels show rs and p-values.

Table 6 Cross-Tabulation of AEQ and DERS Median-Split Groups (N 
= 107)

DERS Low (< 77) DERS High (≥ 77) Total

AEQ High (≥ 16) 15 41 56

AEQ Low (< 16) 38 13 51

Total 53 54 107

Notes: χ2 = 24.3, df = 1, p <0.001. Cells in bold (AEQ High/DERS Low and AEQ Low/ 
DERS High) represent dissociated profiles (n = 28, 26.2% of the sample).
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Discussion
In this preliminary validation study, the AEQ demonstrated excellent internal consistency, with a Cronbach’s alpha of 
0.917 and narrow confidence intervals, supporting its reliability. EFA, supported by parallel analysis, indicated a 
unidimensional structure, suggesting that the AEQ captures a coherent affective construct rather than a nonspecific 
index of psychological distress. Consistent and statistically significant associations were observed between AEQ scores 

Figure 5 Scatterplot of AEQ versus DERS total scores. Dashed lines indicate median cutoffs (AEQ = 16; DERS = 77). Quadrants in red identify patients with dissociated 
profiles: High AEQ / Low DERS (n = 15) and Low AEQ / High DERS (n = 13), representing 26.2% of the sample. The regression line reflects the moderate Spearman 
correlation (ρ = 0.594), accounting for 35% of shared variance.

Figure 6 PCA biplot of total scale scores. Each blue circle represents one participant. A single principal component accounted for 65.9% of total variance, supporting a 
dominant shared affective-sensitization dimension. The biplot requires two axes for graphical representation; PC2 is displayed as a technical requirement of the visualization 
format and is not interpreted as a meaningful independent dimension.
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Table 7 PCA Loadings of Psychological Scales

A. Component Loadings

Component

1 Uniqueness

STAI-Y2_Total 0.886 0.215

STAI-Y1_Total 0.877 0.230
DERS_Total 0.851 0.276

BDI_total 0.830 0.311

PCS_total 0.764 0.416
AEQ_Total 0.738 0.455

CSI_total 0.718 0.484

B. Summary

Component SS Loadings % of Variance Cumulative %

1 4.61 65.9 65.9

Note: “none” rotation was used.

Table 8 Distribution of Psychometric Scores Across Pain Phenotypes Identified by AEQ and CSI

Variable Phenotype N Median IQR Range p ε2

AEQ_Total Resilient 30 9.50 10.75 14

Emotional Allodynia 20 20.50 11.25 18

Central Sensitization 21 11.00 5.00 14

Mixed 36 27.00 13.25 28

PCS_total Resilient 30 24.00 11.75 42 <0.001 0.297

Emotional Allodynia 20 33.00 17.00 32

Central Sensitization 21 33.00 17.00 33

Mixed 36 42.00 9.25 38

CSI_total Resilient 30 47.50 11.50 34

Emotional Allodynia 20 50.50 12.25 36

Central Sensitization 21 66.00 15.00 26

Mixed 36 71.00 10.25 31

DERS_Total Resilient 30 56.50 23.50 68 <0.001 0.319

Emotional Allodynia 20 77.00 14.50 54

Central Sensitization 21 67.00 20.00 80

Mixed 36 99.50 29.25 78

BDI_total Resilient 30 16.50 10.75 41 <0.001 0.257

Emotional Allodynia 20 18.50 6.75 29

Central Sensitization 21 22.00 9.00 35

(Continued)
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and established measures of central sensitization, pain catastrophizing, depression, anxiety, and emotion regulation, while 
non-parametric group comparisons revealed marked differences across all psychological domains when combined AEQ– 
CSI profiles were stratified by patient group. These findings support the AEQ as a feasible and potentially informative 
instrument for assessment in nociplastic pain.

Unlike established instruments such as the PCS, CSI, and BDI-II, which were designed to assess pain-related 
cognitions, symptom burden, or depressive severity, respectively,2,3,29,30 the AEQ specifically targets affective reactivity 
to subtle interpersonal cues. Although interpersonal emotional processes are increasingly recognized as relevant 
modulators of chronic pain,31 they remain insufficiently operationalized in standard pain assessment. Recent network 
analysis evidence confirms that emotional variables, particularly depression, occupy a central and highly connected 
position within the fibromyalgia symptom network, mediating the relationship between psychological distress and pain 
burden,10 further supporting the need for instruments that specifically operationalize this affective dimension.

To further illustrate this distinction, Table 9 offers a conceptual comparison of instruments currently used in pain 
management, highlighting their clinical focus, methods, and inherent limitations.

Table 8 (Continued). 

Variable Phenotype N Median IQR Range p ε2

Mixed 36 28.00 13.50 42

STAI-Y1_Total Resilient 30 38.00 14.75 44 <0.001 0.331

Emotional Allodynia 20 42.00 16.00 28

Central Sensitization 21 46.00 16.00 47

Mixed 36 59.00 12.75 47

STAI-Y2_Total Resilient 30 38.50 9.75 26 <0.001 0.330

Emotional Allodynia 20 44.00 8.25 33

Central Sensitization 21 45.00 12.00 35

Mixed 36 54.00 12.25 34

Notes: Values are reported as median, IQR, and range for each phenotype. Between-group differences were tested with the Kruskal–Wallis test. Effect 
size is reported as epsilon squared.

Figure 7 AEQ total by phenotype. Box: IQR. Line: median. Whiskers: 1.5 × IQR. Filled circles (●): outliers.
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Furthermore, while small fiber neuropathy and quantitative sensory testing phenotypes have been described in 
fibromyalgia,32,33 to our knowledge, this study presents the first integrated emotional-central stratification using validated 
self-report measures (AEQ+CSI). This approach may offer greater clinical accessibility compared to biomarker or 
neuroimaging-based classifications, though its clinical utility requires prospective validation. Beyond conceptual differ
entiation, empirical support for the discriminant validity of the AEQ was obtained by examining its relationship with the 
DERS. Although a moderate correlation was observed (ρ = 0.594), this association accounts for only 35% of shared 
variance, leaving the majority of AEQ variance unexplained by general emotion dysregulation. Importantly, 26.2% of 
patients showed dissociated profiles, high AEQ with low DERS, or vice versa, demonstrating that affective relational 
hypersensitivity and general emotion regulation difficulties are related but not interchangeable constructs. This finding 
was further supported by the Fornell-Larcker criterion: the AVE of the AEQ (0.506) exceeded the squared correlation 
with the DERS (0.353), indicating that the AEQ captures more variance internally than it shares with general emotion 
dysregulation. Conceptually, the DERS measures the capacity to regulate emotional states once activated, the ability to 

Figure 9 PCS total by phenotype. Box: IQR. Line: median. Whiskers: 1.5 × IQR. Filled circles (●): outliers.

Figure 8 CSI total by phenotype. Box: IQR. Line: median. Whiskers: 1.5 × IQR. Filled circles (●): outliers.
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modulate, accept, and control emotional responses across contexts. The AEQ, by contrast, measures the threshold at 
which emotional responses are triggered by low-intensity interpersonal stimuli. In other words, the DERS captures 
deficits in emotion regulation, while the AEQ captures hypersensitivity of emotional activation. A patient may retain 
adequate regulatory capacity while remaining selectively hypersensitive to relational cues of exclusion or diminished 
reciprocity. Conversely, general emotion dysregulation may occur without specific interpersonal hypersensitivity. These 
are adjacent but non-overlapping constructs.

Although EA shares a relational dimension with constructs such as rejection sensitivity34 and interpersonal 
sensitivity,35 the AEQ specifically operationalizes affective hypersensitivity within a chronic pain framework, concep
tualizing it as a potential amplifier of nociplastic pain rather than a general personality trait. The AEQ may offer 
clinicians an additional interpretative framework for analyzing refractory or variable pain states that cannot be entirely 
explained by nociceptive input, anatomical disease, or mood disorders alone, serving to supplement rather than substitute 
for current psychometric instruments.

Figure 11 BDI-II total by phenotype. Box: IQR. Line: median. Whiskers: 1.5 × IQR. Filled circles (●): outliers.

Figure 10 DERS total by phenotype. Box: IQR. Line: median. Whiskers: 1.5 × IQR. Filled circles (●): outliers.
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The AEQ construct closely resembles the IASP concept of nociplastic pain, characterized as pain resulting from altered 
nociception without clear evidence of tissue injury or somatosensory system dysfunction.1,7 In this light, the AEQ may offer a 
preliminary window into this domain. Fibromyalgia is the prototype of nociplastic pain disorder, marked by central 
sensitization, compromised descending inhibitory control, and recurrent emotional dysregulation.36,37 In this context, we 
tentatively propose that EA might be understood as a variant of affective nociplasticity, an empirical interpretive framework, in 
which typically neutral or low-intensity interpersonal cues provoke excessive emotional reactions that enhance pain percep
tion and sustain symptom load. Neurobiological models that endorse a common pain-affect matrix, encompassing areas such 
as the anterior cingulate cortex, insula, and amygdala, further substantiate this notion.38

The decision to integrate AEQ and CSI scores into a bidimensional framework was data-driven. While both measures 
were related to central mechanisms of pain amplification, the CSI showed a pattern of partial divergence from EA, with 
several patients exhibiting high central sensitization in the absence of elevated affective hypersensitivity, and vice versa.

Two patients may have the same CSI score while differing substantially in how they emotionally process and 
experience pain. Therefore, two orthogonal dimensions were used to explore clinically meaningful profiles rather 

Figure 13 STAI-Y-2 scores by phenotype. Box: IQR. Line: median. Whiskers: 1.5 × IQR. Filled circles (●): outliers.

Figure 12 STAI-Y-1 scores by phenotype. Box: IQR. Line: median. Whiskers: 1.5 × IQR. Filled circles (●): outliers.
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than a single composite index, leading to four distinct phenotypic profiles: resilient, central sensitization, emotional 
allodynia, and mixed phenotypes. These profiles differed across multiple psychological measures, including depres
sive symptoms, anxiety, catastrophizing, and emotion regulation, as observed in between-group comparisons. These 
differences should be interpreted as exploratory and hypothesis-generating rather than confirmatory evidence of 
stable clinical subtypes.

Figure 14 Exploratory scatterplot of AEQ versus CSI total scores. Each circle represents one participant, color-coded by exploratory phenotype. Vertical and horizontal 
lines indicate the median cutoffs (AEQ=16, CSI=61), used to define the four exploratory AEQ–CSI phenotypes. Points represent individual participants.

Table 9 Conceptual Comparison of Available Tools for Nociplastic Pain Assessment

Tool Assessed Domain Method Limitations

Central Sensitization 

Inventory (CSI)

Symptoms related to central 

sensitization

Self-report questionnaire 

(25 items)

Not specific for nociplastic pain; overlap 

with anxiety/depression

PainDETECT/DN4/LANSS Neuropathic pain screening/ 

exclusion

Questionnaire/clinical 

interview

Does not measure nociplastic pain; used 

to exclude neuropathic pain

Quantitative Sensory 

Testing (QST)

Quantified sensory responses to 

physical stimuli

Standardized instrument- 

based clinical test

Not feasible in everyday clinical practice

Clinical examination (tender 

points, allodynia, hyperalgesia)

Subjective sensory response to 

clinical stimuli

Non-standardized physical 

exam

Subjective and operator-dependent

FIQ (Fibromyalgia impact 

questionnaire)

Pain distribution and symptom 

burden

Self-assessment with 

diagnostic thresholds

Applies only to fibromyalgia-like 

phenotype

Etiological exclusion via imaging / 

labs/EMG

Exclusion of nociceptive or 

neuropathic causes

Clinical inference from 

diagnostics and history

Not standardized, highly dependent on 

clinical judgement

Emotional Allodynia Questionnaire 

(AEQ) [proposed]

Dysfunctional emotional 

response to interpersonal cues

Self-report questionnaire 

(11 items, 0–4 scale)

Not yet validated; requires broader 

evaluation

Notes: This table summarizes the principal domains, methodologies, and limitations of currently available instruments for evaluating nociplastic pain and affective 
dysregulation in chronic pain patients. The Emotional Allodynia Questionnaire (AEQ), proposed in this study, is positioned as a complementary tool specifically targeting 
relational-affective hypersensitivity, a dimension not covered by existing scales.
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It is important to understand that these phenotypes should not be seen as unchanging or permanent patient groups. 
Instead, they show how clinical conditions change with the body’s state and the main mechanisms by which pain persists 
over time. Given the fluctuating nature of fibromyalgia and nociplastic pain, transitions between phenotypes over time 
are expected and may themselves carry prognostic or therapeutic relevance. From this viewpoint, phenotypic variability 
needs to be considered an intrinsic characteristic of the model rather than a limitation.

EA appears to be variably expressed among patients with fibromyalgia, supporting its role as a modulatory dimension 
rather than a ubiquitous feature of the condition.

From a translational standpoint, the phenotypes generated by the integrated AEQ–CSI framework may be directly 
correlated with several treatment techniques, as shown in the suggested phenotype-driven therapeutic framework for 
chronic pain management in fibromyalgia (Table 10). This table represents a clinical hypothesis derived from the 
phenotypic profiles and should not be interpreted as empirically validated treatment guidelines; no treatment- 
response, prognostic, or longitudinal data are available to support these recommendations at this stage. However, 
these assumptions may represent a call to action for the pain physician to act in coordination with a multi
disciplinary team, especially in mixed phenotypes, where unidimensional treatments are prone to failure, and 
meticulous follow-up is crucial.

This study has several limitations. Its cross-sectional design and single-center setting limit causal inference and 
generalizability. Although the present analyses are exploratory, they were conducted within a clinically well-character
ized fibromyalgia cohort using established psychometric standards. No test-retest reliability data have been collected, 
which is standard for initial validation studies focusing on internal structure and convergent validity.39

Regarding the psychiatric exclusion criteria, severe diagnoses such as psychotic disorders, schizophrenia, and 
bipolar disorder were excluded to avoid confounding from fundamental alterations in social cognition and emotional 
processing that would compromise the measurement of affective-relational hypersensitivity as a distinct construct. 
Depressive and panic disorders were retained because they represent the most prevalent affective comorbidities in 
fibromyalgia,40,41 and their exclusion would have compromised ecological validity for an instrument designed for 
routine pain clinic use. Given that depressive symptomatology may nonetheless act as a confounding variable, 
stratification by depressive severity is planned in the full PEARL cohort analysis to further examine its potential 
moderating role.

Questionnaires were self-administered in paper format during the outpatient clinical visit. A physician was available 
for clarification upon request and verified completeness before data entry. Although this approach minimizes social 
desirability bias associated with researcher-directed administration, the clinical setting may introduce a modest degree of 
response bias that should be considered when interpreting the findings.

The residual covariance between EQ10 and EQ11 identified in the CFA warrants attention beyond its role as a 
modeling adjustment. Both items address emotional responses to delayed digital communication, and their content 
overlap may reflect either a substantively meaningful dimension of contemporary relational allodynia, the messaging 
latency as an interpersonal stressor, or item redundancy that reduces psychometric efficiency. Future refinement of the 
AEQ should examine whether these two items can be consolidated or whether one can be revised to capture a broader 
relational domain not yet represented in the current item pool.

From a statistical standpoint, the CFA was conducted using ML estimation treating items as continuous variables. 
While this approach is common in preliminary validation studies, weighted least squares mean and variance adjusted 
(WLSMV) estimation with a polychoric correlation matrix would be more appropriate for strictly ordinal data and 
represents a methodological refinement for future independent confirmatory studies.

Longitudinal studies will be necessary to evaluate the temporal stability of AEQ scores, transitions between 
phenotypic profiles, and their responsiveness to treatment. Future research should also examine the AEQ’s performance 
in broader chronic pain populations and assess its incremental predictive value for clinical outcomes beyond that of 
existing instruments. Nonetheless, these findings provide initial evidence that EA represents a clinically meaningful and 
quantifiable dimension of chronic pain that deserves more exploration.
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Table 10 Conceptual Phenotype-Driven Therapeutic Framework Based on Exploratory Profiles for Chronic Pain Management in Fibromyalgia

Phenotype AEQ CSI Core Profile Clinical Interpretation Therapeutic Priorities Role of the Pain Specialist

Resilient Low Low ● Low emotional 

reactivity to rela
tional stressors

● Low central 

sensitization
● Preserved coping 

capacity

● Pain mainly driven by periph

eral or contextual factors
● Low risk of emotional 

amplification

● Pain education and reassurance
● Graduated physical activity
● Targeted interventional procedures only if structural indication is 

present
● Avoid overtreatment and unnecessary pharmacological escalation

● Monitoring and prevention of 

chronicity
● Avoid medicalization

Emotional 

Allodynia

High Low ● High emotional 
sensitivity to inter

personal stress
● Limited somatic 

sensitization

● Pain intensity largely modu
lated by affective and rela

tional processes
● Emotional amplification pre

dominates over nociceptive 

load

● Psychotherapeutic interventions focused on emotion regulation
● Approaches based on Acceptance and Commitment Therapy 

(ACT), cognitive behavioral therapy (CBT), mentalization, or emo

tion-focused therapy
● Pharmacological treatment only as adjunctive support

● Recognition of emotionally 
mediated pain

● Coordination with mental 

health professionals

Central 

Sensitization

Low High ● Low emotional 
reactivity

● Marked central 

sensitization

● Pain driven by nociplastic 
mechanisms

● Limited affective 

contribution

● Pharmacological management targeting central sensitization, eg 
dual-action antidepressants (SNRI), gabapentinoids

● Neuromodulation strategies when appropriate
● Structured rehabilitation programs
● Selected interventional techniques in carefully selected cases

● Targeted management of cen
tral amplification mechanisms

● Integration of centrally acting 

pharmacotherapy with graded 
rehabilitation

Mixed High High ● High emotional 
reactivity

● Severe central 

sensitization
● Highest overall clin

ical burden

● Reciprocal amplification 
between emotional and 

somatic domains
● Highest risk of treatment 

resistance

● Multimodal integrated approach
● Combined pharmacological treatment for nociplastic pain
● Structured psychotherapy targeting emotional regulation
● Interventional procedures only after emotional stabilization
● Close follow-up

● Central therapeutic 
coordination

● Avoidance of single-modality 

approaches
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Conclusions
The AEQ appears to be a promising preliminary instrument for assessing a relational-affective dimension relevant to 
nociplastic pain. The psychometric evidence presented here, including excellent internal consistency, preliminary factorial 
support, convergent validity, and initial discriminant validity from established emotion regulation measures, supports its 
feasibility as a research tool. Its integration with central sensitization assessment may facilitate a mechanism-based phenotyp
ing of fibromyalgia rather than static patient classification. Replication in larger, independent, multicenter samples is needed 
before the AEQ can be considered a validated addition to the clinical assessment toolkit. If confirmed longitudinally, it may 
contribute to more precise and individualized pain management within the nociplastic pain spectrum.
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