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Introduction: Generalized pain hypersensitivity is a characteristic feature in many different types of chronic pain. Recently, a 7-item
self-reported Generalized Pain Questionnaire (GPQ) was developed to evaluate the presence and severity of generalized pain
hypersensitivity in chronic pain patients. Here, we evaluate the test—retest reliability of the GPQ and report on preliminary reference
values for various patient groups and healthy subjects.

Methods: Eighty-five patients diagnosed with Rheumatoid Arthritis (RA) completed the GPQ twice over a 2-week interval. Relative
and absolute indicators of reliability were determined using data of 69 patients (81.2% retest response rate). Using readily available
datasets, preliminary reference data were established in two nonclinical populations (NCP1; N = 30 and NCP2; N = 111), and for
patients diagnosed with RA (N = 114), gout (N = 97), fibromyalgia (N=98), or neuropathy (N = 25), or participants in a pain
rehabilitation program (N = 33).

Results: Total GPQ scores had an ICC of 0.78 (95% CI: 0.67 to 0.86). While no systematic or proportional differences were found for
the GPQ total score; two (near-)significant systematic differences were observed for the individual questions. The standard error of
measurement and minimal detectable change were 2.22 and 6.2, respectively. Mean + SD scores were found to be 0.8 £ 1.2 (NCP1),
4.0 £4.6 (NCP2), 6.4 + 5.5 (Gout), 6.5 £ 5.1 (RA), 8.1 £ 4.5 (Neuropathy), 13.6 = 4.0 (Rehabilitation) and 16.0 £+ 5.0 (Fibromyalgia).
Discussion: This study shows that the GPQ has acceptable reliability to be used as a tool to evaluate the presence and intensity of
generalized pain hypersensitivity. The absolute measures of reliability and the preliminary reference values reported here aid in the
interpretation of future studies with the GPQ.
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Introduction
A characteristic feature of several different types of chronic pain syndromes is the presence of widespread hypersensi-
tivity to pain, also called generalized pain hypersensitivity. The mechanism underlying this phenomenon is thought to be
central sensitization, ie increased responsiveness of nociceptive neurons in the central nervous system to their normal or
subthreshold afferent input.' Typically, the presence of generalized pain hypersensitivity is probed by performing pain
threshold measurements at a local (ie painful) site of the body, and at one remote body site.” Upon comparing the findings
with a reference database, finding lower pain thresholds not only at the local site but also at the remote body site is an
indication of generalized pain hypersensitivity. In this way, the presence of generalized pain hypersensitivity has been
observed in various chronic pain syndromes.’

In many research settings, but even more so in a clinical setting, the evaluation of generalized pain hypersensitivity using
pain threshold measurements can be impractical as this is time-consuming, complex and requires specialized equipment.* For
that reason, the Generalized Pain Questionnaire (GPQ) was recently developed as a time-efficient alternative.” The GPQ is
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a 7-item self-report questionnaire which aims to screen for the presence and intensity of typical generalized pain manifesta-
tions. The GPQ demonstrated high internal consistency and reliability and could accurately distinguish patients with
rheumatoid arthritis from patients with fibromyalgia® — a condition in which widespread chronic pain is thought to be caused
by central maladaptive mechanisms.®’ GPQ scores additionally showed the expected pattern of associations with the other
patient-reported measures, including pain intensity, neuropathic-like pain features, physical disability and health-related
quality of life, supporting its construct validity.’

More recently, a study has been performed in which the convergent validity of the GPQ against quantitative sensory
testing (QST) was explored in rheumatoid arthritis (RA) patients.® This study also included a subgroup of patients in
which central maladaptive mechanisms were suspected to predominantly underlie the pain. In this study, electrical- and
pressure pain threshold measurements were performed at different body locations. On most of these body locations, a low
but significant negative correlation between the GPQ and the pain threshold measurements was found in the total group
(r=-0.35), which increased into a moderate negative correlation in the subgroup in which central maladaptive mechan-
isms were suspected (r = —0.5).® These findings provide preliminary evidence for the convergent validity of the self-
reported GPQ with experimental pain threshold measurements.

Taken together, the earlier studies™® performed with the GPQ indicate that the questionnaire has both face- and
convergent validity. To date, however, no information is available with regard to the test-retest reliability of the
questionnaire. This information is useful as it provides insights into the extent of random temporal fluctuations in
GPQ scores.” This information can help to improve the GPQ, aid the future design of studies, and assist in the
interpretation of changes in the GPQ scores over time (ie distinguishing random score differences from true changes).
Moreover, no (preliminary) reference values have been provided yet for the GPQ in different patient populations. First,
such reference values provide further information on the face validity of the GPQ in non-clinical or pain-free samples
versus clinical populations where central mechanisms are assumed to be involved to different extents. Second, these
preliminary reference values can help in the interpretation (ie whether generalized pain hypersensitivity is present and in
what intensity) of GPQ scores in both research and clinical settings.

Therefore, in this study, the test-retest reliability of the GPQ is evaluated in a group of RA patients. Second,
preliminary reference values of different groups of (non-)clinical subjects are reported upon. In addition to two datasets
including nonclinical participants, reference values will be shown for patients participating in a pain rehabilitation
program, as well as of patients diagnosed with RA, fibromyalgia, gout or neuropathy.

Methods

Test—Retest Reliability: Participants

From September 2020 until July 2022, patients diagnosed with Rheumatoid Arthritis (RA) were recruited for participa-
tion in this study. In total 85 patients were included in the study. Sixteen patients did not return the second GPQ
questionnaire (retest), resulting in a dataset of 69 patients (81.2% response rate) for the test—retest analysis. Of these 69
patients, in total 38 (55%) were female, with the mean age being 62.1 (SD: 11.5). The average disease duration of the
patients was 14.9 (SD: 9.0). The data for this study were mostly collected as part of a larger study on the assessment of
generalized pain hypersensitivity in RA.® This study protocol was approved by a medical ethical committee (MEC-U,
reference number: NL73282.100.20), and the study was conducted in accordance with the 1964 Helsinki Declaration and
its later amendments. Furthermore, the study was preregistered in the Netherlands Trial Register with trial ID NL8760.
All patients were sent the written information regarding the study prior to participation, and all patients signed informed
consent.

Of the analyzable dataset (N = 69), for the first 39 RA-patients the first GPQ measurement was combined with
additional data collection during an outpatient clinic visit. For this subgroup of 39 patients, the first time the GPQ was
filled in was at the end of a more comprehensive, 1-hour measurement session conducted at the Medisch Spectrum
Twente (MST; Enschede, The Netherlands). The GPQ was filled in on paper and subsequently checked by the researcher
for completeness. In the case the questionnaire contained missing values, the patient was asked to fill in the remaining
items. During this measurement session, the GPQ was filled in together with other questionnaires (Central Sensitization
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Inventory [CSI] and Pain Catastrophizing Scale [PCS]), and after patients underwent three separate QST measurements:
electrical detection- and pain threshold measurements and pressure pain threshold measurements.® At the end of the
measurement session, the patient was given another GPQ form with return envelope and asked to fill in the questionnaire
at home, two weeks after the visit. For safety reasons and to obtain valid measurements from the QST measurements,
patients were excluded from participation in case the patient had an implanted stimulation device, was diagnosed with
diabetes or psoriatic arthritis, in case of pregnancy, or when language barriers were present. All these exclusion criteria
were evaluated by asking the patients for these conditions.

To obtain the a-priori determined sample size of at least 61 patients for a sufficiently precise estimate of the test-retest
reliability, we continued to recruit patients. For these patients recruited at a later stage (N = 30 in total), both the first and
the second questionnaire were filled in at home and returned, again with a two-week interval. For these patients, no
exclusion criteria were set as no QST measurements were performed.

Preliminary Reference Values: Datasets

For the preliminary reference values, multiple readily available datasets from different convenience sample studies were
used. In two studies, non-clinical participants were included. One important distinction between these two non-clinical
populations is that in sample 1 (NCP1) one of the exclusion criteria was that participants had to be pain free at the
moment of filling in the GPQ, while in the other study (NCP2) no exclusion criteria were set. In five studies, different
patient groups were included. Three of these included patients with clear clinical diagnoses (gout, rheumatoid arthritis
(RA) and fibromyalgia (FM)). The remaining two included more heterogenous patient groups (patients participating in
a pain rehabilitation program (RHB) and patients with neuropathy). In all but the NCP1 dataset, also the responses to the
PainDETECT questionnaire'® were collected. From this questionnaire, the numerical rating score ranging from 0 to 10 at
the moment of filling in the questionnaire (“NRS Now”) could be obtained, as well as the strongest (“NRS Worst”) and
average pain (“NRS Average”) during the 4 weeks prior to filling in the questionnaire. Below in-text and in Table 1, per
dataset relevant demographics and information are provided.

e Non-clinical population 1 (NCP1). In this dataset, a sample of primarily (but not exclusively) employees (N = 30) of the
Roessingh Rehabilitation Centre (RRC) in Enschede, The Netherlands, were recruited to participate in a larger study.
Data of the GPQ was obtained as part of a larger study, in which prior to filling in the questionnaire, (electrical) pain
threshold measurements were performed. Measurements took place between April 2018 and June 2019. The GPQ was
filled in on paper and was subsequently checked for completeness by a researcher. Participants were excluded from

Table | Demographic information of the seven studies included for the determination of preliminary reference values

Subjects DS N Age Females NRS Now | NRS Worst | NRS Average Reference to
Abbr. (M, SD) (N, %) (M, SD) (M, SD) (M, SD) Paper
Nonclinical pop. # NCPI 30 49 (9) 16 (53) I.1 (0.6)* NA NA NA; To be
submitted
Nonclinical pop. #2 NCP2 11 45 (13) 90 (81) 1.8 (2.3) 4.1 (3.0) 2.5 (2.5) NA
Gout Gout 92 68 (12) 80 (87) 2.0 (2.4) 3.1 34) 23 (2.7) [
Rheumatoid Arthritis RA 114 60 (12) 76 (67) 3.1 (2.6) 4.5 (3.0) 3.6 (2.6) [5]
Neuropathy NP 25 65 (7) 9 (36) 48 (2.1) 6.7 (1.9) 5.1 (1.9) NA
Rehabilitation RHB 33 47 (11) 19 (58) 59 (22) 83 (1.2) 6.6 (1.7) NA; To be
submitted
Fibromyalgia FM 98 45 (12) 88 (90) 6.7 (1.7) 8.1 (1.3) 6.9 (1.5) [5]

Notes: *In the NCP| dataset, the NRS Now has a scale between | (“no pain”) and 10 (“worst pain imaginable”). In all other datasets, the scale ranges from 0 (“no pain”) to
10 (“worst pain imaginable”).
Abbreviations: DS, Dataset; Abbr, Abbreviation; NRS, Numerical Rating Scale; M, Mean; SD, Standard Deviation; NA, Not Applicable.
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participation in the case any condition resulting in chronic pain was present. Further exclusion criteria were the presence
of language problems, or in the case the participant had diabetes, an implanted stimulation device or in case of pregnancy.
For more information on the characteristics of the participants, see Table 1.

e Non-clinical population 2 (NCP2). In this dataset collected in 2021, a convenience sample of employees (N = 111)
of the Medisch Spectrum Twente (MST) hospital in Enschede, The Netherlands, was asked to fill in the GPQ online
via Qualtrics. Also several other questions were asked, amongst others if the participant had pain regularly and
a numerical rating scale (NRS) for average pain in the past 4 weeks. In total 48 (43%) responded experiencing
regular pain and 34 (31%) reported an average NRS pain score >4. No exclusion criteria were set, eg, on the
presence of (former) (chronic) pain. For more information on the characteristics of the participants, see Table 1.

e Gout. In this dataset, patients (N = 92) were recruited from the rheumatology outpatient department of the MST in
Enschede, The Netherlands. The questionnaire was filled in on paper at home and sent back to the MST for further
analysis in 2019. All patients were diagnosed with crystal proven gout as observed by monosodium urate crystals in
the synovial fluid using a polarized light microscope. The diagnosis was established on or before 2018. No further
inclusion or exclusion criteria were set. For more specific information on the characteristics of the patients and the
procedures followed to obtain the dataset, see Ten Klooster et al'' and Table 1.

e Rheumatoid Arthritis (RA). In this dataset, 114 patients (N = 114) from the department of the MST in Enschede,
The Netherlands completed the GPQ within the Dutch Rheumatoid Arthritis Monitoring (DREAM) RA registry. In
this quality registry system, patient-reported and clinical data from patients diagnosed with Rheumatoid Arthritis
are prospectively registered. No further inclusion or exclusion criteria were set. Measurements were completed
online in 2017. For more specific information on the characteristics of the patients and on the procedures followed
to obtain the dataset, see van Bemmel et al® and Table 1.

e Neuropathy (NP). In this dataset, patients (N = 25) were included at the MST in Enschede, The Netherlands. All patients
had been diagnosed by a neurosurgeon with neuropathic pain. The questionnaires were filled in online in 2021-2022. No
further inclusion or exclusion criteria were set. For more specific information on the characteristics of the patients, see
Table 1.

e Rehabilitation (RHB). In this dataset, patients (N = 33) were included which participated in an inpatient pain
rehabilitation program at the RRC, in Enschede, The Netherlands. In the pain rehabilitation program, the partici-
pants follow a 10-week program based on Acceptance and Commitment Therapy.'* Further information, eg, on
exclusion criteria or setting wherein the GPQ was filled in, has already provided with the description of the NCP1
dataset. The majority (N = 19) of this group was diagnosed with “generalized pain” (ICD10 52.9). Other diagnoses
were related to regional musculoskeletal pain (N = 7), fibromyalgia (N = 2), and others (N = 5). For more
information on the characteristics of the patients, see Table 1.

e Fibromyalgia (FM). In this dataset, patients (N = 98) with an ICD10 code M79.7 were recruited from the
rheumatology outpatient department of the MST in Enschede, The Netherlands. No further inclusion or exclusion
criteria were set. The questionnaire was filled in on paper and sent back to the MST for further analysis.
Measurements took place in 2017. For more specific information on the characteristics of the patients and on the
procedures followed to obtain the dataset, see van Bemmel et al® and Table 1.

Generalized Pain Questionnaire

The generalized pain questionnaire (GPQ) is a 7-item self-report instrument. In this study, the Dutch version of the GPQ was
used. The instruction of the GPQ asks subjects to rate their general degree of complaints (without a recall period) on 7 possible
pain experiences on a 5-point scale from o (“never”) to 4 (“very strongly”). The items on the GPQ assess the presence and
intensity of various symptoms commonly associated with patients with likely generalized pain hypersensitivity.>'" Total
scores can range from 0 to 28, whereby a cutoff value of >11 is proposed as an indicator of likely generalized pain
hypersensitivity.> Cronbach’s alpha was found to be good in the current study with both the test (a0 = 0.82) and the retest
(o = 0.87) administration. Except for instructions to fill in the provided questionnaire, no further instructions were provided.
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Statistical Analyses

The relative test—retest reliability of total GPQ scores and individual item scores was evaluated by calculating intraclass
correlation coefficients (ICCs) using a two-way mixed effects model with absolute agreements.'*"'* Following the
recommendations of Portney,'> an ICC is considered excellent in case the computed estimate is higher than 0.9.
Between 0.75 and 0.9, the ICC is considered good, and between 0.5—0.75 and below 0.5, the ICC is considered moderate
and poor, respectively. The test—retest reliability of the criterion of >11 on the total GPQ scores as an indicator for likely
generalized pain hypersensitivity” was tested by computing Cohen’s Kappa (unweighted). Following Landis and Koch'®
interpretation of the outcome, the agreement is considered excellent above 0.8, substantial between 0.6 and 0.8, moderate
between 0.4 and 0.6 and poor below 0.4. A Bland-Altman plot was constructed!’ to graphically assess the variability
between the repeated measurements and to screen for any systematic or proportional biases. To statistically test for the
presence of a systematic bias, a dependent-samples ¢-test was performed. To statistically test for the presence of
a proportional bias, a linear regression model was fitted on the data. Statistical significance was considered when p <
0.05. Results are provided as mean including the standard deviation except if stated otherwise. MATLAB (2019b,
MathWorks, Inc) was used for statistical testing and visualization of the results.

As absolute reliability measures, the standard error of measurement (SEM) and the minimal detectable change (MDC)
on an individual were calculated. The SEM is an indication of the amount of variation between tests,'® and is calculated
by dividing the standard deviation of the within-subject differences between test—retest scores (test score — retest score)
by V2.” Subsequently, the MDC — which provides an indication of the change in score between measurements beyond
measurement error — at 95% confidence level can be calculated by: 1.96 * V2 * SEM."’

For the preliminary reference values, data from a subject was only considered in case maximally one item was
missing. Only in the gout dataset, this resulted in the exclusion of the data from in total 5 subjects. In all other datasets,
no or only one item was missing per subject. If one item was missing, the total score was computed as the sum score of
the remaining six items.

Results
Test—Retest Reliability

Out of the 85 participants who filled in the first questionnaire, 69 also filled in the second questionnaire (81.2% response
rate). On average, the second questionnaire was filled in 15.0 (SD: 3.2; min = 10 days; max = 27 days) days after the first
questionnaire. Of the included participants, at both the first and the second measurement 1 participant had 1 missing item
response (Q4 and Q5, respectively; not the same subject).

The ICC of the total score was found to be 0.78 with a lower and upper bound (95% CI) of 0.67 and 0.86. The mean
total scores of the GPQ were 6.9 (SD: 4.8) on the first measurement and 7.6 (SD: 4.9) on the second measurement.
Cohen’s kappa for the agreement between meeting or not meeting the likely generalized pain hypersensitivity criterion at
the test- and retest administration was found to be substantial at 0.66 with a lower and upper bound (95% CI) of 0.45 and
0.87. Between the first and second measurement, no systematic differences were found (p = 0.09). The Bland-Altman
plot (Figure 1) additionally showed that differences in test-retest scores were reasonably evenly distributed across and
not linearly associated with their average values, indicating no systematic proportional bias. The SEM for total GPQ
scores was found to be 2.22 and the MDC 0.74, respectively.

Analysis per individual item score revealed that ICCs ranged from 0.41 (Q2) to 0.72 (Q7). To see the ICC per
individual item and for the associated confidence intervals, see Table 2. No proportional errors were observed in any of
the individual items. With the third question (Q3), a statistically significant higher score was observed at the retest as
compared to the test (p < 0.001).

Preliminary Reference Values

In the non-clinical populations, the lowest GPQ total scores were found, with mean (SD) scores of 0.8 (1.2) and 4.0 (4.6),
respectively, for the NCP1 and NCP2 dataset. For the datasets with gout, RA and neuropathy patients, the mean scores
and standard deviations were found to be, respectively, 6.4 (5.5), 6.5 (5.1) and 8.1 (4.5). The highest scores were found in
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Figure | Bland-Altman plot of the GPQ total score. To prevent identical scores from overlapping, jitter has been added to all datapoints. On the top and on the far right,
histograms providing information on the distribution of the data is added. Moreover, in these plots the red line indicates a normality fit on the data.
Abbreviations: LoA, Limit of Agreement; Cl, Confidence Interval (95%).

the rehabilitation and FM dataset, with mean scores and standard deviations of, respectively, 13.6 (4.0) and 16.0 (5.0).
For additional descriptive statistics such as the median, interquartile range and the minimum and maximum value per
dataset, see Table 3.

Correspondingly, the prevalence of likely generalized pain hypersensitivity (i a GPQ total score >11; see van Bemmel et al®)
was found to be highest in the Rehabilitation (82%) and FM (80%) datasets, followed by the datasets which included patients
with Neuropathy (32%), RA (23%) and Gout (19%). The lowest prevalences of likely generalized pain hypersensitivity was
found in the NCP1 (0%) dataset followed by the NCBP2 (11%) dataset. For a visualization of the GPQ total score distributions
per dataset and the prevalences of likely generalized pain hypersensitivity, see Figure 2.

Table 2 Individual item evaluations. Per individual item of the GPQ, the table provides information on the average score on the test
and retest. Moreover, the computed ICC (including 95% confidence interval) is shown, as well as whether a proportional or systematic
error has been found

Item Mean Mean ICC System. | Prop. | Abs.
(SD), MI | (SD), M2 Error Error | Agr.
() (r) (%)
Ql Pain from light touch (eg from a pat on the back or 2.0 (1.0) 1.9 (0.9) 0.64 [0.47-0.76] 0.45 0.16 55
handshake)
Q2 Pain from friction on skin (eg from clothing or the wind) 1.4 (0.6) 1.5 (0.6) 0.41 [0.20-0.59] 0.07 0.33 64
Q3 Pain from heat or cold that most people would not 1.7 (1.0) 2.1 (1.0 0.65 [0.44-0.78] <0.001 0.68 57
experience as painful (eg from cold water or holding cold
objects)
Q4 Pain that lasts longer than with most other people 24 (1.1) 2.6 (1.0) 0.59 [0.41-0.73] 0.10 0.54 49
(Continued)
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Table 2 (Continued).

Item Mean Mean ICC System. | Prop. | Abs.
(SD), MI | (SD), M2 Error Error | Agr.
() (P) (%)
Q5 | Paint hat arises only later and that would not arise in most | 2.6 (I.1) 2.8 (1.0 0.60 [0.42-0.73] 0.36 0.28 57

other people (eg hours later or the next day after exertion,
such as walking)

Q6 | Unusually intense experiences of pain (eg nausea or gasping 1.6 (0.9) 1.5 (0.8) 0.64 [0.48-0.76] 0.63 0.10 72
for air)
Q7 | Pain that also spreads to other parts of the body (eg painin | 2.3 (I.1) 2.3 (1.1) 0.72 [0.58-0.82] 0.67 0.63 54

the hand that spreads to the underarm when holding
objects)

Abbreviations: Q, Question (eg QI = Question |); SD, Standard Deviation; M|, Measurement |; M2, Measurement 2; ICC, Intraclass Correlation Coefficient; System.
Error, Systematic Error; Prop. Error, Proportional Error; Abs. Agr, Absolute Agreement.

Table 3 Preliminary reference values per dataset.

Dataset (Description) | GPQ >10 (%) | Mean | Standard Deviation | Median | IQR | Minimum | Maximum
NCPI 0 0.8 1.2 0 | 0 5
NCP2 I 4.0 4.6 2 6.8 0 18
Gout 20 6.4 5.5 6 10 0 23
RA 23 6.5 5.1 6 8 0 22
Neuropathy 32 8.1 4.5 8 6.5 0 18
RHB 82 13.6 4.0 14.5 5 4 22
FM 80 16.0 5.0 16 7.3 6 26

Notes: For All the 7 datasets, the mean, standard deviation, median, interquartile range (IQR) and the minimum and maximum of the GPQ total score
are provided. Also the percentage of subjects in a dataset which scored 211 is provided, which is the cut-off value suggested by van Bemmel et al® to
identify possible generalized pain hypersensitivity.

Abbreviations: NCPI, Nonclinical Population; RA, Rheumatoid Arthritis; RHB, Rehabilitation; FM, Fibromyalgia; IQR, Interquartile Range.

Discussion

Earlier research with the GPQ’*® indicated that the questionnaire seems to hold promise for evaluating the presence and
intensity of generalized hypersensitivity to pain. Thus far, no information was, however, available regarding the test—retest
reliability of the questionnaire nor was information available on reference values. In this study, we have addressed both gaps
in knowledge by evaluating the two-week test—retest reliability of the GPQ questionnaire and by providing preliminary
reference values in several non-clinical and clinical populations.

Test—Retest Reliability

For the GPQ total score, we found an ICC of 0.78 with a 95% CI ranging from 0.67 to 0.86. No systematic or
proportional bias was identified in the Bland-Altman analysis. The relative reliability estimate of the GPQ is comparable
to those that have been found, for instance, for other short screeners like the pain sensitivity questionnaire* and the
PainDETECT questionnaire,”® but somewhat lower as compared to the longer 25-item central sensitivity inventory
(CSI).?" With also taking into account the computed confidence interval of the ICC,"? the reliability of the total GPQ
score could be considered “moderate” to “good”.!> Moreover, substantial agreement was found between the two
measurements when using a cut-off value of >11 for the evaluation of likely generalized pain hypersensitivity. In view
of the envisioned use of the GPQ as a tool to be used within research settings or as a screener — and not as a diagnostic —
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Abbreviations: NCPI, Nonclinical Population; RA, Rheumatoid Arthritis; RHB, Rehabilitation; FM, Fibromyalgia.

tool in a clinical setting, these findings could also be considered acceptable. The absolute reliability measures, more
specifically the minimal detectable change, can help interpret changes within-person in outcomes in longitudinal settings.

The measurement properties of the GPQ total score as provided are, however, dependent on the measurement properties of
the individual item scores. The GPQ, consisting of only 7 items, is therefore especially sensitive to one or more of the
individual items displaying poor measurement properties. To identify potential areas of improvement for the questionnaire, the
reliability of the individual items was also explored in this study. Here, we found that the ICCs of the seven individual items
ranged from the lowest being 0.41 to the highest being 0.72; see also Table 2. Although ICCs for individual items are usually
lower than for total scores, one highly significant systematic difference in scores was observed for question 3 (p < 0.001), with
also one near-statistically significant (p = 0.07) systematic difference for question 2. Based on the content of these items, no
clear explanation can be found for these (near-) significant systematic differences. Future research should help clarify whether
these findings are accidental or robust. Overall, these findings on the individual items identify directions of future research
which might help to improve the overall measurement properties of the GPQ.

Lastly, the reliability outcomes as presented in this study might have been affected by the heterogeneity of the patient
population included in the first phase of this study. In this first phase of the study, approximately half of these included
patients (N~23) were suspected of having a possible fibromyalgia phenotype of RA (see also Jansen et al® for more
information). In these patients, as compared to typical RA patients, central rather than peripheral pain mechanisms are
thought to predominantly drive the pain.** > It is unknown if and how the inclusion of this patient group has affected the
reliability estimates.

Preliminary Reference Values

Preliminary reference values were provided for seven available datasets. Three of these datasets included patients with
a clinical diagnosis of rheumatoid arthritis, fibromyalgia or gout. These datasets, which also contain larger numbers of patients
(N >97) as compared to most other datasets, could be useful as preliminary reference values in future studies. We specifically
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note that these could be used as “preliminary” reference values as all of the included datasets in this study — including also
these three larger datasets — do not contain a sufficiently high number of subjects nor are representative enough to serve as
normative reference values. In the other two datasets (the ‘Rehabilitation’ dataset and the “Neuropathy” dataset), the patient
groups have a more heterogenous background and the number of included patients is small. While such small and
heterogenous datasets may not provide much value serving as robust reference value for future studies, they do provide
relevant information related to the face validity of the GPQ. For additional comparison, two datasets (NCP1 and NCP2) have
been included containing a non-clinical population comprising healthcare employees. From the descriptive statistics of both
these datasets, it seems that the dataset obtained from the hospital (NCP2) reported higher overall scores with also a larger
variation as compared to the nonclinical population scores obtained from the rehabilitation center (NCP1). One important
difference between these two datasets which could help explain these differences, was that for the NCP1 dataset only
volunteers without (a history of) chronic pain were included, while in the NCP2 dataset no such inclusion criteria were set.
Consequently, in the NCP2 dataset, respondents which had underlying (persistent) pain could also be included. Our data in fact
suggest that a substantial portion of the respondents in this dataset had underlying (persistent) pain, with 34 (31%) respondents
reporting a pain level of 4 or higher on average over the past four weeks. As such, this could well explain the higher GPQ
scores found in the NCP2 dataset as compared to the NCP1 dataset.

Comparing across all seven datasets can provide relevant insights into the face validity of the GPQ. The GPQ is developed
with the aim of evaluating the presence and intensity of generalized pain hypersensitivity. Generalized pain hypersensitivity, ie
widespread (whole-body) hypersensitivity to pain, is widely thought to be the result of maladaptive central pain regulatory
mechanisms?® — with multiple gain-control mechanisms which could be responsible (eg see Treede®’) for the phenomenon.
For the GPQ to have face validity, the group-level scores should be the highest in datasets wherein a high prevalence and
intensity of generalized pain hypersensitivity could be expected to be present. Vice versa the GPQ scores should be lowest in
the groups where no or little generalized pain hypersensitivity is expected to be present.

The lowest GPQ scores were indeed found in the non-clinical populations where no or only a very low prevalence of
generalized pain hypersensitivity was expected. The highest GPQ scores were found in the fibromyalgia patients and the
patients participating in a pain rehabilitation program. These findings correspond well with the expectations. For patients
diagnosed with fibromyalgia, generalized pain hypersensitivity is considered one of the key characteristics of the disease.”®
For the rehabilitation patients, an earlier study found that 85% of the patients had multisite pain,”’ an important characteristic
of generalized pain hypersensitivity. In this study, a very similar prevalence of 82% was found. In-between the nonclinical
populations and the FM and RHB groups are the patient samples, which have been diagnosed with rheumatoid arthritis and
gout, and the heterogenous neuropathy group. These findings are also as expected, given that in patients diagnosed with RA
and gout, the pain in most patients originates from inflammatory (peripheral) processes rather than central processes, whereby
in a portion of the patients with both RA and gout, also central pain regulatory mechanisms could be expected.>* > This
corresponds well with the findings in this study, whereby 20% (Gout) and 23% (RA) has likely generalized pain. Overall, these
findings provide strong arguments in favor of the GPQ having face validity as a measure of generalized pain hypersensitivity.

Limitations and Recommendations

For the evaluation of the test—retest reliability, a limitation of this study is that a subgroup of the RA patients underwent
QST measurements prior to filling in the GPQ measurement for the first session. While we consider it unlikely that the
QST measurements affected the GPQ results, such an effect cannot be ruled out. A limitation related to the reference
values as presented here, is that the overall sample sizes are (very) small and that the included patients were not well
characterized. Therefore, as a recommendation for future research, robust normative values should be obtained in larger,
representative and well-characterized (ie not only in terms of diagnosis but also on eg psychological status, drug usage or
treatments) patient groups.

Conclusion

This study shows that the GPQ has an acceptable reliability to be used as a tool to evaluate the presence and intensity of
generalized pain hypersensitivity. The preliminary reference values reported here support the face validity of the questionnaire
and can aid in the interpretation of future studies. From the analysis of individual items of the GPQ, directions for future
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research are outlined which could further improve the measurement properties of the questionnaire. Taking the findings of this
study together with other studies conducted with the GPQ, the GPQ seems promising for evaluating the presence and intensity
of generalized pain hypersensitivity in chronic pain patients.
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