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ABSTRACT

Keywords: Objective: This study aims to identify whether pain and dementia-related behavior are associated with

De_me“tla different types of activities in nursing home residents, controlled for dementia severity.

gaL“ ) Design: Cross-sectional baseline data from the multicomponent cluster randomized controlled COSMOS trial
enavior

activity (acronym for Communication, Systematic pain trea.ltment, Medication review, Organiz.::ltion of activitie.s, and Safety).
nursing homes Setting and Participants: A total of 723 patients from 33 Norwegian nursing homes with 67 units
COSMOS study (clusters). Participants aged >65 years, with a life expectancy of >6 months, and with valid data on
activity were eligible for inclusion.
Methods: Activity was operationalized in time (hours per week) and type (cognitive, social, physical, and
no activity). Cognitive function was assessed using the Mini-Mental State Examination (MMSE), pain
with the Mobilization-Observation-Behavior-Intensity-Dementia-2 Pain Scale (MOBID-2), and behavior
with the Neuropsychiatric Inventory Nursing Home version (NPI-NH). Analyses were performed using
linear and logistic regression. Sensitivity analyses for dementia severity were performed to account for
effect modification.
Results: A total of 289 participants were included (mean age 86.2 [SD 7.6]; 74% female). A higher pain
score was associated with less time spent on activity in participants with severe dementia (estimate
0.897, P = .043). A higher score for the NPI-NH mood cluster (depression and anxiety) was associated
with a higher likelihood of participation in cognitive activities (odds ratio [OR], 1.073; P =.039). Apathy
(OR, 0.884; P =.041) and lack of inhibition (OR, 0.904; P =.042) were associated with a lower likelihood
of participation in social activities as well as no engagement in activities (apathy OR, 0.880; P =.042; lack
of inhibition OR, 0.894; P = .034).
Conclusion and Implications: Pain and dementia-related behavior may influence the participation in
activities in the nursing home. There is an urgent need to investigate what type of activity stimulates
people in different stages of dementia.
© 2024 The Authors. Published by Elsevier Inc. on behalf of AMDA — The Society for Post-Acute and
Long-Term Care Medicine. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

Behavioral disturbances, or neuropsychiatric symptoms (NPSs), are a
— heterogeneous group of noncognitive symptoms and behaviors
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In addition, people with dementia are at high risk of pain®’
because of age-related comorbid conditions that are frequently pre-
sent in older adults.>® Up to 40% to 60% of nursing home patients
experience acute or chronic pain.” Pain is a subjective experience that
may be defined as “an unpleasant sensory and emotional experience
associated with, or resembling that associated with, actual or potential
tissue damage.”’

Both pain and NPSs are among the most common clinical
symptoms affecting people with dementia'"'> and they are inter-
connected.'>'* Social, cognitive, and physical activities may posi-
tively affect people with dementia, reduce symptoms, and are
important indicators of their quality of life.'””> 2% Activities—tailored
to individual needs—are therefore internationally prioritized in
health care policy.>?>** However, activity needs are regularly not
met,'®?>26 and most NH residents spend their day being consider-
ably inactive.?”?® It is known that increased activity can reduce pain
or NPSs,”>~3! but there is limited evidence regarding the relation-
ship among pain, NPSs, and activity participation. We found only 2
studies that focused on the relationship between pain and activities:
Lapane et al®? included 9952 participants and found that the pres-
ence of pain reduced the time spent on patient-initiated activities.
Another cross-sectional study by Zanocchi et al>> was not able to
identify any associations between pain and social activities in 105
NH patients with and without dementia. They also found that pain
was associated with less physical activity.>® To date, the associations
between NPSs and different types of activity have not been
investigated.

By identifying whether pain or NPSs are associated with less
participation in different types of activities (cognitive, social, and
physical) and time spent on activities, it may be possible to also
identify and reduce barriers to participation in activities. Therefore,
this study describes activity in people with dementia in NHs ac-
cording to severity of dementia. Second, this study examines the
association between pain or NPS and participation in activities in NH
residents.

Methods
Participants and Settings

This current cross-sectional study includes baseline data from all
eligible study participations from the multicomponent, cluster ran-
domized controlled COSMOS study, comprising the implementation of
Communication, Systematic assessment and treatment of pain,
Medication review, Organization of activities, and Safety.>* Data
collection took place between May 2014 and December 2015. In total,
723 Norwegian residents from 67 NH wards in 33 NHs were invited to
participate. People with long-term placement and aged 65 or older
were considered eligible. People with a life expectancy of < 6 months
or people diagnosed with schizophrenia were excluded. More detailed
information about the COSMOS study can be found in the protocol
article. >

The current study includes participants with valid data on time
spent on activities, participation per type of activity, or both.

Study Registration and Ethics

The COSMOS study was approved by the Regional Committee for
Medical and Health Research Ethics (2013/1765) and registered in a
clinical trial database (clinicaltrials.gov, study identifier NCT02238652).
After informing participants, verbal and written consent was asked. If
participants were not capable of medical decision making, presumed
consent was obtained from legal representatives.>*

Outcome Measures

The associations of pain or NPS with “time spent on activities” and
“participation per type of activity” were the outcome measures of this
study. Activity was assessed through 11 questions administered to NH
staff. For this study, activity was operationalized in duration (hours);
participation in cognitive (eg, memory games), social (eg, activities
involving interaction with others), and physical activity (eg, dancing to
music); and participation in any activities based on information from a
subset of the interview questions (Supplementary Textboxes 1-3). In
the COSMOS study these types of activity were carefully grouped
(social, physical, and cognitive), based on literature.

The Neuropsychiatric Inventory, NH-version (NPI-NH) was used to
assess NPS.>® The NPI was proxy-rated by staff members, and it de-
termines the severity and frequency of 12 NPSs during the past 4
weeks. Frequency is measured on a scale of 0 to 4 (not present to
daily), and severity on a scale of 1 to 3 (higher score equals more se-
vere symptoms). To score each symptom, frequency and severity were
multiplied, with the total score ranging from 0 to 12. Per symptom, a
score of >4 is considered clinically relevant.>® The NPI-NH symptoms
were analyzed both individually and in clusters. The agitation cluster
includes agitation, exhilaration, lack of inhibition, and irritability; the
apathy cluster includes apathy and appetite or eating disorders; the
psychosis cluster includes delusion, hallucination, deviating motor
behavior, and deviating sleep or night-time behavior; and the mood
cluster includes depression and anxiety.>’

The  Mobilization-Observation-Behavior-Intensity-Dementia-2
(MOBID-2) Pain Scale was used to assess pain at the moment of
measurement.*®3° It distinguishes 2 categories of pain. Part 1 as-
sesses musculoskeletal pain through pain sounds, facial expression,
and pain behavior during active movements. Part 2 is focused on
pain of the head, skin, and internal organs. Each part consists of 5
items, measured on a scale of 0 to 10 (more severe pain). In addition,
a total score (0—10) is provided based on all observations, in which
> 3 is considered clinically relevant pain (moderate to severe
pain). 339

Cognitive function was assessed using the Mini-Mental State Ex-
amination (MMSE), which includes 30 questions regarding, among
other things, recall, language, and complex demands.*’ The total score
ranges from 0 to 30, with higher scores indicating better cognitive
function. For descriptive information, participants were stratified ac-
cording to dementia severity based on their MMSE score: no dementia
( > 26), mild dementia (21-25), moderate dementia (11—-20), and
severe dementia (<10).!

Data Analyses

Analyses were performed using IBM Statistical Package for Social
Sciences (SPSS) version 26. Demographic and clinical characteristics
were described with the mean and SD or the median and interquartile
range (IQR) for non-normally distributed variables where relevant,
and the number of participants and percentages for categorical vari-
ables. Group comparisons were conducted using the independent
samples t test, the Pearson y2-test, and the Mann-Whitney U test,
depending on the data distribution.

The association between pain or NPSs and the time spent on
activities was analyzed using multivariate linear regression. Because
of non-normal data distribution, the time spent on activities was
log-transformed. As log-transformation excludes zero values from
the analysis, log10(x+1) was used. Log-transformed data were back-
transformed, as data on a logarithmic scale are less easy to interpret
compared with data on the original scale.*” After analyses, log-
transformed and back-transformed coefficients, confidence in-
tervals (ClIs) of 95% and P values were reported. Multivariate logistic
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regression models were fitted separately for 4 categorical dependent
variables: participation in no, social, cognitive, and physical activ-
ities. After analysis, the odds ratio (OR), 95% CI, and P value were
reported.

All 5 models were adjusted for age, sex, marital status, MMSE
score, type of NH ward (dementia or somatic), MOBID-2 total score,
and NPI-NH clusters. Marital status was categorized as married or
unmarried/widowed. Subsequently, univariate analyses were con-
ducted to measure individual associations for every activity measure
(dependent). The following independent variables were separately
analyzed in these univariate models: all individual NPI-NH items; all
NPI-NH clusters; MOBID-2 total score; moderate to severe pain;
musculoskeletal pain; other pain. All models were adjusted for age,
sex, marital status, MMSE score, and type of NH ward.

Stratified sensitivity analyses were conducted to check whether
dementia severity acted as an effect modifier. Participants were
stratified according to the presence of severe dementia (MMSE <10;
yes/no). Stratified models were adjusted for age, sex, marital status,
and type of NH ward. Results with a P value of < .05 were considered
significant in all analyses.

Results

Of the 723 NH residents screened from the participating NH wards,
545 persons from 67 wards participated in the COSMOS study. In total,
289 participants from 37 wards with data on activity were included in
the current study (Figure 1). Table 1 reports the characteristics of the
study participants. Their mean age was 86.2 years (SD 7.6). Most were
female (74.0%), and 61.9% resided in a somatic ward. The mean MMSE
score was 12.2 (SD 7.6), and 224 participants (85.4%) had moderate or
severe dementia. The mean MOBID-2 total score was 2.9 (SD 2.6), and
120 participants (50.8%) had clinically relevant pain (MOBID-2 total
score >3). The median total NPI-NH score was 11.5 (IQR 2—-26).

The participants of the included sample (n = 289) had significantly
higher MMSE scores (P < .001); relatively more participants with
moderate dementia (P = .023) and fewer participants with severe
dementia (P =.001); and more pain total score (P =.002) compared
with the COSMOS participants with missing data on activity (data not
shown).

Participants
COSMOS-
study

l

Participants with complete
data on one or both outcome
measures (n=289)

/N

Participants with data on time spent on
activity (n=228)

Participants with data on participation
per type of activity (n=289)

e 182 assessed with MOBID-2 e 236 assessed with MOBID-2
e 233 assessed with NPI-NH e 289 assessed with NPI-NH
e 207 assessed with MMSE ® 260 assessed with MMSE

Fig. 1. Flowchart of the included sample in this article. Participants were, first,
included according to available activity data (time spent on activity and participation
per type of activity; ie, social, cognitive, and physical activity). Subsequently the figure
shows how many participants of this sample had available data on the MOBID-2, NPI-
NH, and MMSE.

Table 1
Baseline Characteristics of the Study Population
Item Total (n = 289)
Age in years, mean (SD) 86.2 (7.6)
Female, n (%) 214 (74.0)
Married, n (%) 58 (20.8)
Clinical diagnosis (dementia), n (%) 170 (60.5)
MMSE total score, mean (SD) 12.2 (7.6)
No dementia: MMSE > 26, n (%) 12 (4.6)
Mild dementia: MMSE 21-25, n (%) 26 (10.0)
Moderate dementia: MMSE 11-20, n (%) 116 (44.6)
Severe dementia: MMSE < 10, n (%) 106 (40.8)
Type of ward (dementia), n (%) 110 (38.1)
MOBID-2 total score, mean (SD) 29(2.6)
MOBID-2 moderate to severe pain, n (%) 120 (50.8)
MOBID-2 Part 1 (yes: pain), n (%) 128 (55.2)
MOBID-2 Part 2 (yes: pain), n (%) 94 (39.7)
NPI-NH total score, median (IQR) 11.5 (2—26)
Cluster 1: Agitation (IQR) 2(0-9)
Cluster 2: Apathy (IQR) 0(0-3)
Cluster 3: Psychosis (IQR) 2(0-7)
Cluster 4: Affective (IQR) 1.5 (0—6)
Time spent on activities in hours, mean (SD) 9(12.8)
Participation in social activities, n (%) 240 (83.0)
Participation in cognitive activities, n (%) 136 (47.1)
Participation in physical activities, n (%) 142 (49.3)
No participation in activities, n (%) 39 (13.5)

Time Spent on Activities

On average, participants spent 9.0 hours on activities per week (SD
12.8). Participants with no dementia spent 10.3 hours (SD 12.7), par-
ticipants with mild dementia 5.2 hours (SD 9.5), participants with
moderate dementia 9.2 hours (SD 14.1), and participants with severe
dementia 9.9 hours (SD 13.1) per week on activities. There was no
significant association between pain or NPS and time spent on activ-
ities (Table 2). No significant associations were found in the univariate
linear regression models.

Participation per Type of Activity

In total, 240 participants (83.0%) participated in social, 136 (47.1%)
in cognitive, 142 (49.3%) in physical activities, and 39 participants
(13.5%) did not engage in any type of activity (Table 1). Participation
per type of activity appears to be roughly similar across dementia
severity. Only participants without dementia showed a higher
participation rate in cognitive activities (66.7%). The group with
severe dementia had the relatively smallest proportion of partici-
pants who did not engage in any activity (10.4%) (Supplementary
Figure 1).

Women were more likely to participate in social activities (OR,
3.395; 95% (I, 1.406—8.199), and more likely to participate in no ac-
tivity (OR, 3.958; 95% CI,1.510—10.375). Married participants were less
likely to participate in cognitive activities (OR, 0.036; 95% CI,
0.166—0.939). The MOBID-2 total score and NPI-NH clusters were not
significantly associated with participation in any type of activity,
except for the mood cluster, which was positively associated with
more cognitive activities (OR, 1.073; 95% CI, 1.003—1.148) (Table 3).
Univariate models of individual NPI-NH items (Supplementary Tables
1-4) showed that, in addition, apathy (OR, 0.884; 95% (I,
0.786—0.995) and lack of inhibition (OR, 0.904; 95% CI, 0.820—0.996)
were significantly associated with a lower likelihood of participating
in social activities. The same applies to no participation in activities
(apathy OR, 0.880; 95% CI, 0.778—0.995; lack of inhibition OR, 0.894;
95% CI, 0.806—0.992).
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Table 2
Multivariate Linear Regression; Association With Pain or NPSs and Time Spent on Activities at Baseline
Dependent Variable Independent Variable Coef.” (B) Coef.! (B) P 95% CI' 95% CI!
Total hours spent on activities Age 0.002 1.002 .649 —0.007 to 0.011 0.984 to 1.026
per week (n = 149) Sex (female) —0.007 0.984 926 —0.163 to 0.148 0.687 to 1.406
Marital status (married) 0.023 1.054 791 —0.147 to 0.192 0.713 to 1.556
MMSE total score 0.006 1.014 240 —0.004 to 0.015 0.991 to 1.035
NH ward (somatic ward) -0.179 0.662 .020 —0.330 to —0.028 0.468 to .938
MOBID-2 total score —-0.021 0.953 .091 —0.046 to 0.003 0.899 to 1.007
NPI-NH Cluster 1: Agitation —0.006 0.986 209 —0.015 to 0.003 0.966 to 1.007
NPI-NH Cluster 2: Apathy —0.013 0.971 152 —0.030 to 0.005 0.933 to 1.012
NPI-NH Cluster 3: Psychosis 0.006 1.014 276 —0.005 to 0.017 0.989 to 1.04
NPI-NH Cluster 4: Affective 0.008 1.019 .209 —0.005 to 0.021 0.989 to 1.05

Analysis includes all participants with valid data on time spent on activities.
*Log-transformed coefficient (log10(x + 1)).
Back-transformed coefficient: 10-X.
‘Level of significance.
SLog-transformed CI (95%).
IBack-transformed CI (95%): 10-X.

Sensitivity Analysis

MMSE scores were initially considered a confounding factor.
However, analyses stratified to no severe dementia MMSE >11
(n = 154) and severe dementia MMSE <10 (n = 106) showed that
MMSE scores also functioned as an effect modifier for some

independent variables (ie, total pain score, apathy, lack of inhibition,
the apathy cluster). Initially, the total pain score was not associated
with time spent on activities. However, in participants with severe
dementia, higher total pain scores were significantly associated with
less time spent on activities (estimate 0.897; 95% CI, 0.809—0.998).
Furthermore, stratified analyses showed that the association between

Table 3
Multivariate Binary Logistic Regression Model for Participation per Type of Activity

Dependent Variable Independent Variable OR 95% CI P

Social activities (n = 196) Age 0.997 0.943-1.053 .907
Sex (female) 3.395 1.406—8.199 .007
Marital status (married) 0.684 0.268—1.746 427
MMSE total score 1.027 0.966—1.092 .390
NH ward (somatic ward) 0.473 0.171-1.307 .149
MOBID-2 total score 0.952 0.818—1.109 532
NPI-NH Cluster 1: Agitation 0.993 0.938—1.052 814
NPI-NH Cluster 2: Apathy 0.975 0.875—-1.086 .640
NPI-NH Cluster 3: Psychosis 1.008 0.944—1.078 .806
NPI-NH Cluster 4: Affective 0.967 0.894—1.046 400

Cognitive activities (n = 196) Age 1.003 0.960—1.047 903
Sex (female) 1.395 0.665—2.925 378
Marital status (married) 0.395 0.166—.939 .036
MMSE total score 1.031 0.983-1.080 211
NH ward (somatic ward) 0.686 0.337—-1.399 301
MOBID-2 total score 1.060 0.941-1.194 335
NPI-NH Cluster 1: Agitation 0.969 0.924-1.017 205
NPI-NH Cluster 2: Apathy 0.927 0.848-1.013 .094
NPI-NH Cluster 3: Psychosis 1.015 0.962—1.070 .596
NPI-NH Cluster 4: Affective 1.073 1.003—1.148 .039

Physical activities (n = 195) Age 1.016 0.973—-1.061 A74
Sex (female) 1.390 0.668—2.895 .379
Marital status (married) 1.194 0.532—2.679 .668
MMSE total score 1.022 0.975—-1.070 .370
NH ward (somatic ward) 0.334 0.160—.694 .003
MOBID-2 total score 1.002 0.892—1.126 974
NPI-NH Cluster 1: Agitation 0.974 0.930—1.020 .268
NPI-NH Cluster 2: Apathy 0.928 0.849-1.015 .100
NPI-NH Cluster 3: Psychosis 0.998 0.945-1.053 938
NPI-NH Cluster 4: Affective 1.053 0.986—1.124 125

No activities (n = 195) Age 0.979 0.917-1.046 534
Sex (female) 3.958 1.510-10.375 .005
Marital status (married) 0.978 0.489—1.956 951
MMSE total score 0.989 0.923-1.060 761
NH ward (somatic ward) 0.611 0.194-1.927 401
MOBID-2 total score 1.019 0.856—1.212 .834
NPI-NH Cluster 1: Agitation 1.010 0.943-1.083 770
NPI-NH Cluster 2: Apathy 0.947 0.844—1.062 352
NPI-NH Cluster 3: Psychosis 0.993 0.923-1.068 .842
NPI-NH Cluster 4: Affective 0.967 0.885—1.057 464

Analyses included all participants with valid data on participation per type of activity.
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apathy and social activities (OR, 0.818; 95% CI, 0.712—0.940), apathy
and physical activities (OR, 0.828; 95% CI, 0.708—0.970), and apathy
and no activities (OR, 0.853; 95% CI, 0.740—0.982) was only significant
in participants with no severe dementia. The association between lack
of inhibition and social activities was only significant in participants
with severe dementia (OR, 0.867; 95% CI, 0.756—0.995). The apathy
cluster was not associated with participation in activities in the
original analyses. Stratified analyses, however, found that higher
severity of symptoms in the apathy cluster was associated with a
lower likelihood of participating in physical activities (OR, 0.864; 95%
ClI, 0.750—0.996) and no activities (OR, 0.892; 95% CI, 0.802—0.991)
only in participants with no severe dementia.

Discussion

The current study explores the pattern of provided activities as
well as the associations among pain, NPSs, and participation in ac-
tivities among NH residents adjusted for dementia status. We found
that dementia severity was not associated with time spent engaged in
activity. Furthermore, NH residents with severe dementia spent less
total time on activities if they had more pain. NH residents with severe
dementia experiencing lack of inhibition were also less likely to
participate in social activities. Among the group without severe de-
mentia, pain and lack of inhibition were not significantly associated
with activity measures, but those having more apathy were signifi-
cantly less likely to participate in social and physical activity. These
results are of key importance for NH residents, as they help clinicians
and other stakeholders understand why people do or do not partici-
pate in certain activities.

The first aim of the study was to describe the level of activity in
people with dementia in NHs according to the severity of dementia.
Previous research showed that NH residents are inactive and seden-
tary more than half of their day.>’?® Den Ouden et al*’ further spec-
ified time spent on activities in Dutch NHs: residents were mainly
lying down (29%) or sitting (69%) during the day. Although the current
study only measured activity accumulated per week, the reported
average of 9.0 hours corresponds to an estimated 1 hour and 17 mi-
nutes spent engaged in activity per day. In this study, dementia
severity was not significantly associated with time spent on activities.
In a comparable cross-sectional analysis with 400 NH residents in the
United States, Dobbs et al** did, however, find that lower activity
involvement was more common in NH residents with severe
dementia.

Second, this study aimed to investigate whether people with more
pain or NPSs participate less in activities. Similar to the results from
Lapane et al,>? the current study found a negative association between
pain and time spent on activities, but only in people with severe de-
mentia. The current study found that participants with more apathy
and lack of inhibition were less likely to participate in social activities,
which is not unexpected as both symptoms can influence social
behavior.** Apathy and lack of inhibition were associated with a lower
likelihood of no engagement in any type of activity. On the other hand,
Dobbs et al** found that behavioral symptoms, depression, and
impairment in activities of daily living were associated with lower
activity involvement; these effects were, however, diminished in their
adjusted model. The comparison with literature, however, needs to be
put into perspective. Methods of measuring activity are often not
described in depth and there is no uniform definition of activity (and
types of activity).

Strengths and Limitations
This is the first study to investigate associations of pain and NPS

with both time spent on activities and participation per type of ac-
tivity. It is based on data in an NH setting, describing a vulnerable

population. Furthermore, the study included NHs from urban as well
as rural areas in Norway, increasing the generalizability of the results.
To further investigate the generalizability of the data, the included
participants were compared with COSMOS participants who were not
included in the current study. Except for MMSE scores and pain scores,
the groups were comparable, indicating high generalizability of basic
participant characteristics and the NPI-NH clusters.

The cross-sectional design of this study limits drawing any causal
conclusions. As nonpharmacological interventions, such as activity,
are used to manage NPSs, patients with high activity time estimations
might experience less NPS. This might influence the results of the
current study. There are few relevant studies that have investigated
the same associations. In addition, the lack of universally accepted
definitions and measures of activity complicates the comparison of
literature. Moreover, the validity of staff-reported activity data has not
been verified. Organizational differences (regional and international)
further complicate interpretation. Last, multiple tests have been
executed increasing the chance of Type I errors. Correction for mul-
tiple testing using the Bonferroni test has been considered.*>; how-
ever, as this test is criticized for its rigor, and the executed number of
tests is not excessive, no correction for multiple tests has been
executed. Therefore, there is a chance that some of the findings that
are regarded as statistically significant, are random. Nevertheless, we
do believe our findings are important and direct further research.

Conclusion and Implications

We found that NH residents spend little of their time engaged in
activity per day. Also, pain and neuropsychiatric symptoms influence
activity participation in this setting. People with severe dementia who
suffered more pain spent less time engaged in any activity. Further-
more, apathy and lack of inhibition were associated with less
engagement in social activities.

More research is required to determine how activity can be
encouraged in NH residents, such as a prospective investigation of
whether treating pain in advanced dementia can increase the ability
to participate in meaningful activities. Especially in dementia, pain
and behavioral symptoms are difficult to diagnosis and often under-
estimated. More research on the potential influence of pain and NPSs
on activity participation is necessary. To do so properly, there is a need
to develop instruments with high validity and reliability to assess and
compare activity measurements across study populations and
countries.
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Supplementary Textboxes 1—3

Textbox 1. Questionnaire on Activity Administered to NH Staff

Question Answer Options

Have there been major changes in patient’s activity offerings in the last 4 weeks? Yes/No/Not applicable
The reason for changes? The patient’s state of health/resources/other
Other reasons for changes? Open question

Does the patient have a customized weekly schedule with the activity? Yes/No/Not applicable
Has the patient participated in activities involving physical exercise/movement? Yes/No/Not applicable
Has the patient participated in activities involving thinking, memory, or reflection? Yes/No/Not applicable
Has the patient participated in social activities? Yes/No/Not applicable
Approximately how much time is spent weekly on activities (hours)? X hours
Approximately how much time is spent weekly on activities (minutes)? X minutes
Approximately how much of this time was under the auspices of relatives (hours)? X hours
Approximately how much of this time was under the auspices of relatives (minutes)? X minutes

Textbox 2. Interview Questions on Time and Type of Activity—COSMOS

Question Answering Option
1. Has the patient participated in activities involving physical exercise/movement? Yes/No/Not applicable
2. Has the patient participated in activities involving thinking, memory, or reflection? Yes/No/Not applicable
3. Has the patient participated in social activities? Yes/No/Not applicable
4, Approximately how much time is spent weekly on activities (hours)? X (hours)
5. Approximately how much time is spent weekly on activities (minutes)? X (minutes)

Textbox 3. Examples of Activity Types

e Cognitive activities:

o Group tasks (eg, memory groups)

o Games (ie, brain teasers)

o Charades (eg, memory therapy)

o Occupation-’/hobby-related activities with cognitive component
e Social activities:

o Activities involving interaction with others
e Physical activities:

o Exercise (eg, walking, exercises with physiotherapist)

o Dance to music

o Occupation-/hobby-related activities with physical component
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Supplementary Figure 1
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Supplementary Fig. 1. Participation per type of activity according to dementia severity.
Supplementary Tables 14
Supplementary Table 1 Supplementary Table 2
Univariate Binary Logistic Regression Models; Association of Pain or NPS With Univariate Logistic Regression Models; Association of Pain or NPSs With Participa-
Participation in Social Activities at Baseline Adjusted for Age, Sex, Marital Status, tion in Cognitive Activities at Baseline Adjusted for Age, Sex, Marital Status, MMSE
MMSE Score, and NH Wards Score, and NH Wards
Dependent Independent OR 95% CI P* Dependent Independent OR 95% CI P*
Variable Variable Variable Variable
Social MOBID-2 Total score 0.936 0.809-1.083 .376 Cognitive MOBID-2 Total score 1.068 0.955-1.194 .248
activity MOBID-2 Dichotomous 0.798 0.368-1.729 .568 activity MOBID-2 Dichotomous 1.541 0.866—2.741 .141
MOBID-2 Part 1 0.691 0.307—-1.556 .372 MOBID-2 Part 1 1451 0.810—-2.601 .211
MOBID-2 Part 2 1492 0.666—3.346 .331 MOBID-2 Part 2 1197 0.658-2.178 .557
NPI-NH Total score 0.990 0.974-1.005 .182 NPI-NH Total score 1.000 0.987-1.013 .977
NPI-NH Cluster 1: Agitation 0.980 0.946—1.015 .250 NPI-NH Cluster 1: Agitation 0994 0.965-1.024 .711
NPI-NH Cluster 2: Apathy 0.940 0.866—1.021 .142 NPI-NH Cluster 2: Apathy 0961 0.897-1.029 .252
NPI-NH Cluster 3: Psychosis 0983 0.943-1.025 .426 NPI-NH Cluster 3: Psychosis 1.009 0.974-1.044 .623
NPI-NH Cluster 4: Affective 0968 0.919-1.019 .214 NPI-NH Cluster 4: Affective 1.038 0.994-1.084 .089
NPI-NH Delusions 0932 0.847-1.025 .147 NPI-NH Delusions 0999 0.924-1.079 .970
NPI-NH Hallucinations 0974 0.852-1.113 .695 NPI-NH Hallucinations 0968 0.866—1.083 .570
NPI-NH Agitation 0970 0.879-1.070 .543 NPI-NH Agitation 0985 0.910-1.065 .698
NPI-NH Depression 0.982 0.894-1.079 .705 NPI-NH Depression 1.056 0.980—1.137 .151
NPI-NH Anxiety 0925 0.847-1.010 .083 NPI-NH Anxiety 1.062 0.986-1.144 .112
NPI-NH Exhilaration 0992 0.807-1.221 .942 NPI-NH Exhilaration 0.900 0.742—1.092 .286
NPI-NH Apathy 0.884 0.786—0.995 .041 NPI-NH Apathy 0965 0.870—1.071 .508
NPI-NH Lack of inhibition 0904 0.820-0.996 .042 NPI-NH Lack of inhibition 0985 0.904-1.073 .724
NPI-NH Irritability 0963 0.880—1.053 .404 NPI-NH Irritability 1.002 0.932-1.076 .965
NPI-NH Deviating motor behavior 0.981 0.866—1.112 .766 NPI-NH Deviating motor behavior 1.014 0.914-1.126 .788
NPI-NH Disturbed sleep behavior  1.000 0.894—1.118 .999 NPI-NH Disturbed sleep behavior  1.064 0.972-1.163 .177
NPI-NH Appetite disorder 0992 0.851-1.157 .920 NPI-NH Appetite disorder 0939 0.841-1.049 .267
Analyses included all participants with valid data on participation per type of Analyses included all participants with valid data on participation per type of
activity. activity.

*Level of significance P < .05. *Level of significance P < .05.
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Supplementary Table 4
Univariate Logistic Regression Models; Association of Pain or NPS With Participation
in No Activities at Baseline Adjusted for Age, Sex, Marital Status, MMSE Score, and

852.e3

Score, and NH Wards NH Wards
Dependent Independent OR 95% CI P’ Dependent Independent OR 95% CI P*
Variable Variable Variable Variable
Physical MOBID-2 Total score 0.984 0.881-1.099 .779 No MOBID-2 Total score 0.990 0.840—1.167 .905
activity MOBID-2 Dichotomous 0.892 0.498—-1.596 .700 activity MOBID-2 Dichotomous 1.051 0.449-2.457 .909
MOBID-2 Part 1 0.771 0.425-1.398 .392 MOBID-2 Part 1 0.865 0.350—-2.139 .754
MOBID-2 Part 2 0.925 0.506—1.688 .799 MOBID-2 Part 2 0967 0.420-2.228 .938
NPI-NH Total score 0.995 0.982-1.008 .422 NPI-NH Total score 0.989 0.973-1.006 .212
NPI-NH Cluster 1: Agitation 0.991 0.962—-1.020 .528 NPI-NH Cluster 1: Agitation 0.980 0.943-1.018 .291
NPI-NH Cluster 2: Apathy 0.935 0.871-1.004 .065 NPI-NH Cluster 2: Apathy 0.921 0.846—1.002 .057
NPI-NH Cluster 3: Psychosis 0.995 0.961-1.030 .786 NPI-NH Cluster 3: Psychosis 0974 0.932-1.017 .234
NPI-NH Cluster 4: Affective 1.014 0.972-1.058 .527 NPI-NH Cluster 4: Affective 0969 0.917-1.024 .262
NPI-NH Delusions 0.988 0.915-1.068 .764 NPI-NH Delusions 0.910 0.823-1.007 .067
NPI-NH Hallucinations 0.912 0.807-1.030 .137 NPI-NH Hallucinations 0.947 0.825—-1.088 .443
NPI-NH Agitation 0.969 0.896—1.049 .441 NPI-NH Agitation 0.949 0.854-1.054 .324
NPI-NH Depression 1.014 0.943-1.091 .707 NPI-NH Depression 0.986 0.891-1.091 .780
NPI-NH Anxiety 1.026 0.953-1.104 .498 NPI-NH Anxiety 0.923 0.839-1.015 .099
NPI-NH Exhilaration 0.906 0.762—-1.077 .264 NPI-NH Exhilaration 1.145 0.791-1.657 .474
NPI-NH Apathy 0912 0.818—-1.017 .097 NPI-NH Apathy 0.880 0.778—0.995 .042
NPI-NH Lack of inhibition 0.966 0.887—1.053 .429 NPI-NH Lack of inhibition 0.894 0.806—-0.992 .034
NPI-NH Irritability 1.013 0.943-1.089 .717 NPI-NH Irritability 0.968 0.876—1.068 .513
NPI-NH Deviating motor behavior 1.019 0.918-1.130 .726 NPI-NH Deviating motor behavior 0.953 0.834—1.090 .484
NPI-NH Disturbed sleep behavior ~ 1.022 0.936—1.116 .628 NPI-NH Disturbed sleep behavior ~ 1.003 0.888—1.132 .966
NPI-NH Appetite disorder 0.936 0.839-1.045 .237 NPI-NH Appetite disorder 0939 0.811-1.088 .403
Analyses included all participants with valid data on participation per type of Analyses included all participants with valid data on participation per type of

activity.

*Level of significance P < .05.

activity.

*Level of significance P < .05.
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