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Digital music and movement intervention @

to improve health and wellbeing in older adults
in care homes: a pilot mixed methods study
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Abstract

Background Low physical activity among older adults is related to adverse health outcomes such as depression
and loneliness, poor physical function and increased risk of falls. This study was designed to increase physical activity
through a digital, group-based, physical activity and music intervention and to examine its effectiveness on social,
mental and physical health outcomes.

Methods Participants were 34 older adults (65 years+) recruited across four care homes in Scotland to a pilot study.
Surveys were administered at baseline and post-intervention, comprising measures of fear of falling, depression

and anxiety, loneliness, sleep satisfaction and quality of life. A battery of physical function tests and saliva sampling
for cortisol and dehydroepiandrosterone hormone analysis were also conducted at each time point. Additionally, pro-
cess evaluation measures (recruitment, intervention fidelity, attendance, retention rates and safety) were monitored.
The intervention comprised 12 weeks of three prescribed digital sessions per week: movement and music (n = 2)

and music-only (n=1), delivered by an activity coordinator in the care home. Post-intervention interviews with staff
and participants were conducted to gain qualitative data on the acceptability of the intervention.

Results An average of 88% of prescribed sessions were delivered. Pre- to post-intervention intention-to-treat analysis
across all participants revealed significant improvements in anxiety, salivary DHEA, fear of falling and loneliness. There
were no significant improvements in health-related quality of life, perceived stress, sleep satisfaction or physical func-
tion tests, including handgrip strength. Qualitative analysis highlighted benefits of and barriers to the programme.

Conclusions The digital movement and music intervention was deemed acceptable and delivered with moderate
fidelity, justifying progression to a full-scale trial. Although a proper control group would have yielded more confident
causal relationships, preliminary psychosocial and biological effects were evident from this trial. To show significant
improvements in physical function, it is likely that a bigger sample size providing sufficient power to detect significant
changes, greater adherence, longer intervention and/or higher exercise volume may be necessary.

Trial registration The trial is registered at ClinicalTrials.gov, number NCT05601102 on 01/11/2022.
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Introduction

As the demographic shift towards an ageing population
accelerates [1, 2], a transition to care home or supported
living facilities may become the most viable option for
older individuals living alone and requiring high-level
supervision and care [3, 4]. In Scotland, UK, care homes
provide 24-h support and assistance with daily activities,
including personal care, medical monitoring, and social
engagement, for older adults who can no longer live inde-
pendently due to physical or cognitive impairments [5].
These facilities cater to residents with varying levels of
need, from those requiring minimal assistance to those
needing comprehensive care [6].

The multifaceted challenges confronting older adults
residing in long-term care settings, such as limited
mobility, limited independent access to outside facili-
ties/activities and lack of social interaction, present bar-
riers to maintaining physical activity (PA) levels [7]. PA
has been shown to have significant positive effects on
the healthy ageing trajectories of older adults [8], with
favourable effects on the endocrine system [9-11], anxi-
ety and depression [12, 13] and physical function [14, 15].
With the rise in technological developments, an increas-
ing number of innovative digital PA interventions have
been developed for use in a range of populations and set-
tings [16, 17]. However, research on the effectiveness of
digital interventions in promoting PA among older adults
in care home settings remains limited [17]. This study
aimed to address this issue by investigating the effective-
ness of a digital PA intervention specifically designed
for the health and wellbeing of older adults resident in
care homes with the range of needs and dependencies
described above.

Several physiological and psychological challenges are
evident in the context of ageing. First, there is a notable
change in the functioning of the endocrine system, with
the hypothalamic—pituitary—adrenal (HPA) axis being
particularly affected, as indicated by changes in the secre-
tion patterns of cortisol and dehydroepiandrosterone
and/or its sulphated form (DHEA/S) [18, 19]. This can
substantially affect the immune system [20-22]. Second,
older adults, whether community-dwelling or in care
homes, experiencing reduced social support, chronic
disease, and decreased self-esteem are at an increased
risk of mental health issues such as anxiety and depres-
sion [23, 24], which negatively impacts their wellbeing
and quality of life [25, 26]. Finally, a decline in physical
function is commonly observed with ageing, increasing
older adults’ vulnerability to falling, frailty, rising health-
care costs and premature death [27-29]. While these
challenges can have profound negative impacts on older
adults, research has demonstrated that PA can counter-
balance these challenges and positively influence healthy
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ageing by improving cortisol and/or DHEA(S) levels [30],
anxiety and depression [31], muscle mass, strength, and
thus physical function, frailty, and quality of life [32-36]
Therefore, PA interventions are a viable approach to miti-
gating the adverse effects of ageing on the endocrine sys-
tem, psychological wellbeing, and physical function in
older adults.

However, poor adherence to PA programmes is often
reported in institutional settings such as care homes [37].
To improve adherence, innovative digital PA interven-
tions have been developed for delivery to older adults,
showing promising results to impact overall health, e.g.,
by improving quality of life [38], muscle mass and physi-
cal function [39, 40] and decreasing feelings of anxiety
and depression and dementia [41] (for reviews, see [16,
17, 42]). Digital interventions can improve adherence
by providing engaging, interactive, and easily accessi-
ble content that can be personalised to meet individual
needs and preferences, as suggested by the WHO recom-
mendations [43]. However, although most trials showed
a positive trend towards the efficacy of digital interven-
tions, better quality evidence is needed considering the
heterogeneity in the measures used across studies and
to address limitations associated with modest sample
sizes and relatively short intervention durations. Further
research is warranted to evaluate the effectiveness of dig-
ital PA interventions on physiological, psychological and
social dimensions of healthy ageing [44, 45]. In particular,
the evidence for the effects of digital PA interventions on
steroid hormones in older adults is scarce. For example,
several studies have noted a lack of quality evidence for
the impact of PA interventions in care home residents on
anxiety symptoms, cortisol and DHEA(S) [30, 31, 46]. In
addition, there is evidence that conducting PA in a group
can enhance the effects of the intervention by enhancing
social connectedness and reducing loneliness [36, 47, 48].
Thus, interventions combining the digital delivery of PA
with a group exercise setting should be examined.

Music, as a common component of group PA delivery,
also warrants attention due to the health benefits dem-
onstrated in studies on dance [49-51] and music inter-
ventions [52]. The intervention evaluated in this study
combined group participation with multicomponent
exercises and added a music and singing aspect because
music has been shown to positively impact mood, anxi-
ety, and stress, making it an effective tool for improving
mental health outcomes [52, 53]. Music can also enhance
the enjoyment of PA, increasing adherence and compli-
ance with exercise programmes [54, 55]. Additionally,
the use of music may help evoke positive memories and
emotions, contributing to overall emotional well-being
through reminiscence [56]. However, the effectiveness
of music interventions can vary significantly based on
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individual preferences and the type of PA [57]. The inter-
vention evaluated in this study used a combination of
digital delivery and in-person support aimed to address
the challenges and maximise the benefits of both group
PA and music for older adults in care homes.

To this end, a preliminary study tested the feasibil-
ity of a digital music and movement intervention in care
homes [58]. Key outcome measures were determined by
an advisory group consisting of the research team, care
home staff, older adult representatives and representa-
tives from danceSing Care, the company that devised
the digital intervention based on important health and
wellbeing indicators for these stakeholders and informed
by the research literature. The study results determined
that such a programme was feasible with recommended
adjustments for future implementation [58]. In light of
these recommendations, a pilot RCT was designed to
investigate whether a 12-week digital music and move-
ment resource, compared to a waitlist control group,
would improve some of the same measures from the
original study (anxiety, depression, fear of falling, loneli-
ness, quality of life, perceived stress and sleep satisfac-
tion) in addition to measures that are deemed important
in previous literature but not possible to measure dur-
ing the first study (salivary cortisol and DHEA levels and
physical function). The primary outcome measures in
this study are the physiological markers, specifically sali-
vary cortisol and DHEA levels, and anxiety and depres-
sion. These markers were chosen based on previous
literature that highlighted their role in reflecting the
stress response, overall endocrine health, and older adult
well-being, which are indicators of the physical benefits
of PA interventions and also where less is known in terms
of PA effects than is the case for other e.g., cognitive or
depression outcomes in older adults [30, 31].

The primary aim of this pilot RCT was, therefore, 1)
to evaluate the efficacy of a digital movement and music
intervention within care home settings and its subse-
quent impact on a range of health and wellbeing out-
comes; and 2) to decide whether and how to proceed
with a future definitive randomised controlled trial by
interpreting specific progression criteria, following the
previous feasibility study.

Methods

Design

The danceSing Care evaluation trial was designed as a
mixed-methods multicentre pilot randomised (1:1), wait-
list-controlled trial (RCT) conforming to the CONSORT
reporting guidelines for randomised pilot and feasibility
trials [59]. Participants were recruited from care home
facilities in central Scotland. Data were collected through
salivary endocrine measurements, physical assessments,
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self-report questionnaires, and semi-structured qualita-
tive interviews. Also, process evaluation measures were
monitored throughout the intervention period.

Ethics approval was given by the University of Stir-
ling NHS, -Invasive or Clinical Research panel: NICR
2021 3735 3607. This pilot study protocol was regis-
tered with the Clinical Trials Register: NCT05601102 on
01/11/2022.

Procedure, setting and locations

The study occurred at care homes in central Scotland
from March to July 2023. Residents capable of giv-
ing informed consent were invited to participate in the
study after a brief introduction through posters utilised
by care home staff and face-to-face interaction with the
researchers. Researchers, with the help of care home
staff, recruited residents from four Holmes Care Group
care homes selected by the Group executive team as rep-
resenting homes with at least one activity coordinator or
similar staff in post, thus available to deliver the interven-
tion. Recruitment started four weeks before the interven-
tion following a live group training and initiation session
for the activity coordinators across the Holmes Care
Group, including the homes selected to participate in the
research. The study design and protocol were explained at
this session, including how the wait-list condition would
work, along with how adherence data would be collected
weekly. Initially, two homes were recruited, but within a
week of attempting recruitment, it became apparent that
an additional two would be needed to reach the target
sample size (see below). Across the four care homes, par-
ticipant numbers were not evenly distributed due to the
varied population size in each care home recruited, the
number of residents with the capacity to give consent,
and the overall willingness of participants to be engaged
in a study. Participants recruited to both intervention
and waitlist control groups (1:1 randomisation across
all participants recruited) completed baseline and post-
intervention questionnaires with the assessors (LDN &
EO) in private areas (empty lounges, bedrooms) in their
respective care homes to ensure privacy and confidential-
ity. The intervention lasted for 12 weeks while the waitlist
period for the control group was to be about 14 weeks
(12 weeks of the intervention plus two weeks of post-
intervention data collection prior to receiving the inter-
vention themselves). Physical function testing and saliva
sample collection were performed in empty hallways and
private rooms. A subsample of seven participants was
interviewed two weeks after completing the post-inter-
vention measures to explore additional in-depth inter-
vention effects not captured in the survey, biological, and
physical function testing measures. Five care home staff
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(activity coordinators and/or carers) who facilitated the
online intervention were also interviewed in person to
share their experiences throughout the process.

Participants

Eligibility criteria

Eligible participants were adults aged 65 or older living
in Holmes Care care homes following an agreement with
the digital music and movement provider. They needed
to be capable of completing a 12-week movement and
music programme, providing informed consent, and
comprehending the research measures in verbal Eng-
lish, as evaluated by care staff. The care staff were asked
to consider the ability of the residents to participate in
the study. As the intervention programme is meant to
be delivered in care homes inclusive of all residents, no
specific physical function cut-off was used as an eligibil-
ity criterion other than being able to get out of bed and
take part in chair-based exercise as a minimum. The pro-
gramme was adaptable to each participant’s needs, allow-
ing participation either sitting or standing.

Cognitive decline experienced during a previous feasi-
bility study [58] influenced eligibility, particularly regard-
ing understanding research measures among those with
cognitive impairment. Due to time constraints and ethi-
cal considerations, addressing capacity-related issues for
individuals lacking both consent capacity and under-
standing of measures was not feasible, although they
were still able to take part in the music and movement
programme.Eligibility assessment followed the use of the
British Psychological Society capacity checklist [60], and
verbal consent was reaffirmed at each interaction by the
researchers. Ineligibility criteria included participation
in concurrent clinical trials that could affect this study’s
outcomes, pre-existing conditions significantly impacting
their ability to undergo the intervention, and insufficient
English proficiency to engage in measures and interven-
tion due to cognitive or sensory impairments.

Sample size

G*power was used to determine the target sample
size. The statistical test (ANOVA: Repeated meas-
ures, within-between interaction) and the power of the
analysis (A priori: compute required sample size) were
selected, with a=0.05 and power=0.80. The stand-
ardised mean difference (SMD) (=0.80) for the cor-
tisol outcomes was used from a previous systematic
review [30] to determine the effect size for this study.
This revealed a required total sample size of n=16. To
account for a possible 20% attrition, the total sample
size was inflated to #n =20. Similarly, the effect size for
the anxiety outcome in this pilot RCT was based on
an SMD of 0.27 recorded from the previous systematic
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review [31]. This revealed a required total sample size
of n=110. To account for a possible 20% attrition, the
total sample size was inflated to n=132. However,
consultation with the care home management sug-
gested that this sample size would not be pragmatic
given the high level of cognitive impairment among
residents and, thus, the small number of residents eli-
gible for recruitment. Further, the previous feasibil-
ity study showed effects in n=18 for the psychosocial
outcomes, so the target sample in this pilot study was
set at 36, based on a general rule of thumb of 30 [61]
and accounting for a possible 20% attrition.. Given the
feasible sample size, it was determined that individual
randomisation (i.e., by participant) would be more
pragmatic than cluster randomisation (i.e., by care
home), which requires larger sample sizes due to other
cluster/site variability [62].

Intervention

Participants were randomly assigned to participate
in a digital movement and music intervention pro-
gramme from danceSing Care for 12 weeks or a wait-
list for 14 weeks before participating. This programme
consisted of two movement sessions and one weekly
music session, each lasting approximately 20 min. This
was the recommended dose suggested in the refine-
ments made from the preliminary feasibility study [58].
These sessions were delivered in a group-based set-
ting, with the digital intervention displayed on a large
screen under the supervision of the care home’s activ-
ity coordinator in a communal room. The sessions
were low-to-moderate intensity, including a warm-up
and cool-down period. The intervention gave access
to different exercise types, such as strength, flexibility
and mobility training, chair-based yoga, breath work,
and activities to improve balance and stability for fall
prevention. Additionally, certain sessions consisted of
singalong activity or themed music. Care home activ-
ity coordinator(s) led the sessions and received training
on engaging participants and using the digital inter-
vention from danceSing Care programme trainers.
The danceSing care programme could be tailored to
accommodate the preferences and needs of the partici-
pants, with sessions labelled according to their demen-
tia-friendliness and activity coordinators could select
the most appropriate session for those taking part.
Instructions were integrated into the digital resource
to adapt the exercises for sitting or standing postures
during movement sessions according to ability, and the
music and sing-along sessions were personalised based
on the music preferences of older adults. In line with
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the recommended methods of reporting intervention
designs, a TiDieR checklist is detailed in Supplemen-
tary File 1.

Outcome measures

The primary and secondary outcome measures deter-
mined by the advisory group and when they were
implemented are summarised in Table 1. The primary
outcomes were salivary cortisol, DHEA levels, and
anxiety symptoms to specifically address gaps identi-
fied through review of the literature. Secondary out-
comes were fear of falling, loneliness, quality of life,
stress, sleep satisfaction, physical function and frailty
phenotype. Where possible, brief versions validated in
older adults with or without cognitive impairment were
used to reduce participant burden. The researchers also
piloted the measures on older adults prior to the study
start to gauge the level of burden, and during data collec-
tion, participants were advised to take a break when they
needed to.

Questionnaires

Demographics

Standardised socio-demographic questions about age,
sex, ethnicity, relationship status and education were
included to ensure an understanding of the participant
pool and contextualise the findings within the back-
grounds of the participants.

Table 1 Summary table of outcome measures
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Anxiety and depression

Symptoms of anxiety and depression were measured
using the Hospital Anxiety and Depression Scale (HADS)
[63]. The HADS consists of two subscales with seven
items, each measuring anxiety or depression on a four-
point response scale from zero to three, resulting in a
maximum score of 21 on anxiety or depression. Specifi-
cally, the anxiety subscale covers symptoms of general-
ised anxiety disorder, whereas the depression subscale
focuses on anhedonia [63]. This measure has been vali-
dated in older adults with or without cognitive impair-
ment, making it suitable for residents in care homes
(Cronbach’s alpha for HADS anxiety=0.87, HADS
depression =0.81) [64]. The present study’s internal con-
sistencies for anxiety and depression were 0.85 and 0.66,
respectively.

Falls

The FES-I short validated in older adults (Cronbach’s
alpha=0.92) measured fear of falling while carrying
out daily activities such as getting dressed or attending
social events [65]. The FES-I is a seven-item scale with
responses on a Likert scale from zero (not at all con-
cerned) to three (very much concerned) and total scores
ranging from zero to a maximum score of 21. Internal
consistency in the present study was 0.93.

Baseline measures Source Time point
Demographic information Self-report Baseline
Primary measures
Salivary cortisol and DHEA Assessor Baseline and post-intervention
Hospital Anxiety and Depression Scale Self-report Baseline and post-intervention
Secondary measures
Questionnaires Self-report Baseline and post-intervention
- Falls Efficacy Scale
- Dartmouth Cooperative Functional Assessment Charts
- Brief UCLA loneliness scale
- Perceived Stress Scale
- Sleep Satisfaction Tool
Physical function tests Assessor Baseline and post-intervention

- Short performance battery

- Hand grip strength

- Fried frailty phenotype criteria
Qualitative data

Progression criteria
- Recruitment rate
- Intervention fidelity
- Attendance
- Retention rate
- Safety

Semi-structured interviews
Assessor

Post-intervention

Post-intervention
Monitored during and com-
pleted after the intervention
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Health related quality of life

Participants” health-related quality of life across domains
of physical fitness, activities of daily living, feelings, social
activities, and change in health and overall health status
for the past two weeks was measured with the Dartmouth
COOP charts [66] which have test—retest reliability coef-
ficients ranging from 0.67 to 0.82 [67]. This measure has
six charts with responses on a five-level ordinal scale
ranging from one (no limitation at all) to five (severely
limited) for all items except the change in health item,
which is reverse scored so that one and five mean much
better and much worse, respectively [66]. A high score
indicates poorer health-related quality of life, with scores
ranging from six to a maximum of 30. Internal consist-
ency in the present study was 0.80.

Loneliness

The short-form UCLA loneliness scale (ULS-6) [68]
measured feelings of loneliness among participants. The
ULS-6 has a Cronbach’s alpha for the reliability of>0.7
and is composed of six items and response options on
a four-point scale (1-never to 4-often), where a high
score shows increased subjective feelings of loneliness,
and scores range from six to a maximum of 24 [68]. The
Cronbach’s alpha in the present sample was 0.85.

Perceived stress

The Perceived Stress Scale (PSS) [69] was used to meas-
ure how participants experienced their stress during the
past month. It consists of ten items with a five-point Lik-
ert scale ranging from zero to four that indicates to what
extent people perceived stress (depicting low, moder-
ate, and high perceived stress), resulting in a higher total
score indicating higher perceived stress from zero to a
maximum of 40. Reliability in this study was 0.91.

Sleep satisfaction

The National Sleep Foundation’s Sleep Satisfaction Tool
(SST) [70] was used to measure sleep satisfaction. It is
a nine-item scale scored on Likert response scales (one
to four) with a Cronbach’s alpha of 0.87 and a high score
suggesting greater sleep satisfaction, where scores can
vary from nine to a maximum of 36 [70]. In the present
study, the alpha for reliability was 0.90.

Salivary cortisol and DHEA

A one-point saliva sample for cortisol and DHEA con-
centration measurement was obtained in the morning
by a Salivette cotton wool swab (Salimetrics Ltd., UK)
(between 10:00 and 12:30). This timing was specifically
selected to mitigate the impact of cortisol’s diurnal vari-
ation, aiming to capture a more stable period after the
morning peak (cortisol awakening response), and time
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of waking was also recorded. This was optional, requir-
ing consent to opt in. Participants were asked not to eat,
drink (other than water), or smoke for two hours before
obtaining the salivary samples [71]. The field researcher
provided detailed verbal and visual instructions on
obtaining the samples to help with compliance. Sam-
ples were collected at baseline and post-intervention at
the same time of day, and each participant’s waking time
and sampling time were recorded in a participant case
report form upon sampling completion due to the poten-
tial influence of time since waking on cortisol/DHEA
concentration.

Saliva samples were collected in Salivette tubes and
centrifuged at 4,000 rpm for 5 min, and the supernatant
was transferred to Eppendorf tubes (Eppendorf, Ham-
burg, Germany) for storage at —20 °C until assay. Corti-
sol and DHEA concentrations were determined using
ELISA kits from Salimetrics LLC, USA, following the
manufacturer’s protocols. Both assays were conducted
in one batch, with samples assayed in duplicate with
intra-assay coefficients of<10%. The assays utilised a
competitive immunoassay method, where the unknown
cortisol or DHEA in the sample compete with a fixed
amount conjugated to horseradish peroxidase for anti-
body binding sites on a microtitre plate. After incubation
and enzymatic reaction, the hormone concentrations
were inversely proportional to the optical density read
at 450 nm, with a secondary filter correction at 490 to
492 nm. All procedures were executed with precision to
prevent contamination.

Physical function

The short physical performance battery (SPPB) [72] was
used to assess physical function among older adults.
It comprises three tests: balance, 4-m gait speed, and a
chair stand test to assess leg strength. A score between
0 and 4 is assigned for each test, and the three tests are
weighted equally. Therefore, the maximum score is 12
points. The cut-off value used to assess poor physical per-
formance is <8 points, according to the European Work-
ing Group on Sarcopenia in Older People (EWGSOP)
[73]. The interrater reliability of the SPPB in older adults
has been shown to be excellent (ICC=0.81 to 0.91) [74,
75], and test—retest reliability in people with dementia is
also excellent ((ICC=0.92) [74].

Grip strength was utilised as a surrogate measure of
overall muscular strength, which also predicts health and
mortality risk [76]. An analogue hand-held dynamometer
(JAMAR 5030]J1, Sammons Preston) was used to measure
the hand grip strength of the dominant hand, taking the
best score of three attempts with 20 s rest between the
attempts [77]. The test—retest reliability of grip strength
in older adults is good (ICC >0.85) [78].
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The Fried frailty phenotype assessment was used to
evaluate frailty [79] and is well-established and validated
[80]. It considers five criteria: (1) unintentional weight
loss measured through the question ‘In the last year, have
you lost more than 10 pounds unintentionally (i.e., not
due to intentional dieting or exercise)?’ (1 point if pre-
sent), (2) walk time measured across a 4.57 (15-foot) dis-
tance and stratified by sex and height (1 point if above the
specified cut-off), grip strength as described above and
stratified by sex and BMI (1 point if below the specified
cut-off), (3) physical exhaustion measured through two
questions from the CES-D [81] asking about feelings or
behaviours related to depression in the past week. Partic-
ipants were asked to reflect on the past week and indicate
how often they felt a certain way. They ticked the box in
the section corresponding to the frequency of their feel-
ings, with options ranging from “Rarely or none of the
time” to “Most or all of the time” The provided state-
ments, such as “I felt that everything I did was an effort”
and “I could not get going,” are indicative of depressive
symptoms or feelings (1 point if present), and (4) energy
expenditure through the MLTAQ [82] assessment of lei-
sure-time PA and used in conjunction with weight and
keals per activity, (1 point if below the threshold: <383
Kcals/week for men and <270 Kcals/week for women).
Positive criteria thus score 1 point, dividing participants
into three categories. Scores range from 0 (not frail), 1-2
(prefrail), to 3-5 (frail).

Interviews

The researchers devised the semi-structured inter-
view guide (see Supplementary File 2) in consultation
with the study advisory group and focused on the gen-
eral overview of what participants and activity coordi-
nators thought of the programme, acceptability of the
intervention and any benefits they derived or barriers
experienced. The interest of participants and activity
coordinators in being interviewed was gauged during
the baseline data collection and occasional check-in vis-
its to care homes. Based on this, seven residents across
three care homes and five activity coordinators from all
four care homes agreed. Participants were presented
with the participant information sheet and consent forms
which included permission to audio record the inter-
view on a password-secured device. Interviews lasted
approximately 12 min with 15 to 25 questions, including
follow-up questions that probed further into responses.
To explore residents’ general thoughts and perceived
benefits of the intervention questions such as; “What did
you think about the danceSing Care online activities?”
and “In what ways have the danceSing care activities
impacted your wellbeing?” were used. Additionally, some
questions were posed to evaluate potential progression
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of the intervention. For example, residents were asked
“Would you like to continue participating in the danceS-
ing care activities?”. For activity coordinators, the line of
questioning was mostly based on the progression crite-
ria/facilitating the intervention and perceived benefits
of the intervention to residents and staff. Questions like:
“Did residents do complete sessions after starting? If not,
why not?” and “Did you manage to engage residents in
the 2 Music and Movement+1 Music sessions a week?
If not, why not?” and “What do you think was the impact
of danceSing care activities on residents’ wellbeing?” to
prompt in-depth responses to support and expand on the
quantitative data collected on the benefits and progres-
sion of the intervention.

Delivery outcome—progression criteria

This trial employed a traffic light or Red Amber Green
(RAG) approach, with red indicating major problems
requiring urgent attention, amber indicating minor prob-
lems requiring attention, and green indicating no con-
cern [59]. The criteria were developed in consultation
with the advisory group (Table 4). This extended the pre-
liminary realist evaluation that thoroughly documented
the feasibility of the delivery and the acceptability of this
intervention. The group further assessed the feasibility of
specific trial objectives, inclusion and exclusion criteria,
and outcomes [58]. Thus, the criteria of this trial were
based on recruitment, intervention fidelity, attendance,
retention rates, and safety. Data were reviewed against
the progression criteria, and the research team held regu-
lar meetings to discuss progress and concerns.

Randomisation

For the allocation of the participants, the Randomiza-
tion Allocation Software [83] was used for sequence
generation in a 1:1 sequence by individual participants.
Two researchers enrolled and assessed the participants
in the study and allocated ID numbers to each of them.
The random allocation sequence was concealed from the
researchers at baseline testing as the principal investiga-
tor generated the assignment sequence of ID numbers.
Details about the intervention and waitlist control alloca-
tion groups, including attendance sheets with names of
the participants receiving the intervention to enable ease
of matching prior to pseudo-anonymisation, were pro-
vided to the activity coordinators to return attendance
sheets at the end of each week via email.

Blinding

Blinding the group allocation is not possible when par-
ticipants are allocated to an intervention versus waitlist-
control group. The researchers taking the measurements
were blinded to the allocation of the participants at
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baseline assessment, but this was not possible at post-
intervention assessment. However, the researchers
strictly followed approved protocols and guidelines,
ensuring the handling of saliva and physical function
measurements and questionnaire assessment was as
standardised as possible across participants and time
points.

Data analysis

Intention to treat analysis of questionnaire, physical function
and saliva assay outcomes

Baseline clinical and demographic characteristics were
summarised and reported using descriptive statistics.
Quantitative data from primary and secondary outcomes
were collected, and intention-to-treat (ITT) analyses
were performed in IBM SPSS Statistics (version 28.0)
to examine the effects of the intervention and the wait-
list comparison control group on the primary study out-
comes. As stated a priori in the protocol, the intention
was to conduct an ITT analysis using repeated-measures
between within-groups ANOVA with pre- and post-
intervention as the repeated measures and interven-
tion versus waitlist control as between-group variables.
However, discussions while collecting follow-up data
and through interviewing activity coordinators made it
evident that the randomisation protocol had not been
adhered to at all sites, resulting in participants in both
groups receiving the intervention simultaneously. As
a result, a true control group was not established. Con-
sequently, an ITT analysis was conducted on pre-post-
intervention change on the whole sample. As a sensitivity
analysis, a per-protocol analysis was conducted on the
sample with available data, i.e., complete cases only, not
ITT.

Estimated effect sizes based on Cohen’s (1988) criteria
[84], means, mean differences and their precision (95%
confidence interval (CI)) were calculated for continuous
data and a count (number, %) for nominal data.

Ancillary analysis

To explore if adherence to the intervention had an impact
on the wellbeing outcomes, adherence rates for each of
the care homes were compared on the change scores
across all questionnaires, physical function and physio-
logical metrics by conducting ANOVAs. Adherence rates
were grouped as low, moderate, and high for this analysis.

Intervention fidelity and attendance

Intervention fidelity was analysed for the duration of
the 12-week intervention as the total number of ses-
sions delivered divided by the intended number of ses-
sions (3 per week). Participant attendance was analysed
as the number of sessions attended divided by the total
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number of sessions delivered. The raw fidelity and attend-
ance data were multiplied by 100 to calculate percentage
adherence.

Qualitative analysis of interviews

Based on the research objectives, a thematic analysis [85]
was performed on the qualitative data to identify, ana-
lyse, organise, and communicate themes emerging from
the interviews. After each interview, one researcher (EO)
reviewed the audio recordings and field notes. Audio
recordings were transcribed using the Microsoft Word
audio recording-to-text feature. Transcripts were cross-
checked against the audio recording and all personal
details of participants and care homes were anonymised.
Anonymised transcripts were then exported into NVivo
(version 12) where key words, phrases and quotes rel-
evant to the aims of this study were identified. Themes
were then coded from the keywords and phrases found
to be consistent throughout the interviews. Themes
labelling was mostly in line with components of the pro-
gression criteria. The coding process and themes were
reviewed independently by another researcher (LDN) to
ensure the thematic analysis process was thorough and
themes accurately represented the data collected. The-
matic analysis was performed independently, but the
derived themes were deductive, given that they were
linked to the progression criteria; thus, the qualitative
results have been presented in association with the pro-
gression criteria.

Results

Participant flow

Initially, 37 participants were identified by care home
staff as eligible and approached for recruitment from
February 2023 to March 2023. The follow-up was
completed in July 2023. Thirty-four participants were
recruited (seven from each care home except one care
home that had 13 participants) and randomised into
17 in the intervention group and 17 in the waitlist con-
trol group. Care Home 1 therefore had eight interven-
tion and five control participants; care home 2 had
three and four; care home 3 had four and three, and
care home 4 had two and five intervention and control
participants, respectively. Figure 1 shows the partici-
pant flow. In the intervention group, all 17 participants
received the intervention. However, one died, and one
withdrew, resulting in 15 participants with complete
data for the intervention group. Unfortunately, the ran-
domised waitlist control group design was not adhered
to. As the interventions took place in the communal
living rooms where the waitlist-control group was also
present, this group at times, also received the interven-
tion. Further, two participants passed away, one left the
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!
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ost to follow-up

Deceased (n=2)
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Fig. 1 CONSORT Flow Diagram. Note. The flow diagram visually represents the number of participants through each stage of the trial, highlighting

the reasons for loss to follow-up and the final numbers analyzed

care home, one lost the capacity to consent, and one
withdrew (n=12 with complete data for those origi-
nally randomised to be waitlist controls). There were no
other missing survey data except for the UCLA Lone-
liness scale, which one participant chose not to com-
plete. Additionally, four participants did not undergo
the physical function tests, and 16 either opted out or
could not provide saliva measurements. Therefore, the
dataset included 27 participants with pre-post data and
34 for ITT analysis. The subsequent analyses reported
here are full sample pre- and post-intervention com-
parisons. Non-adherence to the delayed delivery of
the intervention to the waitlist control group was not
evident during the collection of adherence/attendance
registers because the attendance of participants on the
waitlist was not recorded on the weekly attendance reg-
ister. This only became apparent in post-intervention
data collection and discussion with activity coordina-
tors when arranging testing sessions and interviews.

Baseline data

Baseline demographics and clinical characteristics for
each group are presented in Table 2. Chi-square tests (for
categorical data) revealed no significant differences in
these characteristics. Most participants were female (59%
in the intervention group and 82% in the control group).
All participants identified as White: British, Scottish,
Welsh, English, Irish, or other. The most common educa-
tional attainment was no qualifications (38%).

Primary and secondary outcomes

Table 3 presents the ITT results of all participants’
within-group analyses of pre- and post-interven-
tion changes. For salivary cortisol and DHEA, there
was no significant change in salivary cortisol or the
cortisoiDHEA ratio, however, salivary DHEA levels
showed a significant increase [t(17)=-5.25, p<0.001]
although the lower sample size for saliva analyses should
be noted. For anxiety symptoms from the HADS, a sig-
nificant anxiety reduction was observed [t(33)=2.78,
p=0.01].



De Nys et al. BMIC Geriatrics (2024) 24:733 Page 10 of 21
Table 2 Baseline characteristics per group based on randomisation
Variables Mean (SD) / n (%) p
Intervention group Waitlist control group (n=17)
(n=17)
Age group 31
65-74 3(18) 3(18)
75-84 10 (59) 6 (35)
85 or over 4(24) 8(47)
Sex (Female) 10 (59) 14 (82) 13
Ethnic origin (White) 17 (100) 17 (100) 1.00
Relationship status 25
Single, never married 4(24) 2(12)
Single, divorced or widowed 9 (53) 14 (82)
Living apart 2(12) 1(6)
Cohabiting 2(12) 0
Highest level of education 09
No qualifications 8 (47) 5(29)
Completed National 5 s/Standard Grades/GCSE/ 5(29) 4(24)
CSE/O-levels or equivalent (at school to age16)
Highers/Advanced Highers/ AS levels/A-levelsor equivalent (at school 4 (24) 1(6)
to age 18)
Did not complete National 5 s/Standard 0 4 (24)
Grades/GCSE/CSE/O-levels or equivalent
Completed post-16 vocational course 0 1(6)
Undergraduate degree or professional qualification 0 2(12)
Table 3 [TT analysis of all outcome variables
Variables n Baseline mean Post- Mean difference 95% Cl p Effect size (d)
intervention
mean
Cortisol (ug/dL) 18 0.30 0.40 -0.10 [-34,.15] 41 -0.20
DHEA (pg/mL) 18 1455.40 235921 -903.81 [-1267.26,-540.36] <.001% -1.24
Cortisol:DHEA 18 0.00028 0.00029 0.00001 [-00011,.00018] 61 0.12
HADS-Anxiety (0-21) 34 6.00 4.50 1.50 [40, 2.60] 01* 048
FES (0-21) 34 529 347 1.82 [.07,3.58] 04* 0.36
Dartmouth COOP (6-30) 34 15.97 14.85 1.12 [-41, 2. 64] 15 0.26
HADS-Depression (0-21) 34 6.44 6.03 041 [-62,1.44] 42 0.14
Brief ULS (6-24) 33 12.27 10.64 1.64 [30 2. 97} 02* 044
PSS (0-40) 34 12.94 11.56 1.38 [-.84,3.61] 22 0.22
STT (9-36) 34 2961 30.57 -0.96 [-2.79, .86] 29 -0.18
SPPB total score (0-12) 30 467 467 0.00 [-73,.73] 1.00 0.00
SPPB balance (0-4) 30 1.87 1.70 0.17 [-36,.70] 52 0.12
SPPB gait speed (sec) (0-4) 30 217 237 -0.20 [-45,.05] R -0.30
SPPB chair stand (0-4) 30 063 0.60 0.03 [-.25,.32] 81 0.04
Handgrip strength (kg) 30 15.73 16.00 -0.27 [-1.30,0.76] 60 0.10
Frailty total score (0-5) 30 263 263 0.00 [-.20,.20] 1.00 0.00

FES Falls Efficacy Scale International (7-item), Dartmouth COOP Dartmouth Cooperative Functional Assessment Charts measure of health-related quality of life, HADS

Hospital Anxiety and Depression Scale, ULS UCLA Loneliness Scale, PSS Perceived Stress Scale, STT National Sleep Foundation Sleep Satisfaction Tool

* Significance p <0.05
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For the secondary outcomes, significant improvements
were observed in loneliness [t(32)=2.50, p=0.02], and
fear of falling [t(33)=2.11, p =0.04]. However, no signifi-
cant changes were observed in depression scores, health-
related quality of life, perceived stress, sleep satisfaction,
SPPB total or individual scores, handgrip strength, or
Fried Frailty phenotype.

Sensitivity analysis

As described above, a sensitivity analysis per protocol
on those retained in the study and thus provided data at
baseline and post-intervention (n=27) was conducted.
The summary results in the same format as for the ITT
are presented in Supplementary File 3. In brief, the pri-
mary and secondary outcomes largely remained consist-
ent between the ITT and sensitivity analyses. However,
there were slight differences in the effect sizes for anxiety,
fear of falling, and loneliness, with the sensitivity analy-
sis showing slightly larger effect sizes for these outcomes
than the ITT analysis.

Exploring progression to an actual RCT — mixed methods
The outcomes of the progression criteria, which were
recruitment, intervention fidelity, attendance, retention
rates, and safety, are found in Table 4 with a fuller expla-
nation of the meaning of the criterion in a fuller version
in the Supplementary File 5.

Recruitment rates

The recruitment rate of 34 participants falls slightly
below the target sample size of 36. The categorisation
as green indicates that while the recruitment rate was
slightly lower than anticipated, it is still considered fea-
sible to attain the desired sample size through additional
recruitment efforts.

Intervention fidelity

The activity coordinators in the care homes demonstrated
moderate fidelity to the intervention protocol, with some
deviations identified in frequency and randomisation.
The overall average session delivery rate among the care
homes was 88% (127 sessions out of the intended 144 ses-
sions, three sessions each week over 12 weeks) over the
intervention period. However, some variability was noted
between care homes: one care home delivered 97% of the
intended sessions, a second care home provided even
more sessions than intended (119%), while a third and a
fourth care home provided only 78 and 58% of the ses-
sions, respectively. Overall, this indicated moderate fidel-
ity. Adherence statistics are shown in Supplementary File
4.
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The variability of adherence among care homes could
have resulted from some barriers encountered during
the facilitation of the intervention. From interviews with
the activity coordinators (facilitators of the intervention),
circumstances in the care home context made delivery of
the recommended weekly sessions difficult and, in some
cases, impossible. For some care homes, the barriers
included a staff shortage, creating additional responsibili-
ties for all staff, poor internet connection and scheduling
of the intervention as part of the busy routines in care
homes.

For example, activity coordinators said:

“No, the three sessions a week didn’t hold very well,
but that wasn’t because we didn’t want to do it, it
was because of certain circumstances. We couldn’t
do it. Holidays, people being off sick, staff shortages
and things like that. We have to help out wherever
we can and, so if we're not able to do the activities
we (activity coordinators) could be put on care and
kind of things like that and so that stopped us from
doing it, but we always try to manage to do at least
once or twice a week. We thought that’s better than
nothing’,

and,

“Ihe Wi-Fi in here was really shocking and we had
someone come out to try and fix it. We bought those
Wi-Fi boosters. We bought them for all over here. It's
just [the] building. That was hard. Unless we had
someone that had their hotspot from their phone, it
constantly cut out. It constantly froze. So that was
one of the most difficult things’

and,

“It was time factor for me. Getting everybody
together. If they had visitors in, I had to wait till their
visitors went and then get them together. And I tried

to organise, like a set time, but then when the visi-

tors come in, the visitors are important, so we had

to wait longer and longer, but I would say that, and

fitting it in around our other activities was the only

thing”

In addition to contextual barriers, activity coordinators
also reported poor engagement from participants and
influenced weekly session delivery and frequency. For
some participants, poor engagement was due to cogni-
tive impairment. For others, it was poor physical health,
individual preferences, low motivation, and enthusiasm
towards the intervention. To explain the challenges,
activity coordinators said:

“I think for some of them, it was as a result of their



(2024) 24:733 Page 12 of 21

De Nys et al. BMIC Geriatrics

'SIUSAD 9SI9APE [eRUSI0d
abeuew pue Ajauspi 03 Bulio}uoW snonuiUoD

‘uonedpipied Jo s1ysuaq pue suoeldadxs
1e3)> bunnsus pue ‘poddns Jo saAUSdUI BUlalo
'UOI1BDIUNWIIOD 3A11DR0.d $1I0HS bulobuQ

‘9duepuIe droidwi 0}
SI9pulWal 10 Yoddns [euonippe buipiroid ‘sial
-leq [ennualod Ajnuapl 01 BuLIoUOW SNONUIIUOD)

‘InoybnoJy3 aoua1aype bupydel) pue ‘sioy
-BUIPI00D AlANDE 10} Bululel) pue saulepinb Jead
‘uolesiuiopuel 3y 03 duUlsype bunowolid ‘suly

-NOJ BWOY e APY99aM 3Y1 OJUI UOIUSAIDIUI 9L

SUJodU0D ON

SUIDUOD
21LIP3WIWI OU YIM S31eJ UOIIUR3R1 YBIH

SUJ9OUOD 9WOS YIIM Solel 9ouepuUa1le 91RI9PON

payodal
SIUSAS 3SISAPE JO A1I9ASS pue JaquinN

(¥€) syuedidpued [e101 Aq
PapPIAIP (¢€) paulelal suedpinied Jo JaquuinN

3|qe|leA. SUOISSS
[e301 AQ PapIAIP PapUIIe SUOISSSS JO JSqUINN

(#71) suolssas pauued Aq

JUON

%76

%68-95
:2buel

l1e1310 9%/

VEEY) a1k A1o4e8
Ul ?je4 UOURIRY
JRquy 9je4 DdURpPUINY

Bupeibaiul :Aujepy aoueyus 01 salbarens AM|9PY UONUSAIIUI 21RISPON P3PIAIP (/T 1) PRIAIISP SUOISSS JO JaquinN %88  Jaqwy AM[9pY UOIIUBAIBIU|
"A1oeded 2y Inoyum 3soyy spn|oul 03 ubissp ayi
BulAyipow pue ‘s|esajai BUIs|iIN TU3WSSILISAPE
Buiseanul ‘sa1ba1es JusUWUNIIRI [RUORIPPE DUl (9€) 19611 Aq
-uawa|dwi ‘ponad JuswiinNIdI 3yl BuIpuaIX] 3|qIsea) Inqg paidadxa ueyy samoy Aybis P3IPIAIP (7€) pa1inidal syuedidiied Jo Jaquinp| %6 usaIn 9)kl JuswiInIddY
uonepUBWWOIdY Bujueayy poylaw Buliodg 94005 buipesn eudId uolissalbold

RSO UOISSaIb0Id ¥ 3]qelL



De Nys et al. BMIC Geriatrics (2024) 24:733

dementia or things like that. They have a shorter
attention span and sometimes when they're sitting
there, they will all of a sudden not realise why they're
there. We have (Participant A) in particular who
would always say, “what am I doing here? What am
I doing here?” but after wed explained to her about a
good few times what we were doing, she calms down.
So some of them were just like that’

and,

“It depended on the mood of the day. You could get
one resident that is absolutely amazing one time and
then on another day they just don’t want to do any-
thing’,
and,

“I think some of them (participants) did enjoy the
programme and some didn’t. 1 think we strug-
gled with the movement sessions. There were a few
of them that didn’t really want to do any kind of
dances or a lot of the movements, but they loved the
singing ones, they absolutely loved them”

One participant also said,

“Well, I'm just not as able as I was. I think it’s a
struggle to me now, even getting up and about. It just
changed overnight. I like to do it but sometimes I'm
just not able, like last night, I just wasn’t well at all”

Despite the deviations in frequency per week, it is note-
worthy that once a session was conducted, the activity
coordinators adhered to the planned intervention com-
ponents, including duration and intensity. This suggests
a level of commitment to maintaining fidelity within the
delivered sessions. Additionally, from the interviews,
activity coordinators reported that the intervention has
gradually been integrated into the care home routine and
expressed interest in its continuity. The statement below
from one activity coordinator showed positive accept-
ability and satisfaction with the intervention:

“We are going to continue using it, we are going to
continue it as much as we can. I mean if we don’t get
it all the time, if we're only able to maybe do the once
or twice a week or even if it only goes down to one,
it’s still going to get done. It’s part of the curriculum
now, so it’s going to stay’

However, it is essential to re-emphasise that none of
the care homes followed the waitlist control group ran-
domisation process as instructed in the protocol, indicat-
ing low fidelity in that aspect.

To improve adherence and participation among par-
ticipants, activity coordinators adopted mechanisms that
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made facilitation easier in their respective care homes,
irrespective of the difficulties at the onset and the chal-
lenges during the intervention period. For some care
homes, the activity coordinators joined in the sessions to
help motivate and maintain enthusiasm. For other care
homes, it was adding it to the schedule and telling visi-
tors ahead of time when sessions would start. In line with
this, activity coordinators said:

“Sometimes, not always, it was easy to get them
back to continue the sessions. We just kind of started
dancing with them and kind of danced them back
towards where they were. It was kind of sneaky but
we liked it

and,

“l think when we (activity coordinators) are up
moving about more instead of sitting and doing the
exercises they’re more inclined to get involved. Even
though I'm sweating at the end of it, they're more
inclined to enjoy it. I think they get a good laugh out
of it;
and,

“Well, I spoke to some of their families, and they said
don’t worry about it just come and get her (partici-
pant) if she’s to go to that (intervention session). It'll
be fine and so the families were really good,

and,

“Probably like doing it with them. I wasn’t like just
letting them do it by themselves I was actually
involved and liked engaging with them’”.

Attendance of participants

Although the intended controls received the interven-
tion, the activity coordinators provided no data on these
participants’ retention or attendance rates. Therefore, the
data provided below, and in Supplementary File 4, con-
sist of the residents initially randomised in the interven-
tion group. The mean participant attendance rate out
of the possible total number of sessions delivered, thus
available to them in one care home, was 82%. In another
care home, it was 60%; in the third care home, it was
89%; and in the fourth care home, it was 56%. Attend-
ance of participants was influenced by several factors,
including personal, social and the intervention design as
described above. In addition, the interviews from both
residents and activity coordinators revealed that partici-
pants’ engagement in the programme was motivated by
their personal history and the memories the intervention
brought back, the conversations it started and the oppor-
tunity to do something different. Participants said:
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“Well, it's easy dancing, so you can do that. I quite
liked getting a bit of fun out of it

and,

“I liked the singing, I liked us all singing together and
people up dancing’,

and,

“It was past the morning and it was something to do,
something to listen to rather than just sitting up here
doing crossword. It brought us all together and we all
got up, we danced and it was a good atmosphere. I
thought it brought everybody together and so it was
a good change from just sitting in here doing noth-
ing’
and,

“I used to be a singer. I am good at singing and so 1
was happy to join the programme”

In support of how participants accepted the interven-
tion, activity coordinators said:

“I must admit they liked Alan the singer. When we
put that up, they get really involved in. The exercises
they’ve done but not with the same gusto as the sing-
ing’;
and,

“Oh definitely, because sometimes they’ll come and
say, “what time are we doing that thing at the day”?
They don’t say danceSing. It is good that they looked
forward to it}

and,

“..because even when they’re dancing with you, they
start chatting away to you as well, and when they’re
doing certain songs, they'll say, “I did this such a
time” They remember when theyve heard a song,
which is kind of cute. The songs brought back good

memories”.

Participants in these care homes demonstrated com-
mitment to completing the intervention or following
the protocol as instructed. With attendance rates at 72%
overall, the moderate adherence rates suggest that par-
ticipants actively engaged in the intervention activities
as intended, increasing the likelihood of achieving the
desired outcomes.

Retention rates
During the 12-week intervention period, one partici-
pant in the intended intervention group discontinued the
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intervention. This signifies that most participants were
retained throughout the study. The retention rate of 94%
signifies a high retention rate showing most participants
were engaged and committed to the study.

Other than engagement, commitment and other factors
that influenced participant attendance, the high retention
rate in this study can also be attributed to the perceived
impact of the intervention on their physical and psycho-
social wellbeing. Participants and activity coordinators
described the benefits of the intervention as boosters that
fuelled participation and continuity throughout the inter-
vention period. Specifically, one participant said:

“I think I am getting a little bit stronger. The fear is
going away, and I want to try things”

Additionally, activity coordinators explained the
impact of the intervention by saying:

“It was good. It was good because they (partici-
pants) improved a lot. Like, I had one resident
downstairs, if she’s not doing something, she’s over-
thinking. When she wasn’t in the programme, she
was overthinking but because she distracted her-
self with the dance and singing, it made her happy
because she was quite depressed. So, it was good
for some residents obviously. It distracted them
from overthinking by doing something else and by
moving about. So, I think it’s a really good pro-
gramme’,

and,

“It helped them to move a lot more and obviously
coming down and socialising in a group’,

and,

“It was good. It was getting a lot of them together
including those that weren’t involved in the research.
It was good to see everyone being engaged and taking
part in the programme. It brought them together’,

and,

“Well, they were a lot happier, they were upbeat,
they had a laugh... And they spoke about it after-
wards. They were very enthusiastic, put it that way’,

Safety rates

Throughout the intervention period, no significant
adverse events were reported among the participants.
This indicates a favourable safety profile, with no adverse
events of significant concern observed during the study.
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Ancillary analyses

ANOVAs were conducted between the care homes based
on adherence rates, at the request of the care home
organisation, to explore whether adherence (as a proxy
for dose) influenced outcomes. Groups were classified
as: low (58%), moderate (78%), and high adherence (97%
and 119%). There were no significant differences between
adherence groups) on change scores for any of the study
outcomes, except for the Dartmouth COOP health-
related quality of life scores [F(2,33)=4.52, p=0.02].
Post-hoc tests revealed no change in quality of life pre-
to-post-intervention in the low adherence group whereas
both the moderate (p=0.01) and high (p=0.04) adher-
ence groups significantly differed from the low group and
showed slight improvement in this score.

Discussion

The primary aim of this pilot mixed method study was
twofold: 1) to evaluate the efficacy of a digital movement
and music intervention within care home settings and its
subsequent impact on a range of health and wellbeing
outcomes; and 2) to decide whether and how to proceed
with a future definitive randomised controlled trial. The
main findings revealed increased salivary DHEA levels
and reduced anxiety, loneliness, and fear of falling. The
study’s qualitative insights also provided a deeper under-
standing of the intervention’s progression criteria. Par-
ticipants expressed enjoyment and appreciation for the
opportunity the intervention provided to come together,
fostering a sense of community and shared experiences..
However, the implementation of the intervention faced
challenges, including time constraints due to care home
routines, understaffing, and technical issues such as
unreliable Wi-Fi connections. The trial’s analysis was
complicated by care homes’ non-adherence to the wait-
list control condition, resulting in all participants receiv-
ing the intervention simultaneously.

The increase in salivary DHEA levels observed aligns
with studies highlighting the positive effects of PA on
older adults’ endocrine function, specifically the improve-
ment of DHEA levels even in small samples [30, 86, 87].
Such increases have been associated with improved
immune function, enhanced cognition, and reduced risk
of chronic diseases in older adults [88—90]. The lack of
significant change with PA in cortisol levels contrasts
with previous literature showing that PA improved corti-
sol output [46, 91-93]. However, this could be explained
by this study’s lack of statistical power and/or the fact
that training intensity should exceed 60% VO, max to
impact on the HPA axis [94, 95] and the current digital
PA intervention was of low to moderate intensity. It is
also suggested that the exercise effects on the HPA-axis
differ from person to person and depend on the person’s
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personal choice of PA, needs, values and circumstances
[30, 96, 97]. Objective metrics such as heart rate moni-
tors could provide more accurate insights into the pro-
gramme’s intensity, enabling the activity coordinator to
tailor the programme in real-time to the participant’s
needs.

Further, a single daily measurement of saliva was opted
for, a decision driven by practical and financial con-
straints. While a single sample in the morning is often
and reliably used to assess diurnal secretory activity to
assess within-subject variations over a certain period in
an older population [98], this approach does not com-
prehensively reflect the intricate diurnal fluctuations of
cortisol nor account for inter-individual day-to-day and
intra-individual variations, especially within a smaller
sample [99, 100]. Future studies could integrate multiple
measurements across consecutive days to gain a more
nuanced understanding of cortisol dynamics and its rela-
tionship with DHEA [101].

There was a reduction in anxiety symptoms post-inter-
vention, reinforced by qualitative findings of participants
experiencing diminished ‘fear! This aligns with literature
emphasising the benefits of PA on mental health param-
eters, specifically anxiety [31, 102]. PA has been shown to
reduce anxiety symptoms through multiple mechanisms:
improved brain circulation, increased release of endor-
phins, and enhanced self-efficacy [103]. The care home
environment, where residents might often feel confined
or limited in their autonomy [104], could heighten feel-
ings of anxiety. Thus, interventions that encourage move-
ment and social interaction might offer considerable
benefits in reducing such feelings.

The non-significant findings for depression symptoms
contrast with some previous studies. While numerous
studies have highlighted the antidepressant effects of
PA [105, 106], the results did not indicate a significant
change in depression levels post-intervention. It is worth
considering the intervention’s duration, intensity, or the
specificities of the current cohort, which may account
for the lack of observed change [31]. Previous research
suggests that psychological benefits may be observable
even with low doses of PA such as once per week over a
relatively short period [31]. Our previous study showed
some positive effects on anxiety, depression, loneliness,
perceived stress and sleep satisfaction over 12 weeks
with 3Xxmusic and movement and 1Xmusic only ses-
sions per week as the recommended dose [58], and the
present study showed effects for loneliness, anxiety and
fear of falling with just 2xXmusic and movement plus
1xmusic only sessions per week. It is therefore possi-
ble that longer or more intense PA would be necessary
to influence depressive symptoms, or that effects would
be more likely to emerge for those with higher levels
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of symptoms at baseline. Although changes in anxiety
were statistically significant, in this cohort, the baseline
mean scores for both anxiety and depression fell within
the "normal" range. This could imply that participants
had relatively low levels of these symptoms to begin
with, making significant reductions more challenging to
achieve. This supports the hypothesis of a potential floor
effect contributing to the absence of a significant change
in depression scores [64]. Additionally, the aetiology and
chronicity of depressive symptoms in a care home popu-
lation might be multifactorial [107], requiring interven-
tions beyond PA and music.

One interesting finding was the disparity between psy-
chological wellbeing improvements and the lack of sub-
stantial effect sizes in physical function tests and frailty
markers. The improvements in wellbeing markers echo
the idea that psychosocial factors, such as social engage-
ment in group-based PA, play a critical role in older
adults’ mental health [108, 109]. On the other hand, the
lack of improvements in physical function and frailty
was surprising, given substantial evidence of the ben-
efits of PA on physical function and frailty in other
research [14, 110—113]. This intervention might not have
improved these measures due to the limited duration,
frequency and intensity of the programme. Additionally,
the reduced sample size for these specific measures likely
impacted the ability to detect significant changes, high-
lighting the need for larger sample sizes in future studies.
However, the programme did provide a range of low-to-
moderate intensity types of PA including strength, flex-
ibility and mobility training, chair-based yoga, breath
work, and activities aimed at improving balance and sta-
bility for fall prevention. This variety meant the consist-
ency of the intervention was variable across care homes,
given the choice available. However, previous research
has shown that different types of physical activity yielded
varied effects on frail institutionalised older adults’ cog-
nitive state, functionality, and general health [111] thus
supporting the activity approaches in the present inter-
vention. Others have reported a correlation between
regularly completing activities ranging from low inten-
sity walking to more vigorous PA and resistance exercise
and reduced risks of functional limitations, disability, and
cognitive impairments in older people [14, 113]. Given
this, future implementations of the present intervention
as well as newly developed interventions need to employ
a range of strategies to ensure overall PA increases,
including both aerobic and strength and balance aspects
of PA. Alternatively, the lack of effects on physical func-
tion may be due to a range or factors such as the lack of
a control group, small sample size, or sensitivity of the
measures. Further, the time needed to observe changes in
frailty markers may be longer than that for psychological
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markers, potentially requiring more extended interven-
tion periods to detect significant results. Although posi-
tive effects on frailty and physical function have been
observed in PA studies as short as six weeks in similarly
small samples, these studies typically involved more
intensive resistance training with three strength-build-
ing sessions per week and increasing intensity [36]. This
suggests that it is not just the duration of an interven-
tion that influences whether physical frailty effects are
observed, but also the type and intensity of PA [114].

Feedback from the participants highlighted the added
value of the music and dance components. These ele-
ments have been successfully integrated into previous
intervention programmes for older adults, improving
balance, physical function, muscle strength and endur-
ance [49-51, 115, 116]. Concurrently, the profound
emotional resonance of music, with its capacity to evoke
cherished memories and stimulate dopamine release, has
been previously identified as a powerful tool for enhanc-
ing mental wellbeing [52, 117-119]. This was also noted
during the interviews, where participants highlighted
their enjoyment of the music components, suggest-
ing these played an essential role in the positive out-
comes observed. Beyond their direct benefits, the music
and dance elements may also have acted as motivators,
potentially increasing participation and commitment
to the programme, as studies in older adults have found
that adding music to PA can increase enjoyment and, as
a result, participation in PA programmes [54, 55]. This,
along with the social interaction of group activities, can
enhance mental, emotional, and physical health [120].
Reminiscence, through familiar songs and dance, can
evoke positive memories and emotions, further contrib-
uting to emotional wellbeing [121]. These elements could
potentially lead to better adherence and more significant
outcomes [58]. This approach justifies the need for a
future full-scale RCT to explore the broader applicabil-
ity and benefits of such interventions in care settings.
However, this would need to incorporate testing of the
separate effects of reminiscence-based music on top of
group-delivered PA, to fully elucidate the extent to which
this component contributes additively or synergistically
to the overall positive effects on health and wellbeing
observed in the present study.

The qualitative analysis revealed recurrent barriers and
facilitators influencing intervention efficacy, mirroring
findings from other studies, such as logistical challenges
and staff enthusiasm [122, 123]. Participant feedback
emphasised the acceptability of the programme. How-
ever, some suggested tailoring for enhanced engagement,
such as using motivational facilitators to make the pro-
gramme fun and sociable with relevant short-term ben-
efits, aligning with previous findings [124] or strategically
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incorporating the programme part of the weekly care
home schedule, with advance notice of session com-
mencement times. Organisational culture in care homes
and activity coordinators’ support levels critically
impacted intervention fidelity, underscoring the need to
foster a conducive organisational environment [125, 126].

Strengths and limitations

This study has several strengths, such as adopting a
mixed-methods approach, lending depth and granularity
to the insights, and facilitating a holistic understanding
of the intervention’s impact and implementation. Fur-
ther, the use of progression criteria as guidelines helped
identify potential challenges and develop solutions to
improve the quality and feasibility of the intervention
[127]. However, it is important to acknowledge certain
limitations. The control group’s non-adherence to the
waitlist condition caused a deviation from the protocol
and compromised the ability to make direct compari-
sons, forcing reliance on within-group pre-post-interven-
tion analyses. This provides a strong rationale for using
cluster-randomisation in a future RCT and adjusting the
sample size accordingly. Further, while not uncommon in
these settings, recruitment challenges and resulting small
sample size may have introduced a selection bias and
produced underpowered results. Therefore, effect sizes
are presented alongside p-values and it is recommended
to interpret these results cautiously. Nevertheless, the
consistency of the observed outcomes in ITT and sensi-
tivity analyses makes the results more reliable. However,
the variance in effect sizes between the two analytical
approaches for specific outcomes underscores the signifi-
cance of accounting for participant adherence and attri-
tion in future research. This variance emphasises that
participant engagement and adherence factors may mod-
erate the intervention’s potential benefits. Further, the
study’s scope was limited to 12 weeks. A more extended
observation period might provide deeper insights into
the sustainability and long-term effects of the interven-
tion. This concern was also raised in a preliminary sys-
tematic review regarding the effects of PA on cortisol and
DHEA(S) in older adults. However, adopting a longer
duration was out of scope for the present study due to the
duration of initial commitment Holmes Care agreed to
and limited timing of the PhD projects this was part of.

Future directions to progress to an RCT and future research
This study emphasises the potential benefits of PA inter-
ventions in care homes, especially when enriched with
music and dance components. The study’s application of
the Red Amber Green (RAG) progression criteria offers
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valuable insights for future trials. The recommendations
about recruitment, programme fidelity, attendance and
retention rate and safety are outlined in Table 4. How-
ever, several critical future directions should be empha-
sised. First, the experience with non-adherence from
the control group underscores the significance of robust
protocol adherence mechanisms. Future studies should
prioritise establishing strict guidelines and transpar-
ent communication channels between researchers and
involved care home staff. Regular audits, complemented
by frequent check-ins, can ensure the consistent appli-
cation of the study protocol across care homes, which
would be possible with a fully powered and staffed clini-
cal trials unit-supported RCT. Alternatively, as suggested
above, cluster-randomisation could be used.

Second, the care home staff play an integral role in
the successful deployment and fidelity of interventions.
Hence, ongoing training, mentorship, and support are
of paramount importance. Future studies should focus
on comprehensive initial training sessions followed by
regular refresher courses and workshops, although pro-
gramme instructors did have several strategies in place
to encourage engagement and provide support, such
as an initial training session, ‘connect and reflect’ ses-
sions and an in-person visit with social media footage,
motivational e-mails, and a private Facebook group.
Implementing fidelity checklists and conducting video
reviews of sessions can also help in monitoring and
maintaining the intervention’s consistency and integrity.
Third, the ancillary analyses showed that adherence lev-
els in care homes significantly affected the Dartmouth
COOP health-related quality of life scores, demonstrat-
ing improvement only in moderate and high adherence
groups, contrasting with a stable score in the low adher-
ence group. These findings accentuate the importance of
future studies adhering to the prescribed three sessions
per week or more to maximise intervention benefits. Fur-
ther, gathering information on participants’ comorbidi-
ties might have provided further insight into variation in
the intervention’s effectiveness and why certain outcomes
positively changed, and should be measured in future
studies. Finally, the reassuring safety profile, high par-
ticipant attendance and retention rates observed pave the
way for subsequent larger-scale RCTs sufficiently pow-
ered for exploring the intervention’s efficacy. Although
the study design utilised a generalised approach to the
digital movement and music intervention, the responses
among participants highlighted the potential benefits of
personalisation. Future research should consider meth-
ods for individualised customisation, ensuring that inter-
ventions are tailored to each participant’s unique needs,
preferences, and physiological responses. Employing
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adaptable digital platforms, offering a range of activities
within the digital PA sessions or interactive features that
encourage personalised engagement could facilitate this
customisation.

Conclusion

The study contributes insights into implementing digital
PA (music and movement) interventions in care homes.
Preliminary significant findings over time emphasise the
programme’s positive influence on resident wellbeing, as
evidenced by enhanced salivary DHEA levels, reduced
anxiety and other wellbeing markers. Specific recom-
mendations regarding recruitment and programme
fidelity strategies were made to proceed to a subsequent
full-scale RCT. For recruitment rate, additional efforts
such as extending the recruitment period, intensifying
recruitment efforts, and modifying the design to include
those without the capacity to consent can be considered
to achieve the required number of participants. Regard-
ing intervention fidelity, strategies to enhance adherence
to the planned frequency and randomisation process
were proposed, including making the intervention part of
the weekly care home routine, providing clear guidelines,
and training for activity coordinators. Addressing iden-
tified barriers through additional support and allocat-
ing a dedicated ‘exercise room’ were also recommended.
Further, more proactive adherence tracking could help
in early identification and address any deviations from
randomisation protocols. These results underline the
potential for this digital PA intervention to shape sub-
sequent research and the practical application of similar
interventions in care settings, fostering a more multi-
dimensional and evidence-driven approach to care home
interventions.
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