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Abstract

Background: This study aimed to evaluate how pain
catastrophizing, measured by the Italian Pain Catas-
trophizing Scale (PCS), influences clinical outcomes in
chronic migraine patients. It employed a multidisciplinary
approach, including psychological treatment.

Methods: Twenty-five outpatients from the SS. Antonio e
Biagio e Cesare Arrigo headache clinic were randomly
assigned Galcanezumab, Erenumab, or Fremanezumab.
Over six months, their responses were assessed by
measuring monthly migraine day reductions and impro-
vements in quality of life using Headache Impact Test
(HIT-6), Migraine Disability Assessment Score questionnaire
(MIDAS) and Beck’s Depression Inventory (BDI) Il scales for
comorbid depression evaluation.

Results: We identified a robust correlation between HIT-6
and PCS, showing coefficients of 0.81 at T1 and 0.88 at T2.
Additionally, we did not observe any other significant
correlations.

Conclusion: This study seeks to elucidate the impact of a
multidisciplinary approach, which includes psychological
follow-up, on a specific clinical phenotype of chronic
migraines characterized by a heightened tendency to
catastrophize however, more extensive data are required.

Keywords: Psychological treatment; Chronic migraine;
Catastrophization; Pain catastrophizing scale

Introduction

The Pain Catastrophizing Scale (PCS) is a 13-item self-report
measure of catastrophizing in pain and a well-validated measure
of maladaptive thinking patterns related to pain. The PCS is
composed by 3 subscales: Rumination (e.g, “I can't stop thinking
about how much it hurts”), magnification (e.g, “I worry that

something serious may happen”) and helplessness (e.g, “There is
nothing | can do to reduce the intensity of the pain”) [1]. People
affected by chronic headache, defined accordingly to the 3rd
edition of the International Classification of Headache Disorders
(ICHD 1) [2], represent a consistent group of patients suffering
by chronic pain. Give the best medical response to those
patients, affording the considerable economic costs and
psychological burden related to chronic pain, is a huge
healthcare challenge. Since the 90s, researchers focused on the
role of anxiety and mood disorders as comorbidities in migraine,
without describing the specific role of patient’s personality in the
processing of pain [3-5]. Catastrophizing can be considered as a
maladaptive cognitive response at a painful stimulation that
influences negatively pain perception [6]. In high frequency
migraine patients evoked pain-related activity in the white
matter structure of the insula correlate with pain catastrophizing
and migraine severity [7]. Furthermore, in patients with
Medication-Overuse Headaches (MOH), higher total PCS score
was associated with decreased in gray matter density in
precentral and inferior temporal gyrus as an increased resting-
state functional connectivity between middle temporal gyrus
and cerebellum [8]. An abnormal reward mechanisms dopamine
mediated can explain these structural changes: High frequency
migraine attacks induced a sustained increase in dopaminergic
trafficking that override homeostatic feedback control. This
massive dopaminergic tone in reward could lead a motivation
and learning centers to actuate abnormal coping strategies such
as catastrophizing for pain [8,9]. Even if the role of pain-related
cognitive processes and emotional state on pain-related
disability is well established [10], how catastrophizing can
influence therapeutical response in the Calcitonin-Gene Related
Peptide (CGRP-mAbs) antibodies era is still debated.
Interestingly, refractory migraine patients to CGRP-mAbs
showed higher baseline PCS scores representing an independent
negative predictor to CGRP-mAbs response [11-13].

This study aims to assess the potential impact of pain
catastrophizing on the clinical response to CGRP-mAbs in a real-
life setting at a tertiary headache center in Northern Italy.
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Materials and Methods

Study population

In this monocentric observational study, we enrolled 25
consecutive outpatients who visited the "SS. Antonio e Biagio e
Cesare Arrigo" headache clinic between July 2021 and 2023.
These were diagnosed with chronic migraine, with or without
medication overuse, based on the ICDH Il criteria. They were
randomly assigned to receive one of three medications
Galcanezumab (120 mg), Erenumab (140 mg), or Fremanezumab
(225 mg) following the local and European Academy of
Neurology (EAN) guidelines [14].

The therapeutical response was assessed using two criteria: A
>50% reduction in the frequency of a number of days with
migraine per month and a decrease in disability using the
Migraine Disability Assessment Test (MIDAS) scale [15] and the
Headache Impact Test-6 (HIT-6) scale [16] according to local and
EAN guidelines. We also evaluated comorbid depression using
the Beck Depression Inventory-Il (BDI Il) scale (BDI Il >13) [17].
Patients were assessed at the beginning of therapy (T0) and
again at three months (T1) and six months (T2) after the start of
treatment (Supplementary Tables 1).

Each patient was treated by a neurologist and a psychologist
specializing in the field. The study excluded individuals with
medical, psychiatric, or cognitive limitations, as well as those
suffering from chronic pain conditions or with a history of
substance abuse. The sociodemographic and clinical
characteristics of patients are reported in Supplementary Tables
2-4,

Statistical analysis

As a primary outcome, we investigated the correlation
between PCS and HIT-6 at TO, T1 and T2 using Spearman’s
correlation test. We also examined the association between PCS
and MIDAS and PCS and BDI Il at these time points. We also
assessed the reduction in MIDAS and HIT-6 using Wilcoxon’s test.
Using the Jaccard Index, we investigated the similarity of
subgroups of patients showing severe catastrophization (PCS
>30) as headache-related disability, considering HIT-6 >50 and
MIDAS >11 separately. Depression at TO was controlled using BDI
Il (>13) as the antibody assigned. Using a logit approach, we
explored the red baseline information at TO. The outcome
variable was defined as a relative reduction of MIDAS >50%
between T0 and T2. Permutation importance identified the most
impactful features for improving quality of life.

To determine the sample size, we focused on the primary
outcome of PCS and HIT-6 correlation through Spearman’s test.
We estimated a sample size of 21, adjusted to 25 for a 15%
dropout rate.

We used a simple randomization scheme to assign antibody
therapy, ensuring equal assignment probabilities. Despite more
patients receiving Galcanezumab, the chi-squared test confirmed
no significant distribution difference among patients as given by
Figures 1-3 (Supplementary Tables 5 and 6).
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Figure 1: Spearman's correlation test at Ty. Left panel:
Spearman's correlation coefficients; right panel: p-values.

Figure 2: Spearman’s correlation test at T,. Left panel:
Spearman's correlation coefficients; right panel: p-values.

Figure 3: Spearman's correlation test at T2. Left panel:
Spearman's correlation coefficients; right panel: p-values.

Results

The null hypothesis of no correlation between PCS and HIT-6
was rejected at TO, Tl and T2. Spearman’s correlation
coefficients were 0.65, 0.81 and 0.88 at TO, Tl and T2,
respectively. These results describe a robust positive time-
dependent correlation between PCS and HIT-6 scores.

For PCS and MIDAS, the null hypothesis of no correlation could
only be rejected at T2, with a correlation coefficient of 0.81. So,
as expected, a reduction in the tendency to catastrophize will
directly impact the quality of life and the number of attacks per
month measured by the MIDAS scale. We noticed a significant
difference in all the scale scores between TO and T1 and
between TO and T2. Look at Figures 4-7 for a detailed
breakdown.
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Figure 4: Panel with box plots for Pain Catastrophizing

Scale (PCS).
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Figure 6: Panel with box plots for Migraine Disability
Assessment Score questionnaire (MIDAS).
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Figure 7: Panel with box plots for Beck’s Depression
Inventory (BDI Il) scales.

These four figure colors are indicated into the interquartile
range is enclosed within the box, while the red dashed line is the
median value. The green diamond is the average value. Black
dots denote outliers.

At the beginning of the study (T0), the Jaccard index indicated
a 47% agreement between the reduction of severe
catastrophization scores and the other scales. This result
suggests that 47% of patients with high PCS scores will respond
positively (the highest reduction in monthly migraine days) to
both psychological and pharmacological treatments. This
reduction occurred regardless of the type of antibody, except for
a slight correlation with Galcanezumab treatment. Our model
suggests that comorbid depression and antidepressant therapy
at TO have no influence.

The logit-based model had an AUROC of 0.75 (95% ClI
0.73-0.78), i.e., with a probability of 75% of one patient at six
months from the beginning of the therapy to have an excellent
clinical response as previously defined.

The logit-based model was inspected through the permutation
importance method, age, Galcanezumab and PCS score at TO
were the main factors in the clinical response, with importance
scores of 0.29, 0.17 and 0.28 (95% Cl 0.26-0.32, 0.15-0.18,
0.26-0.30) respectively.

Missing values resulted from right censoring, affecting six
patients at either T1 or T2. We handled the missing data by
analyzing all available data we excluded patients whose therapy
was interrupted and for whom no further information was
available (Figure 8).
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Figure 8: Mean importance (with 95% Cl) per each feature
utilized in the logit prediction model. On the x-axis the
features involved note that the tick "MIDAS_T," refers to a
binary variable derived by selecting MIDAS values greater
than 11 at T,. Likewise, "HIT6_T,", "PCS_T," and "BDI_II_T,"
refer to binary variables at TO. With cutoff, respectively, 50,
30 and 13. On the y-axis the mean importance values are
reported; when appreciable, confidence bars are also

reported.

Discussion

Our hypothesis posits that rumination, as a self-psychological
condition, may directly influence the clinical efficacy of CGRP
antibodies, particularly in cases deemed refractory. We propose
that a multidisciplinary approach incorporating psychological
support can significantly improve clinical response, especially for
those exhibiting an inadequate response to treatment. However,
identifying the specific patient phenotype that will benefit the
most from this approach remains challenging. Surprisingly,
patients with the best clinical response appear to be female and
younger, with higher PCS scores at baseline, regardless of
comorbid depression. Galcanezumab seems to be more
effective. There is a significant time-dependent correlation
between the reduction in PCS and HIT6 scores, particularly when
longer medical and psychological therapies have been
administered. This is independent of the number of attacks
reported as of antidepressant previous therapies or depression.
This suggests that a holistic treatment approach combining
pharmacological and psychological interventions is more likely to
improve the quality of life for chronic migraine patients.

In a recent study, the HIT-6 score was found to have a weak
correlation with PCS scores [18]. However, no investigation was
made into the correlation between any therapy and these
variables. Another multicentric study also found that
helplessness and anxiety are linked to the social quality of life of
migraine patients when compared to controls. However, no
correlations to Abs treatment were identified. We agree with
previous theses that pain catastrophizing may indicate a clinical
phenotype with heightened expression of altered central
sensitization and consequential coping mechanisms leading to an
overall decrease in quality of life [19]. Identifying the various
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factors that drive the progression of chronic migraine is vital to
developing effective prevention strategies [20]. Other real-world
studies demonstrated that CGRP antibodies were able to exert
an excellent clinical response across subgroups of migraine
patients with comorbid psychological traits, mainly anxiety and
depression [21,22].

Unfortunately, this study has several limitations, mainly due
to its observational monocentric design: The small sample size,
the absence of a control group and the short observation time.
Further data of a more extensive nature is imperative to

ubstantiate our findings.

Conclusion

Treatment-related and individual factors contribute to the

development of chronic migraine. A comprehensive approach is
essential for individuals, encompassing both pharmacological

interventions, as well as the

non-pharmacological

represents a significant research priority. This study aims to
delineate a clinical phenotype of chronic migraine patients
characterized by a propensity to catastrophize. It advocates for a
combined therapeutic strategy utilizing CGRP monoclonal
antibodies alongside psychological counseling to enhance quality
of life. Further investigation is necessary to assess the clinical
implications of this integrative approach.
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