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Abstract

Context. Pain is linked to behaviors and psychological symptoms of dementia (BPSD); however, it often remains

underrecognized in this population.

Objectives. We aimed to investigate the prevalence and intensity of pain in people living in aged care homes with BPSD

and by dementia subtypes and the association between pain intensity and BPSD.

Methods. A 1-year retrospective cross-sectional analysis was conducted on BPSD and the presence of pain in referrals to a

national BPSD support service using the Neuropsychiatric Inventory and PainChek�, respectively. Referrals were categorized

into two groups: pain group and no pain group.

Results. Of the 479 referrals (81.9 � 8.3 years old) included in the analysis, two-thirds (65.6%) had pain identified, with

almost half (48.4%) of these categorized as experiencing moderate-severe pain. Pain was highly prevalent (range: 54.6-78.6%)

in all subtypes of dementia, particularly in mixed dementia and dementia with Lewy bodies. Compared with the no pain group,

the pain group had 25.3% more neuropsychiatric behaviors, 33.6% higher total severity of these behaviors, and 31.4% higher

total distress caused to caregivers. For all results, effect sizes were small to medium (h2p ¼ 0.04-0.06). Despite a high

prevalence of aggressive or agitated behaviors across the entire group, the pain group was 3.8 times more likely to experience

these behaviors than referrals not in pain.

Conclusion. There is a strong need to consider the possibility of pain as a contributor to behavioral changes in aged care

residents living with dementia. J Pain Symptom Manage 2021;61:1215e1226. � 2020 The Authors. Published by Elsevier Inc. on

behalf of American Academy of Hospice and Palliative Medicine. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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Key Message
This retrospective cross-sectional study determines

the prevalence and intensity of pain in various sub-
types of dementia and examines the association of
pain with neuropsychiatric behaviors. The results indi-
cate that pain is very common in all dementia subtypes
and strongly linked to agitation, aggression, and
depression in this population.
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Introduction
With increasing age, people are more likely to expe-

rience painful comorbidities such as osteoarthritis,1

cancer,2 and hip fractures3 or to have pain secondary
to altered biomedical function or neuropathy.4 For
people living with dementia (PLWD) in residential
aged care homes (RACHs), the rates of experiencing
pain are high, with estimates that 40e80% may
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experience chronic or acute pain at some time, yet lit-
tle is known about the prevalence and intensity of pain
in the different dementia subtypes.5e8 A recent review
on pain prevalence found that only few studies
focused on major dementia subtypes (Alzheimer’s dis-
ease [AD], vascular dementia [VaD], mixed dementia
[MD], dementia with Lewy bodies [DLB]); no studies
reported on frontotemporal dementia (FTD); and
only one study used a valid, dementia-specific pain
scale.8

A primary explanation of a high prevalence of pain
is that those with more severe symptoms of dementia,
including impaired verbal communication, have
limited ability to report pain to carers and health-
care professionals. As such, pain instruments that
rely on verbal communication become poor indicators
of the presence, severity, and complex experience of
pain.9e11 Instead, pain instruments for this population
rely on observers to evaluate pain experience, making
pain assessment even more challenging.12 Difficulty in
identifying pain is associated with a corresponding
high risk of under, over, or inappropriate treatment
of pain.9 Poorly treated pain is not only distressing
for the person but can also impair social interactions,
quality of life, appetite, and sleep13e15 and is known to
be implicated in behaviors and psychological symp-
toms of dementia (BPSD).16

BPSD are a near-universal experience for PLWD,
with prevalence rates estimated to exceed 95%.17e19

BPSD can present as a wide array of symptoms with
varying degrees of functional interference and can
include aggression, apathy, and depression. BPSD
are frequently disruptive and distressing and may
cause significant reductions in mood and quality of
life for the person, their caregivers, and those around
them.20 The presence of BPSD may lead to early insti-
tutionalization, increased hospitalization, and the
inappropriate use of antipsychotics with associated
adverse effects including falls and death.21,22

There is often clinical uncertainty as to whether
BPSD are directly attributable to altered neurotrans-
mitter function, neurodegenerative changes, or to
other factors such as the presence of pain, mood
dysfunction, or unmet needs.23 A multidisciplinary
approach with a focus on nonpharmacological strate-
gies and recommendations is considered the gold
standard for treatment in most cases of BPSD.23,24 In
Australia, nationally funded bodies provide additional
specialist BPSD support, especially in complex and se-
vere instances where standard therapeutic strategies
have proved unsuccessful.

Several studies have investigated the important asso-
ciation between pain and BPSD in community10 and
RACH settings8,25e27; however, limited research is
available concerning pain in people with more severe
forms of BPSD, that is, those who require specialist
behavior support, using valid instruments.27 Thus,
this study aims to examine the prevalence and inten-
sity of pain in PLWD subtypes using a technology-
driven pain assessment tool and to clarify whether
pain is associated with specific types of BPSD in people
requiring such support services.
Methods
Ethics
Ethical approval from the University of New South

Wales (UNSW) Human Research Ethics Committee
(HC190049) was granted for this study. In accordance
with the Declaration of Helsinki, all data were deiden-
tified to protect confidentiality. A waiver of consent
was approved as it was unfeasible to obtain consent
from people supported by the service or their guard-
ians retrospectively.

Study Design, Setting, and Population
A 1-year retrospective, observational, cross-sectional

study used data collected as part of standard service
delivery of Dementia Support Australia (DSA). DSA
is an Australian federally funded national service
that provides person-centered recommendations and
support for people with BPSD.28 Any person living in
Australia with dementia and experiencing BPSD can
access the support of DSA services free of charge, irre-
spective of age, sex, type of dementia, location, or care
setting. In this 1-year period, up to 8000 referrals were
supported by the service. We used the Strengthening
the Reporting of Observational Studies in Epidemi-
ology (STROBE) Statement Checklist as a guide in re-
porting our study.29

Sample Size
Based on 50% assumed prevalence and 5% preci-

sion (i.e., estimate � 2.5%) with a significance level
(a) of 0.05 and a power (b) of 0.95, a sample size of
384 is required. No correction is necessary for attrition
because no follow-up is required for prevalence
studies.

Inclusion Criteria
People were included in the study if they had been/

were 1) referred to DSA (i.e., individuals with an estab-
lished, documented, or confirmed clinical diagnosis
of dementia experiencing BPSD) during the study
period; 2) no longer able to communicate the pres-
ence or intensity of pain in a valid and/or reliable
manner (a clinical feature of advanced dementia)30,31

that necessitate the use of observer-rated pain instru-
ment (as judged by DSA consultants or nursing staff);
3) underwent both behavior and pain assessments us-
ing the Neuropsychiatric Inventory (NPI) and
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PainChek (PainChek Adult, iOS version; PainChek
Ltd., Sydney, Australia), respectively; and 4) resided
in RACHs. As the characteristics of PLWD before the
implementation of any behavior support were of inter-
est, only assessments corresponding to their first point
of contact with the service (i.e., intake), before any in-
terventions or strategies were provided, are reported.

Data Source
As part of the standard provision of the DSA service,

an extensive range of health, medical, and demo-
graphic data is collected by trained consultants via
phone or during visits into RACHs. All data are
securely stored online in a dedicated database using
customer relationship management software. This
database is designed to assist in the delivery of the
DSA service and to facilitate the measurement of the
outcomes and characteristics of those supported by
the service.

Data Extraction
This study extracted and analyzed computerized re-

cords from the database for people supported by the
service in the one-year period November 1, 2017, to
October 31, 2018. All data were extracted and deiden-
tified independently by a data custodian before being
provided to the researchers involved in the present
study. Only data explicitly mentioned in the
‘‘Methods’’ section were provided to the researchers.
These included demographic data (e.g., age), demen-
tia subtype (e.g., AD), location, primary language, and
country of birth. Data on pain and neuropsychiatric
behaviors from the validated assessment tools were
also extracted.

Study Measures (Instruments)
Neuropsychiatric Behaviors. Two versions of the
informant-based reliable and valid NPI are routinely
administered by the service to characterize BPSD; the
short version NPI-Q32 and the nursing home version
NPI-NH.33 Both versions identify the presence (Yes/No)
of 12 neuropsychiatric symptoms observed in PLWD,
includingaberrantmotorbehavior, aggression/agitation,
anxiety, apathy, appetite and eating behavior, delusions,
depression, disinhibition, euphoria, hallucinations, irrita-
bility, and night time behaviors. Both versions produce
several equivalent indices of overall behavior, including
the total number of behaviors (0-12), the total severity
of these behaviors (0-48), and the total distress these be-
haviors cause caregivers (0-60).

In this study, more severe forms of BPSD are
defined as BPSD that are sufficiently severe, complex,
or difficult to manage by RACH staff to the degree
that they required dementia-specific behavior support
from outside the aged care home where the resident
resides.34
Pain. Pain was measured with a psychometrically
sound, artificial intelligence (AI)-based pain assess-
ment tool, PainChek.35 PainChek is a multimodal
pain assessment medical device in the form of a point-
of-care app for nonverbal adults including PLWD. The
app identifies and quantifies pain through 42 items
distributed across six domains including Face, Voice,
Movement, Behavior, Activity, and Body. For the Face
domain, PainChek uses deep learning methods (i.e.,
automated facial recognition and analysis) to detect
facial microexpressions indicative of the presence of
pain. The remaining domains are digital checklists
manually completed by the user. Each item is provided
with a clear operational definition to improve interrater
consistency and rated on a binary level (Yes ¼ present,
No ¼ absent). A total score across all domains between
0 and 6 represents no pain, 7 to 11 mild pain, 12 to 15
moderate pain, and 16 and above severe pain.36 Among
other factors, the tool was conceptualized around the
International Association for the Study of Pain defini-
tion of pain, ‘‘an unpleasant sensory and emotional
experience associated with actual or potential tissue
damage, or described in terms of such damage’’.36,37

While pain assessments are administered as part of
routine clinical practice of the DSA service, PainChek
is a new tool recently added (September 2017) to the
service, and hence, administered as part of a pilot trial
for a portion of referrals over the studied period.

Statistical Analyses
Descriptive statistics (e.g., mean, standard deviation,

frequency, percentage) were used to describe the sam-
ple demographics and assessment characteristics. For
the purpose of analysis, we characterized the sample
by pain status. Specifically, we categorized the referred
individuals into two different groups according to the
presence of pain, as identified by PainChek. These
groups are

I. Pain group: included referrals with identified
pain (PainChek score $ 7; range: 7-42)

II. No pain group: included referrals with no iden-
tified pain (PainChek score # 6; range 0-6)

An independent ANOVA was completed to compare
the two aforementioned groups on age, and c2 to
compare groups on sex, dementia subtype, PainChek
pain category and the presence of painful condi-
tions/injuries acccording to PainChek items 41 and
42. The groups were subsequently compared on key
outcome measures of the behavior and pain
assessments.
Differences in the proportion of dementia subtype

by PainChek pain categories were assessed with c2.
Group differences on the continuous measures of

total pain score (PainChek), total number of behav-
iors (NPI), total severity of behaviors (NPI), and total



Table 1
Sample Demographics

Characteristics n ¼ 479

Age, y
Mean (SD) 81.9 (8.3)
Median (IQR) 83.0 (77.0e88.0)

Sex, n (%)
Female 266 (55.5)
Male 213 (44.5)

Dementia type, n (%)
AD 196 (40.9)
DUN 159 (33.2)
VaD 61 (12.7)
MD 28 (5.9)
DLB 14 (2.9)
FTD 11 (2.3)
PDD 7 (1.5)
ARD 3 (0.6)

Location, n (%)
New South Wales 178 (37.2)
Victoria 96 (20.1)
Western Australia 95 (19.8)
South Australia 45 (9.4)
Queensland 38 (7.9)
Tasmania 13 (2.7)
Australian Capital Territory 10 (2.1)
Northern Territory 4 (0.8)

Primary language spoken at home, n (%)
English 392 (81.8)
Italian 28 (5.9)
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distress caused to caregivers (NPI) were examined
with individual linear regression models controlling
for the effects of age and sex.

The proportion of people with pain or no pain expe-
riencing each of the 12 behaviors was examined with a
series of independent binary logistic regressions either
not controlling (unadjusted) or controlling (adjusted)
for the effects of age and sex.

Post-hoccomparisonsbetweencategoriesofPainChek
(i.e.,nopain,mildpain,moderatepain, and severepain)
and total average number of behaviors, total severity of
behaviors, and total distress caused were assessed with a
series of independent analyses of covariance (ANCOVA)
controlling for the individual effects of age and sex. Type
1 error for these comparisons was controlled through
the Bonferroni-Holm adjustment.38

Precise P values were reported in the ‘‘Results’’, with
P < 5 � 10�2 deemed as statistically significant. Partial
eta squared (h2p) and odds ratios were used to
demonstrate measures of effect size. h2p Values were
interpreted as follows: 0.02 ¼ small, 0.06 ¼ medium,
and 0.14 ¼ large.39

All analyses were completed with the statistical pack-
age JAMOVI (version 1.0; Sydney, Australia).40
Other 48 (10.0)
Unknown/missing 11 (2.3)

Country of birth, n (%)
Australia 277 (57.8)
England 42 (8.8)
Italy 39 (8.1)
Other 113 (23.6)
Unknown/missing 8 (1.7)

IQR ¼ interquartile range; AD ¼ Alzheimer’s disease; DUN ¼ dementia un-
specified or unknown; VaD ¼ vascular dementia; MD ¼ mixed dementia;
DLB ¼ dementia with Lewy bodies; FTD ¼ frontotemporal dementia;
PDD ¼ Parkinson’s disease dementia; ARD ¼ alcohol-related dementia.
Results
Sample

A total of 479 people (age: 81.9 � 8.3 years, 55.5%
female) were referred to the service from 370 RACHs,
who met the criteria for inclusion in the study. The
study sample included a wide range of dementia sub-
types, with AD being the most common type
(40.9%), while the least frequent type was alcohol-
related dementia (0.6%). The sample was primarily
drawn from New South Wales, Victoria, and Western
Australia. Other demographic characteristics are
described in Table 1.

Prevalence and Intensity of Pain in Overall Sample
A total of 314 (65.6%) participants had pain ( pain

group), and 165 (34.4%) met the criteria of having
no pain (no pain group) as identified by PainChek.
In the pain group, 28.0% and 20.4% of the referred
cases were scored on the PainChek as either being
in moderate or severe pain, respectively. Between-
group analyses revealed no statistical differences in de-
mographics (e.g., age, sex), but differences in pain
characteristics (e.g., painful injuries and conditions)
were significant. Characteristics of pain and no pain
groups are presented in Table 2.

Prevalence and Intensity of Pain in Dementia
Subtypes

Among the referrals, people with MD and those with
DLB (78.6% each) shared the highest prevalence of
pain, followed by AD (64.3%) > VaD (62.3%) > FTD
(54.6%). The prevalence ofmoderate-severe pain across
dementia subtypes was in the range of 18.2%e35.8%. In
terms of severe pain, dementia subtypes were ranked as
follows: MD (17.9%) > AD (12.3%) > VaD (11.5%) >
FTD (9.1%) > DLB (7.1%). Chi square analysis found
no significant difference (P¼ 0.467) in pain prevalence
between dementia subtypes. Table 3 provides the fre-
quency of pain categories for each dementia subtype.
Association of Neuropsychiatric Behaviors With Pain
Controlling for the effects of age and sex, people in

the pain group demonstrated significant group differ-
ences to those in the no pain group across all total
measures of NPI behaviors. The pain group had
25.3% more behaviors, 33.6% greater total severity,
and 31.4% greater total distress caused to caregivers.
For all results, effect sizes were small to medium
(h2p of 0.06, 0.06, and 0.04). See Table 4 for full
results.



Table 2
Characteristics of Pain and No Pain Groups

Characteristic Pain Group, n ¼ 314 No Pain Group, n ¼ 165 P value

Age, y 6.2 � 10�1

Mean (SD) 82.1 (8.3) 81.7 (8.2)
Median (IQR) 83.0 (78.0e88.0) 82.0 (77.0e88.0)

Sex, n (%) 1.54 � 10�1

Female 167 (53.2) 99 (60.0)
Male 147 (46.8) 66 (40.0)

Dementia type, n (%) 3.9 � 10�1

AD 126 (40.1) 70 (42.4)
DUN 105 (33.4) 54 (32.7)
VaD 38 (12.1) 23 (13.9)
MD 22 (7.0) 6 (3.6)
DLB 11 (3.5) 3 (1.8)
FTD 6 (1.9) 5 (3.0)
PDD 3 (1.0) 0 (0.0)
ARD 3 (1.0) 4 (2.4)

PainChek scores, M (SD),
[median, IQR]
Total score 12.41 (4.6), [11.00, 9.0-14.8] 3.8 (1.8), [4.00, 3.0-5.0] <1.0 3 10L16

No pain d 3.8 (1.8), [4.00]
Mild pain 9.1 (1.4), [9.00] d
Moderate pain 13.2 (1.1), [13.00] d
Severe pain 19.7 (3.9), [16.00] d

PainChek categorya, n (%) <1.03 10L16

No pain 0 (0.0) 165 (100)
Mild pain 162 (51.6) 0 (0.0)
Moderate pain 88 (28.0) 0 (0.0)
Severe pain 64 (20.4) 0 (0.0)

Selective PainChek items, n (%)
Item#41: Painful injuriesb 155 (49.4) 24 (14.5) 7.2 x 10L14

Item#42: Painful medical
conditionsc

259 (82.5) 100 (60.6) 1.5 x 10L7

IQR ¼ interquartile range; AD ¼ Alzheimer’s disease; DUN ¼ dementia unspecified or unknown; VaD ¼ vascular dementia; MD ¼ mixed dementia; DLB ¼
dementia with Lewy bodies; FTD ¼ frontotemporal dementia; PDD ¼ Parkinson’s disease dementia; ARD ¼ alcohol-related dementia.
P values in bold font are statistically significant.
aPainChek category (range): no pain (0-6), mild pain (7-11), moderate pain (12-15), severe pain (16-42).
bPainful injuries: Injuries are known to induce pain for example falls, bed sores, active wounds.72
cPainful medical conditions: Conditions known to cause pain including currently presented for example dental infections, urinary tract infections, or previously
documented chronic conditions in medical history for example arthritis.72
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Table 5 details the association between the fre-
quency for each NPI behavior with the presence of
pain. The frequency of all NPI behaviors was greater
for the pain group than the no pain group, regardless
of model adjustment. Significance was observed in 6
or 7 NPI behaviors, in the unadjusted or adjusted
Table
Prevalence of Pain and Pain Intensity

Dementia Subtype

a b c

No Pain,
n (%)

Mild Pain,
n (%)

Moderate Pain
n (%)

AD, n ¼ 196 70 (35.7) 72 (36.7) 30 (15.3)
DUN, n ¼ 159 54 (34.0) 45 (28.3) 35 (22.0)
VaD, n ¼ 61 23 (37.7) 20 (32.8) 11 (18.0)
MD, n ¼ 28 6 (21.4) 12 (42.9) 5 (17.9)
DLB, n ¼ 14 3 (21.4) 6 (42.9) 4 (28.6)
FTD, n ¼ 11 5 (45.4) 4 (36.4) 1 (9.1)
Other, n ¼ 10 4 (40.0) 3 (30.0) 2 (20.0)

n ¼ number of cases or episodes; % ¼ frequency percentage; AD ¼ Alzheimer’s d
MD ¼ mixed dementia; DLB ¼ dementia with Lewy bodies; FTD ¼ frontotempor
Other includes Parkinson’s disease dementia and alcohol-related dementia. P ¼ 4
model, respectively. Aberrant motor behavior was
only shown to reach significance in the adjusted
model. Aggression/agitation was the most frequently
represented behavior (94.0%) for those in pain and
was 3.8 times as frequent compared to those in the
no pain group. Other behaviors with a significantly
3
Categories by Dementia Subtype

d c þ d b þ c þ d

, Severe Pain,
n (%)

Moderate-Severe Pain,
n (%)

Total in Pain,
n (%)

24 (12.3) 54 (27.6) 126 (64.3)
25 (15.7) 60 (29.5) 105 (66.0)
7 (11.5) 18 (29.5) 38 (62.3)
5 (17.9) 10 (35.8) 22 (78.6)
1 (7.1) 5 (35.7) 11 (78.6)
1 (9.1) 2 (18.2) 6 (54.6)
1 (10.0) 3 (30.0) 6 (60.0)

isease; DUN ¼ dementia unspecified or unknown; VaD ¼ vascular dementia;
al dementia.
.7 � 10�1 for differences among dementia subtypes.



Table 4
Group Differences on NPI Indices

NPI Measure

a b c

Estimate SE h2p P valuePain Group, M (SD) No Pain Group, M (SD) % Increase

Total number of behaviors 5.5 (2.2) 4.4 (2.0) 25.3% 1.16 0.20 0.06 2.4 3 10L8

Total severity of behaviors 12.0 (6.2) 9.0 (5.4) 33.6% 3.12 0.57 0.06 7.3 3 10L8

Total distress by behaviors 15.9 (9.5) 12.1 (7.5) 31.4% 3.92 0.85 0.04 5.0 3 10L6

M (SD) ¼ mean (standard deviation).

% increase ðcÞ ¼ ða � bÞ
a

x 100.
P values in bold font are statistically significant.
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increased frequency were aberrant motor behavior
(52.0%), apathy (40.0%), appetite and eating
(30.0%), irritability (70.0%), depression (60.0%),
and hallucinations (22.0%). The prevalence of each
of the 12 domains of behavior across each group is dis-
played in Figure 1.

Figure 2 describes post-hoc independent ANCOVAs,
controlling for age and sex and multiple comparisons,
between levels of pain experienced as measured by
PainChek (i.e., no pain, mild pain, moderate pain, se-
vere pain) and NPI measures of BPSD. These analyses
revealed evidence of an exposure response between
pain categories and BPSD frequency, severity, and
distress. Specifically, people mostly experienced a
greater number of BPSD, that were more severe and
more distressing, with increasing pain levels. Signifi-
cant differences were found for all comparisons
except no pain and mild pain on the distress scale
of the NPI and between moderate and severe pain
for all NPI indices.
Discussion
We conducted a national retrospective cross-

sectional study of aged care residents with dementia
Table
Associations Between Presence of Pai

NPI Behaviors

Unadjusted

Estimate SE OR

Aberrant motor behavior 0.36 0.19 1.43 6
Aggression/agitation 1.34 0.30 3.82 8
Anxiety 0.26 0.20 1.30 1
Apathy 0.59 0.21 1.81 4
Appetite/Eating 0.60 0.23 1.81 1
Delusions 0.14 0.21 1.15 5
Depression 0.49 0.19 1.63 1
Disinhibition 0.30 0.20 1.34 1
Euphoria 0.54 0.52 1.72 3
Hallucinations 0.53 0.26 1.71 4
Irritability 0.79 0.20 2.20 7
Night-time behaviors 0.32 0.20 1.38 9

NPI ¼ Neuropsychiatric Inventory; OR ¼ odds ratio.
P values in bold font are statistically significant.
aRegression model adjusted for age and sex.
who were referred to a specialized behavior support
service. This is the first study where an AI-powered
pain assessment instrument was used to estimate the
prevalence and intensity of pain in those with demen-
tia (subtypes) who are experiencing BPSD. We also
examined the prevalence of behaviors and their asso-
ciations with pain in a cohort with sufficiently severe
BPSD that a referral to an external specialist behavior
support service was warranted.
In this study, nearly two-third of residents referred

were identified as having pain as measured by Pain-
Chek, and of these, almost half were assessed as being
in moderate-severe pain. These results showed similar
or higher rates than those found in hospital, commu-
nity, and residential settings.5,9,16,41e44

Although a high prevalence (54.6-78.6%) of pain
was found across all dementia subtypes, there were
no significant differences among those subtypes.
This finding is consistent with the literature.8,45 AD
and VaD had a somewhat similar prevalence of pain
(64.3% vs. 62.3%, respectively) and pain intensity
(Table 3), perhaps because both have a partially
similar pain-processing pathway that involves white
matter lesions.46,47 These lesions contribute to
increased deafferentation and experience of (motiva-
tional-affective) pain.46,48,49 This may also explain
5
n and Neuropsychiatric Behaviors

Adjusteda

P value Estimate SE OR P value

.5 � 10�2 0.40 0.20 1.49 4.1 3 10L2

.5 3 10L6 1.33 0.30 3.79 1.0 3 10L5

.8 � 10�1 0.33 0.20 1.39 9.9 � 10�2

.8 3 10L3 0.61 0.21 1.84 3.8 3 10L3

.2 3 10L2 0.68 0.24 1.97 4.6 3 10L3

.1 � 10�1 0.15 0.21 1.16 5.0 � 10�1

.2 3 10L2 0.50 0.20 1.64 1.1 3 10L2

.5 � 10�1 0.30 0.20 1.34 1.5 � 10�1

.0 � 10�1 0.59 0.52 1.81 2.6 � 10�1

.2 3 10L2 0.56 0.27 1.75 3.5 3 10L2

.0 3 10L5 0.80 0.20 2.24 5.8 3 10L5

.9 � 10�2 0.32 0.20 1.38 9.9 � 10�2



Fig. 1. Proportion (%) of people endorsing each of the 12 behavior domains of the Neuropsychiatric Inventory separated by
group based on the adjusted model. Please note all percentage values were rounded to the closest row number. *Statistically
significant.

Vol. 61 No. 6 June 2021 1221Pain in People With BPSD
the highest prevalence and intensity of pain in MD
(AD þ VaD) in our sample. In contrast, a significant
portion (81.8%) of people with FTD recorded ‘‘no
pain’’ (45.4%) and ‘‘mild pain’’ (36.4%). This is
possibly because of atrophy in the prefrontal cortex,
a characteristic of FTD that results in reduced
(motivationaleaffective) pain experience.47,49,50 This
brain pathology also occurs in AD but to a much lesser
extent than FTD.47,49 Compared with previous
studies,5,45,51 we found slightly higher proportions of
pain in our dementia subtypes sample, perhaps
because our sample is characterized by the presence
of an advanced form of dementia with significant
Fig. 2. Mean differences between pain assessment categories o
controlled for number of comparisons by the Holm-Bonferroni
BPSD. Other reasons include methodological varia-
tions, such as demographic characteristics, sample
size, study design, setting, definition of pain, and
pain assessment methods or instruments used.
Our results (Figure 2) indicate that there is a some-

what positive linear relationship between the level of
pain experienced and the occurrence of BPSD. That is,
the higher the pain intensity, the greater the number
and severity of specific BPSD and the associated distress
experienced by the carer. Despite evidence of a higher
overall prevalenceofbehaviors, the typesof behaviors ex-
hibited by people in pain in this study are similar to pro-
files of behavior previously identified.27,52 Notably,
n Neuropsychiatric Inventory indices. All significance levels
adjustment. P values in bold font are statistically significant.
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present study groups differed most substantially on a
measure of aggression/agitation, and while not always
demonstrated,53 this pattern is consistent with many
studies.52,54e56 Compared with previous literature,27 we
recorded a stronger association between pain and
aggression/agitation, perhaps because of our sample
characteristics and pain evaluationmethod. In addition,
the relationship between pain and depressive symptom-
atology is well documented in older people without de-
mentia.57,58 Congruent with other studies,22,52,59 our
study suggests this relationship is maintained in those
with dementia who require specialist BPSD support.
Similar associations between pain and depression in
PLWD are reported in the literature.60e62 Evidence sug-
gest that pain is associated with mood syndromes in
PLWD,14,56,63 including other behaviors such as apathy
and changes to appetite, and is consistent with our study.

Our findings are not surprising given that pain is
viewed as a conditioned response to perceived noxious
stimuli (i.e., tissue threat), which can induce protec-
tive (avoidance) behaviors (e.g., aggression and irrita-
bility).64 Thus, pain acts as a warning, generating
nonverbal response(s) to raise attention. This appears
to be a common presentation in PLWD.16,45

Our study design limits the interpretability of the
causal nature of pain and behavior. While pain is
commonly described as an antecedent of behavioral
changes, it is possible that behavioral changes and
pain share a common etiology. For instance, the
involvement of the prefrontal cortex in many demen-
tia subtypes is known to lead to disinhibition and a
range of other behaviors.65 However, this region is
also independently implicated in the cognitive-
affective pain and descending pain pathways, contrib-
uting to altered pain perceptions and experience.66,67

This is supported by indirect evidence from studies
finding a reduction in agitation for PLWD after
administration of regular analgesics.68e70
Strengths and Limitations
To date, this is the largest study to present pain prev-

alence and intensity data in major dementia subtypes in
the RACH setting. A strength of this study is that the
DSA service used the PainChek device, a dementia-
specific multidomain pain assessment tool (with strong
psychometrics) that combines various technologies
such as AI and smart automation.36,71,72 Although there
is an overlap between pain behaviors and BPSD, the de-
vice is unique in that it has a pain scale that includes
items with clear operational definitions circumventing
any ambiguity associated with interpretation during
assessments.72 Despite that, we cannot rule out
completely that some neuropsychiatric symptoms
(e.g., agitation) were misinterpreted as pain behaviors.
Notwithstanding this, PainChek items relating to pain-
ful injuries, painful conditions, and functional/activity
impairments may have helped improved pain identifi-
cation.36,73,74 If these behaviors are responsive to
pain-relieving strategies/interventions (e.g., analge-
sics), then the trigger is likely to be pain. This approach
can only be accurately evaluated in well-designed,
tightly controlled studies, which is beyond the scope
of this research. Unlike other observational pain scales,
PainChek assigns pain intensity categories (no pain,
mild pain, moderate pain, and severe pain) into a final
score based on validated cutoff scores.35,71 Given the
subjective nature of pain, we acknowledge that the rela-
tionship between pain behaviors and intensity of pain is
not fully understood. However, there is evidence that
the number of pain behaviors observed is positively
correlated with pain intensity.75e77 Observational pain
scales with robust conceptualization, multiple behav-
ioral domains, pain-relevant items, assigned pain cate-
gories, and available cutoff scores can improve pain
recognition/rating and hence the clinical utility in
nonverbal PLWD.75,76,78e81

Our sample included residents with advanced de-
mentia from multiple RACHs, which enhanced the
homogeneity and external validity of the study. The
power of the study substantially exceeded the sample
size requirements, and the sample covered a wide
range of dementia subtypes with reasonable propor-
tions for the major types (AD, VaD, MD). Despite
the small number of DLB and FTD cases, we did
not exclude them from our sample. This is because
both subtypes are epidemiologically underrepre-
sented,8 and hence, the need for reporting is of para-
mount importance in understanding the prevalence
of clinical pain among these dementia subtypes.
However, caution is still needed when interpreting
these results. Notwithstanding this, we used various
statistical methods to meet the study objectives.
Other dementias were not discussed here either
because of unclear etiology or the limited number
in the sample.
This study is not without limitations. Ethnicity pro-

files of referrals were missing from the data, and there-
fore, the applicability of the results to the wider
population may be limited. The accuracy of documen-
tation cannot be guaranteed in retrospective studies
because it largely depends on the availability of data
and skills of the person involved. This is mitigated at
least in part by all primary data represented in the
study being collected by consultants trained in the
administration of the instruments used. Medication
use (e.g., analgesics) and specific comorbid pain con-
ditions were not considered in the analysis which
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could have some confounding effects on the results.
Finally, we acknowledge the challenges of observa-
tional pain assessments in PLWD, such as the difficulty
of differentiating pain from distress.82 Yet, this was
possibly minimized in our study by the familiarity of
consultants with residents’ behaviors and the use of
a robust, systemized, and structured pain assessment,
which was validated in RACHs.35,36,71,83 This assess-
ment puts less emphasis on changes in physiological
indicators (e.g., temperature) because these can be
influenced by confounders (e.g., medications) and
may be blunt and less useful in mild-moderate or
chronic pain, particularly in those with AD.36,84e87

Clinical Implications
The clinical implications of this study include 1)

changes to behaviors in terms of their type, number,
severity, and distress may prove useful in initiating
formal pain assessment processes and subsequent
treatment, and 2) as the source of referrals in this
study was from RACHs across Australia, our findings
raise the question of whether this population is
receiving adequate pain control.
Conclusion
Pain is highly prevalent in residents with advanced

dementia receiving support for BPSD, irrespective of
the dementia subtype. Pain is also strongly linked to
specific neuropsychiatric behaviors, such as agitation
and aggression. Despite the noted limitations, the pre-
sent study highlights the importance of the need to
consider the possibility of pain as a contributor to
behavioral change in PLWD. It raises the need to
incorporate pain assessment and management as
part of standardized behavioral assessment and treat-
ment protocols. This would facilitate a more person-
centric approach and improved clinical outcomes for
PLWD who experience pain.
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