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White matter hyperintensities are related to pain
intensity in an outpatient memory clinic population:
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Background: The association between pain and dementia is complicated and may depend
on underlying brain pathology. It was hypothesized that both medial temporal atrophy (MTA)
and global cortical atrophy (GCA) predicted no/mild pain, while white matter hyperinten-
sitiecs (WMH) predicted moderate/severe pain.

Objectives: To study the association between pain intensity and measures of brain pathol-
ogy, more specifically MTA, GCA, and WMH.

Methods: In total, 115 consecutive patients visiting an outpatient memory clinic were
included. In total, diagnoses included dementia (N=70), mild cognitive impairment
(N=30), and subjective cognitive impairment (N=15). Without administering stimuli, pain
intensity was assessed with the Brief Pain Inventory. MTA, GCA, and WMH were measured
with a MRI visual rating scale. Logistic regression analyses to examine the relationship
between WMH, MTA, GCA, and self-reported pain intensity (no/mild pain versus moderate/
severe pain) were adjusted for confounders.

Results: Mean age of the patients was 81 years (IQR: 78-85, 53% female). Moderate/severe
pain was reported by 23.5% and associated with greater WMH (OR =3.34, 95% CI=1.01-10.97,
p=0.047), but not MTA or GCA.

Conclusions: In contrast to the present results, earlier studies have reported either a positive
or negative relationship between pain and brain volume. It is suggested that the presence of
dementia may explain the absence of a relationship between pain and brain volume. WMH is
positively related with pain in an older memory outpatient population. Considering the small
sample size, our findings should be interpreted with caution. Hence, our conclusions are
preliminary findings, warranting future replication.
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Introduction

To date, most studies on pain in dementia have focused on dementia in general'.
Earlier studies hypothesized that differences in pain experience between the various
subtypes of dementia, and between individuals with and without dementia may be
related to differences in neuropathology.” Atrophy in, for example, the hippocam-
pus, anterior cingulate cortex, amygdala, and prefrontal cortex may reduce the
affective processing of pain, pain memory, and the anticipatory response to painful
stimuli.” However, studies show conflicting results, with both positive® and nega-
tive associations between brain atrophy and pain intensity being reported.* In
addition, white matter hyperintensities (WMH), for example in the spinothalamic
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tract, also referred to as the anterolateral pathway, may
lead to an increase in pain experience; this type of pain is
paraphrased as deafferentiation pain.*°

A recent study in outpatient memory clinics has shown
that older patients with Alzheimer’s disease (AD) and
mixed dementia (MD; AD and vascular pathology) are
less likely to report pain than older individuals without
dementia.” The self-reported pain intensity may also differ
between patients with different types of dementia. Patients
with AD report a lower chronic pain intensity than indivi-
duals without dementia.®'! Patients with VaD report
than

dementia.'*'? A loss of awareness of pain has been

a higher pain intensity individuals  without
reported by carers of patients with frontotemporal demen-
tia (FTD).'* Differences in pain sensitivity between differ-
ent subtypes of dementia have also been the focus in
experimental pain studies. The results of those studies
were heterogeneous, reporting, for example, a lower pain

15717 1o difference,18

sensitivity, or even a higher pain
sensitivity'” in AD compared to individuals without
dementia. To date, the only experimental pain study focus-
ing on pain in FTD indicates a strong increase in pain
tolerance compared to individuals without dementia.>® No
studies have been identified that examined pain in patients
with dementia with Lewy bodies (DLB). Despite the use-
fulness of a dementia subtype diagnosis for clinical prac-
tice, it may lack specificity for research into the
association between neuropathology and pain, given that,
even within dementia subtypes, a considerable amount of
heterogeneity in neuropathology exists.”'** When study-
ing pain in dementia, it may therefore be more appropriate
to group participants on brain atrophy and WMH, rather
than on the clinical dementia subtype diagnosis.

The aim of the present study was to examine the
association between brain atrophy, WMH, and pain, in
a combined group of older individuals both with and with-
out dementia. It was hypothesized that the intensity of pain
is negatively associated with brain atrophy and positively

associated with WMH.

Material and methods

Patients

This cross-sectional study includes patients recruited con-
secutively at two outpatient memory clinics; the Center of
Geriatric Medicine Amsterdam (COGA), VU University
Medical Center, Amsterdam, and the Geriatric outpatient
clinic (BACO), Amstelland Hospital, Amstelveen, The

Netherlands. Data were collected between April 2014
and November 2015 (COGA), and between May 2015
and November 2015 (BACO). All patients were referred
to the outpatient memory clinics with cognitive com-
plaints. Patients were included if they were older than 60
years, had given written informed consent and excluded if
they had a primary psychiatric disorder, insufficient com-
mand of the Dutch language, or if they indicated verbally
and/or non-verbally that they did not wish to participate
despite earlier consent. Data were collected conform to the
declaration of Helsinki. Approval was obtained from the
Ethical Review Board of the VU University Medical
Center NL43861.029.13. The cohort consisted of 212
patients with a dementia diagnosis of AD, MD, VaD,
FTD, DLB, or no dementia referred to as mild cognitive
impairment (MCI) or subjective cognitive impairment
(SCI). Subsequently, patients were excluded for not com-
pleting the pain assessment (n=15) or not having
a magnetic resonance imaging scan (MRI) (n=82), leaving
115 patients available for analysis. The final cohort con-
sisted of AD (n=39), MD (n=20), VaD (n=8), FTD (n=1),
DLB (n=2), MCI (n=30), and SCI (n=15).

The diagnosis of dementia was based on consensus
within a multidisciplinary team, using the National
Institute of Neurological and Communicative Disorders
and Stroke and the Alzheimer’s Disease and Related
Disorders Association criteria for dementia due to AD,?’
the National Institute of Neurological Disorders and
Stroke Association Internationale pour la Recherche et
I’Enseignement en Neurosciences criteria for vascular
dementia,>® the revised criteria for FTD,>! and the revised
criteria for DLB?®. The diagnosis of dementia included
MRI as part of the standard diagnostic process. MCI was
diagnosed according to the National Institute on Aging and
the Alzheimer’s Association criteria.” Finally, the presence
of SCI was established when the cognitive complaints
could not be confirmed by cognitive testing, and criteria
for MCI, dementia, or other neurological or psychiatric
disorder known to cause cognitive complaints were
not met.

Pain assessment

The presence and intensity of pain was assessed using
the Brief Pain Inventory*. Patients were asked to indi-
cate whether they had “pain today other than everyday
kinds of pain (eg, toothache, minor headache, or
sprains)”. Pain intensity was assessed by asking the
patients to rate their pain on average and in the last
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24 hrs on an 11-point (ie, 0-10) numerical scale, with
higher numbers indicating more severe pain. Given the
high number of patients with no or low pain intensity,
this score was dichotomized to represent no/mild pain
(0-3) and moderate to severe pain (4-10).%*

Brain atrophy and WMH

The presence of brain atrophy and WMH was assessed
using MRI visual rating scales. Subjects were scanned on
3.0T MR systems (Titan, Signa, or Discovery MR750). As
part of standard clinical care, all scans were visually rated
by a trained rater (HR and NL), and subsequently evalu-
ated in a consensus meeting with an experienced
neuroradiologist.”> All scans included a three-
dimensional T1-weighted gradient echo sequence and
recovery (FLAIR)
sequence. Brain atrophy was divided into global cortical
atrophy (GCA) and medial temporal atrophy. The GCA

was assessed using a simplified version of the GCA

a fast fluid-attenuated inversion

scale.”*” This visual scale is rated using axial FLAIR
images, with scores ranging from 0 to 3 where higher
scores indicate more severe atrophy. Medial temporal
lobe atrophy (MTA) was assessed using the Scheltens
scale® on coronal Tl-weighted images. The degree of
atrophy was rated using the original criteria by Scheltens
and colleagues, based on the height of the hippocampal
formation and the width of the choroid fissure and tem-
poral horn, using a 5-point (0—4) scale from the average
score of left and right sides. The presence of subcortical
WMH was scored on an axial FLAIR, using the Fazekas
scale.”” The scores on this scale ranged from 0 to 3, with
higher scores indicating more severe WMH. For analyses,
the GCA, MTA, and WMH were recoded, because groups
with the lowest scores (GCA, MTA, WMH) and highest
score (GCA and MTA) were too small to be reliably
included in the analysis. Therefore, GCA and WMH
were recoded into dichotomous variables, in which (0-1)
and (2-3) were grouped. The MTA score was recoded into
three groups (0-1), (2), and (3—4).

Mood

There is ample evidence for the relationship between
mood and pain*®*' The short form of the Geriatric
Depression Scale (GDS) was used to assess mood.** This
15-item self-report questionnaire has a maximum of
15 points, and has been validated against the ICD-10 and
DSM-IV diagnosis of depression in older patients. It has
shown acceptable validity and specificity in older patients

with a mini-mental state examination (MMSE) score of 15
points and higher.**~*> In total, 18 participants had missing
values on a maximum of three questions of the GDS. In
order to account for this data loss, a relative score was
calculated by dividing the number of points on the GDS by
the number of questions answered. Three participants had
missing values on more than three questions. For these
participants, the relative score was coded as missing.

Education

An adapted version of the Verhage 7-point ordinal rating
scale’® was used to assess education. The original scale
ranges from 1) less than primary education, 2) completed
primary education, 3) primary education with incomplete
secondary education, 4) complete secondary education, 5)
four years of secondary education, and 6) pre-university
education and/or higher vocational education, to 7) academic
degree. In the adapted version, the first four points have been
taken together to represent lower education, while the other
points remain unchanged, thus resulting in a 4-point scale.

Medication use

A list of the prescribed medication provided by the gen-
eral practitioner or pharmacy was used to rate medication
use. The use of analgesic medication (N02 analgesics and
MO1A NSAID’s according to the Anatomical Therapeutic
Chemical classification system) was dichotomized into
present or absent.

Chronic diseases

The presence of chronic diseases was rated using the medical
chart and information provided by the general practitioner.
The chronic diseases were grouped into cardiovascular dis-
ease (CVD) and diabetes mellitus. The CVDs include cor-
onary artery diseases, atrial fibrillation, congestive heart
failure, cardiomyopathy, transient ischemic attack, cardio-
vascular accident , and hypertension. The presence of CVD
and diabetes was dichotomized into present or absent.

Statistical analyses

Descriptive data are presented for dementia, MCI, and
SCI. Differences in demographic characteristics, pain
intensity, medication use, and presence of CVD and dia-
betes between both groups were assessed using chi-square
or Kruskal-Wallis H tests. The association between pain
intensity (0—10) and the presence of pain generating con-
ditions (diabetes, osteoarthrosis, cancerous malignity,
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rheumatoid arthritis, CVD, and depressive symptoms)
were assessed using Spearman’s rho correlations.

Logistic regression analyses were performed to test the
association between GCA, MTA, WMH, and intensity of
pain. Multicollinearity was examined by calculating the
variance inflation factor (VIF). The VIF of all variables
was between 1 and 2, hence multicollinearity was not
present. The unadjusted and adjusted associations, includ-
ing GCA, MTA, and WMH, were computed. All adjusted
models included age, gender, education level, relative
GDS score, and analgesic use. A p-value of <0.05 was
considered significant. All statistical analyses were per-
formed using IBM SPSS Statistics version 21.0.

Results

Participant characteristics

The demographic characteristics are displayed in Table 1. In
total, 115 patients were included in the present study, with
amedian age of 81 years (IQR: 78-85 years). The association
between pain intensity (0—10) and the presence of pain gen-
erating conditions (diabetes, osteoarthrosis, cancerous malig-
nancy, rheumatoid arthritis, and cardiovascular disease), as

measured with Spearman’s Rho analysis, did not reach sig-
nificance for any of the conditions included. Only depressive
symptoms significantly correlated with pain intensity. The
dementia, MCI, and SCI groups did not differ significantly
with regard to any of the included demographic characteris-
tics, except for the MMSE score, for which the dementia
group had a significantly lower score than the MCI and SCI
groups (¢ (2)=28.9, p<0.001). No difference in WMH and
GCA was found between the dementia, MCI, and SCI
groups. The dementia group had significantly higher MTA
than the MCI (3% (2)=19.78, p=0.005) and SCI (* (2)=31.35,
p=0.001) groups. No difference between MCI and SCI was
found with regard to the MTA. In addition, the groups did not
differ on any of the included pain characteristics.

Relationship neuropathology and pain
intensity

The results of the logistic regressions are presented in Table 2.
There was a significant positive association between WMH
and pain intensity. This association was independent of other
measures of neuropathology and confounders. In the unad-
justed model, a higher amount of WMH was associated with

Table | Demographic characteristics for the dementia, MCI, and SCI groups

N Dementia MCI SCI
(N=70) (N=30) (N=15)
Age 15 81.5 (77.8-85.0) 81.0 (77.8-85.0) 79.5 (75.0-83.0)
Female, n (%) 115 37 (52.9) 15 (50.0) 9 (60.0)
Education level (1-4) 13 2.0 (1-3) 2.0 (2-3) 2.0 (2-3)
MMSE, points (0-30) 115 21.0 (17.8-25.0) 26.5 (24.0-28.0) 28.0 (26.0-30.0)
GDS (0-100) 112 20.0 (6.7-28.8) 20.0 (6.7-38.3) 33.3 (6.7-53.3)
CVD present, n (%) 112 50 (71.4) 21 (72.4) 7 (53.8)
Diabetes present, n (%) 112 19 (27.1) 7 (24.1) 0 (0)
WMH (0-1), n (%) 112 38 (55.1) 13 (44.8) 6 (42.9)
GCA (0-1), n (%) 113 43 (62.3) 15 (50.0) 7 (50.0)
MTA 115
MTA 0, n (%) 5(@.1) 10 (33.3) 9 (60.0)
MTA |, n (%) 35 (50.0) 12 (40.0) 2 (133)
MTA 2, n (%) 30 (42.9) 8 (26.7) 4 (26.7)
Moderate-severe pain presence, n (%) 110 17 (25) 6 (22.2) 4 (26.7)
Pain intensity, (0—10) 110 0 (0-3.50) 0 (0-3.00) | (0-5.00)
Analgesic use, n (%) 115 20 (28.6) 5(l6.7) 6 (40.0)

Notes: Presented as median (IQR) unless specified otherwise. Education level reflects the adapted Verhage scale. GDS is based on a relative score to account for data loss by
dividing the number of points by the questions answered. WMH, GCA, and MTA involve recoded scores. Mild—severe pain referrers to an NRS score of 4-10. GCA is dichotomized
based on the scores <I (=0) and 22 (=1), MTA category 0 included scores 0-1, category | included score 1.5-2, and category 2 included scores 2.5—4, SCI — subjective cognitive
impairment, WMH is dichotomized based on the scores <|(=0) and 22 (=1). In order to account for this data loss, a relative score was calculated by dividing the number of points on

the GDS by the number of questions answered.

Abbreviations: CVD, cardiovascular disease; GCA, global cortical atrophy; GDS, Geriatric Depression Scale; MCI, mild cognitive impairment; MMSE, mini-mental state
examination; MTA, medial temporal atrophy; SCI, subjective cognitive impairment; WMH, white matter hyperintensities.
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Table 2 Relationship between GCA, MTA, WMH, and moderate to severe pain intensity

Unadjusted (n=115) Adjusted (n=102)
OR 95% ClI P OR 95% ClI p
WMH 0 | |
| 4.74 1.62—13.85 <0.01 3.34 1.01-10.97 0.047
MTA 0 | |
| 0.82 0.21-3.19 0.82 1.78 0.31-10.11 0.52
2 0.52 0.12-2.33 0.52 0.88 0.14-5.58 0.90
GCA 0 | |
| 0.75 0.28-1.95 0.55 0.85 0.28-2.63 0.78

Notes: All adjusted models included age, gender, education level, relative GDS score, and analgesic use.
Abbreviations: GDS, Geriatric Depression Scale; GCA, global cortical atrophy; MTA, medial temporal lobe atrophy; WMH, white matter hyperintensity.

a 4.74 times higher risk of reporting a high pain intensity
OR =4.74 (95% CI =1.62-13.85), p<0.01. In the adjusted
model, a higher amount of WMH was associated with a 3.34
times greater risk of reporting a high pain intensity, OR =3.34
(95% CI =1.01-10.97), p=0.047. No significant association
was found between GCA, or MTA, and pain intensity.

Discussion

This study shows a positive relationship between WMH and
self-reported pain intensity in older patients with and without
dementia. No relationship was found between GCA, or
MTA, and pain intensity. These results were independent of
depressive symptoms and other known confounders.

This is the first study to relate the severity of WMH to
self-reported pain intensity in patients with dementia and
without dementia, limiting comparisons between studies.
However, our results are in line with earlier studies of
older nursing home patients with “possible” or “probable”
vascular dementia who found that nursing home residents
with VaD have a higher self-reported pain intensity than
nursing home residents without dementia.'*'® Indeed,
a similar study reported that older cognitively impaired
nursing home patients with a potentially painful condition
had a higher chance of reporting pain when they also
suffer from diabetes or hypertension, both known risk
factors for WMH.?” However, our results are not in line
with an earlier study of the association between pain
intensity and WMH
dementia.*® In that study, a relationship between WMH

in older individuals without
and pain affect, but not pain intensity, was found.
Although the severity of WMH has not been reported,
the lower age of the participants in that study and the

absence of a dementia diagnosis, both factors known to

be positively associated with WMH,>**°

suggest a lower
WMH burden in that population, possibly contributing to
the absence of a relationship.

Contrary to our expectation, no relationship between
GCA, MTA, and pain intensity was found. The association
between brain volume and pain is known to be compli-
cated, given its bidirectional and partly reversible nature.
A number of longitudinal studies have found lower brain
volume in patients with chronic pain compared to pain-
free controls. However, after removing the source of the
pain, for example hip replacement for hip osteoarthritis,
the differences in brain volume between both groups at
least partly resolved.* Earlier studies reported either
a positive or a negative relationship between pain intensity
and hippocampal volume in chronic pain patients without
dementia.**' A positive relationship implies the more
pain, the larger the volume of the hippocampus. The
current study was unable to reproduce these relationships
in a sample of older individuals both with and without
dementia. The possible increase in hippocampal volume
may be explained by the results of the Nun study, and the
Baltimore Longitudinal Study of Aging. In these longitu-
dinal studies, it was found that hypertrophy, or increased
volume, of the grey matter, in, eg, the hippocampus, pro-
gressed from the more anterior regions in non-
symptomatic AD, and MCI to the more posterior regions,
eg, the visual cortex, in AD.*** Hypertrophy is thought to
be an early adaptive mechanism preventing the progres-
sion into dementia.** These findings may indicate that the
relationship between brain volume and pain is affected by
the dementia process in the early stages of dementia.
Therefore, brain volume may not be a reliable measure

when studying pain in the early stages of dementia.
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Limitations

Pain intensity was not associated with known pain gener-
ating conditions (ie, diabetes, osteoarthritis, cancerous
malignity, rheumatoid arthritis, or cardiovascular disease).
In addition, the results have not been influenced by
a current hip or other fracture given that this would inter-
fere with the measurements of the outpatient memory
clinic and none of the participants were suffering from
Parkinson’s disease. However, a positive correlation
between pain intensity and the severity of depressive
symptoms was found, which did however not influence
the findings of the current study. The lack of a correlation
between pain intensity and comorbid conditions may be
due to the comorbid conditions not being painful at the
time of testing. Variability in the presence of pain is
characteristic for conditions like osteoarthritis, where the
pain is often not continuously present, but rather waxes
and wanes in line with increases in inflammation. In addi-
tion, participants were not asked to stop using their pain
medication in the week previous to the test day, further
limiting the relation between possibly painful conditions
and reported pain. Different levels of pain were present in
the current study. This is of particular importance, since
this paper has been founded on the theory that WMH
might provoke pain and might increase the intensity of
already present pain.”® In contrast, grey matter atrophy is
thought to reduce pain intensity.*> Therefore, both parti-
cipants with moderate—severe pain and no-mild pain are
relevant in the current study. In the current study, the
clinically relevant pain (ie, moderate—severe pain) is pre-
sent despite the use of analgesics.

Another limitation of the current study is the lack of
specificity of the visual rating scales used to measure MTA,
GCA, and WMH, with specifically the GCA and WMH
scales lacking information about the way specific brain
areas that are involved in the pain matrix are affected.
However, although these scales are a subjective interpreta-
tion with limited variability, which was further limited in
the current study due to methodological considerations.
These scales have been used extensively in clinical practice,
and provide a good representation of the amount of general-
ized brain atrophy and WMH relevant for the clinical diag-
nosis of dementia. Age is an important factor when studying
MTA, GCA, and WMH*° and interactions between age and
dementia diagnosis have been reported for the MTA and
GCA scale. However, for the current study, age is unlikely
to have influenced the results, given that our sample was

relatively old (>75 years), and the previously reported inter-
actions between age and dementia diagnosis were not pre-
sent in the population aged >75 years.*

Power issues frequently hamper dementia research,
especially when it involves pain and neuroimaging. In
the current paper, only 27 of 115 (23.5%) of participants
reported suffering from moderate—severe pain. A greater
number of participants with moderate—severe pain would
have allowed us to examine the relationship between
pain intensity and underlying pathology in more detail,
and simultaneously may have aided in a more robust
conclusion on the absence of significant findings for
GCA and hippocampal atrophy. However, the preva-
lence of moderate to severe pain in the current study
is in line with the general prevalence of moderate to
severe pain in the Netherlands, which has been esti-
mated to be 18%.*

relatively low number of participants with pain, we

In order to compensate for the

chose to perform a logistic regression both unadjusted
and adjusted for confounders. This way we were able to
report that WMH are a consistent predictor of pain
intensity, since the results remained significant despite
the number of predictors varying from 3 (unadjusted) to
8 predictors (adjusted). As has been shown by
Vittinghoff & McCulloch (2007),*® in logistic regression
the rule of thumb of a minimum of 10 outcome events
per predictor variable (EPV) is too conservative, since
an EPV of 5-9 produces almost similar results as an
EPV of 10-16. However, a lower EPV does increase the
chance of missing a positive effect, as is the case for
small sample sizes that reduce power. In our study, the
combination of these may have resulted in power issues
that in turn resulted in the absence of significant find-
ings for GCA and MTA or an overestimate of the effect
of WMH. Nevertheless, the hierarchical regression
approach of the current study deems this unlikely.
Concluding, given the aforementioned limitations the
current results should be considered preliminary and
warrant further research.

Clinical relevance

Earlier research has indicated that WMH are a common
feature in both dementia, and aging in general.*”*® Given
our findings regarding the relationship between WMH and
pain intensity, the high prevalence of WMH in older patients
further highlights the need to focus on white matter changes
in order to identify older patients that are at risk of suffering
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from moderate to severe pain. In light of the high prevalence
of WMH in the present and earlier studies in older patients
both with and without dementia, and their positive relation-
ship with pain intensity, it would be interesting to see whether
there is a (central) neuropathic component to the high pain
intensity. Further studies should not only further examine the
relationship between WMH and pain, but also focus on
clinical predictors of WMH, such as the presence of cardio-
vascular disease, given that MRI imaging is not always
available in dementia care facilities.

Conclusion

Given the small sample size, our findings should be con-
sidered with caution and are of a preliminary nature,
requiring replication in larger datasets. WMH, as measured
with a MRI visual rating scale, were independently related
with a high self-reported pain intensity in a population of
older individuals with or without dementia. No relation-
ship was found between GCA, medial temporal atrophy,
and pain intensity. Given the high prevalence of WMH in
older individuals both with and without dementia, and
their relationship with high pain intensity, more research
is needed to clarify whether there is a central neuropathic
component to the high pain intensity in these individuals.
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