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ABSTRACT

Population aging prompts efforts to help older adults maintain a high quality of life and independence. Group singing
(GS) has shown benefits on social, physical, and cognitive domains, being a cost-effective strategy to reach these goals.
Nevertheless, randomized controlled trials (RCT) evaluating systematic GS interventions and the interplay between
their effects on those domains are scarce. Thus, the present RCT assessed whether a 34-session GS intervention boosts
older adults’ cognitive functions (executive functions and verbal memory) and whether it has an impact on systemic
inflammation markers. Additionally, it intended to determine whether changes in social or physiological domains
mediated the intervention effects on cognition. One hundred and forty-nine participants were allocated to a waiting-list
group, which kept their usual activity levels, or an intervention group. Blinded outcome assessments were conducted
at baseline, post-intervention, and follow-up. Results confirmed positive effects of GS on cognition, especially marked
for verbal memory. Evidence of GS’s protective effect on systemic inflammation is also provided. Mediation analyses
revealed a complex interaction of GS intervention engagement and respiratory function and social wellbeing changes
with the magnitude of cognitive improvement. These results highlight socialization and respiratory functions as critical
pieces of multidimensional GS interventions, maximizing their benefits on older adults’ cognition.

El papel de las variables sociales y fisiologicas en la mejora cognitiva de
los adultos mayores tras una intervencion de canto en grupo: el ensayo
controlado aleatorio Sing4Health

RESUMEN

El envejecimiento poblacional requiere de esfuerzos para ayudar a los adultos mayores a mantener una mayor calidad
de vida e independencia. El canto en grupo (CG) ha mostrado beneficios en los dominios social, fisico y cognitivo,
siendo una estrategia eficiente para alcanzar estos objetivos. Sin embargo, son escasos los ensayos controlados
aleatorios (ECA) que evaltan intervenciones sistematicas de CG y la interaccion de sus efectos en dichos dominios. Asi,
el presente ECA evalué si una intervencion de CG de 34 sesiones mejora las funciones cognitivas en adultos mayores
(funciones ejecutivas y memoria verbal) y si tiene efectos en los marcadores de inflamacién sistémica. Ademas, se quiso
determinar si los cambios en los dominios social y fisiol6gico mediaban los efectos de la intervencién en la cognicion.
Se asignaron 149 participantes a un grupo en lista de espera, que mantuvo sus niveles de actividad habituales, o a
un grupo de intervencién. Se realizaron evaluaciones ciegas de los resultados al inicio, después de la intervencién y
durante el seguimiento. Los resultados confirmaron los efectos positivos del CG en la cognicién, especialmente sobre
la memoria verbal. También aportaron evidencias acerca del efecto protector del CG en la inflamacién sistémica. Los
andlisis de mediacién revelaron una compleja interaccion de, por un lado, la adherencia a la intervencién del CG y los
cambios en la funcién respiratoria y el bienestar social y, por otro, la magnitud de la mejora cognitiva. Estos resultados
sitian a la socializacion y la funcién respiratoria como piezas clave en intervenciones multidimensionales de CG,
maximizando los beneficios de estas sobre la cognicién en adultos mayores.
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In 2018, for the first time, the number of adults aged over 65 years
exceeded that of children below 5 years old, with United Nations’
projections suggesting the former will be the double of the latter by
2050 (United Nations, 2019). These demographic changes impose
a significant burden on current health and social support systems
(Harper, 2014) as well as on households’ economic welfare (Cavallo
et al.,, 2018). Consequently, there is a growing interest in actions that
boost older adults’ quality of life, cognitive integrity, and physical,
mental, and social wellbeing, enabling them to keep engaged in
social, economic, cultural, spiritual, and civic activities (Fernandez-
Ballesteros et al.,, 2013; Foster & Walker, 2015). Group singing (GS)
programs stand as a cost-effective strategy to fulfill such criteria (e.g.,
Coulton et al., 2015), since they have been associated with longevity
and positive lifespan trajectories of mortality (Bygren et al., 1996) as
well as with higher levels of quality of life in different psychological,
social, and physical domains (Clift et al., 2018; Williams et al., 2018).

GS effects on the social domain were reported, for instance, in a
study by Davidson et al. (2014). Results of that study showed that
completing a structured 8-week singing program was associated
with an increase in older adults’ social satisfaction and wellbeing.
Similarly, several studies by Pearce and colleagues compared
participation in adult (participants’ age range: 18 to 83) singing
programs with participation in crafts and other activities, and
showed that the singing programs created faster cohesion and
bonding in groups of previously unfamiliar individuals (Pearce et
al., 2015; Pearce et al., 2017). To condense these different aspects
of social relationships, participation, and engagement, Keyes (1998)
coined the construct “social wellbeing”, which was defined as “the
appraisal of one’s circumstance and functioning in society” (p. 122).
Such appraisal is based on five challenges that impact quality of life:
i) social integration, ii) social acceptance, iii) social contribution, iv)
social actualization, and v) social coherence (Keyes, 1998). Given the
aforementioned findings, it could be suggested that participation
in GS activities may benefit older adults’ social wellbeing (SWB).
Furthermore, SWB seems to be inversely related to loneliness,
since frequent contact with significant others reduce loneliness
(Lee & Ishii-Kuntz, 1987). Hence, not surprisingly, GS effects include
reduced loneliness, as concluded by Teater and Baldwin (2014)
from semi-structured interviews with 5 participants in the Golden
Oldies program. Those participants reported a reduction in their
social isolation and increased social contact. Additional evidence is
presented in a recent quantitative study of a 12-week intervention
in residential care centers, which includes one-hour weekly sessions
of singing and discussion. That study found a reduction of loneliness
across 24 participants in the intervention (Millett & Fiocco, 2020; for
opposite results, see Davidson et al., 2014).

Positive effects of GS have also been observed on physiological
variables like respiratory function, as concluded in recent reviews
in healthy (Kang et al., 2018) and clinical populations (Goldenberg,
2018). For example, GS and toning (i.e., voicing an open vowel sound
at a given pitch during an exhalation) were shown to positively
affect respiratory function in young adults (Bernardi et al., 2017).
Regarding older adults, Mazalli et al. (2019) observed a statistically
significant increase in inspiratory capacity and peak inspiration flow
in 11 seniors after taking part in 16 bi-weekly singing sessions with
respiratory exercises in their care center. Similarly, 42 older adults
from senior living communities showed statistically significant
increases in respiratory muscle strength resulting from a 12-week
program, including deep-breathing training and song learning and
singing (Fu et al., 2018).

The respiratory function, as reflected by forced expiratory
volume in 1 s (FEV1) and forced vital capacity (FVC), was shown to
be inversely related to C-Reactive Protein (CRP) levels in a sample
of 7,753 participants between 20 and 80 years old (Nerpin et al.,
2018). This inverse (bidirectional) relationship between respiratory
function markers and CRP levels holds true also in prospective and

longitudinal studies for as long as 13 years (Ahmadi-Abhari et al.,
2014; Hancox et al., 2016). CRP is commonly used as a marker of
systemic inflammation (SI), which tends to be higher in older than
in younger adults (Frank & Caceres, 2015), which led some authors to
coin the term inflammaging. It is defined as an imbalance between
inflammatory and anti-inflammatory processes due to a combination
of immunosenescence, genetic, and lifestyle factors, which results
in a low-grade, chronic, systemic, asymptomatic, and sterile status
promoting frailty, morbidity, and mortality (Franceschi et al., 2000;
Franceschi et al., 2007). Despite this association between respiratory
function markers and SI markers, and the observed effects of GS
on respiratory function, to the best of our knowledge, there are no
previous studies assessing the effects of systematic GS interventions
on Sl levels in older adults. Nonetheless, there is preliminary evidence
that singing may impact the inflammatory response. In that regard,
Fancourt et al. (2016) assessed inflammatory response markers
before and after a singing session through saliva samples in groups of
cancer patients, bereaved carers, and carers. In all groups, one hour of
GSresulted in an increase of the inflammatory markers. Providing the
preliminary character of their results, Fancourt et al. refer the need
for further systematic studies on the impact of GS interventions on
inflammatory response.

Finally, GS interventions’ effect on cognition has also been studied,
albeit with mixed results. On the one hand, the 12-week intervention
presented in Millett and Fiocco’s (2020) work failed to find
differences related to participation in any of the cognitive functions
assessed: general cognition, executive function, and short-term and
episodic verbal memory. On the other hand, a 12-week program
including deep-breathing training and song learning and singing
yielded respiratory function improvements accompanied by better
performance in immediate verbal recall and verbal fluency tests, but
no change in executive functions (Fu et al., 2018). Similarly, a cross-
sectional analysis carried out on 1,101 surveys from the Longitudinal
Aging Study Amsterdam found that habitually participating in singing
activities and/or playing an instrument was associated with better
executive functioning (Mansens et al., 2018). Given that executive
functions (EFs) and memory are essential for the maintenance of
health-enhancing behaviors and an adequate functional status (Allan
et al., 2016; Bell-McGinty et al., 2002; Royall et al., 2004), and that
they are among the cognitive capacities capitalizing most of the
decline observed in normal aging (Park et al., 2002; Rosselli & Torres,
2019), it is necessary to clarify the effects that singing interventions
may have on cognition and whether such effects are capacity-specific
or rather general.

It is noteworthy that the different social and physiological aspects
on which GS effects have been studied seem to modulate cognition
in older adults. For instance, the social causation hypothesis posits
that better social support and larger networks may delay the onset
and rate of cognitive declines (Liao et al., 2016; Miceli et al., 2019).
Indeed, higher social activity frequency has been associated with
better executive functioning, working memory, visuospatial abilities,
and processing speed (Kelly et al, 2017). Furthermore, recent
systematic reviews highlight the role of loneliness in the relationship
between social aspects and cognition (Boss et al., 2015; Cacioppo
& Hawkley, 2009; Hawkley & Cacioppo, 2010). Also, loneliness was
shown to be a predictor of general cognitive status and the incidence
of Alzheimer’s disease (Tilvis et al., 2004; Wilson et al., 2007). There
is also evidence of a relationship between SI and cognitive function in
general, and EFs in particular. Heringa et al. (2014) revealed a negative
relationship between SI indices and measures of processing speed,
attention, and EFs while controlling for cardiovascular risk factors
effects. Similar results were observed in another study controlling
for sociodemographic factors, depression, and other clinical
covariates (Tegeler et al., 2016). Furthermore, composite scores of
SI were predictive of decline in EFs performance in prospective
studies spanning 20 years (Beydoun et al., 2019; Walker et al., 2019).
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However, work relating respiratory function to cognition in older
adults is scarce, with weak but positive relations being reported (for
a systematic review and a meta-analysis; see Duggan et al., 2020;
Duggan et al., 2019).

In sum, the available evidence highlights the benefits that GS
interventions may have on SWB (Davidson et al., 2014; Pearce et al.,
2015; Pearce et al., 2017) as well as in the reduction of older adults’
loneliness (Millett & Fiocco, 2020; Teater & Baldwin, 2014). Similar
positive effects of GS interventions on respiratory function were also
observed (Fu et al., 2018; Mazalli et al., 2019). Nevertheless, it is still
unclear whether GS interventions may modify older adults’ Sl levels as
well as whether those interventions promote their general cognition
or specific cognitive functions. Furthermore, recent research revealed
a complex interplay between cognition and SWB (for a review see
Kelly et al., 2017) and loneliness (for a review see Boss et al., 2015), as
well as between cognition and physiological aspects (Duggan et al.,
2020; Heringa et al., 2014; Tegeler et al., 2016). However, no previous
study has addressed the interaction of GS interventions in these
different domains, to the best of our knowledge.

Consequently, the aim of the present study is two-fold. First,
it aims to assess whether a singing intervention of 34 two-hour
sessions is associated with changes in the level of SI markers
and whether it has positive effects on verbal memory, EFs, or
both cognitive functions’ performance. Secondly, it intends to
explore the relationship between potential beneficial effects of
GS on the cognitive, social, and physiological level. Specifically, it
assessed whether engagement in the intervention was a predictor
of cognitive change, and whether such relationship between GS
and cognition was mediated by the intervention effects in social
processes related to loneliness and wellbeing or in physiological
variables related to respiratory function and SI. In this way, based
on previous research, we expected that engagement with GS
sessions would provide an increase in SWB (Davidson et al., 2014)
and a reduction in older adults’ loneliness (Millett & Fiocco, 2020),
which following the social causation hypothesis (Liao et al., 2016)
may be related with an increase in cognitive performance at the end
of the intervention or, at least, with a smoother decline of cognitive
functioning than that observed for a control group not participating
in singing activities. Similarly, previous GS interventions observed
an improvement of respiratory function (Fu et al., 2018), which led
us to expect increased levels of respiratory function at the end of
the intervention as well as in comparison with a control group.
Further, given the inverse relationship of respiratory function and
SI(Nerpin et al., 2018) and preliminary data pointing to an increase
of the immune response as a result of participating in a GS session
(Fancourt et al., 2016), we also expected reduced markers of SI at
the end of the intervention and compared with a control group.
Finally, as the expected SI and respiratory function changes have
been associated with improvements in cognitive function (Beydoun
et al., 2019; Duggan et al., 2020, respectively), we also expected
physiological changes due to engagement in the GS intervention
to contribute to the buildup of cognitive improvements associated
with the intervention.

Method
Design

This RCT (Sing4Health; trial registration number: NCT03985917)
included a randomized experimental phase (TO to T1 with a within-
and a between-groups comparison) and a non-randomized quasi-
experimental follow-up phase (T1 to T2 within-groups comparison).
The RCT included two groups, an immediate GS intervention group
(IG), and a waiting-list group (WLG). For the first phase, WLG
participants maintained their participation in other daycare center

intervention activities like sports (aerobics and water aerobics),
artistic activities (theatre, painting, and music), or crafts (crocheting)
except GS (constituting an active control group). The IG completed 34
two-hour GS sessions (see Galinha, Farinha, et al., 2020 for the detailed
RCT protocol). After a two-month interval, in the second phase, the
WLG participants switched to complete the intervention program
while the former IG participated in other activities, excluding GS.

Details about the structure of the sessions comprised in the
intervention can be found in the Supplementary Information as well
as in the intervention protocol (Galinha, Farinha, et al., 2020). In short,
the intervention was carried out in a rehearsal room with a chair for
each participant and an extra cleared space for standing-up exercises
and activities. Each intervention session comprised: i) relaxation
exercises and vocal warm-up (e.g., exercises promoting effective
breathing and group dynamics), ii) a vocal technique component,
iii) repertoire rehearsals, iv) 20-minute breaks for socialization, v)
development of a show to be presented to the public and families,
and vi) assessment of each participant’s performance.

Participants completed a battery of psycho-emotional, psycho-
social, and cognitive tests as well as the collection of biological
samples to determine several health indicators after enrollment
in the RCT (TO, February 2019), at the end of the first round of
intervention (T1, July 2019), and at the end of the second round of
intervention (T2, February 2020) (see Figure 1). Data collection at
each time point extended for 10 weekdays, so 10 to 15 participants
were assessed per day in the facilities of the social care institution
(SCI). Assessments began early in the morning to acquire
blood samples and respiratory function and balance data while
participants were fasting. After a breakfast provided by the SCI,
cognitive assessments were carried out followed by a 15-20 min
break. Finally, psychosocial questionnaires were completed and
semi-structured interviews conducted. Each phase of data collection
was performed by different independent trained researchers who
were blinded to participants allocation to the IG or WLG. All RCT
protocols followed the Declaration of Helsinki principles and were
approved by the Ethics Committee of the Centro de Investigacdo
em Psicologia at Universidade Auténoma de Lisboa (Approval Nr.
12-09-2018). After a briefing session with the intervention and
research teams, signed informed consent from each participant
was obtained before their participation in the RCT. All RCT data was
collected and stored following European and national directives
and legislation for vulnerable human participants and for sensitive
data (see Galinha, Farinha, et al., 2020).

Sample

The Sing4Health RCT protocol (Galinha, Farinha, et al., 2020)
planned the IG and WLG to have 70 participants each. A post hoc
power analysis showed that this sample size was enough to detect
large effect sizes (n? = .14) with an 88% power for repeated measures
ANCOVAs. Further, a dropout of 15 participants per group would have
reduced the statistical power to 79%. For the RCT implementation,
149 participants aged 60 or over were recruited from daycare
centers in January 2019. Participants were allocated by the scientific
coordinators to the IG (n = 75) or the WLG (n = 74) using the IBM®
SPSS® Statistics randomization tool to split a numerically ordered
list of participants into (initially) two equal groups. Twelve IG
participants dropped out during the first two sessions of intervention
due to scheduling incompatibility with the intervention sessions,
allocation of friends or partners to a different experimental group and
health-related issues like illness, scheduled treatments, operations,
recovery from operations, or taking care of dependent relatives.
Thus, following the same randomization procedure, 14 participants
were relocated from the WLG to the IG (see Figure 1a and 1b with
the CONSORT flow diagram) to ensure enough statistical power to
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test, at least, the intervention effects within the IG. Therefore, the
final sample consisted of an IG of 89 individuals and a WLG of 60
participants. Within the IG, 77 (86.5%) participants completed TO and
T1 assessments, albeit only 54 (60.7%) completed at least 75% of the
intervention sessions. For the follow-up assessment at T2, 57 (64.0%)
participants of the IG were available. Within the WLG, 47 (78.3%)
participants completed TO and T1 assessments, and 30 (50%) the T2
assessment after their participation in the GS intervention. Twenty-
three (38.3%) participants of this group completed at least 75% of the
intervention sessions.

All participants met the following inclusion criteria: i) being
older than 60 years of age, ii) being retired, and, iii) lack of
participation in other structured interventions in the previous four
months. The only exclusion criterion was the presence of severe
diagnosed impairments precluding involvement in GS activities
(e.g., severe sensory or mobility impairments).

Materials and Procedure

At TO, all participants filled a brief questionnaire on
sociodemographic data, including information about sex, education
level, birth date, and diagnosed medical conditions. Furthermore, at
TO, T1, and T2, participants completed the Portuguese adaptations
of the following tests (for further details on the RCT protocols, see
Galinha, Farinha, et al., 2020):

- Montreal Cognitive Assessments (MoCA; Freitas et al., 2011,
2012) for screening dysfunction in six cognitive domains (i.e.,
EFs, visuospatial skills, short-term memory, language, attention,
concentration, and working memory, and temporal and spatial
orientation). Participants with fewer than 12 years of formal education
received one extra point, as recommended in the original work by
Nasreddine et al. (2005). Higher scores indicate better performance.

- Digit-Symbol subtest of the Weschler Adult Intelligence Scale -
Il (DS-WAIS; Wechsler, 1997) to assess cognitive and motor speed,
planning ability, visual memory, visuomotor coordination, and
attention. Higher scores indicate better performance.

- Immediate recall on the Rey Auditory Verbal Learning Test
(RAVLT; Cavaco et al., 2015) to measure verbal learning, immediate
memory, and retention of information. The number of words correctly
retrieved in the fifth attempt was considered for analysis.

- Trail Making Test part A (TMT; Cavaco et al.,, 2013) to measure
processing speed. Since some participants did not conclude the test
within the allowed 5 minutes, a composite score calculated as the
number of points correctly connected divided by the time expended
to join them was calculated for each participant.

- An adaptation of the UCLA Loneliness Scale (UCLALS; Pocinho et
al., 2010) consisting of four items to be responded on a 4-point Likert
scale. This test provides a score operationalizing the feeling of being
cut off from others. Higher values indicate more loneliness.

- A shortened version of the Social Well-being Scale (Lages-Silva,
2016) consisting of six items rated on a 6-point Likert scale. The larger
the total score, the higher the level of social wellbeing. This measure
showed low internal consistency at TO, T1, and T2 (Cronbach’s
a: TO = .34, T1 = .32, and T2 = .48). Thus, a composite score was
created by adding scores on the subscales of satisfaction with social
relationships from the World Health Organization Quality of Life -
Bref (Vaz Serra et al., 2006), and social participation from the World
Health Organization Quality of Life - Old (Pereira Vilar, 2015) tests.
Both tests’ items should be responded on a 5-point Likert scale, with
higher values indicating greater satisfaction or quality of life in the
measured dimension. The composite score for SWB ranged between
13 and 71 points and showed adequate internal consistency at TO, T1,
and T2 (Cronbach’s a:: TO = .64, T1 =.71, and T2 =.75).

A fasting blood sample was collected in the morning for each
participant at TO, T1, and T2. Samples were analyzed by a certified

laboratory to assess the physiological effects of the intervention.
These analyses determined:

- C-reactive protein (CRP) levels. Before entering further analyses,
obtained values were multiplied by 10 and log-transformed to
increase their distribution normality.

- Erythrocyte Sedimentation Rate (ESR). Obtained values were
transformed to a percentage of the expected value according to the
formula age / 2 for men; and (age + 10) / 2 in women (Miller et al.,
1983).

- Each participant also completed a spirometry at TO, T1, and T2. A
professional portable spirometer (Medikro Pro) validated according
to the American Thoracic Society (ATS) and European Respiratory
Society (ETS) criteria (Miller et al., 2005) was used. This spirometer
monitors ambient conditions to ensure automated and constant
calibration, allowing to precisely assess the following parameters of
respiratory function:

- Forced vital capacity (FVC), defined as the total volume of air
exhaled during a forced breath. Additionally, the Tiffeneau-Pinelli
index was calculated as the ratio between air exhaled volume in the
first second of a forced breath (FEV1) and FVC (i.e., FEV1/FVC).

- The flow of air exhaled from 25 % to 75 % of the FVC in a forced
breath (FEF25-75).

All spirometry data was determined via the Medikro Spirometry
Software. For the statistical analyses, the percentages over
recommended reference values proposed by Dire¢do Geral da Saude
(2016) and the National Health and Nutrition Survey (NHANES III)
were used.

Data Preparation

To deal with extreme values, Mahalanobis distance (MD) was
calculated in a multivariate space with scores at TO, T1, and T2 for
MoCA, RAVLT, DS-WAIS, UCLALS, as well as the total number of
words produced in the fluency subtest of MoCA, the calculated
points per second value for TMT, the composite score for social
wellbeing, the percentage to predicted values for FVC, FEV1/FVC,
FEF25-75, and ESR, and the log-transformed CRP levels. Multivariate
outliers were defined as individuals showing an MD exceeding the
value with an associated probability of .001 in a y? distribution with
as many degrees of freedom as variables in the multivariate space
(i.e., 36). Four multivariate outliers were identified and discarded
for further analysis. Additionally, any individual scores deviating
from the variable mean at least 2.2 times the interquartile range
were considered univariate outliers (Hoaglin et al., 1986; Hoaglin &
Iglewicz, 1987). Univariate outliers were then “winsorized” to reduce
the effect of extreme values in the analyses (Tukey, 1962).

Regarding missing data, first, participants’ mean in a given test
was used to replace missing values for a single item in that same
test (three participants with one missing response for MoCA, four for
SWB, two for WHOQoL-OLD, and six for WHOQoL-BREF). Second, an
analysis of the data matrix indicates a total of 21.99 % missing data
across observations. Little’s missing completely at random (MCAR)
test results confirmed that there was no pattern in the missing data,
x%(1759) = 1811.097, p = .189. Consequently, missing values were
estimated separately for IG and WLG (Sullivan et al., 2018) through
multiple imputation. A predictive mean matching (PPM) procedure,
as implemented in SPSS (version 21; IBM), was used to run 100
imputations with the following predictors: scores for MoCA, RAVLT,
DSWAIS, UCLALS, the total number of correct words produced in the
fluency subtest of MoCA, and the composite score of SWB, all at TO.
Weight at TO, T1, and T2; and age, sex, years of education, height, and
the number of completed sessions were also used as predictors. None
of the predictors presented missing values. The mean value of the
100 imputations was used for subsequent analysis after checking that
the variables’ distributions were similar before and after imputation.
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Finally, the standardized residuals of a regression between pre-
GS intervention and post-GS intervention scores (TO and T1 for the
IG, T1 and T2 for the WLG) for each variable were calculated. In this
way, analyses could be performed with a measure that controls a
given variable’s level before intervention and is informative of the
change in that variable from pre-intervention to post-intervention
(Cohen et al., 2003).

Statistical Analyses

Statistical analyses were performed following an intention to
treat (ITT) approach. Thus, the initial randomization was considered
regardless of the number of intervention sessions completed by the
participants. Analyses were also run following a per-protocol (i.e.,
intervention was considered complete if an individual participated in
at least 75% of the sessions) approach for comparison purposes, and
their results are reported in the supplementary information.

Statistical analyses were run with data from 145 participants: 57
in the WLG and 88 in the IG. An alpha level of .05 was maintained
for all tests. All statistical analyses were performed using IBM SPSS
Statistics 21 and the PROCESS macro for mediation and moderation

analyses (Hayes, 2017; Hayes & Preacher, 2014; Hayes & Rockwood,
2017).

Group homogeneity after randomization. To test the
homogeneity between IG and WLG at TO, independent samples
t-tests were run comparing the mean MoCA scores of IG and WLG
groups. Additionally, since age, Kolmogorov-Smirnov’s Z(145) = 0.083,
p = 0.016, the number of years of formal education, Z(139) = 0.314,
p < 0.001, and DSWAIS score, Z(145) = 0.093, p = 0.004, were non-
normally distributed, a series of Mann-Whitney tests comparing IG
and WLG for these variables at TO was run. Sex distribution equality
between groups was tested through a y? test.

GS intervention effect on cognitive, physiological, and social
variables. To evaluate the GS intervention effects on cognition as
compared with a control group, mixed repeated-measures ANOVAs
with the between-subjects factor Group (IG vs. WLG) and the within-
subjects factor Time (TO vs. T1) were run on TMT points per second, and
RAVLT correctly remembered words for list 5. ANOVAs were used as they
have been shown to be still valid under conditions of non-normality of
data (Blanca et al., 2017; Khan & Rayner, 2003). No sphericity violations
were encountered, and consequently no adjustments were necessary.
Additionally, to test for physiological effects and check the presence
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Figure 1a. Flowchart Showing Recruitment and Progress through the Sing4Health RCT.
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Table 1. Homogeneity of the Experimental Groups on Sociodemographic and Cognitive Variables

IG (n=88) WLG (n=57)
Mean SD Mean SD Statistic p-value Effect size
Age 76.56 8.73 76.35 8.73 U=2500.0 974 <.001
Years of formal education 4.83 333 4.77 3.48 U=2205.0 577 .002
MoCA at TO 22.83 18.25 22.11 15.16 t(143) = 1.177 241 199
DSWAIS at TO 17.77 5.58 16.65 5.68 U=2502.0 .981 <.001

Note. Sociodemographic and cognitive test means and standard deviations (SD) for the IG and WLG. Test statistics, associated p and estimated effect size (i.e., n?*for Mann-Whitney
tests and Cohen’s d for t-test) values for the tests assessing between group differences at the start of the RCT protocol can also be found in the table. MoCA = Montreal Cognitive

Assessment; DSWAIS = digit-symbol subtest of the Weschler Adult Intelligence Scale III.

of potential social effects of the GS interventions, mixed repeated-
measures ANOVA with the same factors were run on: CRP levels, and
the percentage to predicted values of ESR, FVC, FEV1/FVC, and FEF25-
75, as well as UCLALS scores and the SWB composite score.

Further, to study the effects of the GS intervention, a series
of Wilcoxon signed-ranks tests comparing pre- with post-GS
intervention scores in the experimental variables were performed
to further explore changes in cognitive, social, and physiological
domains. To that end, TO and T1 for IG and T1 and T2 for WLG were
used as pre- and post-intervention assessments, respectively. Note
that for this analysis data from the total sample of 145 participants
was used as a single group.

Maintenance of GS intervention effects at 6-month follow-up.
To study the maintenance over time of the potential GS intervention
effects, a repeated-measures ANOVA with the within-subjects
factor time (TO vs. T1 vs. T2) was run on IG’s scores for the variables
mentioned above. Greenhouse-Geisser corrections were applied
where appropriate.

Relationship between cognitive, physiological, and social
GS intervention effects. Finally, standardized residuals from the
regression between pre- and post-GS intervention scores were used
in an exploratory mediation analysis evaluating the relationship
between physiological, social, and cognitive effects of the GS
intervention. According to our hypothesis, multiple mediation was
tested using model 4 on the PROCESS macro for SPSS. This analysis
allows examining the relationships between one independent
variable (X: number of completed GS intervention sessions), one
dependent variable (Y: TMT points per second or RAVLT standardized
residuals) and two or more simultaneous mediator variables
(MVsocial: UCLALS scores and SWB composite score standardized
residuals or MVphysiological: CRP levels and the percentage to
predicted values for ERS, FVC, FEV1/FVC or FEF25-75 standardized
residuals). Further, given the exploratory nature of these analyses,
interaction effects between the independent and mediator variables

were also tested. When statistically significant, such interactions are
interpreted as moderation effects of the predictor on the relationship
between the mediator and the model outcome.

For exploratory mediation analyses, mean centering of the
variables was used for interactions between X and M variables.
Further, 10,000 bootstrap resamplings were performed and a
95% bias-corrected confidence interval (CI) was used to evaluate
indirect effects (Preacher & Hayes, 2008). These indirect effects are
considered statistically significant whenever zero is not included
in the CI. Data is reported for unadjusted analysis since no control
variables were included in the models. Additionally, all reported
results are standardized coefficients for indirect and direct effects.

Results
Group Homogeneity after Randomization

Sex distribution was similar in IG (n = 88) and WLG (n = 57),
¥%(1) = 2.039, p = 0.153, Cohen’s W = 0.153. Also, t-test on MoCA
scores at TO and Mann-Whitney tests on age, years of formal edu-
cation, and DSWAIS failed to reach statistical significance (see Ta-
ble 1 for details). These results demonstrated the homogeneity of
groups after participants’ random allocation and before the start of
the intervention.

GS Intervention Effect on Cognitive, Physiological, and Social
Variables

Descriptive statistics for the IG (n=88) and WLG (n = 57) as well
as the mixed repeated-measures ANOVAs F statistic, p values of main
and interaction effects, and estimated effect sizes can be found on
Table 2. Analyses on TMT points per second failed to reach significance
for group or time main effects as well as for the interaction between
these factors. Regarding RAVLT correctly remembered words for the

Table 2. Group Singing Intervention Effects Comparison with an Active Control Group

IG (n=88) WLG (n=57) Group Time Interaction
TO T1 TO T1 R1,143) p n FR1,143) p nW KR1,143) p ?
TMT 0.31+0.20 0.32+0.19 0.29+0.16 030+0.18 0.62 432 .004 1.00 319 .007 0.01 974 <.001
RAVLT 8.08 +3.03 8.18 + 2.67 7.75 +3.42 6.57 +3.70 390 .050 .033 639 .013 043 899 003 .059
UCLALS 9.23+3.17 8.55+2.99 9.07 £3.26 8.58 £2.33 0.02 .888 <.001 522 024 035 0.14 .709 .001
SWB 48.65 + 6.44 4783 +734 48.88 +7.85 45.63 + 6.35 0.88 349 .006 13.04 <.001 084 468 032 .032
ESR 59.35+43.04 65.63 +40.66 64.73 +39.81 68.30 +39.85 043 511 .003 2.10 150 .014 0.16 .691 .001
CRP 037 £0.63 0.34 £ 0.56 0.32£0.55 0.52 +0.69 0.57 450 004 217 143 .015 441 .037 .030
FVC 60.37 + 12.27 60.13 £ 11.67 54.84 +12.27 56.72 + 11.97 629 .013 042 0.67 416 .005 111 293 .008
FEV1/FVC 105.41£13.27 103.68+11.38 104.65+11.99 103.36 £ 12.11 0.09 753 .001 1.69 196 .012 0.04 .848 <.001
FEF25-75 83.42 +33.51 82.68 +32.79 69.81 +£31.14 70.72 £ 27.50 835 .004 055 0.01 976 <.001 0.07 790 <.001

Note. IG and WLG mean and standard deviation for the cognitive, social, and physiological variables at TO and T1, as well as the F statistic, associated p and estimated effect size
(n?) values for a repeated-measures ANOVA with the between subject factor group (IG vs. WLG) and the within-subjects factor time (TO vs. T1). TMT = Trail Making Test correctly
linked points per second; RAVLT = correct words remembered for the fifth list; UCLALS = adapted UCLA Loneliness Scale scores; SWB = composite score of social wellbeing; ESR
= erythrocyte sedimentation rate percentage to predicted values; CRP = log 10 transformed C-reactive protein levels; FVC = forced vital capacity percentage to predicted values;
FEV1/FVC = forced expiratory volume in 1 second on FVC percentage to predicted values; FEF25-75 = forced expiratory flow between 25% and 75% of the FVC percentage to

predicted values.
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fifth presentation of the list, significant main effects of group and
time were observed, as well as a significant interaction between
group and time. Post-hoc comparisons showed that only the WLG
had higher scores at TO compared with T1 (mean difference = 1.19,
95% CI [0.53, 1.85], p = 0.001, n? = .081), thus indicating a decline of
verbal memory over time. Further, at T1, scores from the IG were
higher than those of the WLG (mean difference = 1.61, 95% CI [0.57,
2.66], p=.003, n*=.061), hence, indicating a positive effect of GS in
maintaining verbal memory capacities.

Regarding physiological variables, no significant main effects or
interactions were observed for ERS percentage to predicted values.
CRP levels, however, showed a significant interaction between group
and time, while the main effects were non-significant. Post-hoc
comparisons indicated that only the WLG had lower CRP levels on TO
than T1 (mean difference = -0.20, 95% C1[0.38,-0.03], p=.023,7?>=.035).
Hence, the GS intervention may be protective, avoiding increases in SI.

Table 3. Baseline Assessment Comparison against post Group Singing
Intervention Assessment

Pre-intervention Post-intervention Wilcoxon Signed-

Rank test

n=145 Median Median Z p-value r

TMT 0.301 0.327 -1.91 .056 -112
RAVLT 7 9 -447 <.001 -.262
UCLA 8.98 8.51 -1.74 .082 -102
SWB 47 48.35 -1.26 207 -.074
ESR 62.92 57.03 -0.56 572 -.033
CRP 0.576 0.576 -0.37 g1 -.022
FVC 58 56 -2.14 032 -126
FEV1/FVC 103.17 99.61 -4.07 <.001 -.239
FEF25-75 72.59 63.66 -2.68 .007 -157

Note. Median for the experimental variables before and after the group singing
intervention across participants, together with the Z statistic, associated p and
standardized effect size (i.e., r) values from the Wilcoxon signed rank test contrasting
both assessments. TMT = Trail Making Test correctly linked points per second; RAVLT =
correct words remembered for the fifth list; UCLALS = adapted UCLA Loneliness Scale
scores; SWB = composite score of social wellbeing; ESR = erythrocyte sedimentation
rate percentage to predicted values; CRP = log 10 transformed C-reactive protein
levels; FVC = forced vital capacity percentage to predicted values; FEV1/FVC = forced
expiratory volume in 1 second on FVC percentage to predicted values; FEF25-75 =
forced expiratory flow between 25% and 75% of the FVC percentage to predicted values.

Regarding respiratory function, no significant main or interaction
effects involving time were observed for the percentage to predicted
values of FVC. Nevertheless, a main effect of group indicated that
the IG presented larger air volumes than the WLG (mean difference
= 447, 95% CI [0.95, 7.99]). Similarly, for FEF25-75 there were no

significant main or interaction effects of time but a main effect of
group, indicating that the IG presented more expiratory flow than the
WLG (mean difference = 12.78, 95% CI [4.04, 21.53]). No significant
main effects of group or time nor interactions were observed for
FEV1/FVC values.

As regards social dimensions, the repeated-measures ANOVA on
UCLALS scores showed a significant effect of time, indicating that
both groups presented higher scores on TO than T1 (mean difference
= 0.581, 95% CI [0.08, 1.08]). No effect of group or interactions were
observed involving UCLALS. For the composite score on SWB, a
significant main effect of time and a significant interaction of group
and time were found. Post-hoc comparisons showed that only
participants in the WLG presented higher composite scores of SWB
at TO than at T1 (mean difference = 3.25, 95% CI [1.52, 4.98], p <.001,
n%=.088); thus, pointing towards a GS effect in maintaining adequate
levels of SWB.

Finally, median for pre-intervention and post-intervention
assessments for all participants (n = 145) as well as the Z statistic,
associated p, and estimated effect size values from the Wilcoxon
signed-rank tests can be found in Table 3. These tests revealed a
marginally significant effect for TMT's points per second and a
significant effect for RAVLT correctly remembered words at the
5t repetition. In both cases, scores were better for post- than pre-
intervention assessments, supporting a positive effect of GS on
cognitive function.

Regarding physiological variables, no statistically significant
effects were found for ERS or CRP levels. The effects on respiratory
function variables were significant for FVC, FEV1/FVC, and FEF25-75.
In all three cases, values were higher at pre- than post-intervention
assessments, contrary to GS’s hypothesized effects on respiratory
function.

As regards social variables, no statistically significant diffe-
rences were observed for the social dimension variables, namely,
UCLALS and the composite score of SWB.

Maintenance of GS Intervention Effects at 6-Month Follow-up

Descriptive statistics of the IG (n = 88) at the three time points
of the RCT, as well as the repeated-measures ANOVA F statistic,
associated p, and estimated effect sizes values can be found in Table
4. Analyses on TMT’s points per second across the three assessment
points failed to reach significance. Likewise, no significant main effect
of time was observed for RAVLT scores. These results indicate that
cognitive scores were stable across all time points on the RCT.

Table 4. Comparison between TO, T1 and T2 Scores in the Experimental Variables to Assess Maintenance of Intervention Effects over Time

TO T1 T2 Time

n=388 Mean SD Mean SD Mean SD R2,174) p-value n?

TMT 0.312 0.198 0.324 0.187 0.332 0.193 0.98 377 .001
RAVLT 8.08 3.03 8.18 2.67 8.10 2.68 0.08 920 .011

UCLA 9.23 317 8.55 2.99 8.58 2.64 3.62 .029 .040
SWB 48.65 6.44 47.83 7.34 4735 7.25 1.98 141 .022
ESR 59.35 43.04 65.63 40.66 62.12 31.92 0.91 404 .010
CRP 0.371 0.632 0.335 0.556 0.589 0.534 8.59 <.001 164
FVC 60.37 12.27 60.13 11.67 62.24 14.22 141! 247 .016
FEV1/FVC 105.41 13.27 103.68 11.38 87.69 18.33 54.20" <.001 384
FEF25-75 83.42 33.51 82.68 32.79 65.53 29.16 14.46! 247 143

Note. 'Greenhouse-Geisser correction was applied for FVC (degrees of freedom: 1.544, 134.341, ¢ = 0.772), for FEV1/FVC (degrees of freedom: 1.753, 152.518, ¢ =.877), and for

FEF25-75 (degrees of freedom: 1.799, 156.488, ¢ = .899).

IG mean and standard deviation (SD) for the cognitive, social and physiological variables at TO, T1, and T2 and the F statistic, associated p values and estimated effect sizes for a
repeated-measures ANOVA with the within-subjects factor Time (TO vs. T1 vs. T2). TMT = Trail Making Test correctly linked points per second; RAVLT = correct words remembered
for the fifth list; UCLALS = adapted UCLA Loneliness Scale scores; SWB = composite score of social wellbeing; ESR = erythrocyte sedimentation rate percentage to predicted values;
CRP = log 10 transformed C-reactive protein levels; FVC = forced vital capacity percentage to predicted values; FEV1/FVC = forced expiratory volume in 1 second on FVC percentage
to predicted values, FEF25-75 = forced expiratory flow between 25% and 75% of the FVC percentage to predicted values.
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Regarding physiological variables, there were no significant
effects of time for ERS values. In contrast, a statistically significant
effect of time for CRP was found, showing that participants at TO
(p =.010) and T1 (p < .001) presented lower levels of CRP than at
T2 (means difference and 95% CI, for TO-T2 = -0.219, from -0.396
to -0.041; for T1-T2 = -0.254, from -0.408 to -0.101). These results
may indicate that the effects of GS on SI may be transient. For the
respiratory function, no significant main effect of Time was found
for FVC, but statistically significant effects of time on FEV1/FVC and
FEF25-75 were observed. In both cases, participants showed better
indices of respiratory function at TO (p < .001 in both cases) and
T1 (p < .001 in both cases) than at T2 (FEV1/FVC: means difference
TO-T2 = 17.727, 95% Cl, 12.764 to 22.690; means difference T1-T2 =
15.996, 95% CI [10.971, 21.020]; FEF25-75: means difference TO-T2 =
17.885, 95% (I [8.745, 27.026]; means difference T1-T2 = 17.154, 95%
CI1[9.382, 24.927]).

Finally, as regards the social domain, no significant effect of time
was observed for the composite score of SWB. A statistically signifi-
cant main effect of time for UCLALS scores was observed; nonethe-
less, pairwise comparisons failed to reach significance (all p >.76).

Relationship between the Cognitive, Physiological and Social
GS Intervention Effects

The multiple mediation analysis (n =145) using the number of GS
completed sessions as the predictor, the number of words correctly
remembered at the 5™ repetition of the RAVLT as the outcome, and
UCLALS and the composite score of SWB as mediator variables (Figure
2a) revealed that the total effect model was significant, R?=.041, K1,
143) = 6.052, p = .015, as was the full model with mediators, R? = .060,
R3, 141) = 2.995, p = 0.033. The direct effect (path c’) of GS completed
sessions on RAVLT standardized residuals was significant (point
estimate = -0.015, p = .015); however, none of the indirect effects
were significant. Hence, no mediation effects seem to exist for social
dimension variables on the relationship between completed sessions
in the intervention and cognitive change. However, the interaction
between GS completed sessions and SWB standardized residuals was
significant, K1, 140) = 6.007, p = .015, pointing to a moderation effect
of GS on the effects of SWB change over RAVLT change.

Using the same predictor and outcome variables, but CRP
levels, and the percentage to predicted values for ERS, FVC, FEV1/

a)
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Well-being
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Completed =-202 (.006)** Remembered
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Sing4Health ¢'=-.203 (.006) RAVLT list 5
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FVC and FEF25-75 standardized residuals as mediator variables
(Figure 2b), the total effect model was also significant, R? = .041,
F1, 143) = 6.052, p = .015, as was the full model with mediators,
R?> = 152, F(6, 138) = 4.134, p = .001. The direct effect (path c¢’)
of GS completed sessions on RAVLT standardized residuals failed
to reach significance (point estimate = -0.008, p = .186), as well
as the indirect effects. Thus, none of the physiological variables,
either respiratory or SI, seem to mediate between completed
sessions in the intervention and cognitive change. However,
the interaction between GS completed sessions and FEV1/FVC
standardized residuals was significant, F(1, 137) = 5.329, p =.022,
indicating a moderation effect of GS sessions on effects of changes
in respiratory function over RAVLT change.

Multiple mediation was also tested (n =145) using the same
predictor and social mediator variables but with TMT points per
second standardized residuals as outcome variable (Figure 3a).
The total effect model in this analysis failed to reach significance,
R? = .003, A1, 143) = 0.433, p = .511, although the full model with
mediators was significant, R? = .060, F3, 141) = 2.865, p = .039. The
direct effect (path ¢’) of GS completed sessions on TMT standardized
residuals was not significant (point estimate = 0.002, p=.741), as were
the indirect effects. Hence, no mediation effects may exist for social
dimension variables on the relationship between completed sessions
in the intervention and TMT performance change. No significant
interactions between GS completed sessions and social mediator
variables were found either.

Regarding the model with standardized residuals of
physiological indices as mediator variables of the relationship
between completed GS sessions and TMT performance change
(Figure 3b), the total effect model also failed to reach significance,
R?>=.003, F1, 143) = 0.433, p = .511, as well as the full model with
mediators, R? = .039, K6, 138) = 0.934, p = .472. Thus, neither the
direct effect (point estimate = 0.007, p=.325) nor the indirect effects
were significant. Thus, none of the physiological variables seems
to mediate the relationship between completed sessions in the
intervention and TMT performance. Interestingly, the interaction
between GS completed sessions and FEV1/FVC standardized
residuals was again significant, A1, 137) = 5.005, p=.027, indicating
a moderation effect of GS sessions on the effects of changes in the
respiratory function over TMT performance change.
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Figure 2. Conceptual diagram showing the multiple mediation models for total, direct and indirect effects of the number of completed sessions in the GS intervention
on the standardized residuals of the regression of the number of words correctly remembered at the 5" repetition of the RAVLT between pre- and post-intervention
assessments (a) with the social variables as mediators and (b) the physiological variables as mediators.

*p<.050, **p <.025, **p< .0l
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Figure 3. Conceptual diagram showing the multiple mediation models for total, direct and indirect effects of the number of completed sessions in the GS intervention
on the standardized residuals of the regression of the number of points per second in the TMT between pre-and post-intervention assessments (a) with the social

variables as mediators and (b) the physiological variables as mediators.
*p<.050, **p<.025, **p<.01.

Discussion

The present study confirmed that GS interventions showed a
positive effect on cognitive (verbal memory), social (social well-be-
ing), and physiological (CRP) variables.

Group Singing Intervention Effect on Cognitive, Physiological,
and Social Variables

Cognitive function. Verbal memory and EFs were evaluated prior
to and after the GS intervention since previous studies showed mixed
results on the effects of this kind of interventions on these cognitive
domains. In the current study, verbal memory, as measured by RAVLT
scores, increased from baseline to post-intervention assessments
when considering the whole sample. Further, participants in the IG
showed better verbal memory in comparison with an active waiting-
list control group at the end of the program’s first phase. Interestingly,
in mediation analyses the number of GS sessions completed by
participants predicted the scores on verbal memory. However, results
indicated that taking part in more sessions was related to lower
benefits on verbal memory. As regards EFs, measured as performance
in the TMT, only a marginally significant effect showing better EFs
performance at post-intervention than at baseline assessment.

Present results, therefore, indicate that GS effects on cognition
may depend on the cognitive domain evaluated since positive
effects were observed for verbal memory while EFs showed little
improvement. In contrast with these results, Millett and Fiocco (2020)
had 24 residential care users complete 12 weekly 60-minute sessions,
including singing and discussion about a given topic, without any
change on EFs or verbal memory from pre- to post-intervention
assessments. However, present results are consistent with previous
evidence provided by Fu et al. (2018), who found increased scores
on immediate but not delayed verbal memory in the 10-word recall
test in 45 participants of a GS intervention carried out in different
senior living communities. In that study, participants completed 12
75-minute weekly sessions, including 10 min of stretching, deep-
breathing, and vocal exercise, 50 min of song-singing, and 15 min
of informal socialization. Millett and Fiocco’s intervention was
shorter than the current intervention, but only differed from Fu et
al. intervention in the absence of specific components for breathing
training and informal socialization. Therefore, it may be the case

that including respiratory and social activities in GS sessions made
them more stimulating for the participants, and in that way cognitive
effects of GS interventions are modulated or depend on the inclusion
of social and respiratory function aspects in their session.

Interestingly, no difference was observed for EFs performance in Fu
et al.’s (2018) study, while in the present study a statistically marginal
trend towards better EFs performance in the post-intervention than
the baseline assessment was observed. Furthermore, it is worth
noting that albeit small and non-significant, the relation between
number of sessions and cognitive improvement in EFs was positive.
This may indicate that a more intense and longer intervention may
be needed to yield positive GS intervention effects on EFs. Taken
together with results on verbal memory, it could be the case that
verbal memory improvement already ocurred earlier in the program
development, when initially learning the repertoire, and that later
sessions are just accompanied by a more modest improvement in
verbal memory and incipient improvements on EFs. Hence, given
that health and cognitive integrity may be related to the adherence
to the intervention (Dingle et al., 2019) and that cognitive demand
may vary according to the specific design of GS intervention sessions,
future studies assessing the role of such variables in the link between
the number of GS sessions and change in older adults’ cognition are
warranted.

Physiological health indicators. Regarding physiological effects,
GS intervention’s impact on low-grade SI seems to be transient and
mild. Indeed, no effects were observed for ESR, albeit C-reactive
protein levels were shown to be stable in the IG while they increased
with time in the active control WLG. Interestingly, the number of
sessions attended during the GS intervention predicted the magnitude
of change in CRP levels. This way, the more sessions completed, the
slower the increase in CRP levels. The IG showed, nonetheless, higher
CRP levels at a 6-month follow-up assessment than at baseline and
after participation in the intervention.

Previous research found that even a single singing session affected
adults’ cytokine levels, augmenting its activity (Fancourt et al., 2016).
The sample in that study consisted of cancer patients and bereaved
and non-bereaved carers. Arguably, such participants may be in
situations that increase their stress levels. Authors suggested that
singing produces a reduction in cortisol that prompts a subsequent
decrease in glucocorticoid suppression, thus enabling an increase in
the pro-inflammatory immune activity. Current results showed that
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a more sustained (i.e., 34 sessions over 17 weeks) GS intervention
might serve to maintain low levels of inflammatory response
during participation in the GS intervention, hence, with transient
effects that disappear soon after intervention ends. Consequently,
the present study showed only a marginal but positive effect of GS
interventions on systemic inflammation. Participation in GS may
therefore be considered a protective factor against inflammaging
related processes.

Regarding the respiratory function, IG and active control
WLG in the present study differ in FVC and FEF25-75 already at
baseline, with levels of these parameters being generally higher
in the intervention than the control group in the first study
phase. Furthermore, in contrast with our initial hypotheses, all
three respiratory function indices used in the study decreased
from pre- to post-intervention assessments when considering GS
intervention participants in both study phases. Nonetheless, for the
IG of the first study phase, expiratory flow and the Tiffeneau-Pinelli
index (i.e., FEV1/FVC) showed higher levels at TO and T1 than at T2,
indicating that to a certain degree, the GS intervention prevented
a steeper decline of respiratory function with time in the IG. This
interpretation should be taken with caution since the comparison
between the IG and the WLG did not show a significant interaction
between group and time.

Present results are, therefore, at odds with the evidence
summarized in recent systematic reviews showing positive effects
of singing interventions on the respiratory function across adulthood
(Kang et al., 2018) and clinical populations (Goldenberg, 2018).
Likewise, they are in contrast with the positive results of a GS
intervention including 16 bi-weekly singing sessions with respiratory
exercises for older adults in care homes (Mazalli et al., 2019) and a 12-
week program including deep-breathing training and song learning
and singing for 42 older adults in senior living communities (Fu et
al., 2018). It is well known that frequency and intensity of singing
activities determine the effect of these activities on respiratory
function (Sundberg & Rossing, 1990). Therefore, given that the
current intervention is longer than those of previous studies, it could
be argued that the main difference should be in the intensity and
quality of breathing exercises between interventions or the staring
health conditions of participants. Nonetheless, details on respiratory
exercises and training provided in previous studies are scarce, and
a comparison with the current intervention design difficult. Thus,
future detailed and systematic analyses of quantity, quality, and type
of breathing, vocal and tonal exercises, and training provided in GS
interventions for older adults are needed to shed light on causes
behind these contradictory results.

Social indicators. Regarding social aspects, present analyses
showed that loneliness decreased during the four months between
TO and T1 assessments regardless of the intervention group, while
values on the composite score of SWB were only reduced in the active
control WLG.

The effects on loneliness are in partial agreement with Millett
and Fiocco’s (2020) study, in which a reduction in loneliness was
observed when comparing pre- and post-intervention assessments
of the GS intervention participants. Previous survey and interview-
based studies also reported reduced loneliness resulting from
participation in GS interventions (Teater & Baldwin, 2014). In contrast,
Davidson et al. (2014) failed to find differences in loneliness scores
between pre- and post-intervention assessments for 29 participants
who completed 8 weekly 90-minutes sessions, including informal
socialization, physical warm-ups, and GS. Nevertheless, the relatively
short intervention and small sample size in Davidson et al.’s study,
may have hindered their power to detect changes in loneliness. In the
present study, loneliness reductions were found regardless of group. It
could be argued that social breaks and group dynamics in the current
GS intervention were not enough to reduce participants loneliness
beyond the fact of being considered and invited to participate in a RCT,

which may, in turn, have had an impact on reducing loneliness also in
the WLG. Further, as suggested for the respiratory exercise component
of GS intervention, future studies should carefully consider the social
components of their interventions in order to provide more data to
elucidate the impact of GS interventions on loneliness.

Regarding SWB scores, reductions from TO to T1 were only obser-
ved for the WLG group. Therefore, the lack of significant differences
between evaluations observed for older adults completing the GS in-
tervention (i.e., IG) indicates the potential protective effect of the in-
tervention on SWB. Although no previous study of GS interventions
assessed SWB using a composite score, Davidson et al.’s (2014) work
and research by Pearce et al. (2015) and Pearce et al. (2017) reported
older adults in GS activities to have greater satisfaction with their
social relationships as well as more interactions and closeness to
others. In the present study, such feelings may have been associated
with the maintenance of SWB levels in the IG since they tap on some
of the five dimensions listed in Keyes' definition of SWB (Keyes,
1998). These results, therefore, warrant future studies that systema-
tically assess the different dimensions of SWB to shed light on the
specific benefits that GS interventions convey. Nonetheless, another
study from this project will further analyze the effects of GS inter-
ventions of social indicators, including loneliness and SWB, testing
the mediation effects of social identification with the singing group
and subjective well-being (Galinha, Garcia-Martin, et al., 2020).

Relationship between Cognitive, Physiological, and Social
Group Singing Intervention Effects

Finally, mediation analyses allowed us to unmask some relations
between cognitive, social, and physiological changes associated with
the number of sessions completed in the GS intervention. In contrast
to our hypothesis, no mediation effects were observed. Still, several
relations were found: the magnitude of change on FEV1/FVC between
pre- and post-intervention assessments predicted the degree of change
in this same period for RAVLT scores. Similarly, magnitude of pre- to
post-intervention change on SWB predicted the amount of change in
TMT performance between pre- and post-intervention assessments.
The former relationship indicates that participants with larger than
expected reduction in their respiratory function exhibited a larger than
expected increase in their verbal memory scores. The latter relationship
demonstrates that participants with lower than expected reductions in
SWB showed the largest TMT performance increases. Furthermore, the
number of sessions completed in the GS intervention moderates SWB
change effects on verbal memory. Likewise, the number of sessions
completed in the GS intervention also moderates the aforementioned
respiratory function effects on verbal memory, as well as the effects of
FE1/FVC on EFs. Hence, these analyses highlighted a map of complex
relations between studied variables, indicating that further exploration
of the connection between the effects of GS interventions on different
cognitive domains and those on respiratory and social domains is
needed.

Different factors may limit the impact of the present research.
The loss of participants between T1 and T2 or the lack of adherence
of several participants to the intervention may have hampered the
evaluation or the consolidation of intervention effects. Nonetheless,
these facts could be related to the characteristics of the sample. For
the sake of ecological validity, the current study’s sample includes
a diverse community-based elderly group who was not proactively
searching for singing activities nor has bonds or formed a choir
before the intervention. Indeed, the study includes participants
of a low socio-economic background with low levels of formal
education and low MoCA scores. These variables and others, such
as subjective well-being or perceived physical and mental health,
can affect intervention outcomes (for an extended discussion, see
Galinha, Fernandes, et al., 2020). Additionally, variables such as
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gender distribution in intervention groups may limit generalizability
of present results, since more females than males were present
in the sample. Consequently, future studies should address the
aforementioned and related variables’ effects on GS interventions’
benefits and outcomes. Future studies will also benefit from more
control on the activities the control group and the intervention
group are participating in, since unbalanced participation in those
activities may bias group comparison results.

In summary, results of the present study confirmed and extend
previous findings on the positive effects of GS on cognitive functions
and showed preliminary evidence of a protective effect of GS
interventions on systemic inflammation. Furthermore, they highlight
thatdifferent dimensions of these interventions may promote different
aspects of cognitive function. Additionally, mediation analyses failed to
support the initial hypothesis that social and physiological factors may
mediate the effects of GS on cognition, but provided initial evidence
supporting the moderating role that engagement in GS interventions
may play in the relationship between respiratory function and SWB
and cognitive improvement. Consequently, our results highlight
the importance of considering informal socialization and breathing
exercises in the design of multidimensional GS interventions as a
way to maximize their benefits on older adults’ cognition, social
engagement, and physiological health, thus being a potential cost-
effective way to promote cognitive function, social well-being, and
health in vulnerable elderly populations from day care centers.
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Appendix

Supplementary Information

Sing4Health session structure

The intervention comprised 34 sessions delivered twice a week
for 2 hours including group singing and breaks for socializing. The
sessions were carried out in a rehearsal room at local theaters in
Almada (Portugal) and Lisbon (Portugal) as well as on the OPART
TNSC (National Opera House) in Lisbon (Portugal). The rooms used
for the intervention have capacity for 35 seated individuals and an
additional space for exercises and activities that require participants
to stand up or move. The equipment in the room included a piano,
files with lyrics, and water bottles for each participant. Further, for
social components of the intervention a separate coffee-break room
was used.

Intervention sessions were guided by the intervention team,
which includes a maestro (Master in music specialized in choral
direction by the Escola Superior de Misica de Lisboa) and a pianist
(Master in jazz performance by the Royal Welsh College of Music
and Drama). Further, the intervention involved a substitute for the
maestro (Degree in music in the community by the Escola Superior
de Educagdo e Misica de Lisboa) as well as an artistic director
(professional singer and Master in psychology by the Universidade
Auténoma de Lisboa), an invited artist (tenor resident opera singer
of Teatro Nacional de Sdo Carlos), older adults’ assistants (Degree
in social education, specialized in rehabilitation), and older adults’
carers (professional cares from the daycare centers).

Each of the sessions in the intervention included the following
components:

- Physical exercises for relaxation and vocal warm up; participants
start with 15 mins of relaxation exercises and vocal warm-up
exercises in which physical aspects of group singing are practiced
and discussed to promote body awareness, healthy body posture,
and understanding of effective breathing during singing. The
sessions include sitting and standing up periods, as well as
movements to follow the rhythm and mobility around the room
to sing. This component was led by the intervention team (i.e.,
pianist, maestro) aided by the older adults’ assistants.

- Vocal technique training; since no musical experience was
required, participants were taught fundamental aspects of
singing, sound, voice mechanics, and group singing. Such aspects
include correct and healthy vocal production skills, the use of
breathing techniques and listening skills. Methodologies to teach
participants how to sing in different parts or voices were based on
hearing and repetition. Participants were also encouraged to focus
and learn to synchronize with each other. This component was led
by the intervention team aided by older adults’ assistants.

- Rehearsal of a repertoire, which involve memorization and
interpretation of songs and lyrics using different strategies (e.g.,

singing lyrics or musical notation, call and response methods,
etc.). This component also involved reviewing previously learned
songs and learning to harmonize the individual voices to sound as
one. The repertoire included songs proposed by the intervention
team and the participants, which were selected by the whole
group after discussion. The component is led by the intervention
team aided by older adults’ assistants.

- Social dynamics and socializing breaks; a break of about 20
minutes for a snack and socialization was included. Social
interaction was promoted encouraging group members to share
emotions, ideas, and expectations about participation in the
intervention, along with group dynamics, work oriented towards
a common goal, and group discussions about the meaning and
cultural and historical context of the songs. This component was
also led by the intervention team aided by older adults’ assistants.

- Creation and presentation of a public performance; the final goal for
the participants was to prepare a final performance for the general
public, for which family members and older adults from other
daycare centers were invited. Further, a singer was invited to sing
with the group in this public performance. This component was also
led by the intervention team aided by the older adults’ assistants.

- Evaluation of participants performance; participants’ ability
for tuning was assessed at the beginning and at the end of
the program. Additionally, the intervention team monitored
the evolution of each participant’s skills, attendance, and
achievement of objectives. This component was led by the
intervention team with the aid of assistant researchers and the
older adults’ assistants.

Results following a per Protocol Approach

Statistical analyses following a per protocol approach were run
with data from 110 participants: 57 in the WLG and 53 in the IG. As for
the intention to treat approach, an alpha level of .05 was maintained
for all tests, which were performed using IBM SPSS Statistics 21 and
the PROCESS macro for mediation and moderation analyses (Hayes,
2017; Hayes & Preacher, 2014; Hayes & Rockwood, 2017). Complete
results could be found in Tables A1 to A3. Below, we report the main
differences in the findings.

Comparison of the IG with the WLG. For the composite score of
SWSB, the factor Group additionally showed a significant main effect,
F1,108) = 4.032, p = .047, n?>=.036, indicating that the IG has higher
SWB than the WLG regardless of the time (TO or T1).

For the CRP levels, the IG showed lower scores than the WLG at
T1 (p=.050, n?=.035) in a significant interaction between group and
time, K1, 108) = 5.650, p =.019.

Table A1. Group Singing Intervention Effects Comparison with an Active Control Group as per Protocol

IG (n=53) WLG (n=57) Group Time Interaction
TO T1 TO T1 F1,108) p n  H1,108) p n  K1,108) p n?
TMT 030+0.18 0.34+0.19 0.29+0.16 030+0.18 0.49 484 .005 3.71 .057 .033 117 282 .011
RAVLT 8.30 £3.03 8.23+2.84 7.75 £3.42 6.57 +3.70 3.72 .056 .033 6.39 013 .056 5.05 027 045
UCLALS 8.85+3.24 7.84 £291 9.07 £3.26 8.58 £2.33 0.97 328 .009 740 .008 .064 0.91 342 .008
SWB 4938 +6.33 49.83+6.89 48.88+785 4563+6.35 4.03 047 .036 5.40 .022 .048 9.44 .003 .080
ESR 62.17 £42.60 66.87 +40.20 64.73+39.81 6830+39.85 0.08 772 .001 137 .245 .012 0.03 .874  0.001
CRP 0.39+0.60 0.28 £0.57 0.32+0.55 0.52 +0.69 0.79 .376 .007 0.51 478 .005 5.65 .019 .050
FVC 6191 +11.74 614211242 54.84+1227 56.72+11.97 847 .004 073 0.39 532 .004 113 290 .010
FEV1/FVC 107.89 £13.01 105.38 £11.00 104.65+11.99 103.36+12.11 2.00 160 .018 1.97 164 .018 0.21 .652 .002
FEF25-75 90.19+36.70 8751+3512 69.81+31.14 70.72+2750 1291 <.001 107 0.06 .800 .001 0.27 .607 .002
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Table A2. Baseline Assessment Comparison against post Group Singing Intervention Assessment as per Protocol

Pre-intervention

Post-intervention

Wilcoxon Signed-Rank test

n=78 Median Median z p-value r

TMT 0.30 0.33 -2.52 .012 -.202
RAVLT 8 8 -0.99 320 -.079
UCLA 8 8 -2.12 .034 -170
SWB 49.00 49.50 -1.63 104 -131

ESR 62.57 54.05 -0.124 901 -.010
CRP 0.57 0.42 -0.056 955 -.004
FVC 59.78 58.53 -1.479 139 -118

FEV1/FVC 106.00 105.00 -2.182 .029 -175
FEF25-75 78.68 72.00 -2.044 041 -164

Table A3. Comparison between T0, T1 and T2 Scores in the Experimental Variables to Assess Maintenance of Intervention Effects over Time as per Protocol

TO T1 T2 Time

n=>53 Mean SD Mean SD Mean SD FR2,104) p-value n?

TMT 030 0.18 0.34 0.19 0.31 0.19 2.86 .062 .052
RAVLT 8.30 3.03 8.23 2.84 8.01 2.99 0.36 .698 .007
UCLA 8.85 3.24 7.84 2.91 8.34 3.07 418 .018 .074
SWB 49.38 6.33 49.83 6.89 49.90 747 0.25 781 .005
ESR 62.17 42.60 66.87 40.20 56.63 32.66 173 182 .032
CRP 0.39 0.60 0.28 0.57 0.44 0.56 1.88 158 .035
FVC 61.91 11.74 61.42 12.42 60.28 15.49 0.54! .546 .010
FEV1/FVC 107.89 13.01 105.38 11.00 89.75 2147 27.53! <.001 346
FEF25-75 90.19 36.70 87.51 35.11 64.46 33.67 15.91! <.001 234

IGreenhouse-Geisser correction was applied for FVC (degrees of freedom: 1.597, 83.064, ¢ = 0.799), for FEV1/FVC (degrees of freedom: 1.717, 89.295, ¢ = 0.859), and for FEF25-75

(degrees of freedom: 1.742, 90.560, € = 0.871).

Baseline assessment comparison with post-intervention
assessment. Regarding RAVLT scores, there was no significant
difference between pre- and post- intervention scores (Z = -0.995, p
=.320). For ULCALS scores there was a significant main effect of time,
indicating loneliness were higher at pre- than at post-intervention
assessments (Z = -2.117, p = .034, r = -.169). For FVC there were no
significant effects of Time (Z=-1.479, p = 0.139).

Maintenance of effects in the IG at follow up. UCLALS scores
were lower at T1 than at TO, F2, 104) = 4.178, p = .018; post hoc

comparison, p=.011,n?=.151. For CRP levels, there was no main effect
of time, A2, 104) = 1.879, p = .158.

Relationship between the cognitive, physiological and social
GS intervention effects. None of the regressions, moderations, or
mediations studied in the exploratory mediation analyses were
significant when run following a per-protocol approach. This fact may
indicate a lack of statistical power or that those effects are associated
with participants that do not fully complete the intervention.



