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Abstract

Objectives: In patients with multiple sclerosis (MS), a
relationship between physical disability and pain has been
observed. In addition a relationship between physical
disability and cognition in MS has been suggested. How-
ever, cognitive functions and pain appear not to be corre-
lated in MS patients. Therefore, we examined whether a
possible relationship between pain and cognitive func-
tioning may exist, and if so, if such a relationship is
mediated by physical disability.

Methods: Forty-five MS patients with chronic pain, and in
an advanced stage of the disease were included. Physical
disabilities were assessed by the Expanded Disability Sta-
tus Scale (EDSS). Episodic memory was assessed by means
of the Eight Words test, and Face and Picture Recognition.
Executive functions (EF) were examined by Digit Span
Backward for working memory, and the Rule Shift Cards
and Category Fluency test for cognitive flexibility. Pain
Intensity and Pain Affect were assessed by means of visual
analogue scales and one verbal pain scale and mood
(depression, anxiety) by the Beck Depression Inventory
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and the Symptom Check List (SCL-90). The research
questions were analyzed by means of regression analyses
and the Sobel test for mediation.

Results: A significant relationship was found between
Pain Affect and EF, but that relationship was not mediated
by physical disabilities (EDSS). In addition, Pain Intensity
and EF showed a significant relationship but only in
combination with physical disabilities (EDSS). Finally,
mood was related to pain affect.

Discussion: The findings suggest that the lower the EF,
exclusively or in combination with more physical disabil-
ities, the more the patient may suffer from pain.
Implications: The more one is cognitively and physically
impaired, the more one might suffer from pain, and, the
less one is able to communicate pain. The latter could put
MS patients at risk for underdiagnosing and undertreat-
ment of pain.

Keywords: anxiety; chronic pain; depression; executive
functions; mood; multiple sclerosis; physical disability;
regression analyses; visual analogue scales; working
memory.

Introduction

Multiple sclerosis (MS) is a progressive neurodegenerative
disease of the central nervous system (CNS) [1-3]. Known
symptoms of MS include cognitive dysfunction, spasticity,
muscle weakness, fatigue, mood disorders, bladder and
sexual dysfunction, and pain [2, 4].

Concerning cognitive dysfunction, MS patients may
suffer from progressive cognitive impairment during the
course of the disease [5, 6]. In most cases, the cognitive
impairment consists of a decline in memory, attention,
information processing speed, and executive functions
[5-7]. Either white or grey matter lesions may cause
MS-related cognitive impairment [8-10]. With respect to
pain, the prevalence of pain in MS ranges from 29 to 92%
[11]. Pain may have a negative influence on the quality of
life in MS patients [6]. MS related pain can be differentiated
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in neuropathic, nociceptive and mixed pain, the latter
implying a combination of the former two [11, 12]. Neuro-
pathic pain is caused by a lesion of the CNS and can result
in extremity pain, Lhermitte’s sign and trigeminal neural-
gia [12], whereas nociceptive pain arises by mechanical,
thermal or chemical stimulation of nociceptors, caused by
tissue damage [1, 11].

In a previous study, with another group of MS patients,
we examined whether a relationship exists between
cognition dysfunction and chronic pain in MS patients. The
inflammatory process, characteristic for MS, supports such
a relationship [13]. We hypothesized that cognitive
impairment might be correlated either with an increase ora
decrease in pain [14]. On the one hand, pain experience
may increase during the course of MS following the
possible presence of white matter lesions causing de-
afferentation pain. On the other hand, a decrease in pain
experience might also occur, due to grey matter atrophy of
e.g. the hippocampus and prefrontal cortex [15]. The results
of that study show only a trend between pain intensity and
executive functions (verbal fluency) and no further signif-
icant relationship between pain and other cognitive func-
tion [14]. An explanation might be that MS patients use
different brain areas when they were subjected to the
neuropsychological tests in comparison to healthy con-
trols. For example, compared to people without MS, MS
patients activated additional brain regions during an
alertness task [16]. These areas, including e.g. the inferior
and superior frontal and temporal cortex, the angular gy-
rus, and the lateral cerebellum, do not fulfill a specific
function in transducing pain signals [14].

Another explanation might be that we did not control
for physical disabilities, a limitation of that study [14].
Indeed, spasticity might cause pain in MS [17]. Pain and
spasticity are both associated with greater disability
[17-19]. The relationship between pain and disability, as
measured by the Expanded Disability Status Scale (EDSS),
was found in several studies. Patients with chronic pain
showed higher scores on the EDSS [20, 21]. It was argued
that the higher the EDSS score, the more MS patients suf-
fered from spasticity, paresis and postural abnormalities,
resulting in an increase in both neuropathic and nocicep-
tive pain [20, 22]. It is generally known that pain is of great
influence on the quality of life [19].

Physical disabilities are also related to cognition in MS.
For example, a correlation was found between white mat-
ter lesion volume and physical disability, measured by the
EDSS, and between white matter lesion volume and
working memory, attention, and information processing
speed, measured by the Paced Auditory Serial Addition
Test-3 (PASAT-3) [8]. The authors ascribe this relationship
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to white matter lesion volume in particular, whereas
cortical lesions (CL) showed only a trend with disability. In
another study, compared to the non-CL group, MS patients
with CL, showed a significant larger impairment in more
difficult neuropsychological tests and showed a higher
score on the EDSS score, implying more physical disability
[23]. Others describe a negative influence of cognitive
impairment on disability and investigated, among other
things, a possible correlation between cognitive impair-
ment and disability. They found a significant correlation
between the severity of cognitive impairment and EDSS
score [24].

In sum, a relationship appears to exist between pain
and physical disability, and between physical disability
and cognitive functions in MS. A relationship between pain
and cognitive functioning in MS has not been demon-
strated yet. Therefore, the question arises whether a
possible relationship between pain (four pain scales) and
cognitive functioning (EF, memory) exists, and if so, if such
a relationship is mediated by physical disability (EDSS).

Materials and methods
Design and subjects

Study design: Cross sectional.

Participants: With reference to our previous study [14], the present
study included a new group of patients, i.e. forty-five patients with
advanced multiple sclerosis and chronic pain (17 males, 28 females)
(G* Power 3.1.9.7: multiple regression, medium/large effect size: 0.35
(Cohen’s f2), a=0.05, 4 predictors: n=40). The diagnosis was made by
an MS-neurologist. The patients were enrolled at Nieuw Unicum, a
center for the professional care of patients with physical disabilities in
particular, Zandvoort, The Netherlands.

Multiple sclerosis subtypes: The subtype of multiple sclerosis was
categorized in: relapsing-remitting multiple sclerosis (RRMS), primary
progressive multiple sclerosis (PPMS), secondary progressive multiple
sclerosis (SPMS), and progressive undetermined.

Global cognitive functioning: We used the Mini Mental State Exami-
nation [25] to assess global cognitive functioning (maximum
score=30). One speaks of cognitive decline when a score of 25 or less is
achieved. For further details see ref. [14].

Education: Level of education of all participants was listed as follows:
elementary school not finished (score: 1), elementary school finished
(score: 2), more than 6 classes elementary school (score: 3), education
but not the level of secondary school (score: 4), secondary school
(score: 5), higher secondary school (score: 6), higher vocational
training for 18+/university (score: 7) [26].
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Intoxications: Percentages of alcohol and cigarette consumption was
noted.

Medication: We noted all medicines that were used by the partici-
pants, including analgesics, i.e. baclofen, paracetamol, naproxen,
ibuprofen, diclofenac, and cannabis.

Comorbidities: We incorporated the chronic comorbidities in the past
six months of the participants into eight different categories: cardio-
vascular diseases, endocrinological and metabolic disorders, neuro-
logical disorders, eye disorders, infections, internal disorders,
disorders of the musculoskeletal system, and psychiatric disorders
other than mood. For a description of the comorbidities that belong to
each separate category, see ref. [27]. Each separate comorbidity was
scored as follows: O=absent, 1=present. All scores were added up,
providing a Total Comorbidity Score.

Exclusion criteria: Exclusion criteria incorporated a clinically relevant
history of central nervous system disorders other than MS, alcoholism,
neoplasms, severe and/or recurrent psychiatric illness. Patients with
severe vision disturbances and/or cognitive disturbances (MMSE
score <15) were also excluded.

Informed consent: All participants gave their oral and written
informed consent after being informed about the purpose and content
of the study. The present study involved human subjects, and conse-
quently, complied with all relevant national regulations, institutional
policies, is in accordance with the tenets of the Helsinki Declaration
(as amended in 2013), and has been approved by the authors’ Insti-
tutional Review Board (IRB): NL 19801.029.07, 2007.211.

Instruments and procedure

Mood

Since mood, i.e. depression and anxiety, could have a
possible negative influence on pain experience [28], mood
was assessed with the following questionnaires: the Beck
Depression Inventory (BDI: minimum score=0, maximum
score=63) [29], the SCL-90 anxiety subscale (minimum
score=0, maximum score=40) [30, 31], and the SCL-90
depression subscale (minimum score=0, maximum
score=52) [30, 31], scores of these three subscales were
converted into z-scores. Factor analysis showed that the
three scales could load on one component. Subsequently,
we composed a composite domain score for mood (Cron-
bach’s alpha 0.86).

Physical disability
To measure physical disability trained raters applied the

Expanded Disability Status Scale (EDSS) [32]. This results
in a score from O to 10, in which a score of 0 means no
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disability and 10 means death due to MS [33]. The EDSS
focuses mainly on physical disabilities and is a less viable
instrument for measuring cognitive functioning [7, 34].

Cognition
Episodic memory

Episodic memory was tested by means of the following
tests. Eight-Words Test [35]. Face and Picture Recognition of
the Rivermead Behavioural Memory Test (RBMT-faces) [36].
For further details, please see ref [14].

The scores of the separate tests were converted into
z-scores. Factor analysis showed that the three tests could
load on one component. Subsequently, we composed a
composite domain score for memory (Cronbach’s alpha 0.82).

Executive functions were assessed by the following tests.
The Digit Span Backwards (DSB) of the Wechsler Memory
Test [37]. The Rule Shift Cards of the Behavioural Assessment
of the Dysexecutive Syndrome (BADS) [36]. Category fluency
(a subtest of the Dutch Gronginger Intelligence Test) [38].
Factor analysis showed that a domain ‘executive functions’
could be composed (Cronbach’s Alpha 0.75).

Pain

We used four pain scales to measure pain intensity and pain
affect at the time of testing. Coloured Analogue Scale (CAS)
[39]. This pain scale is used to measure pain intensity and
suffering from pain (called: pain affect) (score O=no pain,
score 10=severe pain). Faces pain scale (FPS) [40]. The
participant is asked to choose a drawn picture of a face with
a certain expression, amongst other drawn pictures of faces
with different expressions, which matches with the severity
of pain they experience (score O=no pain, score 6=severe
pain). This scale measures pain intensity. Number of Words
Chosen-Affective (NWC-A) [41]. The participant is asked to
choose a word out of a group of three words that is an
indication of the pain that has been experienced (score 0=no
pain, score 15=severe pain). This pain scale is used to
measure suffering from pain (pain affect).

For further details about the tests we used to measure
pain, see ref. [14].

Procedure

The neuropsychological tests and the EDSS scores were
performed by trained raters (MvD and AP). The assessment
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of cognitive functions and pain took place during one
session. The total administration time was approx. 1-1.5 h.
If the patient became too tired to proceed with the testing,
the remaining neuropsychological tests were not admin-
istered at a later moment, to avoid bias. The test session
started with the linguistic understanding and subsequently
administration of the pain scales. Similar to our former
studies, the sequence of administering the tests was: the
Eight Words Test (Immediate Recall), Rule Shift Cards,
Eight Words Test (Delayed Recall), Eight Words Test
(Recognition), Digit Span Backwards, Face Recognition,
Picture Recognition, Category Fluency, and, at the end, the
Beck Depression Inventory and the SCL-90.

Data-analyses

For data-analyses, we used the SPSS-PC program and
STATA 16.0. Chi square tests were applied to analyze data
concerning pain medication and comorbidities. The first
research question, i.e. is physical disability involved in the
relationship between pain and cognition in MS patients, was
examined by means of four separate linear regression ana-
lyses. The dependent variables were Coloured Analogue
Scale (CAS) Affect, Number of Words Chosen — Affective
(NWC-A), Coloured Analogue Scale (CAS) Intensity, and the
Faces Pain Scale (FPS), respectively. Four models were
applied. We started with the domain EF or Memory (Model
1), and added subsequently EDSS (Model 2), interaction
cognitive domain x EDSS (Model 3), and finally adding
Mood (Model 4). Level of significance was set at p<0.05.

In case of a significant relationship between pain (four
pain scales) and cognition (EF, memory) in MS, the
research question whether such a relationship is mediated
by physical disabilities (EDSS), will be examined with
mediation analysis; significance of the (partial) mediation
effect will be determined by the Sobel test [42, 43]. To
determine complete or partial mediation, the following
associations will be analyzed. In the first place, a signifi-
cant association between cognition (EF and memory) and
pain (assessed with four different pain scales) will be
examined, which represents the overall effect. Next, the
association between cognition (EF, memory) and physical
disabilities (EDSS) will be examined, and (partial) media-
tion can only occur if this association is statistically sig-
nificant. Third, the association between EDSS and pain
(four pain scales) should also be statistically significant,
adjusting for cognition (EF, memory). Next, controlling
path a and path b, should lower the significant association
between cognition and pain (path c) in the presence of a
mediation effect. The mediation analysis will indicate to

Scherder et al.: Relationship between physical disability and pain —— 757

what extent the association between pain and cognition is
mediated by EDSS, and to what extent the relation is a
direct effect. Level of significance was set at p<0.05.

Results

Demographics

Age

The mean age of the patients was 56.31 years (SD: 8.49;
range 29-71 years). The mean disease duration was 16.87
years (SD: 8.80).

MS subtypes

The results were as follows: RRMS 4.4%, PPMS 44.4%,
SPMS 48.9% and progressive undetermined 2.2%.

MMSE (Global cognitive functioning)

The mean score was 27.09 (range 16-30, SD 3.34).
Education

Mean education level: 5.42 (range: 2-7).

Intoxications

17.8% of the participants did smoke, whereas 46.7% used
alcohol. Mean number of glasses per week was: 2.48 (SD:
5.05), range: 0—21 per week.

Cognition

The mean scores of the MS patients are lower concerning
episodic memory and executive functions (for means and
standard deviations, see Table 1) when compared to
healthy controls (please see ref. [14] for means and stan-
dard deviations of healthy controls). See Table S1.

Pain

For results (M and SD) concerning pain intensity and pain
affect at time of testing, see Table 2. Compared to the
maximum scores on the scales, the mean scores suggest

that the MS patients reported a relatively low level of pain.
See Table S2.
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Table 1: Hierarchical regression analysis predicting scores the CAS affect (dependent variable) with mood, EF domain, memory domain, EDSS,
interaction EDSS x EF, and interaction EDSS x memory in a sample of MS patients experiencing pain at the moment of testing.

CAS affect B (SE) t P F df P Ry R? AR?
Model 1 4.75 1.42 0.035 0.08 0.102 0.102
EF -0.145(0.07) -2.18 0.035

Model 2 0.80 1.41 0.38 0.08 0.119 0.017
EF -0.143(0.07) -2.15 0.037

EDSS 0.139(0.16) 0.90 0.38

Model 3 0.15 1.40 0.70 0.06 0.122 0.003
EF -0.149(0.07) -2.17 0.036

EDSS 0.178(0.19) 0.96 0.35

EF x EDSS -0.034(0.09) -0.39 0.70

Model 4 0.90 1.39 0.35 0.05 0.142 0.020
EF -0.173(0.07) -2.36 0.020

EDSS 0.166(0.19) 0.89 0.38

EF x EDSS -0.033(0.06) -0.37 0.71

Mood 0.056(0.06) 0.95 0.35

Model 1 0.038 1.41 0.85 -0.023 0.001 0.001
Memory -0.008(0.04) -0.19 0.85

Model 2 0.339 1.40 0.56 -0.04 0.009 0.008
Memory -0.007(0.04) -0.16 0.88

EDSS 0.09(0.16) 0.58 0.56

Model 3 0.869 1.39 0.36 -0.04 0.031 0.022
Memory -0.013(0.04) -0.29 0.77

EDSS 0.068(0.16) 0.41 0.68

Mem x EDSS 0.035(0.04) 0.93 0.36

Model 4 0.392 1.38 0.54 -0.06 0.041 0.010
Memory -0.019(0.04) -0.43 0.67

EDSS 0.066(0.17) 0.40 0.69

Mem x EDSS 0.035(0.04) 0.92 0.36

Mood 0.039(0.06) 0.63 0.54

Physical disability Comorbidity

The mean EDSS score of the MS patients was 7.16 (SD=1.08)  Percentages of eight different comorbidity categories are
(range 3.5-9.0). presented in Table S4. The mean total comorbidity was
M=2.58, SD=1.69 (max. score: 8).

Mood
Relationship between pain,
Compared to the maximum scores, the mean scores on the

various scales for depression and anxiety are relatively low cogn ition » P hyS | Cal d |Sab 1 llty’ an d
(Table 3). See Table S3. mood

Pain affect
Pain medication
CAS affect
The percentages of the various analgesics used by MS pa-
tients were: Baclofen: 40%, Paracetamol: 42.2%, Diclofe- EF domain
nac: 0%, Naproxen: 4.4%, Ibuprofen: 2.2%, and Cannabis: In Model 1, the EF domain, explains 10% of the variance of
15.6%. the scores on CAS Affect (Table 1). The relationship was
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Table 2: Hierarchical regression analysis predicting scores the NWC-A (dependent variable) with mood, EF domain, memory domain, EDSS,
interaction EDSS x EF, and interaction EDSS x Memory in a sample of MS patients experiencing pain at the moment of testing.

NWC-A B (SE) t P F df p R R? AR?
Model 1 0.20 1.42 0.66 -0.02 0.005 0.005
EF -0.029(0.07) —0.44 0.66
Model 2 1.62 1.41 0.21 -0.01 0.04 0.04
EF -0.027(0.07) -0.42 0.68
EDSS 0.193(0.15) 1.27 0.21
Model 3 0.23 1.40 0.64 -0.02 0.05 0.23
EF -0.020(0.07) -0.30 0.77
EDSS 0.146(0.18) 0.80 0.43
EF x EDSS 0.041(0.09) 0.48 0.64
Model 4 8.56 1.39 0.006 0.14 0.22 0.17
EF -0.085(0.07) -1.30 0.20
EDSS 0.112(0.17) 0.67 0.51
EF x EDSS 0.044(0.08) 0.56 0.58
Mood 0.156(0.05) 2.93 0.006
Model 1 0.002 1.41 0.97 -0.02 0.00 0.00
Memory -0.002(0.04) -0.04 0.97
Model 2 0.73 1.40 0.40 -0.03 0.02 0.02
Memory 0.000(0.04) 0.01 0.99
EDSS 0.129(0.15) 0.86 0.40
Model 3 1.82 1.38 0.19 -0.01 0.06 0.04
Memory -0.008(0.04) -0.19 0.85
EDSS 0.094(0.15) 0.62 0.54
Mem x EDSS 0.047(0.04) 1.35 0.19
Model 4 11.30 1.37 0.002 0.20 0.28 0.22
Memory —0.035(0.04) -0.98 0.33
EDSS 0.086(0.14) 0.64 0.53
Mem x EDSS 0.046(0.03) 1.48 0.15
Mood 0.170(0.05) 3.36 0.002

significant (p=0.035). This relationship remained signifi-
cant in the other three models.

Memory domain
None of the models showed one or more significant pre-
dictors of the scores on CAS Affect.

NWC-A

EF domain

In Model 4 of the EF domain, entering Mood explained
significantly 17% more of the variance of the scores on the
NWC-A (see Table 2).

Memory domain

In Model 4 of the Memory domain, even 22% of the variance
of the scores on the NWC-A were explained by Mood (Ta-
ble 2). No other models showed one or more significant
predictors of the scores on NWC-A.

Pain intensity
CAS intensity

EF domain
The data presented in Table 3, show that no model signif-
icantly explained variance of the scores on CAS Intensity.

Memory domain
No model significantly explained variance of the scores on
CAS Intensity (Table 3).

FPS

EF domain

Adding the interaction EF x EDSS to Model 3, significantly
explained 10% more of the variance of the scores on the
FPS. The significant relationship between the interaction
EF x EDSS remained after entering Mood as a predictor in
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Table 3: Hierarchical regression analysis predicting scores the CAS intensity (dependent variable) with mood, EF domain, memory domain,
EDSS, interaction EDSS x EF, and interaction EDSS x memory in a sample of MS patients experiencing pain at the moment of testing.

CAS intensity B (SE) t P F df P Ry R? AR?
Model 1 1.22 1.42 0.28 0.005 0.03 0.03
EF -0.073(0.07) -1.11 0.28
Model 2 0.38 1.41 0.54 -0.01 0.04 0.01
EF -0.072(0.07) -1.08 0.29
EDSS 0.095(0.16) 0.62 0.54
Model 3 0.05 1.40 0.83 -0.03 0.04 0.00
EF -0.069(0.07) -1.0 0.33
EDSS 0.073(0.19) 0.39 0.70
EF x EDSS 0.019(0.09) 0.22 0.83
Model 4 1.29 1.39 0.26 -0.03 0.07 0.03
EF -0.097(0.07) -1.33 0.19
EDSS 0.059(0.19) 0.32 0.75
EF x EDSS 0.021(0.09) 0.24 0.81
Mood 0.067(0.06) 1.14 0.26
Model 1 0.06 1.41 0.81 -0.02 0.001 0.001
Memory 0.010(0.04) 0.25 0.81
Model 2 0.10 1.40 0.75 -0.05 0.004 0.003
Memory 0.011(0.04) 0.26 0.80
EDSS 0.050(0.15) 0.32 0.75
Model 3 1.40 1.39 0.24 -0.04 0.04 0.04
Memory 0.003(0.04) 0.08 0.93
EDSS 0.018(0.16) 0.12 0.91
Mem x EDSS 0.042(0.04) -0.19 0.85
Model 4 1.43 1.38 0.24 -0.02 0.07 0.04
Memory -0.008(0.04) -0.19 0.85
EDSS 0.015(0.16) 0.10 0.93
Mem x EDSS 0.042(0.04) 1.18 0.25
Mood 0.070(0.06) 1.20 0.24

Model 4. Entering Mood explained an additional 7% of the
variance (Table 4).

Memory domain
No model significantly explained variance of the scores on
CAS Intensity (see Table 4).

Mediation analysis

As only EF showed a significant negative relationship with
pain, in particular assessed by CAS Affect, the question
arises whether this relationship was mediated by EDSS. As
can be observed in Figure 1, EDSS did not significantly
mediate the relationship between EF and CAS Affect.

Discussion

The goal of the present study was to examine if a rela-
tionship exists between cognition (EF, memory) and pain,

assessed by four different pain scales. The reason why we
have chosen for four different pain scales, instead of a more
‘general’ pain domain is three-fold. In the first place, we
tried to make a more refined distinction between pain affect
and pain intensity. Such a distinction, although somewhat
arbitrary, is based on the functioning of the medial and
lateral pain system, respectively [44]. The medial pain
system projects to the prefrontal cortex, involved in the
motivational-affective processing of pain, whereas the
lateral pain system finally projects to the parietal lobe, for
its role in processing the sensory-discriminative aspects of
pain [44]. Important for this discussion is that the
prefrontal-parietal networks are also involved in cognitive
functions, e.g. EF [45]. In the second place, each pain scale
assesses pain in somewhat different way, visual with and
without faces, and verbal. In the third place, we used the
same four pain scales in previous studies, not only in MS
patients, but also in other groups of cognitively impaired
persons, e.g. patients with dementia. By applying the same
scales in each study, we are able to compare the various
results.
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Table 4: Hierarchical regression analysis predicting scores the FPS (dependent variable) with mood, EF domain, memory domain, EDSS,
interaction EDSS x EF, and interaction EDSS x memory in a sample of MS patients experiencing pain at the moment of testing.

FPS B (SE) t P F df P R R? AR?

Model 1 0.81 1.42 0.38 -0.005 0.019 0.019
EF -0.06(0.07) -0.90 0.38

Model 2 0.02 1.41 0.89 -0.029 0.019 0.000
EF -0.06(0.07) -0.88 0.38
EDSS 0.022(0.16) 0.14 0.89

Model 3 4.35 1.40 0.04 0.05 0.116 0.096
EF -0.03(0.07) -0.44 0.66
EDSS -0.18(0.18) -0.18 0.32
EF x EDSS 0.18(0.08) 2.09 0.04

Model 4 3.47 1.39 0.07 0.10 0.188 0.072
EF -0.073(0.07) -1.06 0.30
EDSS -0.203(0.18) -1.16 0.25
EF x EDSS 0.177(0.08) 2.18 0.04
Mood 0.104(0.06) 1.86 0.07

Model 1 0.32 1.41 0.57 -0.016 0.008 0.008
Memory -0.023(0.04) -0.57 0.57

Model 2 0.00 1.40 0.99 -0.042 0.008 0.000
Memory -0.023(0.04) -0.56 0.58
EDSS -0.002(0.16) -0.010 0.99

Model 3 2.85 1.39 0.10 0.004 0.075 0.068
Memory ~0.033(0.04) -0.82 0.42
EDSS -0.046(0.15) -0.30 0.77
Mem x EDSS 0.059(0.04) 1.69 0.10

Model 4 3.30 1.38 0.08 0.06 0.15 0.074
Memory -0.049(0.04) -1.24 0.22
EDSS -0.051(0.15) -0.34 0.74
Mem x EDSS 0.059(0.03) 1.72 0.09
Mood 0.102(0.06) 1.82 0.08

a EDSS b standard deviations [14]. One can only speculate about a

B=-.022.; p<.77 B=306; p<.42 neuropathological mechanism underlying such a rela-

tionship; since we did not obtain neuroimaging data

c’ ourselves in the present study. One such a speculation is

EF domain B=-.430; p<.02* , CASAffect thatanegative relationship between EF and pain might be

related to white matter pathology. This suggestion arises

) ¢ from studies on pain in patients with ‘possible’ and

EF domain B=-.437; p<.02* CAS Affect

>

Figure 1: Mediation model between EF domain and CAS affect, by
EDSS, controlled for mood. EF, executive functions; CAS, coloured
analogue scale; EDSS, expanded disability status scale. *Significant
95% Cl level.

First, we will discuss the positive main findings. A
significant negative relationship was observed between
EF and Pain Affect (CAS Affect), implying that the lower
the EF, the more the patient may suffer from pain. In an
earlier study, a negative relationship between EF and pain
affect was also observed [14]. However, that relationship
only concerned Verbal Fluency and was not significant
but showed a trend, possibly due to somewhat larger

‘probable’ vascular dementia [46, 47]. Similar to MS, the
neuropathology of vascular dementia is characterized by,
among others, white matter lesions, resulting in de-
afferentation pain [47]. De-afferentiation pain might be
caused by a disconnection of brain regions, resulting in an
increase in pain affect [48]. Indeed, patients with vascular
dementia experienced an increase in pain, compared to
those without dementia. It is argued that the more the
white matter is affected, the higher the increase in pain
affect and the larger the impairment in EF. We discussed
earlier that an impairment in EF, in combination with an
increase in pain affect (medial pain system), might be
explained by a deterioration of the prefrontal-parietal
networks in MS [45].
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Considering the significant relationship between EF
and pain affect in the present study, the question arises
whether this relationship is mediated by EDSS. The
outcome of the Sobel mediation test was however negative
(see Figure 1).

Another main finding is that EF shows a negative
relationship with pain intensity (measured by the FPS), but
only in combination with EDSS. This finding implies that in
MS patients’ pain intensity may be related to a higher level
of physical disabilities (higher EDSS scores) and lower
scores on tests for EF. The fronto-parietal networks are not
only involved in pain, and EF, but also in physical abilities.
One study showed a negative relationship between fronto-
parietal grey matter volume loss and the scores on the EDSS
in MS patients treated with Natalizumab [49]. In addition,
as mentioned eatlier, the parietal lobe, more precisely the
primary and secondary somatosensory regions and the
parietal operculum are part of the lateral pain system [44].
The lateral pain system processes the intensity of pain in
particular.

In sum, our results suggest that a decrease in cognitive
functions (EF) and an increase in physical disabilities
(EDSS) may correlate with an increase in pain experience.
Within the same line of reasoning, better cognitive and
physical functioning implies more intact grey and white
matter and, consequently, a better functioning of person’s
own pain suppressing systems; in other words, less pain
experience.

Furthermore, we did also find a significant relation-
ship between mood and pain affect, measured with the
NWC-A. It is well known that chronic pain is frequently
seen in patients with mood disorders, such as depression
and anxiety. One study reports that 70% of patients with
mood disorders may experience chronic pain [50]. The
study also described that pain could be a predictor of
depression and vice versa. One might wonder why a rela-
tionship between mood and pain was not found for the
other pain scales (CAS intensity, CAS affect and FPS). A
possible explanation could be that the MS patients who
participated in our study reported relatively low scores on
both the pain and mood scales. In sum, concerning the
positive main findings, we observed a direct relationship
between pain affect (CAS affect) and EF, not mediated by
EDSS, a relationship between pain intensity (FPS) and EF,
only in combination with physical disabilities (EDSS) and,
finally, a relationship between mood and pain affect, when
assessed by NWC-A.

Next we discuss the negative findings. CAS Intensity
and NWC-A did not show a relationship with EF, the scores
on all four pain scales appeared not to be related to
memory and three out of the four pain scales were not
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related to mood; only the NWC-A was related to mood.
Although visual analogue scales were found to be reliable
pain assessment instruments in MS [51], justifying its use in
the present study. In some studies, the FPS is the preferred
choice for pain assessment in MS [52, 53]. The FPS prefer-
ence does also hold for other groups of cognitively (un)
impaired people but not for each group. For example,
elderly persons from African American origin, with and
without cognitive impairment, prefer the FPS, next to the
Iowa Pain Thermometer (IPT), which is quite similar to the
CAS we used, and the Verbal Descriptor Scale (VDS) [54,
55]; the NWC-A is an example of a verbal descriptor scale.
The FPS was also the preferred instrument for adults with
Mild Cognitive Impairment (MCI) [56]. Similarly, compared
to other pain scales, the FPS could be filled in by the
highest percentage of cognitively impaired long-term care
patients [57]. However, compared to the FPS, the Phila-
delphia Pain Intensity Scale (PIS), another type of a verbal
descriptor scale, was filled in by a higher percentage of
community-dwelling cognitively impaired older persons
[58]. In sum, in the majority of the studies, including those
with MS patients, multiple (non)verbal pain assessment
scales are used, assessment scales that are similar to the
scales we applied in the present study. The one pain scale
might be more accessible for the patient than the other. For
the present and other studies is the variety in accessibility
of the pain scales, the main reason for applying more than
one pain scale, each one of a somewhat different nature.

An alternative explanation for the negative findings
and a limitation of the present study might be that mainly
patients with advanced MS with high EDSS scores were
included, whereas adding more patients with lower EDSS
scores might have rendered more variation in the data. The
same holds for pain and mood: our patients showed rela-
tive low scores on pain and mood. One explanation might
be that our study was underpowered. Our sample consisted
of 45 subjects which was based on a power analysis,
incorporating a medium/large effect size of 0.35 (Cohen’s
£2). The question remains if the choice for a medium/large
effect size of 0.35 is justified. On the one hand, there is
ample evidence for a reciprocal relationship between
chronic pain and cognitive functions [59], justifying a
medium/large effect size. On the other hand, the relation-
ship between cognition and pain has not yet been observed
in MS patients. We therefore suggest that a replication of
the study should take place with a larger number of
participants.

Another limitation is that we did include mood and not
fatigue as a possible confound to cognition and physical
disabilities. Compared to mood, is fatigue a more consis-
tent confounder. A recent study shows a strong association
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between fatigue and cognition, social life, and physical
disability [60]. Fatigue also shows a close relationship with
pain, in the majority of MS patients [61]. According to these
authors, the mechanism underlying those relationships is
neuroinflammation. Others emphasize that a combination
of pain, anxiety, depression, and fatigue seriously com-
plicates a healthy lifestyle and, consequently, quality of
life [62]. In contrast to fatigue, the association between
mood and physical disabilities, assessed by EDSS, is less
studied in MS and results are less consistent. In one study,
depression was unrelated to EDSS [63]. In a more recent
study it was observed that depression was positively
associated with the EDSS-score [64]. However, anxiety
appeared to be negatively associated with the EDSS score
in that study. The authors argue that by becoming pro-
gressively more aware of one’s physical disability, one may
accept it, lowering the level of anxiety. Because of its
inconsistency as a confounder, we included mood instead
of fatigue in the present study. However, in a next study,
with a larger group of patients, fatigue should be included
as a confounder as well. A final limitation is that part of the
explanations of the main findings we presented above, are
based on neuro-imaging data that were not collected in the
present study.

Taking these limitations into consideration, we
conclude that our findings should be interpreted with
caution. The findings may suggest that a more severe
impairment in EF might be related to a higher experience of
pain affect, and that a more severe impairment in EF, in
combination with a more severe decline in physical abili-
ties, might be related to a higher experience of pain in-
tensity. In other words, the more one is cognitively and
physically impaired, the more one might suffer from pain,
and the less one is able to communicate pain. The latter
could put MS patients at risk for underdiagnosing and
undertreatment of pain.
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