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Abstract

Cognitive impairment (Cl) can develop during theirse of ageing and is a feature of
many neurological and neurodegenerative diseddasy individuals with Cl have
substantial, sustained and complex healthcare rvéleidd frequently include pain. However,
individuals with CI can have difficulty communicadj the features of their pain to others,
which in turn presents a significant challengedfiective diagnosis and treatment of their
pain. Herein, we review the literature on respahgiof individuals with CIto experimental
pain stimuli. We discuss pain responding acrossgelnumber of neurological and
neurodegenerative disorders in which Cl is typicphlesent.

Overall, the existing data suggest that pain piogds altered in most individuals with
Cl compared to cognitively intact matched contrdlse precise nature of these alterations
varies with the type of CI (or associated clinicahdition) and may also depend on the type
of pain stimulation used and the type of pain resps assessed. Nevertheless, it is clear that
regardless of the etiology of Cl, patients do femtious stimuli; with more evidence for
hypersensitivity than hyposensitivity to these stinsompared to cognitively unimpaired
individuals. Our current understanding of the nbuwlmgical mechanisms underpinning these
alterations is limited, but may be enhanced thrahghuse of animal models of Cl which also
exhibit alterations in nociceptive responding. Rartresearch employing additional
behavioural indices of pain is warranted. Increasetkerstanding of altered experimental pain
processing in Cl will facilitate the developmentimiproved diagnostic and therapeutic

approaches for pain in individuals with CI.

Key words: cognitive impairment, experimental pain, demenmteyrodegenerative

disorders; developmental disorders, pain perception



1. Introduction

Cognitive impairment (Cl) refers to deficits or impment in cognitive function. The term
may describe deficits in global intellectual perf@nce, but may also refer to deficits in
specific cognitive domains including memory, langeigattention, perception, reasoning and
executive function. Cl can be found in various @attigroups, including but not restricted to,
patients with dementia, individuals with autism vidosyndrome and traumatic brain injury.
Many individuals with CI have substantial and coexphealthcare needs which frequently
also involve pain. Sources of pain are abundaningntimese individuals due to neurological
impairments such as motor disabilities and coottnadisorders leading to pathological gait
and posture, altered muscle tone and general dlifs in activity of daily living. Dislocated
joints, pressure sores and over-use injuries dtigetaforementioned pathologies and to the
use of assistive devices are additional sourcesiof[77,105]. Despite the aforementioned,
precise estimates on the prevalence of pain ammahgduals with Cl are not abundant. Most
existing data relate to patients with dementia.dbeling on the setting (e.g. nursing homes,
acute hospitals) the prevalence of pain amongmatigith dementia may vary from 4 to
more than 80% [115]. Additional published prevakenates of pain are 13-75% among
individuals with developmental disability [121], 40% among patients with Parkinson’s
disease and 12-80% among individuals with traun@aam injury [17]. Given these
relatively high prevalence rates, it becomes appadhat pain should be carefully assessed
and monitored in individuals with ClI, in order toogide adequate care.

Pain is regarded as a multidimensional, complexe&pce comprised of sensory,
affective and cognitive aspects that can lead t@iplogical, emotional and behavioural
responses. Due to its subjective nature, pain siss3g relies mostly on pain self-reporting as
the “gold standard” and neglects other forms ohpasponses. This is despite the fact that

self-report is only a proxy for subjective expederand reflects more than an exclusive report



of pain. Individuals with CI often have difficulBan verbally expressing their pain due to
poor intellectual and communication capabilitied amen if verbal skills are present, they do
not guarantee valid pain reports. Thus, pain assassis challenging in individuals with Cl
due to problems in: 1) identifying the presenceaih, 2) diagnosing the source of pain, 3)
evaluating the magnitude of pain and sufferingjediding on the appropriate treatment and
following up its effectiveness. It is likely thatd difficulties that caregivers as well as of
healthcare professionals experience in trying émtifly painful conditions in individuals with
Cl, have led to the premise that these individusy be less sensitive to pain in comparison
with their cognitively intact peers [1,14,54]. Acdingly, individuals with CI receive
significantly fewer analgesic medications and healte visits compared with cognitively
intact individuals [2,38,81]. More recent findingslicate that this trend might be slowly
changing with CI patients even being over-treatétl main medication [56], which might
lead to different problems (e.g. sedation, heighdeiall risk). Healthcare professionals as
well as caregivers face the difficulty of knowindp@ther or not an individual with CI might
be suffering from pain. Consequently, individualgwCl, especially those with severe Cl,
are still at a high risk of late diagnosis or magghosis of their pain, and thus, might be
suffering in silence which in some cases may eead to increased, unnecessary death rates
[85,104].

Given the challenges highlighted above, explorivgrhanner by which individuals with
Cl process; experience and respond to pain is pargative ethical goal. Moreover, such
research is essential for the improved assessmdriteatment of pain and to reduce
unnecessary suffering. In recent years, severatalistudies have been conducted to assess
and analyse pain responses in individuals withf@Ilreview see [1,29,50,75,84]). However,
clinical studies are limited due to the fact the stimuli that elicit the pain cannot be

controlled nor measured. Experimental pain stuplieside several advantages over clinical



studies. They allow for control of experimentahsatiation, experimental interventions and
measurement techniques by using standardized stfndifferent modalities often with
widely available devices. Thus, experimental stsi@ieable one to disentangle the stimuli
from the nociceptive response, to carefully anatmaulus-response relationships of painful
events, to probe various sensory pathways anditly sissociations between pathological
alterations and their functional consequences.

Experimental studies use various stimulation maidalto induce pain, including thermal,
mechanical, electrical and chemical stimuli of gad frequencies, durations and intensities
that can be applied to various body parts [5]. Methods applied to assess pain sensation
range from measuring pain threshold (i.e. the mahistimulation energy needed to induce
pain) and pain tolerance, to measuring pain intg@sid unpleasantness (i.e. the sensory vs.
affective aspect) using rating-scales and behaai@sales. Various stimuli also are often
applied in order to measure the evoked motor, auhicy, endocrine and brain responses.
Depending on the methods used, different aspe@fant and efferent nociceptive
processes as well as different aspects of the dimakinsional pain experience are
investigated. Each measurement method can investgdy a limited fraction of the entire
pain experience and thus, it is advisable to exartia impact of Cl on pain processing using
different experimental protocols.

The aim of the present review is to summarizetHerfirst time, the current state-of-the-
art knowledge on experimental pain responses anmaigjduals with Cl. Additional novel
features of this review are the inclusion of stadenploying animal models of Cl as well as
the inclusion of different types of CI having digerunderlying pathologies and diverse brain
dysfunctions. Given the broad network of brain aneaolved in pain processing (e.g.

thalamus, somatosensory cortices (S1 and S2), dpdeamen, cerebellum, and insular



cingulate, prefrontal and supplementary motor cesd) [4], and the variability between ClI
types in brain pathologies, the effects of Cl omgmocessing can vary greatly.

This review is intended to make a critical conitibn: 1) by increasing the awareness of
the possible alterations in pain perception andgssing among individuals with ClI, 2) by
exploring how CI effects pain pathways in theiraasting and descending parts, 3) by
identifying common features of pain processing imeggardless of etiology that can provide
an empirical foundation for developing new toolstfte identification and diagnosis of pain
in this population and 4) by promoting better paanagement in different types of Cl
subjects. For the purpose of this review we searcbenputerized databases (Pubmed,
Medline, Scopus and Web of Science), publisheddgjt®phies of related topics, and
references provided by colleagues. We limited euiemw to publications in the years 1960-
2014. We reviewed in-depth studies that collectdéticient data for meaningful statistical
analysis and had a meticulous study design. Theweg based on the best evidence
available and on the opinion of a panel of expghts authors) in cases of limited published
data on certain topics.

2. Aging and mild cognitive decline

2.1. Age-related changes in pain processing

I ntroduction: Even though healthy ageing is, by definition, chgazed by a lack of Cl,
we decided to include ageing in this review for twasons. First, mild cognitive decline has
been repeatedly shown even in healthy ageing. Slscanost of the pathological conditions
in which Cl is a major feature, are age-related.(@ementia). Therefore, there is a need to
disentangle age-related changes from specific paglual changes that involve Cl and have
an effect on pain processing. So far, numerousesuthve focused separately on age-related
changes in pain or on age-related changes in ¢ognitowever, rather little is known about

the linkage between these two factors. Aging hasistently been associated with mild



overall cerebral atrophy as well as with a mildlotecin various cognitive domains. Albeit
within normal limits, the most pronounced affectedctions include executive functions,
episodic memory and psychomotor speed [28]. Sew¢talese functions may already decline
as early as the age of 25, with a steeper dedanmgrg from the sixth decade of life [28].

Pain measurements: A substantial number of studies have used expetahdasigns to
study age-related changes in pain processing. dftest, the effect of ageing on pain has
been investigated by assessing pain thresholddenlgindividuals. It has been found that
age often leads to elevated pain thresholds whienipapplied using electrical current and
heat, whereas pain thresholds for pressure caedreaked in elderly individuals [73]. There
is also evidence for a decrease in pain tolerantteage. In line with the reduced pain
tolerance are findings of reduced efficacy of ctinded pain modulation (CPM) along with
increased temporal summation [73]. It is notewottiat motivational and other perceptual
aspects may confound measurements, especiallgftt@erance as well as verbal reports of
pain. Evidence for reduced functioning of the erstmys pain modulatory mechanism with
aging can also be found in brain imaging studia) wlder individuals showing lower striatal
activity in response to pain compared to youngedividuals, which might indicate
dysfunctions in pain inhibitory circuits [25]. Baken these findings, age seems to impair
ascending as well as descending pain pathways,yemweith the latter being more severely
affected by ageing [73]. And given this declinagascending pain inhibitory pathways,
ageing seems to make the individual more vulnerabsaiffering from pain, which is in line
with clinical findings of increased pain prevalemcehe elderly.

As stated above, although numerous studies hawsédoon age-related changes in pain
or in cognition, little is known about the linkagetween the two areas. A question therefore
remains whether age-related changes in cognitioa aa effect on pain processing. It has

been shown that pain does have an impact on cegrfithctioning, with severe pain



substantially impairing cognitive functioning [88]hus, it is possible that chronic pain in
elderly patients contributes to age-related dectinegnition. With regard to the opposite
direction, namely on how age-related changes imitiog affect the processing and
perception of pain, very little is known. One reitgeonducted study [6] showed that
reduced cognitive flexibility and memory capacitsggnificantly predicted the development
of chronic pain. Thus, there seems to be a vicoinage for elderly individuals; with pain
leading to a decline in cognitive functioning ahé tlecline in cognitive functioning leading
to greater pain vulnerability.

Conclusions and Recommendations for future studies: Ageing is accompanied by
changes in pain processing that seem to rendeldiedy more vulnerable to suffering from
pain. Moreover, ageing is accompanied by slightekeses in cognitive performances. There
is evidence that the age-related increase in pdmevability and the age-related decline in
cognition might not be independent symptoms butesey amplify each other in the elderly.
However, this evidence is very sparse and moraestate needed that aim to disentangle
age-related changes from cognitive-related chamgeain processing in the elderly.

2.2. Mild cognitive impairment

Introduction: The concept of Mild Cognitive Impairment (MCI) redeo a group of
changes interposed between the cognitive changesrofal ageing and what might
constitute the changes seen in a very early demstaie [97,98] with a preserved autonomy

on activities of daily living (ADL) and instrumentactivities of daily living (IADL). MCI

may induce not only memory and executive dysfumdtiat also visuospatial disturbances

and emotional alterations including apathy and elegon [97]. As research on MCI has
advanced, it has become apparent that severatalisuibtypes of MCI exist (e.gmnestic
MCI and non-amnestic MJ97,98]), with multiple etiologies or causes fockaubtype. For

example, as far as presumed degenerative etiotogynicerned, the amnestic MCI subtypes



would likely represent a prodromal form of Alzhersalisease. Thus, brain pathologies and
affected brain areas might differ between each Blbtype and thus, the effect of MCI on
pain processing might also differ depending onsihecific subtype.

Pain measurements. Only one study has investigated the impact of ageMCI on the
pain response system [67]. The subjects (MCI su@#stypere not assessed) were tested for
their self-report, motor (RIll reflex), facial (Hat Action Coding System) and autonomic
responses (galvanic skin response and heart cat@Xxious electrical stimulation of the sural
nerve. Regression analyses revealed that cogsitatas (within the group of MCI) was a
significant predictor of the decrease in autonoregponsiveness to noxious stimulation.
However, the self-report of pain, the RIll refléxdshold, heart rate responses, as well as
facial responses to electrical pain stimuli wereaitered in MCI patients compared to
healthy controls of the same advanced age.

Conclusions and Recommendations for future studies: Based on the small amount of
empirical evidence available, pain processing sderbe largely unaffected in MCI.
However, in order to arrive at a valid conclusilamnger scale longitudinal studies are needed
that also differentiate between the varying patgeas underlying MCI.

3. Neurodegenerative disorders

3.1. Alzheimer’s disease

Introduction: Alzheimer’s disease (AD) is the most frequent caafsiementia and is
responsible for approximately 60% of dementia casése elderly [80]AD leads to memory
impairment (especially short-term), aphasia, reduasight and other cognitive symptoms.
The pathological changes in AD patients develop deeades and affect first the
transenthorinal cortex and the hippocampus rediba.changes then spread throughout the
limbic system and, coinciding with diagnosis, thare widespread changes with interruption

of connections between components of the limbitesys (equivalent to Braak stage 1V to V)



[18,91] leading to emotional disorders such asetyxand depression and in some cases even
psychotic symptoms [108]. However, it appears thatsensory cortex is largely unaffected
until the disease becomes very severe. The brgiane that are affected by AD overlap to a
certain degree with those involved in pain proceg§l07], which has led to the hypothesis
that pain processing and thus, the pain experiesedtered in AD. Besides alterations in the
experience of pain, the cognitive decline mightiadidally affect the communication of pain.
Interestingly, studies investigating the capacftpatients with dementia to comprehend or
complete standard pain assessment scales (likasihal analogue scale (VAS) have
repeatedly shown that this ability declines drao@dlty across the course of dementia [59,95].
In line with this, epidemiological studies have césed a reduced report of pain [1,57].
Therefore, it is challenging to disentangle theefthat AD has on the ability to provide self-
report of pain from the effect it has on the preass of pain itself.

Pain measurements: The hypothesis that AD leads to a change in paogssing has
been studied in a number of experimental studiggyusvariety of pain induction methods
(electrical, mechanical, heat stimuli) and usinghuds that are dependent on reaction time
(method of limits) as well as independent of reactime (staircase method). The findings are
summarized in table 1. Seven psychophysical studiestigategain thresholdg¢based on
self-report)in AD patients. Five studies found no differenaeghreshold levels
[11,13,44,58,78], whereas two studies found in@edkresholds [24,26] compared with age
matched controls. So far, four studies have ingagtdpain ratings of supra-threshold
stimuli, of which three found no difference in pain ratifg4,58,66,] and one [101] found
lower pain ratings to suprathreshold stimuli coneplarith controlsPain tolerancgbased on
self-report) has only been investigated in two Es.dOne study showed increased tolerance
in patients with AD compared with controls, usirgtbischemic and electrical stimuli [13].

The other study however, reported decreased plaratwe using pressure stimuli in patients
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with AD but no difference from controls in painéochnce using the cold pressor test [58].
These contradictory findings cannot be explainatpy by the different pain induction
methods used because different outcomes were @asewen when the same method was
used (e.g. phasic pressure pain) [24,78]. It isiptesthat other methodological differences
between studies as well as differences acrossestutlthe severity of patients' dementia
underlie the discrepant findings. It is also possibat the experimental pain assessment
methods utilized are not appropriate tools in pasievith AD. Patients with AD have
impairment of short term memory and may have diffies understanding instructions.
Consequently, some of the differences may be dtieetanintentional use of methods that
may not be appropriate for patients with AD.

Given the decline in cognitive capacities, it migetmore appropriate, when assessing the
impact of AD on pain processing, to assess paporeses which do not rely on the patients’
ability to give a self-report of pain. Along thdg®es, several studies of AD patients have
assessed motor, autonomic, facial and brain reggdnsexperimentally induced pain. These
studies seem to present more consistent outcontkatithe majority of findings point to an
augmented responsiveness to noxious stimuli irepetiwith AD and in patients with other
forms of dementia. More precisely, most studiesitbthat patients with dementia (mostly
AD patients) show increaséalcial responses to pajd9,66,68] compared to healthy
individuals; or at least a tendency for increasagildl responses [78]. Importantly, this
increase was not accompanied by an overall inciedseial responsiveness (e.g. unspecific
grimacing) but was solely due to an augmentatiopanfi-specific facial expressions.
Moreover, the threshold for thciceptive flexion reflefRlIll) was significantly decreased in
AD, thus, also pointing to an increase in pain pssng which might manifest already at the
spinal level [66]. Other studies have focusedmin responsedespite the hypothesis of

impaired pain pathway in AD, functional magnetisaeance imaging (fMRI) studies showed
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that brain activity in response to noxious stimolais preserved and even elevated in both
the medial and lateral pathways [24,26]. Interggyinthese studies also observed prolonged
activation in the pain pathways and increased igtitv cognitive regions, such as the
dorsolateral prefrontal cortex (DLPFC). This suggdisat, in AD, the cognitive integration of
pain may be altered. A study from Gibson et al] fhdt used evoked related potentials
(ERPs) as an index of brain activation, found iff@gnce in peak amplitude in AD patients.
However, in an earlier study from Yamamoto et B23], that included a mixed population of
dementia cases, the authors failed to induce paikesl potentials in the subgroup of patients
with severe dementia. It is therefore possible inain responses to noxious stimulation are
increased in early and moderate stages of demammdianight decline in later stages. Due to
ethical considerations, however, it is difficultapply experimental pain induction procedures
in patients suffering from more severe stages ofafgia. The investigation a@utonomic
response$o pain has shown a decline in responsivenesstientga with dementia [66,101].
The results of studies examining autonemic funatimnAD have been conflicting, but

several studies have found a dysfunction of autonoesponses that might be caused by AD-
related deficits in central cholinergic functior9]3Given that AD may be associated with
autonomic dysfunction, the autonomic response mmghbe a valid pain indicator in this
patient group.

One study investigatgalacebo effectsn venipuncture-induced pain in patients with AD
and found that newly diagnosed patients (Mini MeSBtate Examination (MMSE) mean 24 +
1.22) were able to obtain a placebo effect of alarmagnitude as healthy age-matched
controls. One year later, however, when the comigcbetween the prefrontal lobes and the
rest of the brain was reduced, the patients welemger able to obtain a placebo effect [10].
Subsequent studies have supported the notion thas &f prefrontal control is related to a

loss of the placebo effect [12]. Losing the abitid obtain placebo effects could mean that
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AD patients might need a higher dose of analgegidications to achieve pain relief [10].
However, since AD patients are more frail and tfegeemore susceptible to adverse events
[3] analgesic treatment should be carefully momeitor

Conclusions and Recommendations for future studies: Although the empirical findings
on pain processing in patients with AD are pastiabntradictory, the majority of findings
seem to suggest that the processing/experiencamigpnot diminished in patients with mild
to moderate forms of dementia but - in contratye- pain experience might even be elevated
when considering certain types of pain responsegs lfeain activity, facial responses).
Whether this is also the case in late stages oSA@uld be investigated. Given the
progressive cognitive decline in patients with ABsearch on pain processing in this patient
group should not rely solely on self-report ratirigisice these become less valid) but instead
use a multi-method approach (assessing verbal4egacial, neural, autonomic and motor
responses). This is especially important whenstigating patients who are in the later
stages of the disease. Moreover, the few studigdamebo effects and adverse events suggest
that careful consideration of the pharmacologiestment of AD patients is warranted.

3.2. Other types of neurodegenerative disorders

I ntroduction: “Neurodegenerative disorders” is an umbrella tesndisorders that are
characterized by a progressive loss of neuron$ wewral functioning. Besides Alzheimer’s
disease (AD), neurodegenerative disorders inclugi@engst others - Amyotrophic Lateral
Sclerosis (ALS), Multiple sclerosis (MS), Parkin&disease (PD), Frontotemporal dementia
(FTD), Huntington’s disease (HD) and Lewy body detree The neurodegenerative
processes that underlie this group of disorders &f®ct the cognitive functioning of the
patients, although depending on the type of patwlthe CI ranges from only mild (e.g.
ALS) to more severe impairments (FTD). In additipatients may also present with motor

disability, emotional disturbances such as depoessnd psychosis, as well as sleep
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difficulties, autonomic failures and various paymdromes [23, 48]. So far, only a few
studies have investigated pain processing amongpaiwith neurodegenerative disorders
other than AD. Below, we will review the findinga 6TD, PD, HDandMS.

Pain measurements:

Frontotemporal dementia (FTD): The experimentatilence on pain processing in
patients with FTD is sparse. The one study thableas conducted in this patient group found
that pain threshold and pain tolerance levels weneeased in FTD patients compared to age-
matched healthy controls [20]. In line with thigpeximental finding of decreased pain
sensitivity, caregivers reported a loss of painrawess in FTD patients compared to patients
with other dementia types [8]. It is possible thaé to the fronto-temporal degeneration,
cognitive—evaluative and motivational-affective @sis as well as memory for pain, and
autonomic—neuroendocrine responses to pain, areoodeterioration in FTD and thus,
patients might indeed be suffering less from pabv]. However, the degree to which pain
sensitivity decreases in FTD might depend on the tf FTD; given that for the subtype
“semantic dementia” care-givers have reported hergd pain sensation [111]. Experimental
studies are needed to confirm these possible diffars in pain sensitivity between different
types of FTD.

Parkinson’s disease (PD): Cognitive decline hasmofieen reported in PD with
approximately 30% of the patients having mild cageiimpairments and 30% having
cognitive impairments already in the dementia rdii@¢ PD seems to render patients more
sensitive to pain, with decreased pain and reflexsholds [42,89,100]; however, studies
investigating nociceptive evoked brain potentiaséiproduced inconsistent findings [117].
Interestingly, dopaminergic therapy seems effeativeducing this increased pain
sensitivity, with pain thresholds and various res®s to experimental pain stimuli being

more comparable to healthy individuals during the"phase (periods when the
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dopaminergic medication is working and motor sympgare controlled) [117]. Furthermore,
a CPM-study suggested that endogenous pain irgmhiémains intact in PD patients [89]. It
is important, however, to mention that the aforenosed studies did not report whether the
patients with PD showed any signs of CI. Thereftire interaction between PD, Cl and pain
is yet to be unravelled.

Huntington’s disease (HD): Besides unwanted chareabvements, behavioural and
psychiatric disturbances, Cl is one of the corempms in patients with HD. Few data are
available on pain processing in HD. In patientdwAD, increased pain- and RIlI reflex
thresholds were found (which suggest a decreasesitiséy to pain) [106] and are in line
with the clinical observation that these patierdsdt complain about pain [96]. Moreover,
laser evoked potentials (laser stimuli of noxiauemsities) were also changed in HD, with
increased latencies and decreased amplitudesTBag, self-report ratings, motor reflexes,
and cortical responses all suggest a decreasénis@asation in patients with HD. However,
none of the studies have tried to relate theseggsaim pain sensation to the degree of Cl.

Multiple sclerosis (MS): Prevalence estimates offMS range from 40% to 65% and
cognitive deterioration tends to progress over timgatients with MS the widespread
lesions in the brain and spinal cord and the acemyipng motor dysfunction result in various
chronic pain syndromes including peripheral andre¢neuropathic pain, musculoskeletal
pain and functional pain syndromes [11Bihly a few studies, however, assessed pain
processing among patients with MS. These studies foaind increased sensitivity to
pressure-pain as well as inconsistent (either hygenyposensitivity) but common sensory
alterations in thermal and tactile sensitivity (¢49,113]. Here again, these studies did not
report whether the patients with MS showed anys@iC| and therefore, the interaction

between MS, CI and pain is yet to be unravelled.
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Conclusions and recommendations for future studies: Different types of
neurodegenerative disorders (which affect cognpedormance) seem to have very different
effects on the pain response system. Whereas @spomses are decreased in FTD and HD,
they are amplified in PD. Clearly, more informatiom the perception of pain among
individuals with neurodegenerative disorders isdege Since such disorders vary with regard
to the brain structures involved, it is necessamyriderstand the differential effects these
pathologies have on the pain system. Furthermomegathologies may affect similar brain
structures but might have differential effects @bly due to different mechanisms at the
molecular level). For example, although both PD Hidaffect the functioning of the basal
ganglia, the impact that these two pathologies lavpain processing seem to be opposing
(as is their effect on motor responses), with PIddbaccompanied by increased pain
sensitivity whereas HD seems to decrease paintsetysi

4. Developmental disability

I ntroduction: Developmental disabilitis a broad term used for “a diverse group of sver
chronic conditions that are due to mental and/gspal impairments, which includaitism,
cerebral palsy and intellectual disability Autism Spectrum Disorders (ASRsg
characterized by impairment in the social intecactind communication domain, restricted
repetitive and stereotyped patterns of behaviobeyests, and activities, and/or abnormal
functioning. Autism has a strong genetic basiscaitfih environmental factors have also been
suggested to interact with its underlying mechaniSerebral Palsyis a group of movement,
muscle tone and/or posture disorders that are afteampanied by disturbances of sensation,
perception, cognition, communication and behavi@arebral Palsy is caused by abnormal
development of, or damage to motor control ceraféle brainlintellectual disability(ID)
(previously termed mental retardation) is charaoter by impairments of general mental

abilities that affect adaptive functioning in thenceptual, social and practical domains.
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Individuals with ID have a limited ability to legrreason, make decisions and solve
problems. ID, which is the most common developmatability [83] may be related to
infections, chromosomal abnormalities, environmiemi@tabolic or nutritional causes, toxic
insults and trauma before and after birth [109].

There is great diversity among individuals with elepmental disability with respect to
many factors and specifically, in the presence arithe degree of Cl. For example, Asperger
syndrome, one of the ASDs, lacks delays in cogmitigvelopment. The percentage of
individuals with autism who also meet criteria €@irvaries greatly, from 25% to 70%,
pointing to the difficulty in assessing Cl in tigepulation. Nevertheless, most individuals
with autism have mild CI [124]. The prevalence ¢fa@ong individuals with cerebral palsy
ranges between 23 and 44% [93] and can vary froleh tmiprofound. With regard to ID,
about 85% of individuals with ID have mild Cl arieetproportion of individuals with
moderate, severe and profound ID is 10, 4 and &%fperctively.

Recent structural imaging studies revealed altamatin brain anatomy among individuals
with developmental disability. For example; in mduals with autism, neuronal loss in the
cerebellum, brainstem, parietal and frontal cogexvell as in the limbic system such as
reduced amygdala and dentate gyrus volume haverbperted [74]. In children with
cerebral palsy and CI, white matter lesions thrauglhe brain, including but not limited to
regions associated with the sensorimotor systentrigalar dilatation (affecting circuits in
the periventricular regions) and thinning of theteoior corpus callosum are common [36].
Similarly, in individuals with ID, abnormalities #iin the periventricular white matter, lateral
ventricular dilatation, corpus callosum thinningdalecrease in white matter volume in the
insula, cingulate, amygdala, frontal lobes, thalapfmain stem (extending to pons), parietal
sensory-motor tracts, and fronto-cortical circ{#3,122,126] have been reported. Such

pathologies may underlie not only the aforementioc@gnitive dysfunctions but also the
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psychiatric and psychological problems (e.g. obhgessompulsive disorders and emotion
dysregulation) that are present in some cases [62].

Most of the aforementioned structures are involvetthe processing of the sensory as
well as the affective-motivational aspects of pdinerefore, alterations in these structures
may be associated with alterations in the procgssipainful events among individuals with
developmental disability.

Pain measurements: Up until recently, the commonly held view was thmtividuals with
developmental disability have decreased sensitivityain [e.g. 14,38]. This view was based
on the tendency of these individuals not to repanh in potentially harmful situations, and
from the difficulty of assessing pain in these induals due to their poor communication
capabilities. Observations of self-injurious belbaviamongst some individuals with
developmental disability have also contributedhie view.

Only a few studies of persons with ID have actualasured sensitivity to pain, ipin
threshold These studies are summarized in Table 2. Initsiestudy of its kind, pain
threshold were assessed in individuals with Dowsgisdrome (DS) by measuring the time
elapsed from the application of an ice cube tditiseverbal expression of pain [54]. The
onset of pain response was longer in individuath WS compared with controls suggesting a
higher pain threshold in the former. However, as thethod includes a reaction time artefact
(i.e. the time it takes the individual to respomabally to the sensation evoked by the ice
cube), the threshold was confounded by this artefsefrin and co-workers [32] measured
pain threshold among individuals with ID with theaction-time inclusivenethod of limits
(subjects are required to press a switch upongetiection) and the reaction-time freethod
of levels(subjects report post factum whether a pre-detexdhgtimulus was painful or not).
Individuals with ID had a similar pain thresholdtbat of controls when measured with the

method of limits but a significantly lower pain é#shold compared to controls when measured
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with the method of levels. It was concluded that&r reaction time renders the pain
threshold higher when measured with the methodrofd but not the method of levels, and in
fact, individuals with ID have increased pain séwisy compared to normal contrary to the
previously held view [32].

More recent studies have measured pain thresholtdtia@ method of limits among
various populations of developmental disability.uld with high functioning autism had
lower pain thresholds compared to controls [21kelrise, children (but not adults) with
cerebral palsy [103] were found to be more seresitivpain compared to controls. In contrast,
adolescents with Prader-Willi syndrome (a neuroefjerdevelopmental disorder with a
tendency to self-injury) had increased pain threghoompared to controls [99].

With regard tdacial expressionsf pain, we found only two studies in which facial
expressions were analysed following four innocustusuli (heat, cold, pressure and touch)
and one presumably noxious stimulus (pin prick) agnadults with severe and profound ID
[110,114]. Simons and co-workers found similar @ages in facial activity following all of
these stimuli compared to baseline (Table 2) witldifferences between responses to
innocuous and noxious stimuli. However, given fhaprick was applied using a Neuropen,
and that the stimuli were not tested among conttbése is no assurance that pinprick was
perceived by the subjects as painful. To the biestioknowledgeautonomic responsde
experimental pain stimuli were not measured amaodiyiduals with developmental
disability. There is evidence, however, that indials with ID present elevated heart rate
during venepuncture compared to unimpaired ind&isl{L02] suggesting that evaluation of
objective responses to experimental pain amongtimelviduals is called for.

Conclusions and recommendations for future studies: On the basis of the majority of
existing findings we may conclude that individuaith developmental disability are more

sensitive to pain than control subjects. This figdcorresponds with imaging studies showing
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damage to structures involved in pain modulatien,the brain stem and frontal cortex as
well as structures involved in pain processing.(eirggulate, insula and sensory cortex). Still,
some inconsistency exists in pain threshold ambeglifferent impairment types. This
inconsistency could reflect differences in paingassing between developmental disability
syndromes despite seemingly similar structuralatiens in the brain. Alterations in
peripheral and/or central conduction of sensorgagmay also be responsible for variations
in the sensitivity to pain, especially if pain teheld is measured with methods that include
reaction time. While such alterations have beeonted for innocuous stimuli [19,99] studies
are needed to test whether such alterations oncwadiceptive pathways. Due to the
possibility of delayed reaction time, measuringyhreshold with methods that bypass this
limitation, i.e. reaction-time free methods, isfprable. However, pain threshold
measurement is suitable primarily for individualshamild and perhaps for some individuals
with moderate cognitive impairment. Thus, the usadirect indices of pain is necessary.
Although behavioural indices of pain such as faeiagressions were mostly analysed in the
clinical setting, additional studies are neededrarer to explore which indices best reflect
pain in the various types of developmental disghili

5. Cognitive impairment secondary to vascular andraumatic insults

Introduction: Cl is a frequent outcome after vascular or traucnasults to the brain. The
degree of Cl, however, can vary largely betweeny shght impairments (e.g. after mild
traumatic brain injuries) to extreme impairmentg (@fter severe brain damage as in patients
in vegetative state). Vascular and traumatic issialtthe brain can alter pain processing
directly by affecting ascending and descendingaeptive pathways, and indirectly, by
affecting cognitive and emotional pathways. The passibilities may also exist
simultaneously.

5.1. Stroke
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Stroke and cerebral small vessel disease is a consawse of Cl and the most common
pathology underlying vascular dementia. Connectimete/een areas of the cortex associated
with complex information processing are disruptaast leading to impaired cognition and
function, motor disability, psychological or ematal impairments and in some cases
communication disorders such as aphasia. Fatiglielaonic pain are also common after
stroke [86]. The most frequent types of pain afteske are hemiplegic shoulder pain, central
post-stroke pain and post-stroke headache [9,6kis,Tstroke seems to render the patient
more vulnerable to pain. Several studies have tigaged the mechanism underlying the
development of pain after stroke and found alteregtiin pain processing, surprisingly
manifested in increased pain thresholds [e.g. &}, Fowever, to the best of our knowledge,
in none of these studies were patients with Cludetl and therefore the specific effects of ClI
on pain processing among stroke patients are unknow

5.2. Traumatic brain injury

Traumatic brain injury (TBI) can cause long term(&ttention, memory, and executive
functioning) in addition to changes in personaldigturbances of mood and emotion
regulation, the degree of which depends on thenextecation and severity of TBI. Chronic
pain is frequent after TBI. The most frequent tgpgain after TBI is chronic post traumatic
headache, followed by central pain, musculoskefeal and peripheral neuropathic pain
[90,116]. Thus, like stroke, TBI seems to renddrgpés more vulnerable to pain. Indeed,
when using experimental pain, it was found that p&tients showed heightened pain
sensitivity as indicated by decreased pressurethegshold, hyper excitability in the painful
regions and reduced pain habituation and modulatompared to controls [33,34,94].
However, these studies did not include patientk wiiown CI and therefore the specific
effects of Cl on pain processing among TBI patiamésyet to be discovered.

5.3. Vegetative state and minimal conscious state
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Many individuals who acquire severe brain injurpesience prolonged disorders of
consciousness. Persons in a vegetative state (&) fdom persons in a minimal conscious
state (MCS) for the absence of discernible, evamcnsistent, awareness of self or
environment [43]. The diagnosis of VS and MCS igally based on clinical judgment. In
recent years however, the results of neuroimadi6dnd neurophysiological studies [22]
and studies of technology-based learning set-ups baen a supplement to the diagnosis
[69]. By showing that arousal reaction toward nmtdal and especially painful stimuli may
be present even in vegetative state, these sthdiesfundamentally changed the way one
thinks about these conditions. A controversial éssuthe management of patients in a
vegetative or a minimally conscious state concdrag hypothetical capacity to continue to
experience pain despite an apparent absence ofselenvironmental awareness. Thus,
recently clinical, functional and neuroimaging sasdhave been conducted in order to address
this important concern.

Pain measurements. Recent functional neuroimaging studies have shogreater
responsiveness to pain in patients in MCS compartdpatients in vegetative state. Using
PET imaging, electrical noxious stimulation actedisimilar regions of the thalamus, primary
and secondary somatosensory cortices and the frar¢bal and anterior cingulate cortex in
patients in MCS and in healthy controls [16]. Atinin these areas - known as the ‘pain
matrix’- was markedly greater in patients in MC&rthn patients in VS, who show no
evidence of self or environmental awareness. Furtbee, VS patients only showed activity
in the primary somatosensory but not the assoeiairtex following electrical stimulation
[72]. However, the findings of these two studies lanited by the use of electrical stimuli
which are not specific to nociceptive processind #mus may activate a cortical network
devoted to salient stimuli rather than noxious stimin another study where *&-H0 PET

was employed to explore the responsiveness of Wimato painful electrical stimuli,
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Kassubeck et al [60] observed posterior insulafsgéar somatosensory cortex (Sll), post-
central gyrus/primary somatosensory cortex (Sl)@ndulate cortex activation during
stimulation which was perceived as noxious in aastrin a recent study, laser evoked
responses, which are a specific tool to explora pathways, were present among patients in
MCS and VS, albeit with prolonged latencies [3@jefestingly, the cortical responses to
electrical stimuli, delivered at an intensity whisias perceived as painful in controls, were
absent in most of the VS and MCS patients. Impdstaelectrical stimuli primarily activate
A-beta fibres although activation of nociceptivieiis is possible depending on stimulation
intensity. However, given the relatively high aetion threshold of nociceptive pathways in
VS and MCS patients, the employment of laser stimhich specifically activate A-delta and
C afferents, seems more appropriate to test pktecereactions in such patients.

Conclusions and recommendation for future studies: The use of cerebral functional
studies is changing our opinion about the possibience of pain sensation and reaction in
patients with severe brain damage (MCS and even $S)eral studies have found cortical
responses to painful stimuli even in VS patientss Buggests that even after severe brain
damage, cortical areas are activated for a poteesponse against dangerous environmental
factors. Functional studies employing stimuli tepécifically activate nociceptive pathways ,
such as laser stimuli, are needed to confirm tinecad arousal of severe brain damaged
patients and to identify the response to noxiomsut as a condition of minimal cortical
preservation.

6. Translational studies: what can we learn from aimal models of cognitive
impairment?

Introduction: The homology of basic biological processes such@sception' among
animals and humans has rendered animals - mostiynte - a relevant tool in basic and

preclinical pain research [52]. In addition, moohg)lof psychiatric and neurological diseases
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in animals by means of classical neuropsychophastogical approaches, spontaneous
mutants or the most recent molecular biology eragiee models has provided new
opportunities to study pain comorbidity [17]. Hoveeyso far only a limited number of
experimental studies have examined pain in aninzalels of Cl or dementia [45].

In the absence of the equivalence to self-repodsiception tests must rely on
observable behaviours that range from a simplefergive withdrawal reflex to complex
operant behaviours. Thus, some tests measuretémeyeof the avoidance behaviour in
response to thermal (e.g. tail-flick test, hot-plast), mechanical (e.g. von Frey test, paw
pressure test), chemical (e.g. formalin test) ecteical stimuli, as an indicator of the
sensitivity of the animal to stimuli. Others recembntaneously emitted behaviours following
noxious stimulation (e.g. abnormal gait or huncpesiture) or operant behaviours (e.qg.
learned escape or place aversion). Changes induycedin in cognitive (e.g. attention),
emotional (e.qg. freezing), physical (e.g. changdsady weight) and social behaviours (e.g.
aggression) are also considered important as péated correlates [87]. Interestingly,
behavioural responses such as facial expressionaualizations — which are the focus in
observational pain rating scales for patients wementia - are starting to be considered and
have been successfully translated to non-humanadim0,112,51,120].

Clin animal models is usually evaluated with bebeal tests for the assessment of
learning and memory and spatial orientation orelaavigationThe Morris water mazfor
example, a circular maze filled with opaque waiteryhich a rodent searches for an escape
platform hidden under the water surface, is prop#ie most widely used test of spatial
learning and memory. This maze is believed to ataldeficits in hippocampal-related
behaviors that can be found in models of Alzheisngisease [47F5ince deficits in gating
functions and signal processing are also founceurepsychiatric disorders, sensorimotor

gating tests such as theepulse inhibition(PPI) of the startle reflex elicited by a strong
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sensory stimulus, are also common [119]. Additidredlavioral approaches are used to study
executive function in rodents, especially workingmory and cognitive flexibility, which are
sensitive to decline with age across species andtah well validated rodent models
currently exist (for review see [15].

Pain measurements. What has been found with regard to pain processitige different
animal-models of cognitive impairment? Are theseliings in line with the findings in human
subjects? Table 3 addresses these questions bidipgtaroaden overview on the main
outcomes for human and animal models of differgoés of Cl. The Table summarizes
studies addressing face validity (features), @ted validity (outcome of interventions), and
construct validity (neurological basis). Age-rethtmgnitive decline in C57BL/6J mice is
characterized by impairment of motor skills, ac@iiga and memaory consolidation, yet in
contrast to findings in human subjects, the mieastvell-preserved noxious threshold and
working memory [37].

Mild cognitive impairment (MCI) is difficult to masl in animals except when it is
regarded as the transitional state preceding ABubih a case, MCl is studied as the
prodromal stage that follows the premorbid perind precedes the moderate and advanced
stages of AD disease. Mutations of amyloid preaupsotein (APP) and presenilins (PS) 1
and 2, associated with amyloid deposition, braiacstiral change and cognitive decline, are
used to emulate AD in transgenic animals but défiémodels may present with different
results regarding nocifensive responses and vamstinay also exists within a model
depending on the stimulation modality. For examitle,sensitivity to cold stimuli is
unaltered in 3xTg-AD mice that progressively depdboth beta-amyloid and tau in cortical
and limbic areas [46]. Responses of the old mutarttse hot-plate test were also unaltered
[41]. However, the avoidance response latencyertdhl flick test was increased in an age-

dependent manner equally to its background C57Btt&n [7]. Other models for AD such as
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the double mutant TASTPM mice expressing human B8HK595N, M596L)) x
PS1(M146V ) also show differential responsiven&sser sensitivity in the hot water tail-
flick test but increased sensitivity in the hottpléest [27]. As inconsistencies in responses to
pain exist also among patients with AD, these nmodbebw the important role of key
neurobiological hallmarks of the disease and helgefpict their contribution in the
derangement of the neuronal pathways related to pai

There are very few well-characterized animal med@ FTD. One of these models is
the progranuline [PGRN]-deficient mouse based éldiss-of-function mutations of PGRN as
the cause of familial ubiquitin-positive FTD. Thea&e show progressive neuropathology,
signs of premature aging and behavioural defi@i&.[They are currently used to study pain
defence after nerve injury as well as the develaraemaintenance of neuropathic pain.
Much more common in experimental use is the parigdmic Ts(17°)65Dn mice (Ts65Dn)
based on genetic homology to model Down’s syndraheemost common genetic cause of
developmental disability in humans. The Ts65Dn nsivew reduced thermal sensitivity
threshold in the tail-flick test but normal sensty to morphine assessed in this test as
compared to control littermates [82]. Furthermde65Dn mice display the expected
biphasic (early and late) behavioural responshaerfarmalin test but with reduced sensitivity.
It is uncertain if the reduced sensitivity is doedtminished peripheral nociceptor
responsiveness and/or less effective central psougsf nociceptive signals [35,92]. Itis
noteworthy that these results are similar to thafdevo studies showing increased pain
threshold among individuals with Down’s syndromeewimeasured with a reaction-time
inclusive method [32,54]. The double transgenic ATD1 mouse model of Down
syndrome shows reduced sensitivity for neuropaihin associated with neuroma and a
decreased autotomy response [64]. The murine nfod&hgile X mental retardation 1, the

FMR1 knock-out mice, shows normal acute resporsasitious stimuli assessed in the hot
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plate and tail-flick [61,127]. In the rat valpracid (VPA) model of autism, adolescent rats
prenatally exposed to VPA exhibited hypoalgesidhenhot plate test [61] supporting reports
of altered pain sensitivity among individuals watitism.

Conclusions and recommendation for future studies: Although important advances have
been achieved in recent years using animal mod&ls, @ few limitations should be
considered regarding their use. First, althougltetee functions can be demonstrated in
various animals, they are substantially more depezlaand, as a consequence, more
vulnerable to impairment in humans. Second, thetikaly short length of the ‘aging’
processes in rodents may not mimic time-dependauntomal modifications involved in
nociceptive processing among elderly patients. Hewndarge animals, mostly those whose
pain is naturally developed over time such as @atsdogs [55], are proposed as better
models to study pain in aged-related Cl. This $® @he case for the ‘Cognitive Dysfunction
Syndrome’, a naturally developed neurodegenerdisease characterized in cats and dogs
that is also considered a model of Alzheimer'saigg71]. Third, despite the fact that
mammals have a high degree of neuroanatomicalasityito humans (as opposed to non-
mammalian models), they are generally expensiveiare&consuming to use. Fourth, the
concerns about the poor predictive validity of expental pain for chronic pain conditions
that is applied to studies of experimental paihumans can also be applied to animal
models.

Certainly, further studies of pain in naturally ooeng or induced animal models of
cognitive impairment and dementia are requifdevertheless, at present, studies of
transgenic rodents harbouring the human familialrAlitations that closely mimic the
temporal, neuroanatomical and behavioural patteftise human disease offer great

advantages due to their shorter time requirem&w®&r maintenance expenses and ethical
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considerations. These models are especially progisr the development of new treatments
for AD and other age-related cognitive impairments.

7. Overall conclusions

Clis a frequent consequence of many neurologisalades, of neurodegenerative
changes and of vascular and traumatic insultsedothin. Cl also may gradually appear in the
course of healthy ageing. The literature on thesgrpental analyses of effects of Cl on pain
processing is sparse. Nevertheless, existing dgigest that pain processing is frequently
altered compared to cognitively intact matched st There seems to be no common
denominator for all types of Cl reviewed hereintharegard to the nature of this alteration.
Rather, variability exists across different typé€£4 with increased or decreased pain
threshold and pain tolerance and decreased opfagkange in pain ratings (see Table 3).
Obviously, this variability may stem from structuvariability in the brain regions affected
by each condition and the extent of the damageefisaw of the functional consequences and
their counter-regulation. Variability may also stéwwm between-studies differences in the
experimental protocol and the severity as welbacetype of Cl within the sample tested.

To date, studies of pain processing in animal neodetognitive impairment and
dementia have been sparse. As can be seen in Jaddene of the findings derived from
animal models are in agreement with findings irp@ients, whereas others point in a
different direction. Novel developments in animedearch that make use of non-verbal
behaviours like facial expressions, seem promiapgroaches that allow assessment of
similar behaviours in human and animals and thars help to better translate findings from
animal to human research.

Importantly, because studies in individuals withilCgeneral, and in individuals who
cannot report their pain in particular, are unigusiallenging, it is critical that researchers

adhere to the declaration of Helsinki and condetstudies in the most empathic,
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compassionate and ethically sound manner pos#ilidealso important that researchers have
sufficient experience in pain assessment and thigsséing protocols would first be tested
among healthy volunteers and adjusted prior tangstdividuals with CI. In the search for
additional knowledge that can help future patieatee must carefully consider all risks and
benefits and keep in mind the interests and vulmignaof the patients at hand.

Despite the diversity between CI types, it app#aasthose with widespread brain
atrophy or neural degeneration (ageing, MCI, Alateis disease, traumatic brain injuries,
multiple sclerosis, autisms, cerebral palsy) ativglncreased pain responses and/or greater
pain sensitivity. We can only speculate that theespread brain damages, especially those
involving white matter, affect descending pain mation pathways which in turn lead to
reduced inhibitory control over the pain systems lpossible that these descending pain
modulation pathways are more susceptible to suoiaga whereas ascending pathways are -
in comparison - more robust. In cases of severna bilamage that is associated with severe
Cl such as in patients in VS and MCS, both thersdiog and descending pain pathways
might be disrupted to a similar degree resultindpgps in reduced sensitivity to pain. Neural
atrophies restricted to regions associated witlegssing of ascending nociceptive input, such
as in patients with FTD, may also render patiegss kensitive to pain. Regardless of the
etiology of Cl, however, the scientific evidencggests that the majority of patients do seem
to feel noxious stimuli. Thus, despite the commatian difficulties characteristic of CI
rendering pain assessment a challenge in this atpn) true changes in pain processing have
to be assumed. Therefore, and in light of the h&gés of chronic pain, special attention

should be drawn to careful and dedicated pain raong and management in those with CI.
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Table 1: Overview of the number of studies findamgincrease, decrease or no changes in pain respansng patients with dementia

Self-report Other pain responses
Pain threshold _ . .
Tolerance  Supra-threshold Brain . . Pain Autonomic
Dependent on  Independent of ) ) o Facial expression
o o threshold pain ratings activation reflexes responses
reaction time reaction time
Increase 2 1 2 3 1
[ref. 24,26] [ref. 13] [ref. 24,26] [ref. 49°,66*,68*] [ref. 66*]
Decrease 1 1 1 2
[ref. 58] [ref. 101] [ref. 123*] [ref. 66%,101]
No Change 1 5 1 3 1 1
[ref. 58] [ref. 11,13,44,58,78] [ref. 58] [ref. 24,58,66%] [ref. 44] [ref. 78]

Unmarked referencese relate to studies patients Aleheimer's disease (AD).
*references refer to studies on both AD patientd amixed forms of dementia
" references refer to studies on patients with deim@fitunknown origin
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Table 2: Overview of the number of studies findamgincrease, decrease or no changes in pain resgpansng individuals with

developmental disabilities

Self-report Other pain responses
Pain threshold .
. . Autonomic
Dependent on  Independent of | Facial expression
o o responses
reaction time reaction time
Increase 2 2 1
[ref. 54,99] [ref. 110,114%] [ref. 102]
Decrease 2 1
[ref. 21,103] [ref. 32]
No Change 1
[ref. 32]

Populations tested: Downs' syndrome (ref. 27,4@bisen spectrum disorder (ref. 18,83), cerebral pals
(ref. 84), Prader-Willi syndrome (ref. 81), non s{fied intellectual disability (ref. 27,90,93).
*comparison to own baseline

Copyright © 2015 by the International Association for the Study of Pain. Unauthorized reproduction of thisarticleis prohibited.



Table 3: “Rough” estimation of the impact of difet types of cognitive impairment on pain procaggsmnhumans and animals

Human Studies Animal Models - Trandational studies
Type of cognitive Degree of cognitive Amount of Pain sensitivity (overall | Type of animal model Pain sensitivity
impair ment impair ment experimental tendency based on
evidence experimental evidence)
Mild cognitive mild Sparse Unchanged 3xTg-AD mice Unchanged
impairment
Alzheimer's disease Mild to severe Substantial ldngled or increased 3xTg-AD mice Unchanged
TASTPM Increased as well as
decreased
Frontotemporal dementia Mild to severe Sparse Reecd Progranuline [PGRN]-  Under investigation
deficient mouse
Parkinsons' disease Mild to severe Sparse Mostly increased - -
Huntingtons' disease Mild to severe Sparse Deatease - -
Individuals with Mild to severe Moderate Unchanged, increasedrisomicTs(17%)65Dn Decreased
developmental disability or decreased mice (Ts65Dn)
&
APP/SOD1 mice of
Down Syndrome

FMR1 knock-out mice Unchanged

Minimal conscious state/ Severe Sparse Unchanged or decreased - -

vegetative state

(but not completely
abolished)
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