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& Abstract

Introduction: Until now, only reliability and validity of the

English version of the modified Perceived Deficits Ques-

tionnaire (mPDQ) have been investigated.

Objective: The aim of this study was to translate the mPDQ

into Dutch and evaluate its validity and reliability as an

assessment tool for self-perceived cognitive problems in

patients with chronic whiplash-associated disorders (CWAD),

chronic idiopathic neck pain (CINP), and fibromyalgia (FM).

Methods: A case–control study was performed with a

volunteer sample of 13 women with CWAD, 18 with CINP,

and 33 with FM, and 33 womenwhowere healthy and free of

pain. The mPDQ was first translated into Dutch, and its test–

retest reliability, internal consistency, and discriminative

power were examined.

Results: The intraclass correlation coefficients were higher

than 0.74. Cronbach’s a values ranged between 0.71 and 0.95.

Total mPDQ scores were significantly higher (P < 0.017) in FM

and CWAD patients compared to healthy controls. Further-

more, participants performed the Stroop task and the

psychomotor vigilance task (PVT), 2 neuropsychological

computer-based cognitive performance tests. Correlations

between the mPDQ total score and the cognitive perfor-

mance tests were evaluated. Significant moderate to high

correlations were found in all study samples between total

mPDQ score and objective cognitive tests (Spearman corre-

lation coefficient = 0.35 to 0.80; P < 0.05).

Conclusion: Therefore, the Dutch version of the mPDQ

showed high test–retest reliability and high internal consis-

tency, and was able to distinguish CWAD and FM patients

from healthy controls.
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Perspective: This article presents the validity and test–retest

reliability of the Dutch mPDQ. This measure could help

clinicians who seek a reliable and user-friendly way to assess

cognitive symptoms in chronic pain patients. &

Key Words: cognition disorders, chronic pain, validation

studies, surveys and questionnaires

INTRODUCTION

Besides persisting pain, patients with chronic neck pain

often report cognitive symptoms, such as memory and

concentrations deficits.1 In fibromyalgia (FM), cognitive

impairments in patients might be more disabling than

their experienced pain.2 Therefore, assessment of cog-

nitive symptoms is an important part in the evaluation

of cognitive disabilities, in order to compose an effective

therapy for these chronic pain patients. Consequently,

different tools are available for the assessment of

cognitive deficits.

First, cognitive performance can be assessed using

performance-based neuropsychological tests, potentially

computer-based, performed by clinicians or patients.3,4

There is a broad choice of tests that measure cognitive

performance in chronic pain patients. Some frequently

used tests are the Mini-Mental State Examination, clock

drawing test, paced auditory serial addition task, oper-

ation span task, as well as the Stroop task and the

psychomotor vigilance task (PVT).2,5,6 The Stroop task

and PVT have been used in previous studies to investi-

gate objective cognitive performance in chronic pain

patients in general, and in chronic whiplash patients and

FM patients in specific.3,4 Each of these tests evaluates

certain aspects of cognitive functioning (ie, the Stroop

task for selective attention and cognitive control, and the

PVT for vigilance and alertness).7 The validity and

reliability of these tests have already been evaluated and

have shown positive outcomes.8–12 The Stroop task has

been evaluated in various populations, ranging from

patients with traumatic brain injuries, to patients with

Alzheimer’s disease, attention-deficit/hyperactivity dis-

order, and vascular dementia.13–18 The PVT, on the

other hand, has mainly been investigated in the context

of the impact of sleep deprivation on vigilant

attention.10–12,19

Second, questionnaires can be used to assess self-

perceived cognitive problems. Since these usually take

up less time and equipment for completion, they are of

interest in the evaluation of patients. For example, the

Perceived Deficits Questionnaire (PDQ) is a tool to

evaluate cognitive functioning based on the subjective

report of a patient.20 It was originally developed for use

in patients with multiple sclerosis but has subsequently

been used to evaluate cognitive symptoms among

patients with other conditions as well (ie, patients with

chronic whiplash-associated disorders [CWAD]).21

Compared to other questionnaires assessing levels of

perceived cognitive symptoms, such as the Subjective

Cognitive Impairment Scale or the Cognitive Failures

Questionnaire, the PDQ is of particular interest because

it includes a broad range of cognitive domains but is

concise at the same time.22–28 It consists of 4 different

subcategories concerning different cognitive functions,

namely attention and concentration, retrospective mem-

ory, prospective memory, and organization and plan-

ning. Clinical usefulness of the English PDQ was

demonstrated by Sullivan et al.22 in a preliminary study

in patients with acute and chronic whiplash. Its validity

and reliability were investigated by Takasaki et al.20 in a

sample of people with CWAD, which showed that 2 of

the included items did not fit within the construct of the

questionnaire. Since these items formed a threat to the

unidimensionality, they were eliminated from their

relevant sections, resulting in the modified PDQ

(mPDQ). Calculation of internal consistency in each

section of the mPDQ showed acceptable results. The

test–retest reliability for each subcategory of both the

original and modified PDQs was considered acceptable

for people with CWAD.

Currently, no valid and reliable Dutch version of the

mPDQ is available for the evaluation of self-reported

cognitive functioning in native Dutch-speaking persons

with chronic pain. Such a health questionnaire is a

feasible and indispensable tool for therapeutic and

research purposes to evaluate (progress in) self-reported

cognitive functioning. However, the outcomes of a

research instrument and the meaning of its composition

of components may vary from one culture to another.29

In order to study the medical needs of people with

diverse cultural backgrounds, research instruments must

be evaluated on reliability and validity in each culture

for which they are composed. Therefore, it is important

to watch over the quality of the translation and ensure

adequate validation of the translated instrument. In this

way only is it possible to ensure that the results obtained

from the questionnaire are not due to errors in trans-

lation, but rather a result of the presence of real

differences in the studied matter.30

Subsequently, the current study aimed to (1) examine

the validity of the Dutch translation of the mPDQ by

Dutch mPDQ: Validity and Reliability � 851



assessing the convergent validity, internal consistency,

and discriminative power of the questionnaire and its

correlations with neuropsychological cognitive tests in a

sample of patients with CWAD, chronic idiopathic

nontraumatic neck pain (CINP), and FM; and (2) assess

the test–retest reliability of the Dutch version of the

mPDQ.

METHODS

Study Design and Setting

The present case–control study took place at the

Department of Rehabilitation Sciences and Physiother-

apy of Ghent University, Ghent, Belgium. Participants

received detailed oral and written study information and

gave written informed consent prior to study participa-

tion. All patients and healthy control participants were

unpaid volunteers. This research was approved by the

Ethics committee of Ghent University Hospital (refer-

ence number 2015/1233).

Participants and Assessments

Three patient populations were chosen that often report

cognitive disorders in the clinical practice and that show

some similar characteristics. Whiplash and FM patients

both show central sensitization on the group level,

whereas whiplash and CINP patients share the neck as

an important source of pain. The fact that these

populations have important similarities but still distin-

guish themselves from each other based on other

characteristics made this comparison a very interesting

one in our opinion.

The study was performed from February 2016 until

October 2016. All participants were recruited by means

of flyers, posters, and a call on the website for scientific

research of the University of Ghent. The flyers and

posters were distributed in rehabilitation centers, private

physiotherapy practices, primary care facilities (general

practitioners and pharmacists), and companies with

workers prone to computer work on a daily basis. All

participants were native Dutch-speaking women

between 18 and 65 years of age.

The study sample consisted of 13 CWAD patients, 18

CINP patients, 33 FM patients, and 33 healthy pain-free

women. For inclusion, CWAD patients had to be

classified as having WAD type II or III, based on the

modified Quebec Task Force Classification.31,32 CINP

patients had to experience chronic neck pain and

dysfunction on the day of testing that had been present

for a minimal time span of 3 months with a mean pain

intensity higher than 4 out of 10 on a numeric pain

rating scale. FM patients had to be diagnosed following

the criteria as stated by the American College of

Rheumatology in 2010.33 FM patients with a history

of a whiplash trauma and CWAD patients who also met

the diagnostic criteria for FM were excluded. Healthy

pain-free women were excluded if they had experienced

pain or discomfort in the past year for a period longer

than 8 consecutive days with a pain intensity higher than

2 out of 10 on a numeric pain rating scale. Pregnant

women and women up to 1 year postnatal were

excluded to minimize the odds for confounding factors.

Furthermore, all participants were asked to stop anal-

gesics of step 1 of the World Health Organization ladder

(http://www.who.int/cancer/palliative/painladder/en/)

48 hours prior to study participation. Their treating

physicians were informed and had to approve the

discontinuation of the medication. Moreover, to be

included, all patients had to have a stable medication

intake during the 4 weeks prior to study participation.

However, if a patient took pain medication, such as

antidepressants or soft or strong opioids, continuation

of intake was permitted, since intake of these medica-

tions cannot be abruptly interrupted.

Lastly, all participants were asked not to undertake

heavy physical exertion, and to refrain from consuming

alcohol, caffeine, and nicotine on the day of the

experiments.

Development of the Dutch Modified Perceived Deficit

Questionnaire

Multiple methods have been recommended to achieve a

representative version of a questionnaire in a different

language. One of them is the principle of forward

translation, meaning that the English version was

translated into Dutch.34 In this translation, 3 indepen-

dent researchers from Ghent University were involved.

They were all familiar with the terminology of the area

covered by the instrument and with interview skills. The

researchers had a C1 level of English, but their mother

tongue was Dutch. Additionally, 2 native Dutch-speak-

ing persons with master’s degrees in English, but

without knowledge of the specific terminology, made

an independent forward translation of the same ques-

tionnaire. The 5 independent translations were com-

pared, and after discussing the differences during a

consensus meeting, the final version of the Dutch mPDQ
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questionnaire was constructed. This is also known as the

committee approach.30

This result was then given to an independent pilot

group of 15 women with CINP, 15 with CWAD, and 15

healthy native Dutch-speaking women. They were asked

to fill out the questionnaire and to point out unclear

words or sentence constructions. No ambiguities were

indicated, and therefore no changes were made to the

translation.

Cognitive Performance Testing

Procedure. On the day of testing (T0), all study partic-

ipants started by completing a digital version of the

Dutch mPDQ to assess self-reported cognitive deficits.

Next, cognitive performance was assessed in a more

objective way by using a battery of 2 consecutive

performance-based computer tasks. These were com-

pleted in a fixed order (ie, first the Stroop task followed

by the PVT). At the end, all patients performed the Rey

15 memory test.

Two weeks later (T1), the mPDQ was sent by e-mail

to all participants for a second online completion in

order to examine test–retest reliability. All participants
were instructed to complete the questionnaire on day 14

after the first completion.

Dutch mPDQ – The mPDQ contains 18 questions

concerning self-perceived cognitive problems to be rated

on a 5-point Likert scale anchored from never (0) to

almost always (4). Higher scores are indicative of more

cognitive deficits (range 0 to 72).20 These 18 questions

belong to 4 different subcategories, namely attention

and concentration (4 items), retrospective memory (4

items), prospective memory (5 items), and organization

and planning (5 items).

Research has already shown that the English mPDQ

is clinically useful22 and has indicated acceptable inter-

nal consistency in the questionnaire, together with good

convergent validity and high test–retest reliability (0.79 ≤
intraclass correlation coefficient [ICC] ≤ 0.83).20 There-

fore, the English mPDQ has been labeled as a valid and

reliable tool in the assessment of cognitive problems and

the monitoring of recovery.

The Stroop task – The Stroop task has been validated as

a tool to evaluate selective attention and choice reaction

time.9 This test shows high test–retest reliability

(0.71 ≤ ICC ≤ 0.88) and only small learning effects.8

In this task, participants were shown words that were

written in different ink colors. The instruction was to

press a button with the color consistent with the ink

color, as fast as possible. Three different conditions were

used, namely, “congruent” (word and ink color refer to

the same color), “incongruent” (word and ink color are

different), and “neutral” (display of neutral words in a

certain color of ink).3,6 The Stroop task has been used

and described in detail in our previous studies on

females with chronic fatigue syndrome7,35 and chronic

WAD.4,6 Mean response reaction times and accuracy for

each of these 3 conditions for correct responses were

taken into account for further analyses (Stroop reaction

time congruent, incongruent, and neutral, and Stroop

accuracy congruent, incongruent, and neutral). Higher

reaction times and lower accuracy represent worse

outcome.

The psychomotor vigilance task – The PVT has been

validated as a measure of sustained attention, alertness,

and simple reaction time.10 The task is based on a simple

visual reaction time test apparatus originally developed

by Wilkinson and Houghton.36 Participants were

instructed to respond as quickly as possible to a visual

stimulus (red spot on a black screen) presented at a

variable time interval (2 to 10 milliseconds). The trial

was saved as a lapse, if a response had not been made

within 500 milliseconds. The PVT reaction time of

correct responses and the amount of lapses were

registered and used for statistical analyses. Longer

reaction times and higher amount of lapses are an

indication of worse sustained attention. Again, the PVT

has been used and described in detail in our previous

studies on females with chronic fatigue syndrome7,35

and chronic WAD.4,6

The test has shown good test–retest reliability for

median response times (ICC = 0.89, P < 0.0001) and

number of PVT lapses (ICC = 0.83, P < 0.0001).11

Convergent validity of the test has been evaluated

positively.12,37–40

The Rey 15 memory test – Malingering is the phe-

nomenon of exaggeration in symptom presentation. It

was defined in 1999 as “volitional exaggeration or

fabrication of cognitive dysfunction for the purpose of

obtaining substantial material gain, or avoiding or

escaping formal duty or responsibility.”41

The Rey 15 memory test is frequently used to detect

this malingering.42,43 This test can be administered

under the condition that the participant is not mentally

weak or is not suffering from mental deterioration.44 It
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is a readily available test with easy administration and

low cost. During this test, a visual representation of an

array of 15 mostly related items is given to the

participant. The participant is given 10 seconds to study

the array and is then asked to reproduce it with paper

and pencil. For each reproduction of a correct item, the

participant is awarded a score of 1. A cut-off of 7 of 15

was used to distinguish malingerers from nonmalinger-

ers.45 During this test, there are actually only 5 data that

need to be retained, since reproduction of the remaining

10 items should be assured by the mechanisms of

associations and automatisms. Therefore, scores below

the cut-off are indicative of exaggeration and doubtful

collaboration.44 Since the Rey 15 memory test cannot be

used as a stand-alone test to conclude on malingering,

positive scores should be further investigated. The test

has been validated in a population with brain damage

and has been proven to show an excellent speci-

ficity.43,46,47

Statistical Analysis

First, normality of variables was checked using the

Shapiro-Wilk test and by visual evaluation of QQ-plots

and histograms. Additionally, equality of variance was

examined with Levene’s test. Results of these analyses

combined with rather small sample sizes in the CWAD

and CINP groups led to the application of nonparamet-

ric testing.

The process to achieve a reliable and valid question-

naire consists of full psychometric testing.34 According

to recommendations and common use, the following

analyses were carried out: (1) calculation of test–retest
reliability, (2) internal consistency, (3) discriminative

power, and (4) convergent construct validity. All statis-

tical analyses were carried out using IBM�SPSS� Statis-

tics 22.0 (IBM Corp., Armonk, NY, U.S.A.).

1. Comparison of the results of the mPDQ on the

testing day (T0) relative to the result 14 days later

(T1) was used to evaluate test–retest reliability.

Differences in results can be caused by real

changes or by imperfections of the questionnaire.

In case of a perfect evaluation tool, all differences

should be caused by real changes. To evaluate

this, an ICC was calculated. The ICC lies between

0 and 1, where a value of 0 indicates no test–retest
reliability and a value of 1 symbolizes perfect test–
retest reliability. Values lower than 0.40 represent

poor test–retest reliability, values of 0.40 to 0.75

are labeled as being average to good, and above

0.75, excellent test–retest reliability is achieved.48

2. Based on the results at T0, Cronbach’s a was

calculated to evaluate the internal consistency of

the questionnaire. The closer this value is to 1, the

more the variance is caused by true variance and

the lower the within-subject variability is. There-

fore, a high Cronbach’s a value is a sign of a valid

questionnaire.

3. To evaluate if the outcome of the mPDQ can

distinguish healthy pain-free controls from CINP,

CWAD, and FM patients, the discriminative

power of the questionnaire was evaluated.

Because of small sample sizes in the CINP and

CWAD groups, nonparametric testing was per-

formed. A Kruskal–Wallis test was applied with

post-hoc pairwise comparisons, using the Mann–
Whitney U test to examine the capacity of the

questionnaire to distinguish between healthy

controls and the patient groups. Since the out-

comes of the healthy controls were compared to 3

patient groups, the significance level was set at

0.017 after Bonferroni correction (0.05/3).

4. Calculation of correlations between the outcomes

of the mPDQ and objective cognitive performance

tests was used to evaluate the convergent con-

struct validity of the mPDQ. The calculation of

correlations between the mPDQ total score and

the performance-based cognitive test items was

performed by calculating the Spearman correla-

tion coefficient. The significance level was set at

0.05 and the rule of thumb was applied for

interpreting the size of the correlation coefficients

whereby correlation coefficients of 0.30 to 0.50

are low, 0.50 to 0.70 are moderate, 0.70 to 0.90

are high, and 0.90 to 1.00 are very high.49

5. Additionally, an examination was made of the

differences in (opioid and nonopioid) pain med-

ication intake between the different groups. The

evaluation of significant differences in intake

between the groups was done with a chi-square

test for opioid medication and Fisher’s exact test

for nonopioid medication that were evaluated at a

significance level of 0.05.

RESULTS

Descriptives of the included study sample can be found

in Table 1.
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Psychometric Testing mPDQ

1. Statistical analysis for test–retest reliability of the

mPDQ led to the results that are shown in

Table 2. For this analysis, results from 2 testing

moments were compared. Six participants did not

fill out the questionnaire a second time, leading to

a response rate of 93.8%. The ICC was higher

than 0.75 for all the components of the question-

naire (0.79 to 0.95) in healthy controls, as well as

in patients with CINP or FM. This indicates an

excellent test–retest reliability, meaning that the

results at T0 were mostly parallel to the results

14 days later (T1). In participants with WAD, the

ICC for attention and concentration achieved a

value of 0.74, indicating good test–retest reliabil-
ity. Outcomes of the ICC for the other compo-

nents of the mPDQ were higher than 0.75 in this

study sample as well (0.85 to 0.87), indicating

excellent test–retest reliability for these items.

2. The analysis examining the internal consistency,

based on Cronbach’s a, showed that all values

ranged between 0.71 and 0.95. This was the

lowest for prospective memory in FM patients

and the highest for prospective memory in

healthy controls. This outcome indicates that

about 70% to 90% of the variance is a result

of true and reliable variance (Table 3).

3. For the evaluation of the discriminative power of

the questionnaire, results of the total mPDQ score

were compared between the healthy controls and

different patient groups. The Kruskal–Wallis test

showed a significant difference between the groups

(H(3) = 34.14,P < 0.001). Post-hoc pairwise com-

parisons using the Mann–Whitney U test showed

that significant higher values in outcome on total

mPDQ score were found between healthy controls

and women with CWAD (U = 126.50, P < 0.001)

and FM (U = 66.50, P < 0.001). There was no

significant difference between healthy controls and

women with CINP (U = 180.50, P = 0.02).

Correlations Between mPDQ and Performance-Based

Cognitive Test Items

The calculation of Spearman correlation coefficients

between total mPDQ score on the one hand and PVT

Table 1. Descriptives of Age, Weight, Height, BMI, and mPDQ Total

Variable Population Median Interquartile Range Range (minimum–maximum) Test Statistic (P value) P value Post-Hoc

Age (years)* Healthy 25.0 21.3 to 32.5 18.0 to 53.0 20.845 (< 0.001) 0.002†

< 0.001‡

0.005§
CINP 47.0 36.0 to 52.0 18.0 to 62.0

FM 43.0 29.3 to 51.8 24.0 to 59.0

CWAD 40.0 29.5 to 52.0 21.0 to 65.0

Weight (kg)* Healthy controls 61.0 55.5 to 66.0 48.0 to 78.0 8.579 (0.035) 0.593†

0.006‡

0.671§
CINP 61.5 57.0 to 67.8 50.0 to 75.0

FM 68.0 60.0 to 80.0 45.0 to 94.0

CWAD 62.0 55.0 to 71.5 48.5 to 99.0

Height (cm)* CINP 168.0 160.5 to 172.0 160.0 to 180.0 2.149 (0.542) NA

FM 167.0 163.0 to 169.0 149.0 to 176.0

Healthy controls 168.0 161.8 to 171.0 155.0 to 178.0

CWAD 165.0 160.0 to 167.8 156.0 to 173.0

BMI (kg/m²)* Healthy controls 21.9 20.8 to 22.9 17.01 to 26.84 10.449 (0.015) 0.851†

0.002‡

0.338§
CINP 22.0 19.9 to 23.6 19.05 to 28.23

FM 24.2 21.7 to 28.0 16.81 to 35.38

CWAD 22.7 19.9 to 27.2 19.72 to 34.26

mPDQ total (/72)* Healthy controls 12.0 6.5 to 17.5 0.0 to 30.0 34.142 (< 0.001) 0.021†

< 0.001‡

< 0.001§
CINP 17.5 12.0 to 25.8 1.0 to 46.0

FM 28.0 20.5 to 39.0 10.0 to 56.0

CWAD 29.0 17.5 to 39.0 4.0 to 44.0

Frequencies (Respectively higher education; higher

secondary education; lower secondary education)

Education level, n (%)¶ Healthy 21 (63.6); 9 (27.3); 0 (0) 3.847 (0.707) NA

CINP 10 (55.6); 7 (38.9); 1 (5.6)

FM 20 (60.6); 10 (30.3); 3 (9.1)

CWAD 7 (63.6); 3 (27.3); 0 (0)

Significant values are represented in bold. The population consisted of 33 healthy controls, 18 CINP patients, 33 FM patients, and 13 CWAD patients.
*Because of non-normality of distribution of the data and small sample sizes for CINP and CWAD, all data were analyzed using the Kruskal–Wallis test and theMann–Whitney U test
for post-hoc pairwise comparisons. To correct for multiple comparisons, differences measured with the Mann–Whitney U test were only deemed significant below the 0.017 level
(Bonferonni correction: 0.05/3). †P value for significant differences between healthy controls, CINP. ‡P value for significant differences between healthy controls, FM. §P value for
significant differences between healthy controls, CWAD. ¶Categorical data were analyzed via Fisher’s exact test. BMI, body mass index; mPDQ, modified Perceived Deficits
Questionnaire; CINP, chronic idiopathic nontraumatic neck pain; FM, fibromyalgia; CWAD, chronic whiplash-associated disorders; NA, not applicable.
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and Stroop task on the other hand showed positive

correlations for the following outcomes: PVT reaction

time, PVT lapses, Stroop reaction time congruent,

Stroop reaction time incongruent, and Stroop reaction

time neutral. For the CINP sample, these correlations

were moderate to high, ranging between 0.624 and

0.799. In the FM sample, low positive correlations were

only found between total mPDQ score and PVT reaction

time, Stroop reaction time incongruent, and Stroop

reaction time neutral (correlation coefficients = 0.486,

0.350, and 0.374, respectively). Lastly, in the CWAD

sample, moderate to high positive correlations were

found between total mPDQ score and PVT reaction

time, Stroop reaction time congruent, and Stroop

reaction time incongruent (correlation coeffi-

cients = 0.702, 0.558, and 0.619). Positive correlations

indicate that high outcomes on the mPDQ are related to

high outcomes on (some conditions of) the objective

tests and vice versa. These results can be found in

Table 4.

Significant differences (P < 0.05) between the differ-

ent study samples in performance-based cognitive test

results were determined by performing a Kruskal–Wallis

test with post-hoc pairwise comparisons using the

Mann–Whitney U test. Significant differences between

healthy controls on the one hand and CWAD and FM

patients on the other hand were found for the following

test items: PVT reaction time, PVT lapses, Stroop

reaction time congruent, Stroop reaction time incongru-

ent, and Stroop reaction time neutral. For the CINP

sample, significant differences with healthy controls

could only be found in the test item PVT lapses. These

results can be found in Table 5.

Analysis of the Rey 15 memory test showed that 2

participants of the patient sample demonstrated malin-

gering. A score of 6/15 was achieved by 1 person with

FM and 1 healthy control. A Kruskal–Wallis test was

performed to examine significant differences in outcome

on the Rey 15 memory test between the study samples

but did not show significant outcomes (P ≥ 0.05).

Differences in Medication Intake

Since differences in opioid medication intake between

the groups could form an important cause of confound-

ing factors, an evaluation was made of the differences in

this intake between the different groups. The use of

opioids was present in 5% of the CINP patients, in 6%

of the FM patients, and in 0% of the CWAD patients.

Healthy controls were not included in this analysis since

a difference in medication intake between healthy

controls and the patient populations is obvious.

The outcomes of the chi-square test, represented in

Table 6, show that no significant differences in opioid

medication intake could be found between the different

groups. 47.4% of CINP patients used nonopioid pain

Table 2. Test–Retest Reliability of the mPDQ in CWAD,
FM, and CINP Patients, and in Healthy Controls

Variable Population
ICC (average
measure)

ICC 95%
Confidence
Interval

mPDQ, attention
and concentration

Healthy controls 0.789 0.562 to 0.898
CINP 0.871 0.616 to 0.957
FM 0.832 0.651 to 0.919
CWAD 0.739 0.143 to 0.920

mPDQ, retrospective
memory

Healthy controls 0.941 0.877 to 0.971
CINP 0.853 0.563 to 0.951
FM 0.885 0.762 to 0.945
CWAD 0.867 0.564 to 0.959

mPDQ, prospective
memory

Healthy controls 0.814 0.614 to 0.910
CINP 0.947 0.890 to 0.974
FM 0.930 0.791 to 0.976
CWAD 0.870 0.574 to 0.960

mPDQ, organization
and planning

Healthy controls 0.924 0.842 to 0.963
CINP 0.908 0.725 to 0.969
FM 0.913 0.819 to 0.958
CWAD 0.846 0.494 to 0.953

mPDQ, total score Healthy controls 0.946 0.889 to 0.974
CINP 0.930 0.790 to 0.976
FM 0.906 0.806 to 0.955
CWAD 0.868 0.566 to 0.960

ICC, intraclass correlation coefficient; mPDQ, modified Perceived Deficits
Questionnaire; CINP, chronic idiopathic nontraumatic neck pain; FM, fibromyalgia;
CWAD, chronic whiplash-associated disorders.

Table 3. Internal Consistency of the mPDQ in CWAD, FM,
and CINP Patients, and in Healthy Controls

Variable Population Cronbach’s a

mPDQ, attention and concentration Healthy controls 0.789
CINP 0.871
FM 0.832
CWAD 0.739

mPDQ, retrospective memory Healthy controls 0.941
CINP 0.853
FM 0.885
CWAD 0.867

mPDQ, prospective memory Healthy controls 0.709
CINP 0.947
FM 0.930
CWAD 0.870

mPDQ, organization and planning Healthy controls 0.924
CINP 0.908
FM 0.913
CWAD 0.846

mPDQ, total score Healthy controls 0.946
CINP 0.930
FM 0.906
CWAD 0.868

mPDQ, modified Perceived Deficits Questionnaire; CINP, chronic idiopathic
nontraumatic neck pain; FM, fibromyalgia; CWAD, chronic whiplash-associated
disorders.
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medication, compared to 61.5% of the CWAD patients

and 63.3% of the FM patients.

Differences in nonopioid medication intake were

evaluated as well, by use of Fisher’s exact test, and were

found to be nonsignificant as well. The outcomes of this

analysis are also presented in Table 6.

DISCUSSION

Since research has repeatedly shown the presence of

cognitive symptoms in women with CWAD, CINP, and

FM, the purpose of this study was to evaluate the

validity and reliability of the Dutch translation of the

mPDQ regarding the assessment of cognitive function-

ing.2,3,6,50 Many different questionnaires exist for the

evaluation of these symptoms.

Questionnaires such as the Illness Perception Ques-

tionnaire, Subjective Cognitive Impairment Scale, and

Cognitive Failures Questionnaire are already used in the

context of evaluating cognitive symptoms. However,

questionnaires such as the Illness Perception Question-

naire evaluate a specific aspect of cognition that can

influence pain experience, whereas the mPDQ evaluates

cognition in a broad but concise and structured way.51

This questionnaire moreover evaluates cognition in all

its aspects without focusing on specific functions.

Making such a questionnaire that evaluates cognition

in all its aspects without focusing on specific functions is

hard if you want to keep it manageable, but in our

opinion, the mPDQ was a good attempt at it. Since the

English mPDQ evaluates a broad range of cognitive

domains in a brief and comprehensive way and it has

already been validated in patients with CWAD, the

choice to use this specific questionnaire was made. The

results of the present study showed high test–retest
reliability and internal consistency of the questionnaire.

Table 4. Spearman Correlations Between mPDQ and PVT
and Stroop Test

Variable Population
Spearman
Correlation

Significance
(2-Tailed)

PVT PVT RT Healthy controls �0.185 0.310
CINP 0.624 0.006
FM 0.486 0.005
CWAD 0.702 0.008

PVT lapses Healthy controls 0.090 0.622
CINP 0.644 0.005
FM 0.274 0.129
CWAD 0.362 0.224

Stroop
task

Stroop RT
congruent

Healthy controls 0.064 0.728
CINP 0.690 0.002
FM 0.345 0.053
CWAD 0.558 0.047

Stroop RT
incongruent

Healthy controls �0.104 0.572
CINP 0.799 < 0.001
FM 0.350 0.049
CWAD 0.619 0.024

Stroop RT
neutral

Healthy controls 0.084 0.648
CINP 0.676 0.003
FM 0.374 0.035
CWAD 0.459 0.114

Stroop Acc
congruent

Healthy controls �0.193 0.289
CINP 0.354 0.163
FM 0.031 0.868
CWAD 0.437 0.135

Stroop Acc
incongruent

Healthy controls 0.006 0.974
CINP �0.085 0.746
FM �0.253 0.163
CWAD �0.433 0.140

Stroop Acc
neutral

Healthy controls 0.062 0.734
CINP 0.085 0.746
FM 0.105 0.569
CWAD 0.464 0.111

Significant values are represented in bold (P < 0.05). The population consisted of 33
healthy controls, 18 CINP patients, 33 FM patients, and 13 CWAD patients.
PVT, psychomotor vigilance task; RT, reaction time; Acc, accuracy; mPDQ, modified
Perceived Deficits Questionnaire; CINP, chronic idiopathic nontraumatic neck pain; FM,
fibromyalgia; CWAD, chronic whiplash-associated disorders.

Table 5. Kruskal–Wallis Test with Post-Hoc Pairwise
Comparisons Using the Mann–Whitney U Test on Objec-
tive Cognitive Tests

Variable Population
Test Statistic
(P Value)

P Value
Post-Hoc

PVT PVT RT Healthy controls 19.415 (< 0.001) 0.176*
< 0.001†

0.002‡
CINP
FM
CWAD

PVT lapses Healthy controls 20.099 (< 0.001) 0.003*
< 0.001†

0.001‡
CINP
FM
CWAD

Stroop
task

Stroop RT
congruent

Healthy controls 22.933 (< 0.001) 0.027*
< 0.001†

0.001‡
CINP
FM
CWAD

Stroop RT
incongruent

Healthy controls 19.971 (< 0.001) 0.046*
< 0.001†

0.001‡
CINP
FM
CWAD

Stroop RT
neutral

Healthy controls 19.779 (< 0.001) 0.085*
< 0.001†

0.004‡
CINP
FM
CWAD

Stroop Acc
congruent

Healthy controls 4.905 (0.179) NA
CINP
FM
CWAD

Stroop Acc
incongruent

Healthy controls 3.159 (0.368) NA
CINP
FM
CWAD

Stroop Acc
neutral

Healthy controls 2.827 (0.419) NA
CINP
FM
CWAD

Significant values are represented in bold (P < 0.05). The population consisted of 33
healthy controls, 18 CINP patients, 33 FM patients, and 13 CWAD patients.
*P value for significant differences between healthy controls, CINP. †P value for
significant differences between healthy controls, FM. ‡P value for significant
differences between healthy controls, CWAD. PVT, psychomotor vigilance task; RT,
reaction time; Acc, accuracy; CINP, chronic idiopathic nontraumatic neck pain; FM,
fibromyalgia; CWAD, chronic whiplash-associated disorders. NA, not applicable.
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These results are similar to the findings described by

Takasaki et al.20 in their evaluation of the English

version of the mPDQ, which was to be expected if the

translation was well performed. The results of the

discriminative power analysis showed that the mPDQ

can distinguish healthy controls from CWAD and FM

patients based on self-reported cognitive problems.

Previous research showed correlations in these patient

groups between subjective evaluations of cognitive

functioning and objective cognitive tests.3,50 Therefore,

the hypothesis was formed that outcomes on the mPDQ

would correlate with the outcomes on the Stroop task

and PVT. However, the findings concerning correlations

between our performance-based cognitive tests and the

mPDQ were more diverse. PVT reaction time, PVT

lapses, and Stroop congruent, incongruent, and neutral

reaction times showed significant positive correlations

with the mPDQ total score, indicating that the experi-

ence of subjective cognitive problems coincided with

objective cognitive deficits. These correlations were

observed in every included study sample, and were

highest in patients with CINP. The fact that these

outcomes are more diverse is not a surprising finding

since other research has shown discrepancies between

outcomes on self-reported measurements on the one

hand and objective tests in patients with chronic pain on

the other hand.52–55 These disagreements in the litera-

ture can be explained by the large variety of objective

and cognitive tests that can be used for the assessment of

cognitive functioning. The choice of using the Stroop

task and PVT was made since these were used in

previous studies with similar populations.2–4,6 However,

many other different cognitive tests exist to evaluate

cognitive functioning in chronic pain patients. More-

over, this also shows that a questionnaire will always

remain a subjective, self-reported way of assessing

symptoms.

Of all study participants, the CINP sample experi-

enced the least number objective cognitive deficits.

Only for the test item PVT lapses could a significant

difference in outcome compared to healthy controls be

observed. This outcome is more or less in line with

previous research that has shown that, based on the

Trail Making Test, CINP patients do not show

objective cognitive problems when compared to

healthy controls.56 Nevertheless, this is an interesting

finding since other studies have shown that these

patients do experience objective cognitive disorders.50

These differences in findings could be explained by the

use of different tools for the assessment of cognitive

complaints. Moreover, a significant difference in age

was found between our study populations. Therefore,

this needs to be taken into account when interpreting

the differences in these outcomes between the included

populations.

Study Limitations and Strengths

When interpreting the results, the following study

limitations have to be taken into account. Firstly, the

study sample consisted of 13 CWAD patients, 18 CINP

patients, 33 FM patients, and 33 healthy controls. Since

there was a smaller sample size for CWAD and CINP

patients, a lack of power could lead to the possibility of

occurrence of type 2 errors. Post-hoc power analysis

showed that the power of the findings was sufficiently

high for 6 of the 8 used variables. The power was

insufficient for the Stroop accuracy congruent and

Stroop accuracy incongruent condition. These are also

the conditions for which no significant results were

found. However, the inability to find significant results

could be a result of a lack of power.

Moreover, only women were included for this study,

which impacts the generalizability of our findings.

Secondly, in the general instruction section of the

mPDQ, it is stated that “everyone experiences problems

with memory, attention, or concentration at some point,

but these problems may occur more frequently for

individuals with chronic pain, such as whiplash.” Since

this is stated in this way in the original version, it was

correspondingly translated into Dutch. This can be seen

as an insinuation that could lead to a certain bias while

completing the questionnaire. However, since this was

also the case in the original validation study of the

English version, this does not result in additional adverse

results on the validity and reliability of the Dutch

mPDQ.

Thirdly, findings from Kruskal–Wallis testing with

post-hoc pairwise comparisons using the Mann–

Table 6. Chi-Square Test for Medication Intake

Opioid
Medication
Intake

Nonopioid
Medication
Intake

Pearson chi-square value 1.370 Fishers exact test 1.316
Asymptotic
significance (2-sided)

0.504 Exact significance
(2-sided)

0.529

The population consisted of 18 chronic idiopathic neck pain (CINP) patients, 33
fibromyalgia (FM) patients, and 13 chronic whiplash-associated disorder (CWAD)
patients. Opioid medication intake: CINP: 5%; FM: 6%; CWAD: 0%. Nonopioid
medication intake: CINP: 47.4%; CWAD: 61.5%; FM: 63.3%.
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Whitney U test showed that there is a significant

difference in age between the different sample groups.

This is an important finding since age can have an

influence on cognition.57,58 The distribution of age

showed a younger population in the group of included

healthy controls when compared to the other patient

groups. However, since nonparametric testing was

performed, the results of the statistical analyses were

not corrected for age. Since age can have an influence on

the performance of objective cognitive tests, it is

important to keep this limitation in mind when evalu-

ating the results.

Despite the above-mentioned limitations, several

strengths of this study can be outlined. Firstly, the

translation of a questionnaire is not a straightforward

process. Therefore, different protocols were followed in

order to obtain a valid translation. All these methods,

however, have their strengths and their weaknesses.

In a translation process, a bilingual phase is often

used. However, in order to execute this phase of

translation, it was necessary to give both Dutch and

English versions of the questionnaire to a bilingual

pretest group. The difficulty with this procedure, how-

ever, is that a response bias can be caused by recall of

one’s previous answers.30 To avoid this, enough time

should be provided between the completion of both

questionnaires, but the person’s situation should stay the

same. Since this is extremely difficult to accomplish,

Cronbach’s a was chosen to evaluate the internal

consistency of the questionnaire.

Concerning the forward translation, the choice of the

translators was a strength. All translators were research-

ers who were familiar with the subject and were fluent in

English. Secondly, by adding 2 translators with an

English master’s degree, the probability for a bias was

minimalized during the committee approach.30 We

decided to only perform forward translation, without

backward translation. This choice was made since the

use of back-translation may have an influence on

the initial forward translation.59 As a result, the style

of the translation may be rather artificial since the

researcher might keep the future backward translation

in mind while performing the forward translation.

Moreover, the expectation to obtain a seemingly iden-

tical version to the original after a backward translation

is in conflict with the fact that translation requires

change, adaptation, and compromise.

The translation of the questionnaire was based on the

study by Takasaki et al.,20 reviewing the original PDQ.

In their study, the mPDQ contains statements instead of

questions, whereas we decided to use questions. We

made this choice because most of the other health

questionnaires that are currently in use contain ques-

tions as well.

Thirdly, before administering the questionnaire to the

patient sample, a pilot study was performed in an

independent sample with similar characteristics.60 The

participants in this pilot testing consisted of 15 healthy

controls, 15 CINP patients, and 15 CWAD patients.

They fulfilled the same inclusion and exclusion criteria

as the participants in the final study.

Lastly, the risk for confounding factors was decreased

in 2 ways. Firstly, the prevalence of malingering in post-

whiplash patients is a frequently seen phenomenon. This

is particularly of importance in situations in which the

patient is involved in litigation contexts. By checking for

low outcomes on the Rey 15 memory test, the influence

of malingering on the outcomes was examined. Statis-

tical analysis showed that outcomes from participants in

the patient samples did not differ from the ones of

healthy controls. The low values, seen in 2 participants,

can possibly be attributed to a wrong understanding of

the instructions. Unfortunately, data on involvement in

litigation contexts was not collected at the moment of

data collection. Therefore, we cannot investigate the

possible link between outcomes and litigation on the one

hand or the relationship between malingering and

litigation on the other hand. These would have been

interesting analyses.

Secondly, differences in intake of (non-)opioid med-

ication between the groups can also influence the results.

However, in our statistical analyses, we found that there

was no significant difference in opioid or nonopioid

medication intake between the different patient groups.

Therefore, we can exclude this as being a possible

confounding factor.

Recommendations for Further Research and Clinical

Practice

The sample sizes for CWAD and CINP patients were

rather small in this study. Therefore, further research

could investigate if research with larger sample sizes

results in similar findings. Moreover, further research

should aim to obtain age-controlled groups, to exclude

the possible influence of differences in age on differences

in outcome. The inclusion of patients with other types of

chronic pain in the research sample could be of interest

as well in order to generalize the conclusion to a larger

population.

Dutch mPDQ: Validity and Reliability � 859



With these results, we can state that the Dutch mPDQ

is a valid tool to assess cognitive functioning. However,

research on the causal relation between chronic neck

pain and cognitive symptoms is currently lacking. It has

already been hypothesized that pain may influence

cognitive symptoms because neural systems involved in

cognition and pain processing are closely linked.61,62 In

this way, they may modulate one another reciprocally.

Therefore, it would be interesting to evaluate if the

impact of pain on cognition can be shown in the results

on the mPDQ.

In addition, examining the link between the cognitive

symptoms and other symptoms observed in patients

with chronic pain would be a relevant next step. For

example, sleeping problems have already frequently

been described as being a common problem in chronic

pain patients.63,64 The relationship between pain and

these sleeping problems, as well as the influence of

therapy on sleep and pain, have already been investi-

gated. Moreover, the impact of sleep deprivation on

cognitive functioning in healthy workers has already

been investigated as well.65 However, the relationship

between sleep deprivation and cognitive problems in

chronic pain patients is still unclear. More research is

needed to determine if there is a causal relationship

between both.

As mentioned in the Discussion section, examining

the link between involvement in litigation contexts and

cognitive symptoms could be an interesting aspect to

include in future research within these chronic pain

populations.

The validity of the Dutch mPDQ is relevant in clinical

practice because it is a practical tool for the evaluation of

self-reported cognitive symptoms. Its use should also be

considered to evaluate progress in therapeutic settings,

for example, as a part of follow-up measurements.

CONCLUSION

The results of the present study demonstrate excellent

test–retest reliability and internal consistency of the

Dutch version of the mPDQ, a self-report tool to assess

perceived cognitive problems. Determination of the

discriminative power of the mPDQ showed that the

questionnaire can distinguish healthy pain-free controls

from CWAD and FM patients in terms of their

self-reported cognitive problems. Correlations between

more performance-based cognitive tests and the total

mPDQ score showed that more objectively measured

problems with reaction time, concentration, and

memory were correlated with increased self-reported

cognitive problems with attention, concentration, mem-

ory, organization, and planning. These correlations

were the strongest in CINP patients, but were also

found in women with FM and CWAD to a certain

extent. Accordingly, all these findings together provide

evidence for the validity and reliability of the Dutch

mPDQ. We therefore advise using the Dutch mPDQ in

research and clinical practice as a simple and user-

friendly tool to assess cognitive deficits in women with

CINP, FM, and CWAD.
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