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Salivary cortisol and alpha-amylase as stress
markers to evaluate an individualized music
intervention for people with dementia:
feasibility and pilot analyses

Check for
updates

Mareike Christina Hillebrand'?"®, Cornelia Sindermann®*®, Christian Montag”®, Alexandra Wuttke**®,
Rebecca Heinzelmann?, Heidrun Haas? and Gabriele Wilz'

Abstract

Objectives We investigated salivary biomarkers of stress, more specifically, cortisol and alpha-amylase, to evaluate
effects of individualized music listening (IML) in people with dementia.

Method Participants were N=64 nursing home residents with dementia (mean, . = 83.53+7.71 years, 68.8%
female). Participants were randomly assigned to either listening to their favorite music every other day for a period of
six weeks (intervention), or standard care (control). Using the Saliva Children’s Swab (SCS), saliva was collected before,
after, and 20 min after IML sessions at the beginning and end of the intervention period for the analysis of salivary
alpha-amylase and cortisol.

Results Using the SCS was feasible in people with dementia. Nevertheless, there was no effect of IML on salivary
stress markers.

Discussion Although using SCS was feasible, active patient engagement is required. Future studies need to
corroborate findings in larger samples.

Trial registration German Clinical Trials Register: DRKS00015641, ISRCTN registry: ISRCTN59052178.

Keywords Cognitive impairment, Psychobiology of stress, ANS, HPA axis, Non-pharmacological intervention, Cortisol,
Alpha-amylase, Salimetric’s children’s Swab
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Introduction

The burdensome behavioral and psychological symp-
toms of dementia (BPSD), such as agitation, depression,
or apathy, are said to be related to the dysregulation of
physiological stress systems [1]. According to Gerdner’s
mid-range theory [2], individualized music listening
(IML) can be seen as an interpretable stimulus that is
associated with positive feelings and thus leads to relax-
ation, expressed by reduced BPSD. However, investiga-
tions on endocrine, autonomic and immune responses
to IML interventions are hardly existing. In a recent lit-
erature review [3], it was found that only three studies
investigated effects of IML using biomarkers of stress,
with preliminary evidence, at least in terms of autonomic
activity, for a biological stress-reduction after IML. A
recent paper found also a positive indication for reduced
salivary cortisol (sCort), as an indicator of the hypotha-
lamic—pituitary—adrenal (HPA) axis activity [4].

Nonetheless, more evidence on effects of IML on bio-
logical stress marker would be important also because
of the difficulties in assessing subjective stress in people
with dementia, especially in advanced stages of dementia
[5]. The assessment of biomarkers of stress can be con-
sidered as objective measure and does not rely on the
introspection abilities of individuals [6]. In consequence,
it represents one of few remaining methods to capture
the perspective of the people with dementia.

Cortisol is an already well-established biomarker in
research investigating stress in people with dementia
[7]. In contrast, salivary biomarkers of the ANS are less
extensively investigated in this population, even if sali-
vary alpha-amylase (sAA) has been already shown to be
a sensitive stress measure for the evaluation of non-phar-
macological interventions [8]. There are also promising
results on sCort and sAA in relation to stress-reducing
effects of music listening in healthy participants [9, 10]
and caregivers [11].

However, several challenges must be considered when
measuring saliva in this population [12-14], but little is
known about whether and how to collect/analyze sali-
vary biomarkers in people with (especially advanced)
dementia.

Thus, the aim of the present study was to test whether
saliva sampling is feasible in people with dementia in
every stage of severity (i.e., acceptability), and whether
the quality and volume of saliva samples is sufficient for
testing. We also aimed to analyze the effects of IML on
biomarkers of stress in people with dementia.

Method

Study design and setting

This study was conducted as a side project of a Random-
ized Controlled Trial (RCT) that aimed to evaluate an
IML intervention for people diagnosed with dementia in
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institutional care. Data was collected between 2018 and
2020 in German nursing homes. Details on the interven-
tion and the study design are provided in the study proto-
col [15] and the supplemental material. Ethical approval
was obtained from the Ethics Committee of the Faculty
of Social and Behavioral Sciences of the Friedrich Schil-
ler University Jena (committee’s reference number: FSV
18/39 & 19/09). The person with dementia or legally
authorized representatives gave written informed con-
sent prior to participation. The trial was registered in the
German Clinical Trials Register (DRKS00015641) and
ISRCTN registry (ISRCTN59052178). We aimed for the
study to adhere to CONSORT guidelines.

Saliva collection protocol

Data were assessed at the beginning (T1) and the end
(T2) of six weeks of IML intervention. Saliva samples
were collected at each of these two assessment points at
three time points: directly before the IML session started,
directly after the end of the IML session and 20 min after
the end of the IML session. The control group provided
saliva in similar time frames (for details on the saliva col-
lection protocol see the supplemental material).

Measures

Sociodemographic data, cognitive impairment, and
agitation were included in the analyses of the feasi-
bility of saliva collection as control variables. These
data were assessed via questionnaires answered by the
nursing staff. Details on measures used here, ie., the
Mini-Mental-State Examination [16] and the Cohen
Mansfield Agitation Inventory [17], can be found in the
study protocol [15].

Saliva collection method

We used a method that requires a low level of under-
standing and was already evaluated successfully for
small children [18]: the SalivaBio Children’s Swab (SCS;
Salimetrics, PA; Item no. 5001.06; results on a pilot trial
using passive drool method are reported in in the supple-
mental material as well as details on saliva handling and
processing).

Statistical analyses

The feasibility analyses were conducted in SPSS (Version
28.0, IBM Corp.) in addition to the effectiveness analy-
ses. Specifically, binary variables on the success of saliva
collection/ successful testing with sufficient volume were
correlated with agitation, cognitive impairment and
medication using the correlation method that was appro-
priate for the metrics of the specific variables. Analyses
on the effectiveness of the intervention were conducted
in JASP (Version 0.16) by calculating Bayesian repeated
measures ANOVA with sCort and sAA as our primary
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outcome. The detailed analysis plan is reported in the
supplemental material.

Results

The sample characteristics are displayed in Table 1.
Detailed information on the flow of participants is dis-
played in Fig. 1 regarding successful collected/analyzed
saliva samples per participant.

Saliva collection

Out of the N=64 participants, who agreed to partici-
pate in this study, N=40 participants (62.5%) accepted
the swab method at T1 and N=32 participants (62.7%)
at T2. Across the treatment groups, it was only pos-
sible to apply the method on N=25 participants at T1
and T2 (39.1%, n;g = 10, neg = 15, 76% female, M,,, =
8348y, 8D, = 6.55 Y., Mypppsp = 10.84, SDyppep = 8.21,
24% were mildly, 32% moderately, and 44% were severely
cognitively impaired). Reasons for drop-out were incom-
prehension (31.28%), (non-)verbal refusal (24.24%), agita-
tion (24.24%), dry mouth (8.88%), discomfort/weakness
(8.88%) and aggression (2.22%). Cognitive impairment
was significantly correlated with the success of method
application at T1 (r(62)=0.47, p<.001, see Table S1 in the
supplemental material).

Table 1 Sociodemographic description of both treatment
groups (ng =31, N = 33)

IG CcG
N (Nin%) N (Nin %)
Female 23 (742%) 21 (63.6%)
Disorder
Alzheimer’s Disease 6 (19.4%) 16 (48.5%)
Vascular dementia 2 (06.5%) 1 (03.0%)
Unspecified 7 (22.6%) 3 (09.1%)
Dementia in other diseases 16 (51.6%) 13 (39. 4%)
Stage of severity (MMSE)
Mild 5 (16.1%) 3 (09.1%)
Moderate 9 (290%) 6 (18.2%)
Severe 17 (54.8%) 24 (72.7%)
Psychopharmacological treatment 25 (80.7%) 25 (75.8%)
Treatment with cortisone 0 (00.0%) 0O (00.0%)
Treatment with beta-blocker 15 (48.4%) 9 (27.3%)
M SD M SD
Age 83.00 0841 8403 07.09
MMSE score 08.10 01.50 07.00 01.23
Mild 2040 0.68 2233 240
Moderate 1422 1.0 1233 131
Severe 124 055 329 075

Note. Intervention group (IG), control group (CG), M and SD represent the mean
and standard deviation. Stage of severity was assessed with the German version
of the Mini-Mental State examination (MMSE, Folstein et al., 1975). The severity
of the stages was defined as follows: mild: 219, moderate: 10-18, severe: <9
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Successful testing

The analysis of sCort was only successful for all people
with dementia, who provided sufficient and blood-free
saliva volume (at least 100uL per sample (in duplicate):
np; = 19 participants (47.5%), np, = 13 participants
(40.63%)). Only n="7 participants provided enough saliva
for analyses at both time points (T1/T2). The average
intra-assay coefficient of variation (CV) was 5.05% and
the average inter-assay CV was 6.30%.

Using a kinetic measurement of sSAA activity, a satisfy-
ing intra-assay CV (1.80%) and inter-assay CV was found
(3.36%). The volume of saliva required was 10 pL plus
some handling volume per sample. Valid samples were
finally obtained by #=20 participants at T1 (50%) and
n=16 participants at T2 (50%). Only n=12 participants
provided valid saliva samples for sAA at both time points.
Sufficient salivary volume for both biomarkers was not
related to the medications or the severity of dementia
(see Table S2 in the supplemental material).

Effectiveness

The plots in Fig. 2 show a systematic trend for sAA over
time. Across the three measurements at both T1 and T2,
sAA activity decreased in the IG, but not in the CG. For
sCort secretion, the plots are not clearly interpretable in
terms of possible trends (see Fig. 2). To measure effects of
IML BF,,, were calculated and interpreted (see Table S3
in the supplemental material). Since BF;,, were predomi-
nantly between 0.1 and 0.7, evidence for the absence of
an effect of IML on salivary stress markers was given.

Discussion
The aim of the present study was not only to investigate
whether saliva sampling and testing is feasible in peo-
ple with dementia in every stage of the illness, but also
to analyze effects of IML on biomarkers of stress. Dur-
ing data collection for this study, challenges in collecting
saliva samples became apparent. Thus, the feasibility of
saliva measures in people with (advanced) dementia was
in question. From previously N=74 enrolled participants,
only n=12 participants provided valid saliva samples for
sAA at the beginning and the end of the intervention
period. The number of participants was even smaller for
sCort (n=7 participants). Therefore, only exploratory
analyses on the physiological effects of IML could be per-
formed, and the results must be interpreted with caution.
Considering saliva collection, using the SCS allowed
us to collect all saliva samples at least at one of the two
assessment days from 62.5% of the participants. It should
be noted, that cognitive impairment was positively
associated with successful application of the SCS at the
beginning of the intervention. Respectively, higher cogni-
tive impairment was associated with unsuccessful saliva
collection. Nevertheless, this association was not found
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Fig. 1 Flow diagram displaying the steps of enrollment, saliva collection and analyses

at T2, leading to the assumption that the SCS may still be
feasible in advanced stages of dementia, but high drop-
out quotes must be considered.

A main challenge in samples of people with dementia
is also the insufficient saliva flow due to hyposalivation
or xerostomia [19]. Multiple medications pose a high risk
to reduced saliva flow [20]. Even if in the present sample
no association was found between sufficient saliva vol-
ume and medication, a possible interaction cannot be

excluded, since 78.1% participants took psychopharma-
cological medication regularly.

Beside studies reporting the same challenges while
saliva collection and analyses as described above [13],
there are also studies reporting small drop-out quotes in
their samples, even if they also predominantly assessed
people with advanced dementia. These studies primar-
ily used other collection devices as the Salivette™ [21]. In
contrast, the SCS was used in another study that found
immense drop-out quotes [13]. The difference between
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Fig. 2 Salivary alpha-amylase activity (U/ml) and cortisol levels (ng/ml) in the control group (CG) and intervention group (IG) at the three assessment
points (t1: before music listening, t2: after music listening, t3: 20 min after music listening) at the beginning (T1) and the end (T2) of 6 weeks of interven-

tion period

the Salivette ™ and the SCS is that the Salivette ™
allows chewing on the material during collection. Since
chewing can stimulate saliva secretion [22], the different
drop-out quotes regarding sufficient saliva volume can be

a result of the choice of the collection device and the way
of collection.

Beside the above-mentioned challenges in data collec-
tion, preliminary data on physiological stress reduction
following IML in people with dementia was obtained and
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interpreted. The descriptive findings in the present RCT
suggest stress-reducing effects after IML, when consid-
ering the ANS activity, even when the promising trends
of sAA activity can only be interpreted cautiously due to
non-significant findings and small sample size. It is nev-
ertheless interesting that the descriptive trends found for
sAA activity can be interpreted in line with findings from
previous studies suggesting an autonomic down-regu-
lations after IML in people with dementia [3]. However,
effects on endocrine functioning are still unknown, since
even the descriptive plot analyses for sCort revealed no
systematic trend, as it was found for sAA activity. The
finding of missing systematic trends for sCort is in line
with previous studies that reported conflicting findings
on effects of music-based interventions (including music
therapy) on the functioning of the HPA axis, with some
studies indicating reduced sCort levels after music-based
interventions and some studies reporting no effects [3, 4,
11].

Limitations

The number of the final sample was decreased to N=12
participants in comparison to the previously planned
N=50 participants. Thus, statistical power may be
reduced. We used Bayes analyses, as this statistical
method is less sensitive to power restrictions [23]. Nev-
ertheless, a lack of statistical evidence may be due to the
small sample size or uncontrolled third variables (e.g.,
medication, severity of dementia). Future research should
consider potential third variables in sufficiently powered
trials that also assess distinctive diurnal patterns of both
biomarkers [21, 24]. It is also not known whether IML
works better than (active) music therapy [25, 26]. Future
research should compare IML with active music therapy
to make informed treatment recommendations.

Conclusion

Despite these limitations, this RCT revealed that (i) the
collection of saliva is in general feasible using the SCS,
however (ii) the volume of saliva was often insufficient
for the determination of even one of the two biomark-
ers. Finally, (iii) sAA activity may be a sensitive biomarker
for stress-reducing effects of IML in people with demen-
tia but using this biomarker needs high expertise in the
execution of assays. In summary, it can be concluded that
salivary measures can be used to investigate physiological
mechanism underlying potential positive effects of non-
pharmacological interventions for people with dementia,
but multiple challenges must be considered.

Abbreviations
ANS Autonomous Nervous System

BPSD Behavioral and Psychological Symptoms of Dementia
HPA axis  Hypothalamic—pituitary—adrenal axis
IML Individualized Music Listening
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SCS Salimetric’s Children Swab

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/513104-024-06904-7.

[ Supplementary Material 1 ]

Acknowledgements

The authors would like to thank all study participants and the participating
nursing homes. They also want to thank Elisabeth Jakob and Lisette Weise for
their valuable support during data collection. We acknowledge the support of
the Ministerium fur Wissenschaft, Forschung und Kunst Baden-Wirttemberg
(MWK, Ministry of Science, Research and the Arts Baden-Wrttemberg under
Az.33-7533-9-19/54/5) in “Kinstliche Intelligenz & Gesellschaft: Reflecting
Intelligent Systems for Diversity, Demography and Democracy (IRIS3D)"and
the support by the “Interchange Forum for Reflecting on Intelligent Systems”
(IRIS) at the University of Stuttgart.

Author contributions

MCH: Conceptualization, Methodology, Investigation, Formal Analysis, Data
curation, Writing - original draft, Writing - Review & Editing. CS: Methodology,
Data curation, Validation, Writing - Review & Editing. CM: Methodology,
Resources, Writing - Review & Editing. AW: Conceptualization, Methodology,
Validation, Writing - Review & Editing. RH: Data curation, Validation, Writing -
Review & Editing. HH: Data curation, Validation, Writing - Review & Editing. GW:
Methodology, Resources, Funding acquisition, Writing - Review & Editing.

Funding

The study is funded by the National Association of Statutory Health Insurance
Funds (Germany). The funding institution has not interfered in any part of the
study.

Data availability
The data that support the findings of this study are available from the
corresponding author upon reasonable scholarly request.

Declarations

Ethics approval and consent to participate

Ethical approval was obtained from the Ethics Committee of the Faculty

of Social and Behavioral Sciences of the Friedrich-Schiller-University Jena,
Germany (committee’s reference number: FSV18/39 & FSV19/09). Participants
or a legally authorized representative received information leaflets and gave
written informed consent. Approval for the informed consent materials was
received by the ethics committee.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 26 January 2024 / Accepted: 19 August 2024
Published online: 12 September 2024

References

1. Richards KC, Beck CK. Progressively lowered stress threshold model:
understanding behavioral symptoms of Dementia. J Am Geriatr Soc.
2004;52(10):1774-5.

2. Gerdner L. An individualized music intervention for agitation. J Am Psychiatr
Nurses Assoc. 1997;3(6):177-84.

3. Sittler MC, Worschech F, Wilz G, Fellgiebel A, Wuttke-Linnemann A. Psycho-
biological mechanisms underlying the health-beneficial effects of music in


https://doi.org/10.1186/s13104-024-06904-7
https://doi.org/10.1186/s13104-024-06904-7

Hillebrand et al. BMC Research Notes

(2024) 17:258

people living with dementia: a systematic review of the literature. Physiol
Behav. 2021;233:113338.

Chéour S, Chéour C, Kilani C, Guemri A, Zineddine D, Khélifa R, et al. Salivary
testosterone and cortisol levels in tunisian elderly male patients with mild
Alzheimer's disease. Implications of musical therapy and/or physical rehabili-
tation. Front Physiol. 2022;13:839099.

Dowson B, McDermott O. Approaches to measuring the impact of music
therapy and music activities on people living with dementia. In: Music

and dementia: from cognition to therapy. Oxford University Press; 2019. p.
171-96.

Vanstone AD, Cuddy LL. Melody, memory and engagement in Alzheimer’s
disease. In: Music and dementia: from cognition to therapy. Oxford University
Press; 2019. p. 67-87.

Magri F, Cravello L, Barili L, Sarra S, Cinchetti W, Salmoiraghi F, et al. Stress and
dementia: the role of the hypothalamic-pituitary-adrenal axis. Aging Clin Exp
Res. 2006;18(2):167-70.

Ali N, Nater UM. Salivary alpha-amylase as a biomarker of stress in behavioral
medicine. Int J Behav Med. 2020;27(3):337-42.

Linnemann A, Strahler J, Nater UM. Assessing the effects of Music listening on
psychobiological stress in Daily Life. J Vis Exp. 2017;(120):54920.

Linnemann A, Ditzen B, Strahler J, Doerr JM, Nater UM. Music listening

as a means of stress reduction in daily life. Psychoneuroendocrinology.
2015;60:82-90.

Emami A, Theorell T, Kim H, Berglund L, Hallinder H, Engstrém G. Assessing
stress using repeated saliva concentration of steroid hormones in dementia
care dyads: results from a controlled pilot care music intervention. Ups J Med
Sci [Internet]. 2023 May 5 [cited 2024 Jul 8];128. https://ujms.net/index.php/
ujms/article/view/9340

Kwan RYC, Leung MCP, Lai CKY. A randomized controlled trial examining

the effect of acupressure on agitation and salivary cortisol in nursing home
residents with dementia. Dement Geriatr Cogn Disord. 2017;44(1-2):92-104.
Pu L, Todorovic M, Moyle W, Jones C. Using salivary cortisol as an objective
measure of physiological stress in people with dementia and chronic pain: a
pilot feasibility study. Biol Res Nurs. 2020;22(4):520-6.

Bourne P, Camic P, Crutch S, Hulbert S, Firth N, Harding E. Using psychological
and physiological measures in arts-based activities in a community sample
of people with a dementia and their caregivers: a feasibility and pilot study. J
Aging Stud Ther. 2019;1(1).

Weise L, Jakob E, Topfer NF, Wilz G. Study protocol: individualized music

for people with dementia - improvement of quality of life and social

20.

21.

23.

24.

25.

26.

Page 7 of 7

participation for people with dementia in institutional care. BMC Geriatr.
2018;18(1):313.

Folstein MF, Folstein SE, McHugh PR. Mini-mental state. J Psychiatr Res.
1975;12(3):189-98.

Cohen-Mansfield J, Marx MS, Rosenthal AS. A description of agitation in a
nursing home. J Gerontol. 1989,44(3):M77-84.

Salimetrics. Saliva Collection Handbook. [Internet]. 2022. https://salimetrics.
com/saliva-collection-handbook/#child-swab-saliva-collection

Gil-Montoya JA, Barrios R, Sénchez-Lara |, Carnero-Pardo C, Fornieles-Rubio F,
Montes J, et al. Prevalence of Drug-Induced Xerostomia in older adults with
cognitive impairment or dementia: an observational study. Drugs Aging.
2016;33(8):611-8.

Strahler J, Skoluda N, Kappert MB, Nater UM. Simultaneous measurement

of salivary cortisol and alpha-amylase: application and recommendations.
Neurosci Biobehav Rev. 2017,83:657-77.

Woods DL, Kovach CR, Raff H, Joosse L, Basmadjian A, Hegadoren KM. Using
saliva to measure endogenous cortisol in nursing home residents with
advanced dementia. Res Nurs Health. 2008;31(3):283-94.

Bosch JA, Veerman ECI, De Geus EJ, Proctor GB. a-Amylase as a reliable and
convenient measure of sympathetic activity: don't start salivating just yet!
Psychoneuroendocrinology. 2011;36(4):449-53.

Jarosz AF, Wiley J. What Are the Odds? A Practical Guide to Computing and
Reporting Bayes Factors. J Probl Solving [Internet]. 2014 Nov 7 [cited 2024 Jan
16];7(1). https://docs.lib.purdue.edu/jps/vol7/iss1/2

Rohleder N, Nater UM. Determinants of salivary a-amylase in humans

and methodological considerations. Psychoneuroendocrinology.
2009;34(4):469-85.

Tsoi KKF, Chan JYC, Ng YM, Lee MMY, Kwok TCY, Wong SYS. Receptive music
therapy is more effective than interactive music therapy to relieve behavioral
and psychological symptoms of dementia: a systematic review and Meta-
analysis. J Am Med Dir Assoc. 2018;19(7):568-e5763.

Raglio A, Bellandi D, Baiardi P, Gianotti M, Ubezio MC, Zanacchi E, et al. Effect
of active music therapy and Individualized listening to music on dementia: a
Multicenter Randomized Controlled Trial. J Am Geriatr Soc. 2015;63(8):1534-9.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://ujms.net/index.php/ujms/article/view/9340
https://ujms.net/index.php/ujms/article/view/9340
https://salimetrics.com/saliva-collection-handbook/#child-swab-saliva-collection
https://salimetrics.com/saliva-collection-handbook/#child-swab-saliva-collection
https://docs.lib.purdue.edu/jps/vol7/iss1/2

	﻿Salivary cortisol and alpha-amylase as stress markers to evaluate an individualized music intervention for people with dementia: feasibility and pilot analyses
	﻿Abstract
	﻿Introduction
	﻿Method
	﻿Study design and setting
	﻿Saliva collection protocol
	﻿Measures
	﻿Saliva collection method
	﻿Statistical analyses

	﻿Results
	﻿Saliva collection
	﻿Successful testing
	﻿Effectiveness

	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿﻿References﻿


