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Abstract. The use of existing public spaces by people living with dementia, such as museums and art galleries, are becoming
popular due to their ability to facilitate programs which promote social engagement and inclusion. However, few studies
have investigated physiological outcomes of art gallery-based programs. Using a quasi-experimental design, the present study
aimed to investigate the levels of salivary biomarkers of cortisol and interleukin-6, quality of life (QoL), depressive symptoms,
cognition, and wellbeing, after attending the National Gallery of Australia (NGA) Art and Dementia program. Twenty-eight
people living with dementia, each supported by a carer or family member, were recruited for a six-week program and were
followed up at twelve weeks. In total, 25 participants (17 female; mean age 84.6 ± 7.27 years) completed the study, and 22
provided viable saliva samples. The waking to evening salivary cortisol ratio was higher post-intervention (p = 0.033), and
returned to baseline levels at follow-up (p = 1.00), indicating a more dynamic salivary cortisol rhythm in response to the
six-week program. Interleukin-6 levels remained unchanged (p = 0.664). No improvements in QoL (DEMQOL-Carer) were
observed between baseline and post-intervention (p = 0.076). However, self-reported depressive symptoms decreased post-
intervention compared with baseline (p = 0.015), and memory (immediate recall) (p = 0.009) and verbal fluency (p = 0.027)
improved between the same timepoints. The NGA Art and Dementia program appears to have quantifiable benefits, including
improved hypothalamic-pituitary-adrenal axis function, justifying a need for longer controlled trial inclusive of physiological
outcomes.

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Keywords: Alzheimer’s disease, art, cognitive function, cortisol, dementia, psychophysiology, quality of life29

∗Correspondence to: Dr. Nenad Naumovski, Faculty of Health,
University of Canberra, University of Canberra Hospital, 20
Guraguma Street, Bruce, ACT, 2617, Australia. Tel.: +61
437709355; E-mail: nenad.naumovski@canberra.edu.au.

INTRODUCTION 30

Museum and art gallery programs for people liv- 31

ing with dementia (PLWD) can act as vehicles 32

for social engagement and interaction that may 33

promote improvements in quality of life (QoL), 34
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enjoyment, relaxation, new experiences, sharing of35

anecdotes, and the ability to reignite a sense of36

identity [1]. The practice of viewing and discussing37

art in a small group setting requires communica-38

tion, attention, and promotes social inclusion [2].39

Social participation is crucial for PLWD and has40

been identified as an important factor for caregivers41

[3]. Beyond these benefits, a cost-benefit analysis42

identified economic benefits of investment in Art43

and Dementia programs, such that for every $144

invested, there is a social return on investment of45

between $3.20 and $6.62 [4]. Yet, funding to support46

arts-based dementia programs is sporadic, possibly47

due to a lack of evidence supported by measurable48

physiological outcomes.49

Specific salivary biomarkers have emerged as suit-50

able non-invasive objective outcome measures of51

stress reduction interventions [5]. Elevated cortisol52

has been associated with greater cognitive impair-53

ment, brain shrinkage, and a more rapid decline in54

cognitive function [6–8]. However, measurements55

of cortisol at one time point is not reliable, and56

the diurnal cortisol rhythm and cortisol awaken-57

ing response are more comprehensive markers of58

hypothalamic-pituitary-adrenal (HPA) axis function59

that is understudied in the context of dementia [9,60

10]. Higher cortisol awakening response and day-61

time cortisol levels have been associated with greater62

tau and amyloid-� (A�) pathology [10]. Impor-63

tantly, a flattening of the diurnal cortisol rhythm has64

been associated with greater frailty, decreased cog-65

nitive performance, and is a marker of psychosocial66

stress [10, 11]. In addition, inflammation is recog-67

nized as an important mechanism underlying the68

pathophysiology of dementia [12, 13]. Peripheral69

pro-inflammatory cytokines, such as interleukin-670

(IL-6), are elevated in PLWD and have been asso-71

ciated with cognitive decline in midlife [14]. In a72

recent meta-analysis of older people with depression73

and Alzheimer’s disease (AD), elevated IL-6 was the74

only inflammatory marker analyzed associated with75

depression [15]. IL-6 is associated with abnormal76

HPA-axis function, which stimulates cortisol produc-77

tion and modulates the relationship with depression78

[16].79

Arts-based interventions have demonstrated psy-80

chosocial benefits, including improved wellbeing,81

sense of identity, and social connectedness [1, 3],82

and have been shown to affect biomarkers in adults83

and PLWD. In adults, art-making was found to be84

relaxing and enjoyable, and acutely reduced salivary85

cortisol levels [17]. One study of PLWD measured86

the salivary cortisol response before and after atten- 87

dance at an art gallery and did not find a reduction in 88

cortisol between pre- and post-art viewing [18]. To 89

our knowledge, the effects of arts-based programs on 90

the diurnal salivary cortisol rhythm and salivary IL- 91

6 have yet to be investigated in PLWD. This project 92

aims to evaluate the psychophysiological effects of 93

attending the National Gallery of Australia (NGA) 94

Art and Dementia program over six weeks and to 95

determine if any potential benefits were present six 96

weeks after the intervention. We hypothesized that the 97

intervention will be associated with improved psy- 98

chophysiological markers in saliva, improved QoL, 99

cognitive function and wellbeing, and reduced symp- 100

toms of depression. 101

DESIGN AND METHODS 102

The study had a quasi-experimental design, involv- 103

ing PLWD that had not previously participated in the 104

NGA Art and Dementia program. 105

Setting 106

The NGA Art and Dementia program commenced 107

in 2007, and initial staff training at the NGA was 108

informed by the Museum of Modern Art (MoMA) 109

“Meet Me at MoMA” program [19]. The MoMA pro- 110

gram is centered around viewing pre-selected works 111

of art and engaging in conversation through flexible 112

inquiry-based description, interpretation, and evalua- 113

tion. The NGA limits group sizes to six PLWD, with 114

qualified art educators leading group discussions with 115

a focus on three to four artworks during each visit. 116

Art educators at the NGA are trained to facilitate 117

discussion, focusing on group members reflections, 118

interpretations, and anecdotes. The NGA Art and 119

Dementia program believes guests have a wealth of 120

experience, insight, and knowledge, that allows the 121

work of art to “tell a story” to each person. 122

Participants 123

Recruitment and consent 124

A convenience sample of participants were pri- 125

marily recruited from five residential aged care 126

communities in the Canberra, Australian Capital 127

Territory region. The study was advertised through 128

Dementia Australia, television, newspapers, radio, 129

and social media. Study information was also dis- 130

tributed by email to managers and care staff at local 131

residential aged care communities. Interested man- 132
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agers and care staff who replied by email were133

presented with details of the study intervention and134

procedures at an informal meeting. Suitable candi-135

dates with a dementia diagnosis (any form), who were136

not prone to wandering, had the capacity to travel137

to the art gallery, and were considered likely to stay138

seated for the discussions at the gallery were iden-139

tified by staff. Family members were contacted by140

care staff to become study partners with the PLWD,141

and then researchers contacted them to make an142

appointment, obtain double informed consent, and143

complete the baseline questionnaires. In cases where144

family members were not available or not located145

close to the participants, close friends and care staff146

were also permitted to support the participant with147

dementia. Approval for the study was obtained from148

the University of Canberra Human Ethics Research149

Committee (UC HREC 20180185), and the study150

was conducted in accordance with the Helsinki151

Declaration of 1975.152

Participants and procedure153

A total of 28 PLWD were recruited: 27 from five154

aged care providers and one community-dwelling.155

Groups One to Four were composed of people liv-156

ing full-time in residential aged care. Group Five157

included three participants receiving respite day care158

at a residential aged care facility, one living in aged159

care full-time, and one community-dwelling. All par-160

ticipants were asked to attend five of the six visits to161

the NGA to be eligible for data collection at the end162

of the intervention and follow-up.163

Two art educators presented three to four works of164

art to each group weekly. Six weeks was identified165

as a suitable intervention length to both familiarize166

participants to the program and each week intro-167

duce more challenging works of art (Supplementary168

Table 1) and was the duration of a previous forma-169

tive study at the NGA [20]. The visits to the art170

gallery lasted for approximately 90 minutes, with171

around 20 minutes spent discussing each work of art.172

Two care providers attended each group each week,173

except Group Five, which also included two friends174

of participants and two care staff from the respite175

day care facility. The participants sat in supportive176

chairs while the care staff and researchers sat behind177

the group and were instructed to limit their involve-178

ment in the group discussion. One researcher attended179

all 30 visits to the gallery, and two researchers180

were present at fifteen sessions to cross-validate181

behavioral observations.182

Study outcomes 183

Measures 184

All measures were collected at the participants’ 185

place of residence. The initial interview and base- 186

line data collection were conducted during the week 187

prior to the first NGA visit, and subsequent inter- 188

views were held the day following the final visit. 189

Follow-up was completed six weeks after the final 190

NGA visit. Following the initial screening, which 191

included oral health screening adapted from previous 192

literature [21], sociodemographic information and 193

questionnaires were administered to participants and 194

study partner by trained and experienced researchers. 195

Height (m) and weight (kg) were measured at base- 196

line to calculate a body mass index (kg/m2). The 197

Bristol Activities of Daily Living Scale for dementia 198

(BADL) was completed by the study partner to assess 199

functional capacity [22]. The 29-item health-related 200

quality of life questionnaire for people with demen- 201

tia (DEMQOL) was administered to the PLWD, and 202

the co-enrolled study partner completed the 31-item 203

DEMQOL-Carer, with higher scores reflecting higher 204

QoL [23]. The 15-item Geriatric Depression Scale 205

(GDS) Short Form was completed by the PLWD, 206

with higher scores reflecting greater presence of 207

depressive symptoms [24]. The Mini-Addenbrooke’s 208

Cognitive Examine (M-ACE) was used as a measure 209

of cognitive performance [25]. The M-ACE eval- 210

uates orientation, memory (immediate and delayed 211

recall), fluency (animals), and clock drawing. Three 212

Australia-specific versions allow repeated admin- 213

istration. The participants completed a handgrip 214

strength test using a Dynamometer (TTM Instru- 215

ments Original Smedlay’s Dynamo Meter (100 kg), 216

Tokyo, Japan). Handgrip strength is predictive of 217

mortality and morbidity and is recognized as a used 218

marker of physical status [26]. During the question- 219

naires, breaks were taken as required to reduce risk of 220

fatigue and completed over a single day. Following 221

each NGA visit, during weeks 1, 3, and 6, participants 222

were asked to answer six questions using the six-item 223

General Wellbeing Questionnaire (GWQ) from the 224

museum wellbeing measures toolkit [27]. 225

Salivary cortisol and IL-6 226

The collection schedule for the saliva sample for 227

each participant was baseline (the day before the 228

first visit), post-intervention at six weeks (the day 229

after the final visit), and follow-up at twelve weeks 230

(six weeks post-intervention). Participants were pre- 231

sented with a demonstration of the saliva collection 232
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method during enrolment. On collection days, four233

saliva samples were collected over the day: upon wak-234

ing (M1), after 30 minutes (M2), 60 minutes after235

breakfast (M3), and 45 minutes after dinner (E) [11].236

The collection times used were intended to standard-237

ize the effects of food intake and sleep on the analytes.238

Cortisol levels in saliva peak approximately 20 min-239

utes following HPA-axis activation, hence if stress is240

increased during sample collection, it is unlikely to241

affect the sample [28].242

To promote compliance, participants and study243

partners (where appropriate) were reminded about244

the saliva collection the day before. Participants were245

instructed to avoid eating and to refrain from brushing246

their teeth in the 30 minutes before each sample but247

were permitted to drink water and rinse their mouths248

until ten minutes before collection. The passive drool249

method was used following protocols described by250

McKune et al. (2014) [29]. Saliva samples for Groups251

One to Four were collected with a researcher and252

activities manager supervising. Following collection,253

samples were immediately frozen on-site in dry ice,254

kept frozen during transport, and then stored at –20ºC255

until analysis. Participants from Group Five and their256

study partner were provided with clear instructions on257

how to collect and store the samples in their freezer258

until collected from the researcher. Upon collection,259

samples were stored in dry ice during transport, and260

then stored at –20ºC until analysis. The time of col-261

lection was recorded for all samples. Salivary cortisol262

and IL-6 were measured in duplicate according to263

the manufacturer’s instructions (Salimetrics, LLC,264

State College, PA). Samples from the same partic-265

ipant were tested using the same analysis kit to avoid266

between-person variability. The intra-assay coeffi-267

cients of variation (CV) were 5.09% for cortisol and268

6.58% for IL-6. The inter-assay CV was 9.72% for269

cortisol and 3.63% for IL-6.270

Behavioral observations and exit questionnaire271

Researchers observed the behavior of participants272

during each visit and each occasion where a par-273

ticipant spoke was recorded using a standardized274

template. Prior to the gallery visits, researchers evalu-275

ated a mock experience until agreement was reached.276

A single letter code was used for each observation of277

speech: ‘U’ represented “unprompted” when the par-278

ticipant spoke spontaneously, ‘P’ represented where279

speech was “prompted” by the educator or another280

group member. Only comments of three or more281

consecutive words were recorded. Instances of laugh-282

ter or other evidence of overt happiness were also283

recorded, in addition to “sleeping” or “napping”, and 284

any negative emotions, such as “anger” or “upset”. 285

Due to the conversational nature of the discussions, it 286

was not possible to reconcile differences in the obser- 287

vations between researchers following each visit. A 288

brief exit questionnaire was designed to determine 289

what participants remembered six weeks after the 290

final visit and only participants that indicated they 291

remembered the visits were administered the ques- 292

tionnaire. Participants were asked if they remembered 293

the visits to the NGA. If they answered affirmatively, 294

the questionnaire continued, and they were asked to 295

describe three things they remembered about their 296

visits. If the content of their response was unrelated 297

to the art gallery, the researchers did not continue the 298

questionnaire, and the participant was deemed not 299

to remember the visits. Using 5-item Likert scales, 300

participants who remembered the visits were asked 301

whether they found the intervention to be memorable, 302

and how much they looked forward to the visits to the 303

art gallery. Participants who remembered the inter- 304

vention were also asked to rate on a scale of 1 to 10, 305

with 1 being horrible and 10 representing wonderful, 306

how much did they enjoy their experience of going to 307

the NGA. Study partners were also asked how ben- 308

eficial they thought the visits were, using a 5-item 309

Likert scale. 310

Statistical methods 311

We aimed to recruit 35 participants based on the 312

feasibility of recruitment within the timeframe and 313

resources of the NGA. To our knowledge, this is 314

the first study of its kind to investigate the salivary 315

diurnal cortisol rhythm in response to a psychoso- 316

cial intervention for PLWD, and we determined this 317

sample size to be suitable to provide useful data to 318

inform future studies. A similar pragmatic approach 319

has been used in a large Art and Dementia study in the 320

United Kingdom [30]. All variables were examined 321

prior to analysis to determine suitability for paramet- 322

ric or non-parametric methods using histograms and 323

both Kolmogorov-Smirnov and Shapiro-Wilk tests 324

of normality. Descriptive statistics for normally dis- 325

tributed continuous variables are reported as a mean 326

(±standard deviation), and non-normally distributed 327

variables as median values (1st, 3rd quartiles). Stu- 328

dent’s t-test for independent samples was used to 329

evaluate differences between groups for normally dis- 330

tributed variables and the Mann–Whitney test for 331

non-parametric variables. Chi-square test of inde- 332

pendence was performed to examine relationships 333
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between forms of dementia and ethnicity. Repeated334

measures ANOVA was used for normally distributed335

variables (DEMQOL-Carer and Hand Grip Strength)336

and the Friedman test used for non-parametric vari-337

ables (Salivary Cortisol, Salivary IL-6, DEMQOL,338

M-ACE (and all subdomains), and Behavioral Obser-339

vations), followed by the Wilcoxon sign-rank test340

where appropriate. Raw salivary cortisol levels were341

non-normally distributed, and log transformation did342

not induce normality. Thus, differences in absolute343

changes in the raw values were calculated using non-344

parametric methods. The ratios of M1 to E (M1/E)345

and M2 to E (M2/E) were also calculated. The area346

under the curve with respect to ground (AUCG) was347

calculated following the method described by Feked-348

ulegn et al. (2007) [31]. Cohen’s κ was used to evalu-349

ate the inter-rater agreement of the observations dur-350

ing the Art and Dementia program [32]. The level of351

significance was defined at � = 0.05, and Bonferroni352

adjustments were made post-hoc for multiple com-353

parisons. All statistical analysis was performed using354

IBM SPSS version 25 (Armonk, NY: IBM Corp).355

RESULTS356

Of the 28 participants that commenced the visits357

to the NGA, one did not attend at least five sessions358

due to illness, and one voluntarily withdrew from the359

study before the first visit. One participant passed360

away between post-intervention and follow-up. In361

total, 25 participants (17 female, 8 male) completed362

the study protocol and completed questionnaires at363

baseline, six weeks, and follow-up. One participant364

did not complete the DEMQOL but was included in365

the rest of the analysis. Of the 25 participants, viable366

saliva samples were collected from 22 participants367

(16 female, 6 male). The study flow is presented368

in Fig. 1. Recruitment ceased prior to the Southern369

hemisphere summer period when the NGA have lim-370

ited capacity to facilitate Art and Dementia programs.371

Baseline data372

The participant characteristics are displayed in373

Table 1. The mean age of the participants was 84.7374

(±7.42) years, and 68.0% were female (n = 17). Most375

(68.0%) described their ethnicity as Australian, were376

diagnosed with Alzheimer’s disease (68.0%), and377

completed a median of 10.0 (8.00, 15.0) years of for-378

mal education. The time since the formal dementia379

diagnosis differed with ten diagnosed over four years380

ago, eight between one and two years ago, four within381

the previous year, and three between two and three 382

years ago. There was no difference in age, body mass 383

index, and activities of daily living between females 384

and males (all, ps > 0.05). Participants maintained a 385

moderate level of functional independence as rated 386

by the BADL. 387

Salivary cortisol at waking and pre-breakfast and 388

IL-6 levels did not differ between males and females 389

at baseline (n = 22) (all, p > 0.05). However, males 390

had higher M3 (z = –3.096, p = 0.002), E (z = –3.097, 391

p = 0.002), and AUCG (z = –2.138, p = 0.033). No dif- 392

ferences were observed at baseline for the DEMQOL, 393

DEMQOL-Proxy, GDS, M-ACE, and all subdomains 394

of the M-ACE between females and males (all, 395

ps > 0.05). Participants reported moderate depressive 396

symptoms on the GDS and moderate to high scores 397

in both the DEMQOL and DEMQOL-Carer, indicat- 398

ing a general contentedness with their overall QoL. 399

Participants scores on the M-ACE were indicative of 400

cognitive functioning typical of moderate cognitive 401

symptoms of dementia. 402

Physiological outcomes 403

Twenty-two of the 25 participants completing the 404

study protocol provided twelve viable saliva samples. 405

Two participants were excluded due to not providing 406

enough sample during the baseline collection, and 407

one participant was ill. The results are presented in 408

Table 2. The raw salivary cortisol levels followed a 409

similar pattern at M1 and M2, increasing from base- 410

line to post-intervention, and decreasing at follow-up 411

(both, p = 0.057). No changes at M3 or E or with IL- 412

6 were observed across timepoints (all, ps > 0.05). 413

We calculated both the M1/E and M2/E ratios due to 414

non-significant increases in the raw M1 and M2 sali- 415

vary cortisol levels, and decreases in E levels were 416

observed between baseline and post-intervention. 417

A significant effect of time was observed for the 418

M1/E ratio (χ2(2) = 8.273, p = 0.016). The M1/E 419

ratio increased from baseline to post-intervention 420

(z = –2.549, p = 0.033), indicating a more dynamic 421

diurnal salivary cortisol rhythm at post-intervention. 422

The AUCG did not change (p = 0.554). Handgrip 423

strength (n = 25) measurements did not differ across 424

timepoints (p = 0.07) (Table 3). 425

Symptoms of depression and quality of life 426

Changes in symptoms of depression, QoL, and 427

cognitive function were observed between baseline 428

and post-intervention (n = 25) (Table 3). Symptoms 429
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Fig. 1. Study flow diagram

of depression measured by the GDS-SF were ranked430

differently across timepoints (χ2 = 12.2, p = 0.002),431

decreasing between baseline and post-intervention432

(z = –2.822, p = 0.015), and returning to baseline lev-433

els at follow-up (z = –2.689, p = 0.021). Rankings434

of QoL varied significantly for both the DEMQOL435

(χ2 = 18.8, n = 24, p < 0.001) and DEMQOL-Carer 436

(F(2,48) = 4.74, p = 0.013). However, only higher 437

scores in the DEMQOL between baseline and 438

post-intervention (z = –3.845, p < 0.001), and lower 439

scores between post-intervention and follow-up, were 440

observed (z = –2.264, p = 0.042). 441
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Table 1
Baseline information (n = 25)

All Female Male p

Baseline information
n 25 17 8 <0.001
Age 84.7 ± 7.42 86.4 ± 6.30 80.9 ± 8.20 0.078
Body Mass Index (kg/m2) 26.1 ± 5.09 26.5 ± 5.80 24.8 ± 2.79 0.446
Education (y) 10.0 (8.00, 15.0) 10.0 (8.00, 13.5) 11.0 (10.0, 15.0) 0.189
Type of dementia: <0.001

Alzheimer’s disease 17 11 6
Vascular 3 3 0
Parkinson’s dementia 2 1 1
Not known/mixed 3 2 1

Time since dementia diagnosis: 0.155
Under 1 year 4 4 0
1-2 years 8 4 4
2-3 years 3 2 1
>4 years 10 7 3

Bristol Activities of Daily Living (Range: 0–80∗) 19.0 (15.0, 31.0) 19.0 (15.0, 29.5) 24.0 (13.3, 32.0) 0.726
Hand Grip Strength (kg) 16.0 ± 6.81 13.1 ± 5.41 23.2 ± 3.73 <0.001

Physiology
n 22 16 6 <0.001
Salivary Cortisol (nmol/L):

Waking 8.99 (7.46, 14.3) 8.57 (7.22, 10.2) 11.9 (7.39, 14.9) 0.555
Pre-breakfast 10.9 (9.01, 14.3) 10.0 (8.27, 12.9) 13.6 (10.4, 19.0) 0.077
Morning 8.33 (5.85, 11.3) 7.15 (5.59, 9.20) 11.8 (11.0, 13.1) 0.002
Evening 5.45 (3.82, 6.16) 4.02 (3.13, 5.67) 6.97 (6.11, 10.2) 0.002
Area under the curve 192 (146, 263) 176 (138, 211) 275 (210, 307) 0.033

Interleukin-6 (pg/mL) 29.2 (15.6, 92.8) 28.8 (15.5, 85.2) 43.0 (15.9, 247.5) 0.658

Questionnaires
n 25 17 8 <0.001
Geriatric Depression Scale (Short-form) (Range: 0–15) 3.00 (2.00, 4.50) 3.00 (1.50, 4.50) 3.00 (2.25, 4.50) 0.509
Health-related Quality of Life (Range: 28–112) 91.5 (80.3, 95.8) 94.0 (81.0, 96.5) 90.0 (70.0, 92.0) 0.098
Health-related Quality of Life (Proxy) (Range: 31–124) 94.4 ± 16.0 94.5 ± 15.8 94.0 ± 17.3 0.940
Mini Addenbrooke’s Cognitive Examination (Range: 0–30) 10.5 ± 7.85 11.2 ± 8.17 9.00 ± 7.42 0.519

Attention (Range 0–4) 1.00 (0.00, 2.00) 1.00 (0.00, 2.00) 0.00 (0.00, 2.00) 0.455
Memory (Range: 0–7) 5.00 (0.00, 7.00) 5.00 (1.00, 7.00) 4.50 (0.00, 6.75) 0.546
Verbal Fluency (Animals) (Range: 0–7) 2.00 (0.00, 3.00) 2.00 (0.00, 4.00) 1.50 (0.00, 2.75) 0.716
Clock Drawing (Range: 0–5) 2.00 (1.00, 4.00) 3.00 (1.00, 4.25) 2.00 (0.25, 3.50) 0.317
Memory Recall (Range: 0–7) 0.00 (0.00, 1.00) 0.00 (0.00, 1.00) 0.00 (0.00, 0.00) 1.00

∗Lower Score indicates higher functional independence. Continuous normally distributed variables are presented as mean ± standard devia-
tion and not normally distributed variables are displayed as median (1st, 3rd quartile). Outcomes were considered to be statistically significant
at p < 0.05.

Table 2
Physiological outcomes (n = 22)

Baseline Post Follow-up p p1 p2 p3

Cortisol (nmol/L)
M1 - Upon waking 8.99 (7.46, 14.3) 12.4 (9.92, 15.8) 9.99 (7.56, 12.7) 0.057
M2 - 30 min after waking 10.9 (9.01, 14.3) 12.6 (10.9, 16.5) 10.0 (7.88, 13.9) 0.057
M3 - 60 min post-breakfast 8.33 (5.85, 11.3) 7.94 (6.22, 10.2) 9.59 (7.11, 12.3) 0.664
E - 45 min post-dinner 5.45 (3.82, 6.16) 4.43 (2.81, 5.46) 4.43 (3.53, 6.94) 0.170
M1 to E Ratio 1.35 (1.19, 1.63) 1.72 (1.54, 1.96) 1.44 (1.22, 1.79) 0.016 0.033 0.060 1.00
M2 to E Ratio 1.45 (1.25, 1.85) 1.73 (1.58, 2.04) 1.52 (1.28, 1.80) 0.113
AUCG 192 (146, 263) 213 (180, 258) 199 (165, 259) 0.554

Interleukin-6 (pg/mL) 29.2 (15.6, 92.8) 28.4 (15.5, 48.7) 24.8 (11.5, 68.4) 0.664

AUC, Area Under Curve. Not normally distributed variables are displayed as median (1st, 3rd quartile). Categorical variables = p1: between
“Baseline” and “Post” timepoints, p2: between “Post” and “Follow-up” timepoints, p3: between “Baseline” and “Follow-up” timepoints.
Outcomes were considered to be statistically significant at p < 0.05. p values for p1, p2, and p3 are corrected for the inflation of Type-I error
with the Bonferroni rule.
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Table 3
Questionnaire outcomes and handgrip strength (n = 25)

Range Baseline Post Follow-up p p1 p2 p3

Geriatric Depression Scale (Short-form) 0–15 3.00 (2.00, 4.50) 2.00 (1.00, 2.00) 3.00 (1.00, 4.00) 0.002 0.015 0.021 1.00
Health-related Quality of Life (n = 24) 28–112 91.5 (80.3, 95.8) 101 (92.5, 104) 98.5 (86.0, 102) <0.001 <0.001 0.072 0.101
Health-related Quality of Life (Proxy) 31–124 94.4 ± 16.0 101 ± 9.59 95.5 ± 14.2 0.013 0.076 0.042 1.00
Mini Addenbrooke’s Cognitive

Examination
0–30 9.50 (3.00, 17.5) 14.0 (9.00, 19.0) 12.0 (8.00, 18.8) <0.001 <0.001 0.045 0.036

Attention 0–4 1.00 (0.00, 2.00) 1.00 (0.00, 3.00) 1.00 (0.00, 3.00) 0.212
Memory 0–7 5.00 (0.00, 7.00) 6.00 (5.00, 7.00) 6.00 (4.00, 7.00) 0.021 0.009 0.333 0.117
Fluency (Animals) 0–7 2.00 (0.00, 3.00) 2.00 (0.500, 4.00) 2.00 (0.00, 3.00) 0.015 0.027 0.021 1.00
Clock Drawing 0–5 2.00 (1.00, 4.00) 3.00 (1.00, 5.00) 3.50 (1.50, 4.25) 0.313
Memory Recall 0–7 0.00 (0.00, 1.00) 0.00 (0.00, 2.00) 0.00 (0.00, 2.50) 0.290
Hand Grip Strength (kg) 16.3 ± 6.83 17.4 ± 6.89 16.1 ± 6.34 0.070

Continuous normally distributed variables are presented as mean ± standard deviation and not normally distributed variables are displayed
as median (1st, 3rd quartile). Categorical variables = p1: between “Baseline” and “Post” timepoints, p2: between “Post” and “Follow-up”
timepoints, p3: between “Baseline” and “Follow-up” timepoints. Outcomes were considered to be statistically significant at p < 0.05. p values
for p1, p2, and p3 are corrected for the inflation of Type-I error with the Bonferroni rule.

Cognitive function442

Cognitive function, measured by the M-ACE,443

varied across timepoints (χ2 = 18.3, p < 0.001),444

improving between baseline and post-intervention445

(z = –3.657, p < 0.001), and decreasing between post-446

intervention and follow-up (z = –2.438, p = 0.045).447

In subdomains of memory (immediate recall) and448

fluency (animals), scores varied between time-449

points (χ2 = 7.72, p < 0.021; χ2 = 8.37, p < 0.015,450

respectively). Memory (immediate recall) improved451

between baseline and post-intervention (z = –2.995,452

p = 0.021). The fluency (animals) score also increased453

from baseline to post-intervention (z = –2.601,454

p = 0.027), and decreased from post-intervention to455

follow-up (z = –2.693, p = 0.021). No differences456

in attention, visuospatial ability (clock drawing),457

or memory (delayed recall) were observed (all,458

ps > 0.05).459

General wellbeing460

The six-item GWQ (scored /30) was administered461

to participants (n = 25) following each visit to the462

NGA program during weeks 1, 3, and 6. A one-way463

repeated measures ANOVA results indicated wellbe-464

ing was different across timepoints (F(2,48) = 6.53,465

p = 0.007). Pairwise comparisons revealed GWQ466

scores increased from week 1 (21.1(±4.32)) to week467

3 (23.5(±4.29)) (t = –2.750, p = 0.033) and were468

maintained at week 6 (23.5(±4.43)) (p = 0.932).469

Behavioral observations and exit questionnaire470

One researcher collected observations at the NGA471

at all 30 visits and cross-validated with 15 visits472

by another researcher (Fig. 2 and Supplementary 473

Table 2). Agreement between the observers was 474

rated as fair using Cohen’s κ analysis (κ = 0.282, 475

p < 0.001). No scores differed across the six weeks 476

for unprompted discussion, prompted discussion, 477

sleeping and negative emotions (all, ps > 0.05). 478

Expressions of happiness and laughter increased 479

(χ2 = 18.3, p = 0.013) between week one and two 480

(z = –2.797, p = 0.015) and decreased in week five 481

compared with week two (z = –2.845, p = 0.012). 482

In total, twelve participants (48.0%) remem- 483

bered the visits at follow-up and completed the 484

exit questionnaire. Participants rated the visits as 485

“Extremely memorable” (33.3%), “Very memo- 486

rable” (50.0%), “Neutral” (8.33%), and “Slightly 487

memorable” (8.33%). The same participants looked 488

forward to attending the NGA, rated as “Extremely” 489

(66.6%), “Very” (25.0%), and “Neutral” (8.33%). 490

On a scale of 1–10, with one being horrible and 491

ten being wonderful, the twelve participants rated 492

their experience on average as 8.12(±1.95) out of 493

a possible 10.0. The study partners were asked if 494

they found the intervention to be beneficial to the 495

participants. They responded with “Extremely bene- 496

ficial” (24.0%), “Very beneficial” (48.0%), “Neutral” 497

(12.0%), “Slightly beneficial” (8.00%), and “Unsure” 498

(8.00%). 499

DISCUSSION 500

The findings of this study propose that attending 501

an Art and Dementia program at the NGA may have 502

several measurable benefits. The most novel finding 503

was a change in the M1/E salivary cortisol ratio, 504

indicating that HPA-axis function may be altered 505
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Fig. 2. Weekly engagement at the art gallery. Mean ± standard deviation are presented. ∗p = 0.015; �p = 0.012. Outcomes were considered
to be statistically significant at p < 0.05. p values are corrected for the inflation of Type-I error with the Bonferroni rule.

following engagement in a specific and tailored pro-506

gram for PLWD. Depressive symptoms, self-reported507

QoL, and cognitive function also improved between508

baseline and post-intervention, but no differences509

between timepoints were found for IL-6, the QoL510

carer measure, and handgrip strength. Behavioral511

observations of the participants revealed increased512

happiness and laughter between week one and two513

suggesting that participants acclimatized quickly to514

the new experience and sustained engagement across515

the intervention period. However, the study design,516

including the absence of a control group and possible517

selection bias, limit the overall generalizability of the518

results.519

Salivary cortisol has emerged as a marker of520

psychosocial stress as cortisol is associated with521

impaired cognition, wellbeing, and inflammatory522

responses [9–11], as it is a surrogate for free serum523

cortisol levels due to a very good correlation [33].524

To our knowledge, the present study is the sec-525

ond to measure the salivary cortisol in response to526

an art intervention in PLWD [18]. However, pre-527

vious studies have investigated the salivary stress528

response in music interventions of older people [5].529

To detect a meaningful change in salivary corti-530

sol levels, it is important to measure the response531

in the diurnal cortisol rhythm which is resistant to532

acute changes and characterized by a negative slope533

initiated by peaking morning cortisol levels and a534

subsequent decline throughout the day [11]. Our535

findings suggest the intervention resulted in a more536

dynamic salivary cortisol rhythm represented through537

an increased M1/E ratio. The ratio of the evening to538

morning salivary cortisol is highest in PLWD with 539

both depression and dementia, compared with either 540

condition alone [34]. This aligns with our findings 541

both with the M1/E ratio and reduced depressive 542

symptoms following the intervention. A low morn- 543

ing to evening ratio suggests flattening of the diurnal 544

cortisol variation, which is associated with inflam- 545

mation and functional limitations during aging [35], 546

and poorer mental and physical health outcomes [36]. 547

In PLWD, a flat diurnal cortisol rhythm is associated 548

with sundowning, frailty, cognitive impairment, and 549

decreased resiliency [11, 37]. Therefore, psychoso- 550

cial interventions which can lead to less flattening of 551

the diurnal cortisol rhythm can potentially improve a 552

broad range of outcomes to promote healthier aging 553

of PLWD. 554

Several studies have reported associations between 555

higher cortisol levels, decreased cognitive perfor- 556

mance, and the pathophysiology of AD [7, 38]. 557

However, these studies measured cortisol at one-time 558

point, and higher cortisol has also been associated 559

with a decreased rate of cognitive decline in individ- 560

uals with mild cognitive impairment [39]. Cortisol 561

has beneficial effects, and diurnal variation promotes 562

synaptic formation improves the adaptive immune 563

function [40, 41]. A potential mechanistic explana- 564

tion for the changes observed in the M1/E ratio, 565

increased morning cortisol levels, and cognitive per- 566

formance, involves higher binding of cortisol to the 567

mineralocorticoid receptors in the brain. Impaired 568

mineralocorticoid receptor function is related to the 569

aging process, inhibiting HPA-axis activity via recep- 570

tors in the hippocampus. Activation of these receptors 571
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is associated with positive effects on cognitive per-572

formance, but only until glucocorticoid receptors573

are activated, which occurs once mineralocorticoid574

receptors are saturated [38]. Glucocorticoid receptor575

activation occurs when cortisol levels are chronically576

elevated and lead to detrimental effects on cognitive577

performance, particularly in executive functioning578

[42], and cause alterations in hippocampal func-579

tioning [43]. Excess cortisol can be damaging,580

particularly if elevated across the day as indicated581

by a flat diurnal cortisol rhythm, however, cortisol582

reactivity and an ability to respond to stressors or583

inflammation are important to promote resiliency and584

recovery [41]. Higher mineralocorticoid activity in585

the brain may also reverse depressive symptoms [44].586

Participants may have benefitted from several aspects587

of the intervention, such as leaving their residence,588

and the increased social engagement and interaction.589

A controlled trial measuring cortisol may help clarify590

the importance of the change in the diurnal cortisol591

rhythm relative to the NGA program.592

Additional benefits were observed following593

engagement in the intervention. Symptoms of depres-594

sion decreased, and laughter and smiling were595

consistently observed during the visits to the NGA. In596

healthy older adults, loneliness has been associated597

with HPA-axis dysfunction, poorer cognitive func-598

tion and higher evening cortisol levels [45], and we599

have previously mentioned the association between600

depression in PLWD and the diurnal cortisol rhythm601

[34]. The QoL in our sample was improved; how-602

ever, while the QoL carer results also suggested603

improvements, this was not statistically significant,604

weakening the self-reported finding. Previous QoL605

findings of similar interventions are inconsistent.606

Both interventions in a trial of 59 people with mild607

AD, randomized to either twelve weeks of singing608

or painting, improved QoL, mood, and some cogni-609

tive abilities while reducing depressive symptoms in610

only the painting group [46]. A larger three-month611

study involving the visual arts and art-making found612

improvements in only the DEMQOL carer measure613

and not for PLWD; however, this was in contrast to614

wellbeing measures and a qualitative analysis which615

revealed improved social connectedness and inner-616

strength [47]. Similarly, DEMQOL results did not617

improve in a study of twelve PLWD and their carers618

who participated in eight art-viewing and art-making619

sessions at two different sites [48]. However, in this620

study, the thematic analysis revealed benefits due to621

social inclusion and self-reported cognitive benefits.622

Positive changes in mood and sociability have also623

been observed over 40 weeks in a multi-center study 624

comparing using several art materials with normal 625

recreational activities [49]. 626

Several factors enriched the experience of the NGA 627

visits for the participants. The art was selected to 628

transition the participants into art and art discus- 629

sion. After a few weeks of attendance, once they felt 630

more confident with art-related terms, the gallery and 631

the educators, participants were challenged with new 632

ideas, new art and different cultural terms and experi- 633

ences (Table 1). By design, it was expected the group 634

would feel safer to talk about color, composition, and 635

the artists’ ideas each week. The form of art differed 636

each week and included a mix of paintings, posters, 637

textiles, sculpture, and lamps. The size of the art also 638

changed throughout, from very large works of art 639

to quite small in some instances. The changes were 640

designed and intended to stimulate new thoughts and 641

perceptions of art and to encourage different types 642

of discussion. The art was also intended to be relat- 643

able to the age of the participants. For example, “The 644

Music Lesson” by Alexandra Exter was relatable to 645

participants as many in their generation learned to 646

play a musical instrument. All educators at the NGA 647

are trained to facilitate groups with PLWD, and it is 648

plausible that the reduction in depressive symptoms 649

was influenced by the educators who were sensitive 650

to individuals needs while still promoting interaction 651

and engagement between group members. Moreover, 652

the NGA holds an aura of prestige that may not be 653

evident at other art galleries. Participants are made to 654

feel valued when entering the large and open gallery 655

and integrate seamlessly with other patrons, and vis- 656

its were conducted on weekdays where the NGA is 657

neither empty nor busy. 658

Limitations 659

The present study has some limitations. Due to 660

the population under investigation, it is possible that 661

some saliva collection protocols were not followed 662

precisely, such as brushing of teeth while unsuper- 663

vised. Groups One to Four were collected with a 664

researcher and care staff supervising. However, it was 665

not possible to confirm that all participants followed 666

the protocol precisely. The present study collected 667

passive drool samples despite previous studies rec- 668

ommending the use of oral swab collection methods. 669

In the pilot and feasibility study of PLWD by Bourne 670

et al. (2019), the researchers had difficulty with using 671

oral swabs due to chewing and recommended passive 672

drool sample collection in future studies to facili- 673
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tate greater volume for analysis. Indeed, the present674

study excluded two participants from the saliva anal-675

ysis due to insufficient volumes provided. As such,676

recommendations have been made to conduct diur-677

nal cortisol sampling across three consecutive days678

for the most reliable results [50]; however, the prac-679

ticality with PLWD is questionable. Our sampling680

schedule did not include an afternoon or pre-dinner681

sample, meaning the potential presence of sundown-682

ing could not be evaluated. We did not ask participants683

about their medication regime, nor did we exclude684

participants based on their medications, as it is685

expected the majority of participants receive phar-686

macological treatment, which may have included687

glucocorticoids. We also requested study partners to688

complete an events diary to assess stress-related con-689

founders. However, several study partners did not690

provide comprehensive information, and we could691

not report this data.692

The study is also limited by the lack of a control693

group, potential selection bias, and the use of self-694

report measures in this population. Recruitment was695

challenging due to the requirement that all partic-696

ipants possess a formal dementia diagnosis, despite697

four of the five facilities being high care. The majority698

of participants were identified by recreational officers699

based on whether they would respond to the interven-700

tion by cheering them up and give them something701

to do, and as such, selection bias was likely. There702

are also inherent problems with self-report mea-703

sures, especially QoL questionnaires. The DEMQOL704

is widely used due to its proxy version; however,705

other measures have shown greater reliability and706

validity for PLWD [51]. Some participants and their707

study partners responded as not concerned with their708

cognitive function, and as such, may have received709

higher scores in the DEMQOL. A learning effect may710

have influenced results of the M-ACE irrespective711

of the multiple versions administered. Finally, while712

the GDS-SF is widely used with PLWD, its relia-713

bility is questionable for people with more severe714

dementia. Despite these limitations, the novel and715

exploratory nature of the study represent an impor-716

tant step towards more robust and rigorous, suitably717

powered trials inclusive of biological outcomes.718

Implications and future directions719

Wider implementation of art-based programs for720

PLWD holds the potential to benefit a wide range of721

people, including carers, with additional social and722

economic benefits [4]. While non-pharmacological723

interventions for PLWD are acknowledged as an 724

important area of research, they are yet to be priori- 725

tized by policymakers and government officials. Art 726

contributes to every aspect of society, from strength- 727

ening communities to promoting individual mental 728

health. According to the Australia Council for the 729

Arts, in 2012-2013, the arts contributed $4.2 billion to 730

the national gross domestic product, but only received 731

$1.3 billion in government support with the majority 732

of operating income coming from consumer spend- 733

ing. Investment to enable greater use of public spaces 734

is warranted to provide programs for PLWD may help 735

reduce stigma, promote social integration, and pro- 736

vide a social return on investment [4], particularly as 737

more people in Australia are being diagnosed with 738

dementia [52]. On a global scale, the arts should be 739

encouraged as low-cost non-invasive interventions 740

for PLWD, which should be embraced by commu- 741

nity organizations and within dementia care. While 742

acceptance of the potential for multidisciplinary reha- 743

bilitation in dementia care has several barriers [53], 744

the present study supports a potential beneficial role 745

of museum and art gallery-based programs in pro- 746

longing the QoL of PLWD within the usual care 747

pathway. Art- and music-based interventions for 748

PLWD may offer similar benefits to pharmacological 749

treatments such as anti-depressants, and more stud- 750

ies with over 100 participants are required despite 751

inherent methodological barriers [54, 55]. 752

Several additional measures may provide more in- 753

depth insight into benefits that can be attributed to 754

Art and Dementia programs, in particular, greater 755

use of proxy-rated measures. The present study did 756

not measure levels of anxiety or apathy. Anxiety 757

has been identified as an under-researched outcome 758

in nonpharmacological interventions for anxiety and 759

dementia in nursing homes [56]. While carer burden 760

has been measured previously for carers participating 761

with PLWD [48], an evaluation of respite received 762

when not attending the NGA would have been valu- 763

able. For example, anecdotal reports from study 764

partners suggested behavioral disturbances were not 765

as frequent during the intervention period. Heart-rate 766

variability also represents another valid non-invasive 767

method to receive biofeedback and provides a more 768

convenient data collection method than saliva [5, 769

18]. However, biomarker-based evaluation of arts- 770

based interventions for PLWD is still a relatively 771

new and evolving concept which can serve to com- 772

plement qualitative and mixed-methods research [5]. 773

Research of this nature is inherently complex. Future 774

research may focus on consultation with PLWD to 775
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determine the type of artworks that are considered776

interesting for group programs. Further evaluation of777

associations between biomarkers and individual reac-778

tions through video analysis may identify the most779

appropriate types of art to be enjoyable and engaging780

for PLWD. While personal preferences and potential781

for reminiscence will vary when viewing art, future782

research may seek to understand common types of art783

which promote engagement. A greater understand-784

ing of the differences between types of dementia and785

reactions to these experiences should also be pursued786

[5]. Finally, art gallery and museum-based experi-787

ences for PLWD are only available to those living788

within the vicinity of these institutions who can safely789

travel. Further research and program development are790

required to facilitate art-based programs into aged791

care communities and rural areas, potentially using792

assistive technology [57].793
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[26] Norman K, Stobäus N, Gonzalez MC, Schulzke J-D, Pirlich931

M (2011) Hand grip strength: Outcome predictor and marker932

of nutritional status. Clin Nutr 30, 135-142.933

[27] Thomson LJ, Chatterjee HJ (2013) UCL museum wellbe-934

ing measures toolkit. Arts & Humanities Research Council,935

London.936

[28] Warth M, Koehler F, Weber M, Bardenheuer HJ, Ditzen937

B, Kessler J (2019) “Song of Life (SOL)” study protocol:938

A multicenter, randomized trial on the emotional, spiritual,939

and psychobiological effects of music therapy in palliative940

care. BMC Palliat Care 18, 14.941

[29] McKune AJ, Bach CW, Semple SJ, Dyer BJ (2014) Sali-942

vary cortisol and �-amylase responses to repeated bouts of943

downhill running. Am J Hum Biol 26, 850-855.944

[30] Windle G, Newman A, Burholt V, Woods B, Brien D, Baber945

M, Hounsome B, Parkinson C, Tischler V (2016) Dementia946

and Imagination: A mixed-methods protocol for arts and 947

science research. BMJ Open 6, e011634. 948

[31] Fekedulegn DB, Andrew ME, Burchfiel CM, Violanti JM, 949

Hartley TA, Charles LE, Miller DB (2007) Area under the 950

curve and other summary indicators of repeated waking 951

cortisol measurements. Psychosom Med 69, 651-659. 952

[32] Altman DG (1999) Practical statistics for medical research, 953

Chapman & Hall/CRC Press, New York, New York. 954

[33] Estrada-Y-Martin RM, Orlander PR (2011) Salivary cortisol 955

can replace free serum cortisol measurements in patients 956

with septic shock. Chest 140, 1216-1222. 957

[34] Barca ML, Eldholm RS, Persson K, Bjorklof GH, Borza T, 958

Telenius E, Knapskog AB, Braekhus A, Saltvedt I, Selbaek 959

G, Engedal K (2018) Cortisol levels among older people 960

with and without depression and dementia. Int Psychogeri- 961

atr 31, 1-5. 962

[35] Piazza JR, Dmitrieva NO, Charles ST, Almeida DM, Orona 963

GA (2018) Diurnal cortisol profiles, inflammation, and 964

functional limitations in aging: Findings from the MIDUS 965

study. Health Psychol 37, 839-849. 966

[36] Adam EK, Quinn ME, Tavernier R, McQuillan MT, Dahlke 967

KA, Gilbert KE (2017) Diurnal cortisol slopes and men- 968

tal and physical health outcomes: A systematic review and 969

meta-analysis. Psychoneuroendocrinology 83, 25-41. 970

[37] Venturelli M, Sollima A, Ce E, Limonta E, Bisconti 971

AV, Brasioli A, Muti E, Esposito F (2016) Effectiveness 972

of exercise- and cognitive-based treatments on salivary 973

cortisol levels and sundowning syndrome symptoms in 974

patients with Alzheimer’s disease. J Alzheimers Dis 53, 975

1631-1640. 976

[38] Ouanes S, Popp J (2019) High cortisol and the risk of demen- 977

tia and Alzheimer’s disease: A review of the literature. Front 978

Aging Neurosci 11, 43. 979

[39] Peavy GM, Salmon DP, Jacobson MW, Hervey A, Gamst 980

AC, Wolfson T, Patterson TL, Goldman S, Mills PJ, Khan- 981

drika S, Galasko D (2009) Effects of chronic stress on 982

memory decline in cognitively normal and mildly impaired 983

older adults. Am J Psychiatry 166, 1384-1391. 984

[40] Clow A, Thorn L, Evans P, Hucklebridge F (2004) The 985

awakening cortisol response: Methodological issues and 986

significance. Stress 7, 29-37. 987

[41] McEwen BS (2019) What is the confusion with cortisol? 988

Chronic Stress 3, 2470547019833647. 989

[42] Lupien SJ, Maheu F, Tu M, Fiocco A, Schramek TE (2007) 990

The effects of stress and stress hormones on human cogni- 991

tion: Implications for the field of brain and cognition. Brain 992

Cogn 65, 209-237. 993

[43] Kim EJ, Pellman B, Kim JJ (2015) Stress effects on the 994

hippocampus: A critical review. Learn Memory 22, 411-416. 995

[44] ter Heegde F, De Rijk RH, Vinkers CH (2015) The brain 996

mineralocorticoid receptor and stress resilience. Psychoneu- 997

roendocrinology 52, 92-110. 998

[45] Montoliu T, Hidalgo V, Salvador A (2019) The relationship 999

between loneliness and cognition in healthy older men and 1000

women: The role of cortisol. Psychoneuroendocrinology 1001

107, 270-279. 1002

[46] Pongan E, Tillmann B, Leveque Y, Trombert B, Getenet 1003

JC, Auguste N, Dauphinot V, El Haouari H, Navez M, 1004

Dorey JM, Krolak-Salmon P, Laurent B, Rouch I (2017) 1005

Can musical or painting interventions improve chronic pain, 1006

mood, quality of life, and cognition in patients with mild 1007

Alzheimer’s disease? Evidence from a randomized con- 1008

trolled trial. J Alzheimers Dis 60, 663-677. 1009

[47] Windle G, Gregory S, Howson-Griffiths T, Newman A, 1010

O’Brien D, Goulding A (2017) Exploring the theoretical 1011



U
nc

or
re

ct
ed

 A
ut

ho
r P

ro
of

14 N.M. D’Cunha et al. / Responses to Art in People with Dementia

foundations of visual art programmes for people living with1012

dementia. Dementia 17, 702-727.1013

[48] Camic PM, Tischler V, Pearman CH (2014) Viewing and1014

making art together: A multi-session art-gallery-based inter-1015

vention for people with dementia and their carers. Aging1016

Ment Health 18, 161-168.1017

[49] Rusted J, Sheppard L, Waller D (2006) A Multi-centre ran-1018

domized control group trial on the use of art therapy for1019

older people with dementia. Group Analysis 39, 517-536.1020

[50] Hulett JM, Fessele KL, Clayton MF, Eaton LH (2019) Rigor1021

and reproducibility: A systematic review of salivary cortisol1022

sampling and reporting parameters used in cancer survivor-1023

ship research. Biol Res Nurs 21, 318-334.1024

[51] Li L, Nguyen K-H, Comans T, Scuffham P (2018) Utility-1025

based instruments for people with dementia: A systematic1026

review and meta-regression analysis. Value Health 21, 471-1027

481.1028

[52] Dementia Australia, Dementia statistics: Key facts1029

and statistics, https://www.dementia.org.au/statistics, Last1030

updated April 2019, Accessed on August 29, 2019.1031

[53] Cations M, May N, Crotty M, Low L-F, Clemson L,1032

Whitehead C, McLoughlin J, Swaffer K, Laver KE (2019)

Health professional perspectives on rehabilitation for peo- 1033

ple with dementia. Gerontologist. doi: https://doi.org/ 1034

10.1093/geront/gnz007. 1035

[54] de Medeiros K, Basting A (2014) Shall I compare thee to a 1036

dose of donepezil?: Cultural arts interventions in dementia 1037

care research. Gerontologist 54, 344-353. 1038

[55] Garrido S, Dunne L, Chang E, Perz J, Stevens CJ, 1039

Haertsch M (2017) The use of music playlists for people 1040

with dementia: A critical synthesis. J Alzheimers Dis 60, 1041

1129-1142. 1042

[56] Brown Wilson C, Arendt L, Nguyen M, Scott TL, 1043

Neville CC, Pachana NA (2019) Nonpharmacologi- 1044

cal interventions for anxiety and dementia in nurs- 1045

ing homes: A systematic review. Gerontologist. doi: 1046

https://doi.org/10.1093/geront/gnz020. 1047

[57] D’Cunha NM, Nguyen D, Naumovski N, McKune 1048

AJ, Kellett J, Georgousopoulou EN, Frost J, Isbel S 1049

(2019) A mini-review of virtual reality-based interventions 1050

to promote well-being for people living with demen- 1051

tia and mild cognitive impairment. Gerontology. doi: 1052

https://doi.org/10.1159/000500040. 1053

https://www.dementia.org.au/statistics
https://doi.org/10.1093/geront/gnz007
https://doi.org/10.1093/geront/gnz007
https://doi.org/10.1093/geront/gnz020
https://doi.org/10.1159/000500040

