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Abstract

Objective: The goal of this study was to explore additional evidence of convergent
and discriminant validity of the Central Sensitization Inventory (CSI) in a large
sample of subjects with fibromyalgia (FM).

Methods: Patients were consecutively enrolled for a cross-sectional assessment
comprehensive of three FM-specific measures (the revised Fibromyalgia Impact
Questionnaire [FIQR], the modified Fibromyalgia Assessment Status [modFAS],
and the Polysymptomatic Distress Scale [PDS]) and of CSI. To test the convergent
validity, the Spearman's rho was used to measure the degree of correlation between
the variables CSI and the FM-specific measures. To assess discriminant validity,
CSIscores were grouped according to FIQR disease severity states, and differences
between these groups studied with the Kruskal-Wallis test. Interpretative cutoffs
were established with the interquartile reconciliation approach.

Results: The study included 562 FM patients, 199 (35.4%) were classified as
having central sensitization syndrome (CSI 240). CSI was largely correlated with
modFAS (p = 0.580; p<0.0001), FIQR (p = 0.542; p<0.0001), and PDS (p = 0.518;
»<0.0001). The differences between the CSI scores in accordance with the FIQR
were significant (p<0.000001). CSI cutoffs proposed for FM: 21 between remission
and mild severity, 30 between mild and moderate severity, 37 between moderate
and severe disease, and 51 between severe and very severe disease.

Conclusion: The current study successfully showed additional evidence of the

convergent and discriminant validity of the CSI in FM patients.

KEYWORDS
Central Sensitization Inventory, central sensitization syndrome, chronic pain, fibromyalgia,
psychometric validation

INTRODUCTION sleep difficulties, a swollen feeling in tissues, paresthe-
sia, cognitive dysfunction, dizziness, and symptoms
Patients with fibromyalgia (FM) complain many symp- of overlapping conditions such as irritable bowel syn-

toms besides musculoskeletal pain: for example, fatigue, drome, headaches, and restless legs syndrome.! These
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conditions can be grouped under the umbrella term
of central sensitization syndromes (CSSs).>* Central
sensitization (CS) is prevalent in chronic pain condi-
tions and appears to be an important feature for the
development and maintenance of many of these dis-
eases, irrespective of other etiological aspects.“*6 The
International Association for the Study of Pain (IASP)
defines CS as “increased responsiveness of nociceptive
neurons in the central nervous system to their normal
or subthreshold afferent input”.” Diagnosis of CS often
involves a review of medical records and an assess-
ment of behavior, emotional disposition, and overall
sensitivity of a patient.8 Obviously, these assessments
are unable to directly capture the responsiveness of
nociceptive neurons.” There have been many different
attempts to objectively quantify CS," including quanti-
tative sensory testing (QST)! and imaging techniques.'’
However, these tools are complex, time-consuming,
and expensive.11

Self-report questionnaires would make a pragmatic
alternative assessment of CS in everyday clinical prac-
tice, allowing for a quick and convenient assessment
at little cost. To serve this purpose, however, these
questionnaires would need to demonstrate acceptable
associations with known measures of CS to show suf-
ficient construct validity.'> Two such self-report ques-
tionnaires that are used in the assessment of CS and
pain sensitivity are the Central Sensitization Inventory
(CSI)" and the Pain Sensitivity Questionnaire (PSQ).14
The CSI was designed to identify patients who have
symptoms that may be related to CSS, such as FM."
It has been shown to be a reliable and valid psycho-
metric instrument for identifying individuals vulnera-
ble to pain.w’16 A systematic review has shown that the
CSI has strong psychometric properties, (ie, test-retest
reliability, internal consistency, construct validity, cri-
terion validity, cross-cultural validity, and content va-
lidity), according to the Consensus-Based Standards
for the Selection of Health Measurement Instruments
(COSMIN) checklist.!”

The goal of this study was to explore additional evi-
dence of convergent and discriminant validity of the CSI
in a large sample of subjects with FM. To test conver-
gent validity, we hypothesized that CSI scores would be
significantly correlated with other FM measure patient
status, progress, and outcomes such as the FIQR,18 the
modified Fibromyalgia Assessment Status questionnaire
(modFAS),” and the Polysymptomatic Distress Scale
(PDS).?° To test discriminant validity, we hypothesized
that CSI scores would be different among various FM
severity states, with presumably different levels of CS.
Furthermore, we hypothesized that these clinical vari-
ables would increase in severity as CSI scores increased,
after the patients were organized into FM severity
groups.

MATERIALS AND METHODS
Study design and subjects

From October 2020 to November 2021, FM patients were
consecutively enrolled at a tertiary level Italian rheu-
matologic center in this observational cross-sectional
study. All the patients underwent a complete physical
examination specified in the revised European League
Against Rheumatism (EULAR) recommendations for
the management of FM.?' The inclusion criteria were:
age from 18 to 80years and a diagnosis of FM based on
the 2016 revision to the 2010/2011 FM diagnostic crite-
ria of the American College of Rheumatology (ACR),*
made by a rheumatologist with at least 20years of ex-
perience. Patients were included regardless of the kind
of treatment. Patients with diseases of the central or
peripheral nervous systems (ie, Alzheimer's disease or
other dementias, Parkinson's disease, motor neuron dis-
ease, polyneuropathy, multiple sclerosis, spinal lesions),
with life-threatening conditions (ie, heart failure, active
neoplasms, chronic renal failure), or with conditions
that may interfere the clinimetric assessment (ie, symp-
tomatic osteoarthritis, inflammatory arthropathies)
were excluded. Just the interviewer and the subject were
present during the interviews, which took place in a pri-
vate room behind closed doors. The confidentiality of
the participants was respected. The information gath-
ered was only available to the investigators. All patients
who took part in the study signed an informed consent
document to undergo the study's evaluation. The study
procedures were approved by the local ethics committee.

Measurements

All patients were asked to complete a package of ques-
tionnaires about their sociodemographic data (age, sex,
marital status, and education), disease-related varia-
bles, their quality of life, and the type(s) of pharmaco-
logical and nonpharmacological treatments currently
received. The data and measures were electronically
entered into the web-based Italian Fibromyalgia
Registry (IFR).?

Three disease-specific severity measures, the FIQR,
the modFAS, and the PDS, with validated disease sever-
ity cutoff, were utilized to discriminate between severity
states for FM. The CSI was used in the assessment of CS
and pain sensitivity.

Revised Fibromyalgia Impact Questionnaire

The FIQR is a more recent variant of the FIQ.18 It is
made up of 21 items with l1-point numerical rating
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scales (NRS) that look at three major health domains
(function, overall health status, symptoms) in relation
to the previous week. The total score (range 0-100, with
higher values suggesting greater severity) is calculated
by summing the scores derived from the three subscales:
the algebraic sum of the 9-item function domain (range
0-90) is divided by three, the algebraic sum of the 2-item
general health domain (range 0-20) is taken as it is, and
the algebraic sum of the 10-item symptom domain (range
0-100) is divided in half.?* The severity states for FIQR
were determined by combining the mean 75th and 25th
percentiles of adjacent severity categories: 0-23 for re-
mission, 2440 for mild disease, 41-63 for moderate dis-
ease, 6482 for severe disease, and 83100 for very severe
disease.”

Modified Fibromyalgia Assessment Status

The modFASistheupdated version of the Fibromyalgia
Assessment Status (FAS) questionnaire,26 a patient-
administered questionnaire comprising two sections."
The first section contains two 1l-point NRS (with
the anchors 0 = no problem, 10 = severe problems)
on fatigue and unrefreshing sleep, recalling the past
week. The scores are summed with a maximum score
of 20. The second section comprises a widespread
pain index (WPI) that assesses 19 areas of the body
and the patient should show where he or she had pain
in the past week. The number of separate pain sites
are summed (score 0-19). The final score of the mod-
FAS is the sum of the two sections and ranges from 0
to 39. The application of calculated cutoff points for
modFAS resulted in the following values: 0-12 for re-
mission, 13-20 for mild disease, 20-28 for moderate
disease, 29-33 for severe disease, and 34-39 for very
severe disease.”

Polysymptomatic Distress Scale

The PDS is derived from variables used in the 2010
ACR FM criteria modified for survey and clinical
research.”’ For the ACR diagnostic criteria, a diag-
nosis of FM can be made when levels of the WPI and
Symptom Severity Scale (SSS) are sufficiently high
(WPI >7 and SSS =5 or WPI 3-6 and SSS >9). The WPI
is a 0-19 count of painful nonarticular body regions
and the SSSis a 0—12 measure of symptom severity that
includes fatigue, sleep, and cognitive problems. The
PDS is obtained by summing the two components of
the ACR criteria, the WPI and SSS (range 0-31). It was
found that an FS >13 (out of a possible 31) provided
a specificity of 91.8% and a sensitivity of 96.6% for a
diagnosis of FM.?? Proposed PSD severity categories

are: 0-3 for remission, 4-7 for mild severity, 8-11 for
moderate severity, 12-19 for a severe disease, and 20—
31 for a very severe disease.”

Central Sensitization Inventory

The CSI is a screening tool designed to detect symptoms
related to CS by measuring the degree of related phe-
nomena. The CSI consists of two parts, of which part A
includes 25 items about CS-related symptoms, scored on
a 5-point Likert scale from 0 to 4."° Higher total scores
reflect higher CS symptomatology, whereas a 40-point
score out of 100 was described as the cutoff value indica-
tive for CS."*!* Based on CSI score means and standard
deviations from previously published subject samples,
the following CSI severity levels were established: sub-
clinical = 0-29; mild = 30-39; moderate = 40-49; se-
vere = 50-59; and extreme = 60—100.?7 Patients with CSI
scores at least moderate were classified as having CSS.
Those with scores indicating mild were classified as hav-
ing mild CSS. Those with scores indicating subclinical
was classified as not having CSS. Part B evaluates previ-
ously diagnosed CS-related disorders and was not con-
sidered in this study. The Italian CSI showed excellent
construct validity, a good discriminative power, and ex-
cellent test-retest reliatbility.16

Statistical analysis

Data were analyzed using 64-bit MedCalc®, version
19.0.1.0 (MedCalc Software). The normal distribution
was tested with the Kolmogorov—Smirnov test. As rec-
ommended by Neblett and colleagues,?’ the sample was
classified into five CSI severity subgroups for further
analysis. Where appropriate, the percentage differences
between the groups were examined using a chi-square
or Fisher's exact test. The Mann—Whitney U test was
used to compare continuous variables among catego-
ries of grouped data. To test the convergent validity,
the Spearman's rho was used to measure the degree
of correlation between the variables CSI and the FM-
specific measures (FIQR, modFAS, and PDS score).
The strength of the correlation was interpreted by using
Cohen's criteria (large >0.50, medium = 0.30-0.49, and
small = 0.10-0.29).® To assess discriminant validity,
CSI scores were grouped according to those of disease
severity defined by the FIQR (remission, mild disease,
moderate disease, severe disease, and very severe dis-
ease), and differences between these groups studied by
means of the Kruskal-Wallis test, with Dunn's tests for
post hoc comparisons. In addition, in accordance with
the categorization of the FIQR, interpretative cutoffs
were proposed for the CSI, applicable to FM, using the
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technique of reconciliation of the interquartile range of
adjacent categories. Briefly, this technique is based on
calculating the arithmetic mean (rounded to the nearest
whole number) between the 75th percentile of the lower
category with the 25th percentile of the upper category.
The result represents the interpretive cutoff in the tran-
sition between categories.

The p values <0.05 were considered statistically
significant.

RESULTS

Demographic data and CSI and FM-specific
measures

The final analysis was conducted on 562 FM patients,
511 (90.1%) female. Table 1 presents the sociodemo-
graphic and clinical characteristics of the patients. Total
mean score (standard deviation [SD]) of the CSI was 32.7
(16.8), 45.5 (21.9) for FIQR, 15.7 (8.2) for PDS score, and
21.6 (9.5) for modFAS.

CSI distribution and severity subgroups

Of the 562 FM patients, 199 (35.4%) were classified as
having CSS with CSI scores >40. The number (percent-
age) of patients in each CSI severity subgroup were:
subclinical 254 (45.19%), mild 109 (19.39%), moderate 93
(16.54%), severe 52 (9.25%), and extreme 54 (9.60%). The
extreme CSI severity group had a significantly longer du-
ration of pain than the subclinical, mild, and moderate
severity groups (p = 0.001).

The CSI items linked to fatigue/sleep problems (CSI-1,
CSI-8, and CSI-12) and muscle pain/tension (CSI-2 and

CSI-18) had the highest ratings (greatest impact). The
middle score areas were bruxism (CSI-4), gastrointesti-
nal issues (CSI-5), (CSI-12), and headaches (CSI-10). Past
childhood traumas were among the lowest scoring cate-
gories (CSI-24) (Table 2, Figure 1).

Convergent validity and correlations among FM-
specific measures and CSI

Table 3 presents the correlations coefficients between
the CSI score in the patient sample and scores on the
other FM-specific measures. CSI was largely corre-
lated with modFAS (p = 0.580; p<0.0001) (Figure 2A),
FIQR (p = 0.542; p<0.0001) (Figure 2B), and PDS
(p = 0.518; p<0.0001) (Figure 2C). The correlations be-
tween the CSI and the sociodemographic variables were
nonsignificant.

Divergent validity and interpretability

In accordance with the disease severity categories of the
FIQR, 121 patients were in remission, 125 in mild sever-
ity, 181 in moderate severity, 114 in severe disease, and
21 in very severe disease. The differences between the
CSI scores in accordance with the FIQR disease sever-
ity states were significant (p<0.000001, Kruskal-Wallis
test) (Table 4).

Applying the interquartile range reconciliation
technique, the CSI cutoffs were: 21 in the transition
from remission to mild severity, 30 in the transition
from mild-to-moderate severity, 37 in the transition
between moderate and severe disease, and 51 (round-
ing of 51.25) in the transition between severe and very
severe disease.

TABLE 1 Demographic and clinimetric data
25th-75th

Mean Median SD percentiles
Age (years) 52.99 53.00 9.64 46.00-60.00
BMI (Kg/m?2) 26.28 26.60 2.58 24.50-27.80
Educational level (years) 3.01 3.00 0.93 2.00-4.00
FIQR overall impact subscore 8.34 8.00 5.55 3.00-13.00
FIQR physical function subscore 12.04 12.00 6.84 6.00-17.25
FIQR symptoms subscore 25.21 26.00 11.29 16.00-35.00
FIQR 45.50 45.00 21.91 27.00-63.00
PDS 15.76 16.00 8.23 8.00-23.00
SSS 5.79 5.00 422 2.00-10.00
WPI 9.96 9.00 4.92 6.00-14.00
CSI 32.76 31.00 16.85 19.00-45.00
modFAS 21.65 22.00 9.52 13.00-30.00

Abbreviations: BMI, body mass index; CSI, Central Sensitization Inventory; FIQR, revised Fibromyalgia Impact Questionnaire; modFAS, modified Fibromyalgia
Assessment StatusPDS, Polysymptomatic Distress Scale; SD, standard deviation; SSS, Symptom Severity Scale; WPI, Widespread Pain Index.
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TABLE 2 Individual CSI mean scores among patient subgroups and control subjects with the calculated differences

Item Item description Mean SD

CSI-1 I feel tired and unrefreshed when I wake from sleeping 2.04 1.11
CSI-2 My muscles feel stiff and achy 2.28 1.05
CSI-3 I have anxiety attacks 1.07 1.25
CSI-4 I grind or clench my teeth 1.51 1.18
CSI-5 I have problems with diarrhea and/or constipation 1.51 1.26
CSI-6 I need help in performing my daily activities 0.96 1.20
CSI-7 I am sensitive to bright lights 1.01 1.15
CSI-8 I get tired very easily when I am physically active 2.01 1.18
CSI-9 I feel pain all over my body 1.28 1.14
CSI-10 I have headaches 1.50 1.12
CSI-11 I feel discomfort in my bladder and/or burning when I urinate 0.89 1.15
CSI-12 I do not sleep well 2.02 1.19
CSI-13 I have difficulty concentrating 1.23 1.11

CSI-14 I have skin problems such as dryness, itchiness, or rashes 1.35 1.18
CSI-15 Stress makes my physical symptoms get worse 1.22 1.15
CSI-16 I feel sad or depressed 1.13 1.09
CSI-17 I have low energy 1.24 1.05
CSI-18 I have muscle tension in my neck and shoulders 2.16 1.23
CSI-19 I have pain in my jaw 0.97 1.20
CSI-20 Certain smells such as perfumes make me feel dizzy and nauseated 1.00 1.12
CSI-21 I have to urinate frequently 1.14 1.16
CSI-22 My legs feel uncomfortable and restless when I am trying to go to sleep at 1.23 1.20

night

CSI-23 I have difficulty remembering things 1.10 1.04
CSI-24 I suffered trauma as a child 0.82 1.14
CSI-25 I have pain in my pelvic area 1.49 1.21

Abbreviations: CSI, Central Sensitization Inventory; SD, standard deviation.

DISCUSSION

In this study, the validity of the CSI in assessing FM
patients in relation to key disease-specific clinimetric
indices was demonstrated. Interpretative CSI cutoffs
applicable to FM patients in the distinction of disease
severity states have also been proposed.

Pain and heightened sensitivity to a variety of stim-
uli are the major complaints in FM patients. In this
study, it has been shown that symptoms suggestive of
CS are a very frequent condition in patients with FM,
affecting 35.4% of them (CSI 240). In FM, the impor-
tance of central nervous system (CNS) dysregulation
in stimuli processing is well documented. The central
augmentation mechanisms of pain and sensory pro-
cessing have been identified mainly using functional
neuroimaging techniques.zg*32 FM is a well-known
CSS.» CS refers to hypersensitivity of the CNS, result-
ing in enhancement of pain sensations.* The IASP de-
scribes CS as increased responsiveness of nociceptive
neurons in the CNS to their normal or subthreshold
afferent input.34

Accumulating evidence suggests that CS could be
also driven by neuroinflammation in the peripheral and
CNS. A characteristic feature of neuroinflammation is
the activation of glial cells (microglia and astrocytes)
leading to the release of proinflammatory cytokines and
chemokines. >

Detecting CS is a major challenge for physicians treat-
ing chronic pain conditions, and requires standardized
protocols. Diagnosis involves the assessment of behav-
ior, emotional disposition, overall sensitivity, and also a
review of medical records of a patient. To date, there is
no conclusive method of establishing the presence of CS,
though QST is used to assess the dynamic modulation
of nociceptive signals, which can suggest the presence of
CS.*” Even though QST allows for a comprehensive as-
sessment of pain sensitivity profiles, it needs select train-
ing, costly laboratory equipment, and is time expensive.
These features make QST difficult at a clinical level in
daily practice.’ 8

CSI, a self-report measure, was developed as a
screening instrument to inform clinicians that pre-
senting symptoms may be related to CS.* Previous
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FIGURE 1 Spydergrams of the scores of the individual CSI
items.

TABLE 3 Correlations (Spearman’s rank correlation coefficient)
among fibromyalgia-specific measures and CSI

modFAS FIQR PDS

CSI 0.580 0.542 0.518
<0.0001" <0.0001" <0.0001"

modFAS 0.890 0.900
<0.0001" <0.0001"

FIQR 0.863
<0.0001"

Abbreviations: CSI, Central Sensitization Inventory; FAS, Fibromyalgia
Assessment Scale; FIQR, revised Fibromyalgia Impact Questionnaire; PDS,
Polysymptomatic Distress Scale.

*p values.

researches demonstrated the validity of multiple lan-
guage versions of the CSI, including Italian, through
its associations with subjective and objective CS-
related variables. Construct validity was evaluated in
various studies. 62740

In this study, the discriminant validity and the
convergent validity of the Italian version of the CSI
in patients with FM presenting different levels of CS,
by assessing its association with three FM-specific
measures (ie, FIQR, modFAS, and PDS) has been
investigated.

To investigate the score distribution and validity
of the CSI, the patient sample was divided into five
severity subgroups (from subclinical to extreme) ac-
cording to the previously recommended cutoffs.”” The
fact that scores were significantly different among all
FM severity subgroups provides some support for the
discriminant validity and clinical usefulness of these
cutoffs. The sample distribution was somewhat skewed
toward the lower severity ranges, with approximately
65% of the patients scoring below 40 (subclinical and

mild severity ranges) and 19% scoring in the severe and
extreme ranges. The extreme severity group had a sig-
nificantly longer duration of pain than the subclinical,
mild, and moderate severity groups, and the severe and
extreme severity groups reported higher current pain,
and mean pain over the last 4 weeks, compared to the
other groups.

Although the already published cutoffs are valid, they
were made by globally considering multiple conditions
characterized by CS (eg, FM, chronic fatigue syndrome,
irritable bowel syndrome),”’ potentially very different
in terms of clinical expressions. In this study, others ob-
tained on the basis of the disease severity categories of
the FIQR were proposed. These cutoffs apply specifi-
cally to patients with FM as they were made exclusively
from a case series of patients with this condition.

Previous studies have revealed that higher CSI scores
in chronic pain samples were associated with higher pain
severity, longer duration of pain, and female gender.'>*’
Convergent validity was demonstrated by the significant
correlations (p<0.0001) with disease-specific indicators
(FIQR, modFAS, and PDS score).

The CSI items related to muscle pain/tension (CSI-2
and CSI-18) and fatigue/sleep problems (CSI-1, CSI-8§,
and CSI-12) had the highest scores, and these results
were somewhat expected. CS refers to hypersensitivity of
the CNS, resulting in enhancement of pain sensations.*
CS is clinically and physiologically characterized by hy-
peralgesia (excessive sensitivity to a normally painful
stimulus), allodynia, expansion of receptive field (that
is likely to explain widespread pain), a prolonged elec-
trophysiological discharge (that may explain the chronic
nature of pain), and an after-stimulus unpleasant pain
(eg, burning, throbbing, and paresthesia) that lasts lon-
ger than that observed in normal controls following a
noxious stimulus. Because of the remarkable overall
hyperexcitement of the central neurons, CS may explain
the hypersensitivity to many environmental (eg, noise,
weather, stress), and chemical (eg, pesticides and medica-
tions) stimuli. CS becomes self-sustained without further
stimuli, even minor, because of long-term CNS neuro-
plasticity, and is probably accentuated with chronicity in
human diseases.

Fatigue is common in FM, occurring in 80%-90%
of the patients, and may be a more prominent symptom
than pain in some patients. Fatigue in FM is of central
origin, but peripheral factors such as muscle decon-
ditioning may also be a contributory factor. There is
some evidence that CS may contribute to fatigue. Fatigue
is correlated with depression and poor sleep quality, and
the previous day's pain and poor sleep predicted the next
day's fatigue. However, morning fatigue may be a better
indicator of nonrestorative sleep, and their relationship
may be bidirectional.*!

There were several limitations to this study. First, our
results are only based on the FM patient group. Hence,
the findings might not be generalized to other CSSs.
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FIGURE 2 Scatterplot with linear regression lines displays the relationship between (A) modFAS vs CSI, (B) FIQR vs CSI, and (C) PDS vs
CSI score.

TABLE 4 Distribution of CSI in accordance with FIQR disease severity states and comparison (Kruskal-Wallis test)

Disease severity Minimum CSI  Maximum CSI  25th Percentile CSI 75th Percentile
states (FIQR) n Median CSI score score score score CSI score
Remission 121 18.00 3.00 47.00 12.75 25.25

Mild 125 29.00 5.00 55.00 16.75 34.00
Moderate 181 38.00 3.00 74.00 26.00 47.00

Severe 114 45.50 8.00 70.00 27.00 61.00

Very severe 21 55.00 15.00 75.00 41.50 61.00

Kruskal-Wallis test

Test statistic 150.1174
Corrected for ties Ht 150.1872
Degrees of freedom 4
Significance level »<0.000001

Abbreviations: CSI, Central Sensitization Inventory; FIQR, revised Fibromyalgia Impact Questionnaire.

However, no previous studies evaluated the convergent  current study included a large patient sample, which al-
validity of the CSI with disease-specific measures such lows a better use of CSI in FM patients. As a second
as the FIQR, the modFAS, and the PDS. Moreover, the limit, since there is no gold standard for the objective
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detection of disorders of pain processing in humans, it
is virtually impossible to adequately test construct va-
lidity for the CSI. In these circumstances, the validity
has to be tested in other ways, as was done in this study.
A third limitation may be the omission to consider the
presence of comorbidities potentially associated with
FM and also characterized by CSS. However, in this
case study, the dominant clinical problem was the pres-
ence of FM.

In conclusion, the results of this study support the
use of the CSI in FM patients, demonstrating the valid-
ity of the tool in this condition, contributing to its as-
sessment and treatment planning. Future research on
the CSI should focus on comparison with other relevant
measures to detect altered central nociceptive process-
ing, the ability of the CSI to recognize early symptoms
of developing chronic pain states, and the assessment of
progression in the rehabilitation of FM patients.

AUTHOR CONTRIBUTIONS

FS, PSP, and MDC contributed to the study conceptu-
alization. FS and SF carried out data curation. FS and
MDC did the formal analysis. FS, MDC, CM, SF, and
PSP investigated the study. FS contributed to method-
ology and project administration. FS, MDC, and SF
wrote the original draft. FS, PSP, and MDC contributed
to writing — review and editing.

FUNDING INFORMATION

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-
profit sectors.

ACKNOWLEDGMENT
Open Access Funding provided by Universita Politecnica
delle Marche within the CRUI-CARE Agreement.

CONFLICT OF INTEREST
No conflict of interests to be declared.

DATA AVAILABILITY STATEMENT
Study data are available upon reasonable request to the
corresponding author.

ORCID

Fausto Salaffi @ https://orcid.org/0000-0002-3794-6831
Sonia Farah @ https://orcid.org/0000-0002-9815-2621
Claudia Mariani ‘® https://orcid.
org/0000-0002-0422-3717
Piercarlo Sarzi-Puttini
org/0000-0002-8673-5133
Marco Di Carlo @ https://orcid.
org/0000-0002-0906-4647

https://orcid.

REFERENCES

1. Salaffi F, MozzaniF, Draghessi A, Atzeni F, Catellani R, Ciapetti
A, et al. Identifying the symptom and functional domains in

10.

11.

13.

14.

15.

16.

18.

patients with fibromyalgia: results of a cross-sectional Internet-
based survey in Italy. J Pain Res. 2016;9:279-86.

Yunus MB. Role of central sensitization (CS) in symptoms be-
yond muscle pain, and the evaluation of a patient with wide-
spread pain. Best Pract Res Clin Rheumatol. 2007;21:481-97.
Yunus MB. Fibromyalgia and overlapping disorders: the uni-
fying concept of central sensitivity syndromes. Semin Arthritis
Rheum. 2007;36:339-56.

Woolf CJ. Central sensitization: implications for the diagnosis
and treatment of pain. Pain. 2011;152(3 Supplement):S2—-15.
Gatchel RJ, Neblett R. Central sensitization: a brief overview. J
Appl Biobehav Res. 2018;23:e12138.

Nijs J, George SZ, Clauw DJ, Fernandez-de-las-Penas C, Kosek
E, Ickmans K, et al. Central sensitisation in chronic pain condi-
tions: latest discoveries and their potential for precision medi-
cine. Lancet Rheumatol. 2021;3:¢383-92.

Raja SN, Carr DB, Cohen M, Finnerup NB, Flor H, Gibson S,
et al. The revised International Association for the Study of Pain
definition of pain: concepts, challenges, and compromises. Pain.
2020;161:1976-82.

Arendt-Nielsen L, Morlion B, Perrot S, Dahan A, Dickenson A,
Kress HG, et al. Assessment and manifestation of central sen-
sitisation across different chronic pain conditions. Eur J Pain.
2018;22:216-41.

van Griensven H, Schmid A, Trendafilova T, Low M. Central
sensitization in musculoskeletal pain: lost in translation? J
Orthop Sports Phys Ther. 2020;50:592-6.

den Boer C, Dries L, Terluin B, van der Wouden JC, Blankenstein
AH, van Wilgen CP, et al. Central sensitization in chronic pain
and medically unexplained symptom research: a systematic re-
view of definitions, operationalizations and measurement in-
struments. J Psychosom Res. 2019;117:32-40.

Nijs J, Van Houdenhove B, Oostendorp RAB. Recognition of
central sensitization in patients with musculoskeletal pain: ap-
plication of pain neurophysiology in manual therapy practice.
Man Ther. 2010;15:135-41.

Adams GR, Gandhi W, Harrison R, van Reekum CM, Gilron
I, Salomons TV. Do "central sensitization" questionnaires re-
flect measures of nociceptive sensitization or psychological con-
structs? Protocol for a systematic review. Pain Rep. 2021;6:¢962.
Mayer TG, Neblett R, Cohen H, Howard KJ, Choi YH, Williams
MJ, et al. The development and psychometric validation of the
central sensitization inventory. Pain Pract. 2012;12:276-85.
Ruscheweyh R, Marziniak M, Stumpenhorst F, Reinholz J,
Knecht S. Pain sensitivity can be assessed by self-rating: devel-
opment and validation of the Pain Sensitivity Questionnaire.
Pain. 2009;146:65-74.

Neblett R, Hartzell MM, Cohen H, Mayer TG, Williams M,
Choi YH, et al. Ability of the central sensitization inventory to
identify central sensitivity syndromes in an outpatient chronic
pain sample. Clin J Pain. 2015;31:323-32.

Chiarotto A, Viti C, Sulli A, Cutolo M, Testa M, Piscitelli D.
Cross-cultural adaptation and validity of the Italian version of
the Central Sensitization Inventory. Musculoskelet Sci Pract.
2018;37:20-8.

Scerbo T, Colasurdo J, Dunn S, Unger J, Nijs J, Cook C.
Measurement properties of the central sensitization inventory: a
systematic review. Pain Pract. 2018;18:544-54.

Bennett RM, Friend R, Jones KD, Ward R, Han BK, Ross
RL. The Revised Fibromyalgia Impact Questionnaire (FIQR):
validation and psychometric properties. Arthritis Res Ther.
2009;11:R120.

Salaffi F, Di Carlo M, Farah S, et al. Diagnosis of fibromyal-
gia: comparison of the 2011/2016 ACR and AAPT criteria and
validation of the modified Fibromyalgia Assessment Status.
Rheumatology (Oxford). 2020;59:3042-9.

Wolfe F, Clauw DJ, Fitzcharles MA, et al. Fibromyalgia crite-
ria and severity scales for clinical and epidemiological studies:


https://orcid.org/0000-0002-3794-6831
https://orcid.org/0000-0002-3794-6831
https://orcid.org/0000-0002-9815-2621
https://orcid.org/0000-0002-9815-2621
https://orcid.org/0000-0002-0422-3717
https://orcid.org/0000-0002-0422-3717
https://orcid.org/0000-0002-0422-3717
https://orcid.org/0000-0002-8673-5133
https://orcid.org/0000-0002-8673-5133
https://orcid.org/0000-0002-8673-5133
https://orcid.org/0000-0002-0906-4647
https://orcid.org/0000-0002-0906-4647
https://orcid.org/0000-0002-0906-4647

710

CSIIN FM SEVERITY ASSESSMENT

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

a modification of the ACR preliminary diagnostic criteria for
fibromyalgia. ] Rheumatol. 2011;38:1113-22.

Macfarlane GJ, Kronisch C, Atzeni F, et al. EULAR recom-
mendations for management of fibromyalgia. Ann Rheum Dis.
2017;76:318-28.

Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Hauser W,
Katz RL, et al. 2016 Revisions to the 2010/2011 fibromyalgia di-
agnostic criteria. Semin Arthritis Rheum. 2016;46:319-29.
Salaffi F, Farah S, Di Carlo M, et al. The Italian Fibromyalgia
Registry: a new way of using routine real-world data concerning
patient-reported disease status in healthcare research and clini-
cal practice. Clin Exp Rheumatol. 2020;38(Suppl 123):65-71.
Salaffi F, Franchignoni F, Giordano A, et al. Psychometric
characteristics of the Italian version of the revised Fibromyalgia
Impact Questionnaire using classical test theory and Rasch anal-
ysis. Clin Exp Rheumatol. 2013;31(Suppl 79):41-9.

Salaffi F, Di Carlo M, Bazzichi L, et al. Definition of fibromy-
algia severity: findings from a cross-sectional survey of 2339
Italian patients. Rheumatology (Oxford). 2021;60:728-36.
Salaffi F, Sarzi-Puttini P, Girolimetti R, Gasparini S, Atzeni F,
Grassi W. Development and validation of the self-administered
Fibromyalgia Assessment Status: a disease-specific composite
measure for evaluating treatment effect. Arthritis Res Ther.
2009;11:R125.

Neblett R, Hartzell MM, Mayer TG, Cohen H, Gatchel RJ.
Establishing clinically relevant severity levels for the central sen-
sitization inventory. Pain Pract. 2017;17:166-75.

Cohen J. Statistical power analysis for the behavioral sciences.
2nd ed. Hillsdale NJ: Erlbaum; 1988.

Gracely RH, Petzke F, Wolf JM, Clauw DJ. Functional magnetic
resonance imaging evidence of augmented pain processing in fi-
bromyalgia. Arthritis Rheum. 2002;46:1333—43.

Giesecke T, Gracely RH, Grant MA, et al. Evidence of aug-
mented central pain processing in idiopathic chronic low back
pain. Arthritis Rheum. 2004;50:613-23.

Geisser ME, Glass JM, Rajcevska LD, Clauw DJ, Williams DA,
Kileny PR, et al. A psychophysical study of auditory and pres-
sure sensitivity in patients with fibromyalgia and healthy con-
trols. J Pain. 2008;9:417-22.

Geisser ME, Strader Donnell C, Petzke F, Gracely RH,
Clauw DJ, Williams DA. Comorbid somatic symptoms and

33.

34.

35.

36.

37.

38.

39.

40.

41.

functional status in patients with fibromyalgia and chronic fa-
tigue syndrome: sensory amplification as a common mechanism.
Psychosomatics. 2008;49:235-42.

Clauw DJ. Fibromyalgia and related conditions. Mayo Clin
Proc. 2015;90:680-92.

Loeser JD, Treede RD. The Kyoto protocol of IASP basic pain
terminology. Pain. 2008;137:473-7.

Ji RR, Nackley A, Huh Y, Terrando N, Maixner W.
Neuroinflammation and central sensitization in chronic and
widespread pain. Anesthesiology. 2018;129:343-66.

Matsuda M, Huh Y, Ji RR. Roles of inflammation, neuro-
genic inflammation, and neuroinflammation in pain. J Anesth.
2019;33:131-9.

Arendt-Nielsen L, Yarnitsky D. Experimental and clinical appli-
cations of quantitative sensory testing applied to skin, muscles
and viscera. J Pain. 2009;10:556-72.

Rolke R, Magerl W, Campbell KA, Schalber C, Caspari S,
Birklein F, et al. Quantitative sensory testing: a comprehensive
protocol for clinical trials. Eur J Pain. 2006;10:77-88.

van Houdenhove B, Luyten P. Central sensitivity syndromes:
stress system failure may explain the whole picture. Semin
Arthritis Rheum. 2009;39:218-9.

Choi Y. An examination of the validity of the central sensiti-
zation inventory with chronic disabling occupational musculo-
skeletal disorders. Ann Arbor, MI: ProQuest Information and
Learning; 2014.

Finan PH, Goodin BR, Smith MT. The association of sleep and
pain: an update and a path forward. J Pain. 2013;14:1539-52.

How to cite this article: Salaffi F, Farah S, Mariani
C, Sarzi-Puttini P, Di Carlo M. Validity of the
Central Sensitization Inventory compared with
traditional measures of disease severity in
fibromyalgia. Pain Pract. 2022;22:702-710. https:/
doi.org/10.1111/papr.13162



https://doi.org/10.1111/papr.13162
https://doi.org/10.1111/papr.13162

	Validity of the Central Sensitization Inventory compared with traditional measures of disease severity in fibromyalgia
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study design and subjects
	Measurements
	Revised Fibromyalgia Impact Questionnaire
	Modified Fibromyalgia Assessment Status
	Polysymptomatic Distress Scale
	Central Sensitization Inventory
	Statistical analysis

	RESULTS
	Demographic data and CSI and FM-­specific measures
	CSI distribution and severity subgroups
	Convergent validity and correlations among FM-­specific measures and CSI
	Divergent validity and interpretability

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


