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A B S T R A C T

Objective: Stress can have a negative impact on well-being and quality of life in people with dementia. Our study 
explored the effect of music as a potentially stress-reducing strategy in care home residents with dementia and 
depression of 25 care home units included in the multinational cluster-randomized controlled trial Music In
terventions for Dementia and Depression in Elderly care (MIDDEL). Methods: Group music therapy consisted of 
singing well-known songs and reminiscence in small groups, optionally improvising on instruments and moving 
to music. Choir singing consisted of rehearsing well-known and new songs in larger groups of 10 + participants. 
During month 1, 3, and 6, saliva samples were collected 10 min before and 15 and 60 min after a session of group 
music therapy (n = 55), recreational choir singing (n = 72) or a book reading (n = 56) in 183 care home res
idents, along with a stress visual analogue scale. Results: Of 1014 saliva samples collected, 671 (66 %) were valid 
for alpha-amylase assay and 633 samples (62 %) for cortisol assay. Significant pre/post session changes were 
found for salivary cortisol, alpha-amylase, and subjective stress within study arms, although no significant dif
ference was found between study arms. Conclusion: Group interventions, including music therapy, can have a 
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positive impact on stress levels in care home residents with dementia. The level or intensity of participation 
required from the person with dementia may play a role in the impact of music on stress. Findings indicate it is 
feasible to collect saliva in persons with dementia non-invasively. Future studies in this population should 
consider strategies to improve validity of data, such as stimulating saliva flow. ClinicalTrials.gov registration 
NCT03496675.

1. Introduction

Stress can have a negative impact on the well-being and quality of 
life of people with dementia (Sharp, 2019). Ongoing stress can even 
cause depressive symptoms and depression (C. Linnemann and Lang, 
2020). Previous research suggests that active engagement in music such 
as singing, playing instruments, or moving to music may have a possible 
stress-reducing effect in people with dementia (Campbell et al., 2022; de 
Witte et al., 2019, de Witte et al., 2022; Linnemann et al., 2015; Yu et al., 
2022).

Developments in biomarker research, in which body signals and 
body material are monitored or collected, facilitate the measurement of 
physiological stress in people with dementia, in addition to observa
tional assessments. Saliva, for example, can be collected non-invasively 
with few instructions for participants (Emami et al., 2022), which makes 
it a suitable biomarker for measuring stress in people with dementia. 
However, stress measurements with saliva may be impeded in people 
with dementia and depressive symptoms in the case of potential con
founders, such as chronological age, somatic health and comorbidity, 
medication use, smoking, food and drink intake, alcohol and juice 
consumption, physical activity, sleep, and collection method (Strahler 
et al., 2017). Various data can be extracted from the saliva samples, such 
as the hormone salivary cortisol (sCort) as well as enzyme salivary 
alpha-amylase (sAA) levels. Both have been used in music intervention 
research to measure physiological responses to music, with the sCort 
being used most often (Wong et al., 2021). Both biomarkers represent a 
different physiological stress-response system: cortisol concentrations 
represent activity of the hypothalamic-pituitary-adrenal (HPA) axis, 
while alpha-amylase activity represent activity of the autonomic ner
vous system (ANS) (Ali and Nater, 2020). They have opposite diurnal 
rhythms, but can be collected from the same saliva sample and may 
represent an acute stress response, both increasing in response to an 
acute stressor.

Recently, several studies assessed the effect of different music in
terventions in people with dementia by measuring sCort and/or sAA, 
including community-based choir singing, which significantly reduced 
cortisol levels (Dawudi et al., 2024);, a home-based digital music 
listening intervention, which led to lower morning cortisol levels in 
family caregivers (Emami et al., 2023; Theorell et al., 2021); and group 
music therapy, which resulted in decreased cortisol concentrations (De 
La Rubia Ortí et al., 2018). A systematic review (Sittler et al., 2021) 
indicated mixed results, with no effect on alpha-amylase, decreased 
cortisol in one study, but no change in cortisol in two other studies. In a 
range of clinical populations, results demonstrating the potential impact 
of music interventions on short-term stress are mixed. To illustrate, sCort 
concentrations and sAA activity showed a significant change 
post-intervention in some studies, but not in others (Campbell et al., 
2022). Physiological and psychological stress responses are inter
connected, but they do not necessarily move in the same direction in 
response to a stressor, and patterns can vary between individuals (James 
et al., 2023). Therefore, p Physiological and psychological stress as
sessments can complement each other, and both provide valuable in
sights to form a complete picture of stress (Campbell et al., 2022).

The aims of this study were 1) to establish the feasibility of saliva 
sample collection in care home residents with (often advanced) de
mentia and depressive symptoms, 2) to detect changes in stress pre/post 
session, and 3) to detect differences between intervention groups (group 
music therapy, recreational choir singing, and a book reading control 

condition). Given the novelty of this study and the fragile nature of the 
population, no a priori hypothesis was formulated. Instead, the study 
was designed in an exploratory manner to assess feasibility and to 
examine potential stress-related and mood-related effects of active 
music engagement.

2. Methods

2.1. Study design and participants

The current study employed a repeated-measures between-groups 
design. It was part of the multinational cluster-randomized controlled 
trial Music Interventions for Dementia and Depression in ELderly care 
(MIDDEL) (ClinicalTrials.gov NCT03496675), which is described in 
detail elsewhere (Gold et al., 2019). The main MIDDEL trial included 
five European countries, of which study sites in three countries had the 
necessary resources to participate in the present sub study: Germany, the 
Netherlands and Norway. To assess the impact of music on stress, saliva 
samples were collected between late-2021 to mid-2023 in a subsample 
of participants of the MIDDEL trial allocated to either group music 
therapy (GMT), recreational choir singing (RCS), or the control group 
(CONTROL) which received care as usual without structural music in
terventions. Study participants with a dementia diagnosis and mild, 
undiagnosed depressive symptoms indicated by a Montgomery-Åsberg 
Depression Rating scale (MADRS) score of at least 8 were included. Both 
music interventions were offered twice a week during the first three 
months and once a week during the next three months of the 6-month 
intervention period. Saliva samples were collected when sessions took 
place at three different timepoints: approximately one month (T1), three 
months (T3), and six months (T6) after the start of the intervention 
period. On each of these days, samples were collected at three moments: 
approximately 10 min before the start of the session (saliva a), 15 min 
after the end of the session (saliva b) and 60 min after the end of the 
session (saliva c). A visual analogue scale of stress (VAS-S) was also 
completed with each saliva sample. Design choices, methodological 
considerations and rationale for the current study have been thoroughly 
described in a published study protocol (Rasing et al., 2022). We used 
the CONSORT checklist when writing our report (Schulz et al., 2010).

2.2. Clinical baseline measures

Demographic data of participants were collected as part of the main 
MIDDEL trial, including age, sex, type of dementia diagnosis, dementia 
severity, severity of depressive symptoms, psychotropic drug prescrip
tion and chronic stress. The Clinical Dementia Rating (CDR) scale was 
used to assess dementia severity. It consists of ratings of impairment in 
six categories (memory, orientation, judgement and problem solving, 
community affairs, home and hobbies, and personal care) derived from a 
semi-structured interview with the person with dementia and an 
appropriate caregiver, resulting in a score of 0–3 indicating no, mild, 
moderate or severe dementia (Morris, 1993). The Mini Mental State 
Examination (MMSE) is a measurement used to assess five areas of 
cognitive function (orientation, registration, attention and calculation, 
recall, and language) and consists of 11 questions answered by the 
participant, with a maximum score of 30 where a score of 23 or lower 
indicates cognitive impairment (Folstein et al., 1975). The Severe 
Impairment Battery (SIB-8) consists of eight questions answered by the 
person with dementia, resulting in a score ranging from 0 to 16, with a 
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higher score indicating more severe cognitive impairments (Schmitt 
et al., 2013). Depression severity was assessed with the Montgomer
y-Åsberg Depression Rating Scale (MADRS), which consists of 10 items 
that are discussed in an interview with the participant or a proxy, where 
each item is rated from 0 =no abnormality to 6 =severe (Montgomery 
and Asberg, 1979).

2.3. Interventions

Group music therapy (GMT) was conducted by a certified music 
therapist. The session consisted of an opening with a welcome song, 
followed by singing familiar songs and reminiscing, optional impro
vising on instruments, optional movement to music, singing familiar 
songs and reminiscing again, and closing the session with a goodbye 
song.

Recreational choir singing (RCS) was conducted by a choir leader, 
also in groups. The session consisted of an opening with a welcome song, 
singing familiar songs, practicing new material, and closing the session 
with a goodbye song.

The control group received a book reading session, which was similar 
to the music interventions in terms of group size (five to ten participants) 
and duration (45 min) and was offered only on days when saliva was 
collected. The session was offered by a care staff member or by a 
researcher, depending on availability of care staff. The reading material 
was selected by the person who conducted the reading session and 
consisted of short stories for older adults, fairy tales, stories with a local 
setting or local famous people as main characters, collections of poems, 
and children’s books.

To minimize potential confounding effects of the circadian rhythm of 
sCort and sAA, sessions and saliva collection took place early in the af
ternoon; ideally between 12 a.m. and 5 p.m., with sessions scheduled 
around 3 p.m.

2.4. Study assessments

2.4.1. Saliva sample collection
To assess short-term effects of the interventions on stress, saliva 

samples were collected at three time points, as described above. The 
timepoint b, 15 min post-session, can be interpreted as reactivity to the 
intervention; timepoint c, 60 min post-session, as recovery after the 
intervention (Thoma et al., 2013). Based on previous research a reac
tivity time of 15 and recovery time of 60 min were considered appro
priate (Narvaez Linares et al., 2020). Saliva was collected using 
SalivaBio Children’s Swabs (Sarstedt, Sevelen, Switzerland); these are 
long cotton rolls (Salivettes) where the nurse or researcher can hold one 
end while the participant has the other end in their mouth under the 
tongue or in the cheek for 60–90 s. This swab is considered easy to use 
and reduces choking hazards. A survey was filled out to gain background 
information on factors that could potentially affect saliva compounds. 
Specifically, care staff were asked to indicate whether residents ate (1 h); 
drank juice (18 h); consumed caffeine (18 h); used tobacco (18 h); 
brushed teeth (1 h); chewed gum (24 h); took calming or psychotropic 
drugs (6 h); or exercised (24 h) prior to collection of sample a, between 
collection of sample a – b, and b – c. Due to the fragility of the study 
population, it was considered neither desirable nor feasible to apply any 
dietary or behavioral restrictions before saliva collection. sCort and sAA 
values vary throughout the day and over longer periods of time (Ali and 
Nater, 2020; Kanikowska et al., 2019; Matsuda et al., 2012). Hence, this 
saliva collection procedure was repeated at three different days 
throughout the intervention period: approximately one (T1), three (T3), 
and six (T6) months after randomization. To assess feasibility, samples 
were also collected from participants who chose not to attend the ses
sion. After collection, saliva samples were stored locally at − 80◦ C until 
they were transported on dry ice to the University of Vienna for 
biochemical analysis. These procedures have been described in detail 
elsewhere (Rasing et al., 2022).

2.4.2. Stress visual analogue scale
In addition to the objective measurement of biomarkers, a self- 

reported measure to assess experienced stress should be used (Warth 
et al., 2022), for example the State-Trait Anxiety Inventory, the 
Perceived Stress Scale, or a Stress Visual Analogue Scale (Wong et al., 
2021). Subjective stress was assessed alongside the collection of each 
saliva sample, using the VAS-S, filled out by the participant themselves 
or by proxy (e.g., a care staff member familiar with the participant). 
Selection of the VAS-S had several advantages over the other examples. 
First, it consists of just one question, enabling assessment of stress 
observed or experienced in a particular moment. This made it easy and 
efficient to fill out alongside the collection of saliva samples. Second, it 
could be filled out by participant and proxy. The level of stress experi
enced by or observed in a participant in that moment could be indicated 
on a vertical line of 100 mm ranging from 0 (‘The least stress you can 
imagine’) to 100 (‘The most stress you can imagine’) (Lesage et al., 
2012).

2.5. Statistical analysis

Statistical analyses were performed using SPSS version 28 and R 
version 4.4.2. Participant demographics were described for the entire 
sample and per study arm (count, percentage; mean, SD; median, range, 
as applicable). Feasibility assessment included (1) time of day of session 
delivery and saliva collection; (2) session attendance of participants; (3) 
number of samples collected per participant; (4) number of samples with 
sufficient saliva fluid to be assayed; and (5) frequency of potential 
confounders such as eating or drinking before the sample collection. To 
compare the study groups appropriately for descriptive statistics of 
randomized controlled trials, key demographic and clinical character
istics were presented in a table. No statistical testing was performed to 
highlight significant differences between groups at baseline, as 
randomization already ensured that any differences occurred by chance 
(Moher et al., 2010).

Outcome variables sCort, sAA, and VAS-S were examined for 
normality and for statistical outliers using graphical methods (scatter
plots, violin plots). We excluded outliers that appeared physiologically 
implausible (sCort > 200 nmol/l). If outcome variables showed right- 
skewed distributions on the original scale, we used log transformation 
(log10(x + 1)) for parametric statistical tests, but used original values 
for descriptive statistics and visualizations for better interpretability. For 
all outcomes, change from timepoint a to b (reactivity) and change from 
timepoint b to c (recovery) was assessed. Participants were included in 
the analyses regardless of how many of the usual sessions assigned they 
attended (intention-to-treat principle), but were excluded from analysis 
of effects if they did not attend the session in question, even if their 
saliva was collected. We displayed mean (SD) for each group and 
timepoint graphically and numerically. Pre/post-session changes within 
groups were tested with paired t-tests. Differences between groups were 
modelled using multiple regression analysis at which post-session values 
(b or c) of each intervention group (GMT, RCS) were compared to those 
of CONTROL, controlled for the previous value (a or b). P-values < .05 
were reported as statistically significant and no formal adjustment for 
multiple testing was made. Finally, we examined correlation (Spearman, 
Pearson, with 95 % CIs) between VAS-S and biomarker change.

3. Results

3.1. Participant characteristics

A total of 457 care home residents were included in the MIDDEL trial 
across Germany (n = 161), the Netherlands (n = 176), and Norway 
(n = 120), and were eligible to participate in this sub study. Prior to 
randomization to study arms, a subsample of care home residents of 30 
care home units were asked for consent to collect saliva samples. 
Informed consent for saliva sample collection was provided for 207 
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(45.3 % of eligible participants) care home residents in Germany 
(n = 62), the Netherlands (n = 110) and Norway (n = 35). After 
randomization, 24 care home residents were excluded (Germany, 
n = 12; the Netherlands, n = 5; Norway, n = 7), since their care home 
unit was allocated to receive both group music therapy and recreational 
choir singing. In the flowchart ( Fig. 1) inclusion of participants and 
collection of saliva samples is illustrated. Baseline characteristics of the 
183 care home residents included for the assessment of short-term stress 
during the MIDDEL trial are presented in Table 1. More than half of the 
included participants were from the Netherlands (n = 105, 57.4 %). 
Most were female (n = 141, 77.0 %), and the mean age was 84.5 years 
(SD = 7.1). Alzheimer’s disease was the most prevalent dementia 
diagnosis (37.2 %). Half of the participants (50.3 %) had a Clinical 
Dementia Rating score of 2, corresponding to moderate dementia. About 
a third of the participants (66/180, 37 %; Table 1) had a psychotropic 
drug prescription.

3.2. Feasibility assessment

(1) The time of day at which the session took place was similar across 

groups and timepoints, with sessions typically starting between 12 and 
2 p.m. Across all arms, saliva a was on average collected 3–13 min 
before the session started; collection of saliva b and c varied as session 
duration and end time of the sessions varied. (2) Session attendance was 
lowest at T1 (71/110, 65 %) and higher at T3 (102/116, 88 %) and T6 
(100/114, 88 %; Table 1). (3) A median of 7 out of 9 possible saliva 
samples were collected from participants (Table 1). For 53 participants, 
the complete set of 9 samples was collected (26 GMT participants; 13 
RCS; 14 CONTROL). At T1, saliva was collected in 131 participants, 
compared to 122 participants at T3 and 117 participants at T6. (4) Of 
1014 unique saliva samples collected, 633 samples (62.4 %) were valid 
for cortisol assay and 671 samples (66.2 %) were valid for alpha- 
amylase assay. For sCort one sample (0.1 %) and for sAA 27 samples 
(2.7 %) could not be analyzed as values were below or above limit of 
detection. (5) Across all three timepoints, the most prevalent con
founding variable was eating within one hour prior to saliva collection 
(59.1 %–66.7 %). Almost all participants drank caffeinated beverages 
(85.5 %–92.9 %) and up to three quarters of participants drank juice in 
the 18 h prior to saliva collection (69.2 %–77.9 %). In less than a quarter 
of the cases participants took psychotropic drugs six hours prior to saliva 

Fig. 1. CONSORT flowchart of care home residents included in the sub study and saliva samples collected throughout the trial.
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collection (12.9 %–23.8 %). Between saliva a and b, right after the 
session ended, the presence of potential confounders was low. In the 
45 min between saliva b and c, more participants had something to eat 
(25.9 %–32.4 %) or to drink (34.3 %–47.8 %), such as a caffeinated 

beverage (11.3 %–23.5 %).

3.3. Differences within intervention groups

Descriptive values of sCort, sAA, and VAS-S before and after the 
intervention sessions for three timepoints across the six-month inter
vention period are presented in Table 2. Pre/post-session reactivity 
(change from timepoint a to b) and recovery (change from timepoint b to 
c) are presented for sCort (Fig. 2), sAA (Fig. 3) and VAS-S (Fig. 4) per 
study arm (GMT, RCS, book reading control group).

At T1 sCort decreased slightly from a to b to c in GMT and the control 
group (Fig. 2), in RCS there was no change from a to b, but sCort 
decreased during recovery (from b to c). At T3 sCort decreased in GMT 
from a to b, but increased from b to c. RCS showed a similar pattern, but 
decreased to a lesser extent from a to b. The control group showed an 
opposite pattern, with increased sCort from a to b, and a decrease from b 
to c. At T6 sCort increased slightly in RCS from a to b to c. In GMT there 
was a steep increase from b to c. In the control group there is a slight 
decrease from a to b, followed by a slight increase from b to c.

At T1 sAA showed a comparable pattern for GMT and RCS, both 
increased slightly from a to b, with a larger increase for GMT than for 
RCS from b to c. In contrast, sAA was higher at baseline in the control 
group compared to the music groups. It decreased from a to b, with a 
steep significant decrease from b to c. At T3 sAA slightly decreased in 
GMT from a to b, but increased from b to c. In RCS sAA showed a steep 
increase from a to b, followed by a steep decrease from b to c. Pre-session 
sAA was slightly higher in the control group compared to the music 
groups and showed a decrease from a to b to c. At T6 sAA in GMT 
decreased from a to b to c. In the control group sAA slightly increased 
from a to b and decreased from b to c. Pre-session sAA was lower in RCS 
than in GMT and the control group. It increased from a to b, then 
decreased slightly from b to c.

At T1 VAS-S scores decrease in each intervention group from a to b 
and increase from b to c. The decrease in reactivity was larger and sig
nificant in the control group and the increase from b to c is lower 
compared to the music intervention groups. At T3 VAS-S showed a 
significant decrease in RCS from a to b, followed by a slight increase 
from b to c. In GMT VAS-S scores decreased from a to b to c. VAS-S 
showed a large increase from a to b in the control group, followed by 
a steep decrease during recovery. At T6, VAS-S decreased in RCS from a 
to b to c. In the control group it remained similar from a to b to c. GMT 
showed a large and significant decrease in VAS-S from a to b, followed 
by a steep increase from b to c.

Pre/post-session reactivity (change from timepoint a to b) within 
groups showed no significant changes in sCort and sAA (Table 2). For 
VAS-S reactivity three significant within-group reductions were found, at 
each timepoint in a different study arm: at T1 in the book reading 
control group t(16) = -3.47, p < .01; at T3 in RCS t(26) = -2.13, p < .05; 
at T6 in GMT t(26) = -3.64, p < .01 (Fig. 4).

Post-session recovery (change from b to c) within groups showed no 
significant changes in sCort (Fig. 2). A significant within-group change 
was found in sAA recovery at T1 in the book reading control intervention, 
t(11) = -5.66, p < .001, indicating a significant reduction of sAA levels 
from b to c (Fig. 3).

3.4. Differences between groups

Pre/post-session reactivity between groups showed no significant 
differences in sCort and sAA (Table 2). For VAS-S two significant 
between-group differences were found: at T3 reduction from a to b was 
significantly more in RCS compared to the control group (p < .05). At T6 
reduction from a to b was significantly more in GMT compared to the 
control group (p < .01).

Regarding post-session recovery (b to c) for sCort, sAA, and VAS-S, at 
T1, T3 and T6, the observed change did not significantly differ between 
study arms (Table 2).

Table 1 
Baseline characteristics of care home residents included in the substudy.

GMT RCS CONTROL TOTAL

Participant characteristics, n 55 72 56 183
Allocated arm, n (%) 55 

(30.1)
72 
(39.3)

56 (30.6) 183 
(100.0)

Care home units 9 9 7 25
Age, in years, n 

mean (SD)
55 
84.4 
(6.1)

71 
83.4 
(7.8)

53 
86.0 (6.4)

179 
84.5 (7.1)

Sex, n (female, %) 45 
(81.8)

53 
(73.6)

43 (76.8) 141 
(77.0)

Country, n 55 72 56 183
Germany, n (%) 16 

(29.1)
22 
(30.6)

12 (21.4) 50 (27.4)

Netherlands, n (%) 30 
(54.5)

40 
(55.6)

35 (62.5) 105 
(57.4)

Norway, n (%) 9 (16.4) 10 
(13.9)

9 (16.1) 28 (15.3)

Dementia diagnosis, n 55 72 53 180
Alzheimer’s disease, n (%) 27 

(49.1)
25 
(34.7)

15 (28.3) 67 (37.2)

Vascular dementia, n (%) 7 (12.7) 7 (9.7) 7 (13.2) 21 (11.7)
Unspecified dementia, n (%) 8 (14.5) 20 

(27.8)
9 (17.0) 37 (20.6)

Dementia with Lewy bodies, n 
(%)

2 (3.6) 2 (2.8) 1 (1.9) 5 (2.8)

Other, n (%) 11 
(20.0)

18 
(25.0)

21 (39.6) 50 (27.8)

Clinical Dementia Rating Scale 
(CDR), n

55 69 53 177

CDR = 0.5, n (%) ​ ​ 1 (1.9) 1 (0.6)
CDR = 1, n (%) 11 

(20.0)
16 
(23.2)

12 (22.6) 39 (22.0)

CDR = 2, n (%) 30 
(54.5)

32 
(46.2)

27 (50.9) 89 (50.3)

CDR = 3, n (%) 14 
(25.5)

21 
(30.4)

13 (24.5) 48 (27.1)

MMSE score, n 
mean (SD) [range]

55 
9.6 
(6.3) 
[0 – 23]

72 
9.9 
(7.1) 
[0 – 25]

53 
11.5 (6.4) 
[0 – 22]

180 
10.3 (6.7) 
[0 – 25]

MADRS score, n 
mean (SD) [range]

54 
17.8 
(6.8) 
[8 – 31]

69 
18.5 
(7.7) 
[8 – 41]

50 
17.5 (4.8) 
[8 – 38]

173 
18.0 (7.2) 
[8 – 41]

SIB score, n 
mean (SD) [range]

55 
9.3 
(4.8) 
[0 – 16]

72 
8.6 
(5.6) 
[0 – 16]

53 
9.4 (4.8) 
[0 – 16]

180 
9.1 (5.1) 
[0 – 16]

Psychotropic drug 
prescription, n 
Yes, n (%)

55 
14 
(25.5)

72 
31 
(43.1)

53 
21 (39.6)

180 
66 (36.7)

Samples collected, n 
median [IQR]

48 
9 [6 – 9]

58 
6 [3 – 8]

49 
6 [6 – 9]

155 
7 [5 – 9]

Session characteristics GMT RCS CONTROL TOTAL
Session attendance at T1 33 43 34 110
Yes, n (%) 28 

(84.8)
21 
(48.8)

22 (64.7) 71 (64.5)

No, n (%) 4 (12.1) 13 
(30.2)

5 (14.7) 22 (20)

Unknown, n (%) 1 (3.0) 9 (20.9) 7 (20.6) 17 (15.5)
Session attendance at T3 40 38 38 116
Yes, n (%) 38 

(95.0)
30 
(78.9)

34 (89.5) 102 
(87.9)

No, n (%) 2 (5.0) 8 (21.1) 3 (7.9) 13 (11.2)
Unknown, n (%) ​ ​ 1 (2.6) 1 (.86)
Session attendance at T6 36 37 41 114
Yes, n (%) 30 

(83.3)
31 
(83.8)

39 (95.1) 100 
(87.7)

No, n (%) 6 (16.7) 5 (13.5) ​ 11 (9.6)
Unknown, n (%) ​ 1 (2.7) 2 (4.9) 3 (2.6)
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3.5. Sensitivity analyses

Pearson’s product-moment correlation indicated no significant cor
relation between VAS-S and sCort, r(620) = .07, p = .082; between VAS- 
S and sAA, r(620) = -.01, p = .787. Similar results were found for 
Spearman. A moderate positive correlation was found between sAA and 
sCort, r(555) = .10, p = .014. A scatterplot showed no clear patterns. As 
a sensitivity analysis, participants who ate prior to saliva collection, an 
important confounding variable, were excluded. This led to similar or 
lower correlations between sAA and sCort.

4. Discussion

This study assessed the stress-reducing effect of two distinct music 
interventions, group music therapy (GMT) and recreational choir 
singing (RCS), in participants with dementia and depression using sali
vary biomarkers cortisol (sCort) and alpha-amylase (sAA), and a Visual 
Analogue Scale for stress (VAS-S). Overall, there were no clear patterns 
in the three outcomes before and after the intervention sessions and 
across timepoints. Pre/post-session reactivity within groups showed no 
significant differences in sCort and sAA. VAS-S reactivity showed a sig
nificant reduction within intervention groups on three occasions, at each 

timepoint in a different group. sCort and VAS-S showed no significant 
changes in recovery within intervention groups. Post-session sAA recov
ery decreased significantly following a book reading session in the 
control group. No significant differences in pre/post-session reactivity in 
sCort and sAA were found between study arms. VAS-S reactivity showed 
a significant reduction in RCS at T3 and in GMT at T6, compared to the 
control group. No significant between-group differences were found 
during recovery. Non-invasive collection of saliva samples from people 
with advanced dementia is feasible, acceptable, and safe. However, VAS- 
S scores indicated significant changes, even when the assessment of 
physiological salivary biomarkers of stress did not. These findings 
indicate a difference between physiological stress measured with sali
vary biomarkers sAA and sCort on the one hand, and subjective stress as 
experienced by the person with dementia or observed by care staff (VAS- 
S) on the other hand. In our sensitivity analysis we found no significant 
correlation between VAS-S and salivary stress biomarkers. This aligns 
with the researchers’ observations that filling out the VAS-S did not 
appear consistent across care staff members, participants and time
points. People with dementia often did not understand the term “stress,” 
and care staff, unable to detect changes, sometimes appeared to com
plete the scale arbitrarily.

First, it should be considered that a strong correlation between 

Table 2 
Mean and standard deviation for salivary cortisol (sCort), alpha-amylase (sAA) and VAS-S for three timepoints.

Variable Pre-sessiona Post-sessionb Recoveryc

n M (SD) n M (SD) p withind p betweene n M (SD) p withind p betweene

sCort
Month 1
GMTf 18 6.71 (5.36) 15 6.19 (5.59) 0.16 0.09 15 6.02 (4.33) 0.06 0.87
RCSf 11 6.12 (4.80) 13 6.28 (4.67) 0.66 0.12 9 4.61 (3.07) 0.08 0.82
Book readingf 10 6.04 (2.39) 15 5.85 (4.12) 0.16 10 5.09 (2.67) 0.07
Month 3
GMTf 23 10.73 (18.78) 23 5.98 (4.32) 0.58 0.78 24 7.72 (15.00) 0.84 0.92
RCSf 20 6.04 (3.20) 19 4.65 (1.84) 0.43 0.29 21 6.40 (4.68) 0.36 0.28
Book readingf 27 6.32 (3.56) 21 9.54 (19.26) 0.56 18 8.36 (11.10) 0.17
Month 6
GMTf 15 4.92 (3.28) 14 5.92 (4.27) 0.06 0.85 14 12.92 (30.53) 0.31 0.95
RCSf 21 4.14 (1.80) 16 5.38 (4.65) 0.67 0.58 22 5.64 (3.59) 0.75 0.51
Book readingf 21 6.70 (4.96) 21 5.68 (4.38) 0.23 23 6.39 (9.28) 0.48
sAA
Month 1
GMTf 18 277.82 (151.51) 15 298.08 (296.83) 0.33 0.09 16 380.87 (519.14) 0.69 0.01
RCSf 13 288.65 (261.86) 14 326.47 (255.45) 0.81 0.44 10 342.90 (250.43) 0.38 0.00
Book readingf 9 468.00 (294.42) 16 392.48 (253.91) 0.73 12 146.28 (79.85) 0.00
Month 3
GMTf 28 304.31 (271.15) 23 293.05 (199.49) 0.47 0.13 24 361.79 (426.02) 0.86 0.54
RCSf 21 302.17 (366.61) 19 471.85 (848.66) 0.55 0.58 14 291.50 (299.05) 0.79 0.76
Book readingf 26 365.24 (690.98) 21 254.74 (220.89) 0.34 15 243.31 (216.79) 0.41
Month 6
GMTf 16 367.59 (236.14) 14 347.58 (261.39) 0.83 0.46 17 264.32 (157.17) 0.12 0.21
RCSf 21 208.19 (168.83) 19 265.74 (230.16) 0.18 0.40 16 249.42 (237.46) 0.56 0.20
Book readingf 26 370.45 (267.11) 20 382.40 (537.04) 0.27 17 266.64 (201.77) 0.83
VAS-S
Month 1
GMTf 27 14.63 (19.46) 26 11.54 (19.99) 0.20 0.21 25 15.60 (25.18) 0.37 0.15
RCSf 20 11.25 (16.85) 19 7.89 (16.27) 0.36 0.33 20 9.65 (16.45) 0.67 0.64
Book readingf 17 13.24 (13.57) 22 3.41 (6.97) 0.00 18 3.89 (8.50) 0.56
Month 3
GMTf 38 14.08 (15.37) 37 11.49 (18.06) 0.05 0.42 37 11.22 (20.63) 0.44 0.55
RCSf 29 14.31 (20.99) 28 7.07 (12.15) 0.04 0.21 29 6.45 (17.40) 0.27 0.93
Book readingf 34 8.38 (13.24) 31 14.19 (21.91) 0.60 28 8.04 (14.36) 0.33
Month 6
GMTf 29 13.62 (17.77) 27 5.00 (9.71) 0.00 0.07 27 12.59 (17.89) 0.15 0.13
RCSf 31 10.65 (22.57) 30 7.67 (19.02) 0.11 0.49 30 4.67 (10.74) 0.67 0.72
Book readingf 37 10.19 (16.76) 36 9.64 (17.45) 0.26 35 9.57 (20.66) 0.27

a 10 min before start.
b 15 min after end.
c 1 h after post-session.
d p-value from paired t-test comparing current time point with previous time point within the group.
e p-value from regression model comparing intervention groups with book reading, controlled for the previous time point.
f Sessions lasted 45 min.
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subjectively reported stress and endocrine markers, such as cortisol, may 
not necessarily be expected. Previous studies (e.g., Fischer et al., 2000; 
Het et al., 2012) have suggested that cortisol might play a role in 
dampening the subjective experience of stress, even when physiological 
activation is present. This potential regulatory effect could partly 
obscure the relationship between objective stress responses and sub
jective reports. As such, the absence of a strong correlation in our data 
may reflect this complex interplay, rather than a lack of physiological 

stress reactivity. A similar pattern might also influence the relationship 
with salivary amylase, although this remains speculative.

Individuals with dementia may exhibit a diminished or altered 
endocrinological response to interventions. As suggested by Emami et al. 
(2024), this blunted responsiveness could stem from pharmacological 
factors—such as the use of medications that modulate stress 
pathways—as well as from the underlying neuropathology of dementia 
itself. The condition may be associated with increased physiological 

Fig. 2. sCort values pre/post-session and recovery. Note. Mean ± SEM. Blue – group music therapy, red – recreational choir singing, black – book reading. Time on x- 
axis in minutes. *** p < .001, ** p < .01, * p < .05 (left side: within-group change from previous measurement; right side: between-group change compared to book 
reading, adjusted for previous measurement).

Fig. 3. sAA values pre/post-session and recovery. Note. Mean ± SEM. Blue – group music therapy, red – recreational choir singing, black – book reading. Time on x- 
axis in minutes. *** p < .001, ** p < .01, * p < .05 (left side: within-group change from previous measurement; right side: between-group change compared to book 
reading, adjusted for previous measurement).
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rigidity and a general weakening of adaptive response mechanisms, 
potentially limiting the capacity to mount typical hormonal responses to 
external stimuli.

Alpha-amylase decreased during book reading and increased after 
group music therapy, which may illustrate passive participation in this 
activity. VAS-scores decreased more rapidly after book reading, illus
trating a delay in endocrine reaction. In the first occasion, cortisol re
actions (T1) were absent in all groups. During the following occasions 
the reactions mirrored more complicated (counter)reactions, that have 
to do with patterns established partly on the first occasion. Alpha- 
amylase increased significantly during recovery in both music groups, 
which could mirror an activation that could be beneficial: It can be 
challenging to activate and mobilize people with dementia, especially 
when apathetic behaviour is present.

The mixed and inconsistent effects observed across groups and time 
points, along with the lack of alignment between VAS scores and 
physiological biomarkers, suggest several possible interpretations. One 
is that the music intervention does not consistently affect stress in this 
population. Alternatively, the biomarkers used—such as cortisol and 
alpha-amylase—may lack the sensitivity to detect subtle changes, or 
stress may not be the main mechanism influenced by the intervention. 
Possibly the intervention does not primarily target stress reduction, but 
instead promotes outcomes such as relaxation or enhanced social con
nectedness—dimensions that may not exist on the same continuum as 
stress. In that case, these markers may not be appropriate outcome 
measures. Given their cost and complexity, this finding is relevant for 
future studies considering similar methods. Measures more closely 
related to emotional states relevant to BPSD, or direct observational 
assessments of BPSD symptoms, could provide a more accurate reflec
tion of the intervention’s effects. However, inconsistencies may also 
stem from sample variability or missing data. Further research with 
more controlled samples and complete data is needed to clarify these 
issues. Additionally, future research might explore alternative physio
logical markers that are more sensitive to changes in arousal or 
emotional regulation.

4.1. Strengths

This study knows several strengths. First, this was the first multina
tional cluster-randomized trial in which care home residents with de
mentia and depressive symptoms were included to assess the short-term 
stress-reducing impact of group music therapy and recreational choir 
singing. Second, this study demonstrated willingness to contribute to 
non-invasive salivary biomarker research among this population and 
their legal representatives. Third, the assessment was conducted at three 
different timepoints across the six-month intervention period. Data from 
timepoint T1, T3 and T6 were deliberately not combined for the anal
ysis, to take into account familiarity of the participants with attending 
the sessions. Being more familiar with the session structure, intervention 
provider and setting of the session may play a role in stress response. The 
fourth strength is the design of the main MIDDEL trial, in which par
ticipants were randomly allocated to GMT, RCS or the CONTROL group. 
The book reading provided to the CONTROL group resembled the music 
interventions in characteristics such as group size and duration, which 
ruled out differences based on an attention-based effect. Fifth, insight 
into non-attendance enabled us to exclude participants for whom saliva 
was collected, but who did not actually receive the intervention as 
intended. Finally, embedding this sub study in the MIDDEL trial facili
tated a large sample size.

4.2. Limitations

This study knows several limitations as well. Changes in sCort and 
sAA concentrations could to some extent be due to diurnal variation 
(Warth et al., 2022), or day-to-day variations (Theorell et al., 2021), 
which may increase variance. In a previous study, sCort decreased over 
time in each intervention group (Warth et al., 2022). It is challenging to 
indicate what changes are attributable the intervention. To this end, the 
VAS-S was used to complement the physiological findings. However, 
similar to our findings, a previous study in palliative care also found 
weak correlations between sCort and self-reported stress levels (Warth 
et al., 2022). The VAS-S has been previously used in studies to assess 
subjective experienced stress to complement the objective 

Fig. 4. VAS-S scores pre/post-session and recovery. Note. Mean ± SEM. Blue – group music therapy, red – recreational choir singing, black – book reading. Time on 
x-axis in minutes. *** p < .001, ** p < .01, * p < .05 (left side: within-group change from previous measurement; right side: between-group change compared to 
book reading, adjusted for previous measurement).
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measurements of sAA and sCort (Maidhof et al., 2023; Warth et al., 
2022), with the important difference that in these target groups the 
participants could complete the VAS-S themselves. In the current study, 
VAS-S scores were not consistently reported by either proxies or par
ticipants. A limitation of the VAS-S was its difficulty for participants to 
understand the question. Those who understood frequently reported no 
stress, whereas participants who did not apprehend what was asked of 
them became stressed. Hence, solely collection of proxy-reported VAS-S 
would have been preferred. Moreover, previous studies found differ
ences between patient and proxy-reported outcomes (Kroenke et al., 
2022; O’Shea et al., 2020), indicating our findings should be interpreted 
with caution. Our findings highlight a difference between stress reduc
tion measured in salivary biomarkers compared to stress reduction 
observed by a caregiver or experienced by a person with dementia 
themselves. Regarding policy making, potential health insurance reim
bursement and targeted use of music interventions – or other group 
interventions for that matter – the subjective user experience should be 
leading, especially considering the many confounding variables that 
may affect sAA and sCort values. Due to the different study arms and 
timepoints, multiple statistical tests were performed, which may in
crease the risk of finding significant results by chance. A limitation of the 
statistical analysis was that many of the saliva samples were not 
included in the analyses, which may have affected the results. Most 
importantly, the exclusion of these samples led to reduced test power. 
Additionally, it may have caused bias, giving more weight to partici
pants who were able to fully adhere to the protocol. Such participants 
may be more likely to have better levels of functioning and lower 
severity of dementia than others whose samples had to be excluded.

4.3. Clinical considerations

The interventions in the current study differ in level of active 
contribution of participants: in the book reading session, no active 
participation was required, as passive listening sufficed. In choir singing, 
active participation was possible, but participants could more easily 
blend into the group by choosing not to sing along. The GMT group was 
smaller and individual attention was given to each individual partici
pant. Moreover, in GMT improvising on instruments and movement to 
music were optional session components that required active engage
ment. Active engagement may be less or different in RCS and even more 
so in book reading, which required a more passive contribution. In na
ture, the GMT format may be more arousing for participants than RCS or 
book reading. The book reading sessions that were organized for the 
participants in the CONTROL arm were an active control condition. Less 
active and individual participation in the book reading CONTROL con
dition, followed by RCS and GMT, may partly explain why pre/post- 
session changes were observed in all three intervention arms. Indeed, 
a recent study argued that arousal affects the potential stress-reducing 
effects of music (Song et al., 2024).

The three interventions we compared were all group-based. A recent 
study suggested a therapeutic benefit can occur in group-based in
terventions due to being in a group, irrespective of the intervention 
(Lamont and Ranaweera, 2020). This could also partly explain why RCS 
may have a different impact on people than GMT, because RCS usually 
takes place in a larger group. Another study found larger reduction of 
stress in a singing group and a discussion group compared to a waiting 
list control group (Schäfer, 2023). However, group singing showed 
stronger effects on loneliness, social participation, and satisfaction with 
life. Previous studies found beneficial effects of RCS in oxytocin and on 
feelings of social cohesion and belonging in singing groups (Galinha 
et al., 2022). Other studies also reported effects in active control con
ditions (Schäfer, 2023), where the role of doing something in a group 
could create an effect, whether or not through making music or through 
some other shared activity (Fujioka and Hunt, 2023; Lamont and 
Ranaweera, 2020; Tsoi et al., 2018; van der Steen et al., 2025).

4.4. Methodological considerations

The proportion of participants for whom the complete set of saliva 
samples was collected was relatively low. However, being the first study 
of this kind in care home residents with mild to severe dementia, there 
was no frame of reference to base expectations of feasibility and 
acceptability of saliva collection on. In a recent study among people 
living at home with dementia and their loved ones, in which the family 
caregiver could assist with saliva sample collection, a higher percentage 
of possible saliva samples were collected (87.9 % of potential samples) 
and valid for assay (85.8 %) (Emami et al., 2022). Similar to a study in 
palliative care, there was a high proportion of missing data (Warth et al., 
2022). Several factors could have contributed to samples having insuf
ficient fluid for assay. The use of Salivette Children’s Swabs was found to 
be a practical method to safely collect saliva samples in care home 
residents in advanced stages of dementia. However, the biochemical 
analysis indicated that a significant proportion, albeit less than half, of 
the collected saliva samples were not suitable for sAA and sCort assay. A 
common reason was insufficient fluid being available for sampling, 
potentially caused by dry mouth or xerostomia, which is common in 
older people, with dementia, who may use a variety of medications 
(Johansson et al., 2022). Saliva flow can be stimulated without affecting 
saliva compound, for example, by introducing the smell or an image of 
certain foods such lemon or bacon (Peres et al., 2015). Other factors that 
may have contributed to insufficient fluid on the cotton swab include 
lack of understanding saliva collection instructions; requests of residents 
to collect saliva independently; having many participants in the session; 
or lack of researchers or care staff available to assist in saliva collection. 
Nevertheless, the percentage of samples that were valid to include in the 
analysis of sCort and sAA was similar to a study conducted in palliative 
care (66.6 % and 69.6 % respectively) (Warth et al., 2022).

Care staff received instructions to consider potential confounders 
affecting sCort concentrations and sAA activity. As described in the 
study procedures, participants were not required to adhere to common 
instructions for saliva collection (e.g., refrain from food or drink intake) 
as this would potentially cause distress among residents who might not 
understand the reasons for such limitations, and disrupt everyday rou
tines in the care home. To this end, adherence to instructions in this 
vulnerable population was not tested, but information about potential 
confounders was collected. Since sessions usually took place around 1 p. 
m., people often ate lunch within an hour before collecting the first 
saliva sample. During the hour after the session, people regularly had a 
drink or something to eat together in the common room.

4.5. Recommendations for future studies

Saliva collection required collaboration with care staff familiar with 
the participants. Even though participants may not recognize care staff 
members personally, the one-to-one interaction in the personal spaces in 
care home units is routinised. Collection of saliva samples is dependent 
on these routines, including appearing familiar (e.g., by wearing care 
staff attire); how to verbally approach the residents; and having ex
pectations about the residents’ potential response (e.g., agitation, 
skepticism). Future studies that plan saliva sampling in care home res
idents with dementia should also consider the active role of care staff in 
the data collection.

For follow-up studies it is recommended to explore the presence and 
influence of potential confounders and to take non-participation of 
residents in the intervention group into account. Also, the influence of 
proxy- and patient-reported outcomes for the VAS-S could be assessed, 
by including them in an embedded/stepwise multilevel model. It is 
recommended to use a suitable alternative to the visual analogue scale 
for stress, such as the use of standardized emotional vignettes (Gooch 
et al., 2020) to self-reported subjective experience. Another alternative 
could be the Two-dimensional Mood Scale (TDMS) for self-reported 
mood in older adults with dementia consists of eight items addressing 
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vitality, stability, pleasure and arousal (Kobayashi et al., 2024).
Future steps for this type of research include 1) assessing the corre

lation between VAS-S and cognition measures; 2) explore validity of self- 
report data and comprehension of scales; 3) using pre-post session saliva 
changes to predict later clinical change in depression and quality of life; 
4) take into account country as a predictor, since this was found to be 
important in the clinical outcomes of the main MIDDEL trial.

In future studies with a similar aim, we would optimize the timing of 
sessions and saliva collection, which frequently occurred shortly after 
lunchtime in the current study. Ideally, we would ensure that sessions 
take place at least an hour after lunchtime, to reduce chances of saliva 
samples being invalid by food debris. However, our feasibility findings 
show that in daily practice in many nursing homes the ideal time for 
conducting sessions is immediately after lunch. To increase the chance 
of successfully collecting saliva samples, in a large group (such as in 
choir singing and reading aloud) we would collect saliva from approx
imately five participants rather than from all of them.

5. Conclusions

This study assessed the short-term impact of group-based music in
terventions on salivary biomarkers of stress and subjective stress in a 
large sample of care home residents with dementia and depressive 
symptoms in three European countries. Pre/post-session changes 
occurred within study arms, but without clear and consistent group 
differences. Subjective stress was not per se reflected in salivary cortisol 
(sCort) concentrations and alpha-amylase (sAA) activity. Findings did 
however show that the group-based interventions could have a stress- 
reducing effect. The physiological outcomes may have been influenced 
by differences in arousal or the degree of active participation between 
intervention groups. This study also showed that repeated assessments 
of salivary biomarkers were feasible and acceptable among this popu
lation. Meanwhile, a significant proportion of collected data were 
missing or invalid, warranting recommendations for early identification, 
prevention and close monitoring of potential confounding variables and 
stimulation of saliva flow in future studies.
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