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Abstract 
Research Background: Compared to the general population, people experi-
encing age-related cognitive decline are more likely to have low levels of physi-
cal activity and sleep problems. Sufficient physical activity and quality sleep 
are protective factors against cognitive decline and poor health and can im-
prove coping with stressors. The “Active Feedback” intervention comprises a 
wearable activity and sleep tracker (Fitbit), access to Fitbit software healthy 
lifestyle software apps; one session with Memory Assessment Service (MAS) 
staff providing physical activity and sleep hygiene advice and two further en-
gagement, discussion, and feedback sessions. Purpose/Aim: This study in-
vestigates the acceptability and feasibility of Active Feedback and the effect on 
stress, mental wellbeing, and sleep quality, and the links between these fac-
tors. Methods: An open-label patient cohort design with no control group 
was used. Pre-intervention, 4-week and 8-week intervention assessments were 
performed using participant self-report measures: Perceived Stress Scale (PSS), 
Warwick-Edinburgh Mental Wellbeing Scale (WEMWBS), and Sleep Con-
ditioning Index (SCI). Twenty-five participants completed an eight-week 
three-session intervention (18 males and 7 females), with the age range of 66 - 
84 years old, and average age of 73.8 years (SD = 5.09). Fifteen participants 
had a diagnosis of MCI, ten participants did not. Results: There were 
non-significant improvements in SCI scores from 21.0 (SD = 8.84) to 21.6 
(SD = 6.20) at 8 weeks, PSS scores from 17.5 (SD = 5.89) to 17.0 (SD = 6.20) 
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at 8 weeks, and WEMWBS scores from 46.9 (SD = 9.23) to 48.8 (SD = 9.69) at 
8 weeks. There were negative correlations between WEMWBS and PSS. Con-
clusion: Active Feedback intervention was found to be feasible and accept-
able. Active Feedback could be enhanced to include motivational interview-
ing and goal setting. 
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1. Introduction 

Mild Cognitive Impairment (MCI) is defined as a level of decline in cognitive 
functioning that does not meet severity of decline of a dementia diagnosis [1], 
but that has: 1) change in cognition recognised by the affected individual or ob-
servers; 2) objective impairment in one or more cognitive domains; and 3) in-
dependence in functional activities [2]. MCI can be diagnosed with a clinical in-
terview and objective and standardised cognitive assessment, and when deficits 
are not attributable to another medical or psychological condition (Swan et al., 
2021) [3]. The prevalence of MCI for people aged 65 years and over is up to 20% 
[4] [5]. In age-related cognitive decline, there is a close relationship between 
wellbeing and physical, mental, emotional, and cognitive health [6]. In addition, 
sedentary behaviour is related to cognitive decline in older individuals [7]. Peo-
ple who are physically active and get sufficient sleep are less likely to develop 
dementia, and effectively engaging in physical activities can be preventative of later 
disability [8] [9]. People with age-related cognitive decline who are physically 
active and get sufficient sleep can enhance their quality of life [8] [9]. 

Age-related cognitive decline can result in reduced physical activity levels [9]. 
Having levels of physical activity that are lower than those recommended is det-
rimental to physical and mental health [10]. A lack of physical exercise can be 
linked to more depressive symptoms, lower wellbeing, greater hopelessness, lower 
quality of life, and 25 physical health diseases (for example, cardiovascular dis-
ease [CVD], stroke, hypertension, osteoarthritis, diabetes, and chronic obstruc-
tive pulmonary disease [COPD]) [11]. 

Physical activity is associated with better late-life cognition, and aerobic ex-
ercise can reduce cognitive impairment [9]. The UK Chief Medical Officers 
“Physical Activity” report states that even minimal level of exercise generates 
health benefits [12]. Engaging in physical activity can reduce the risk of cogni-
tive decline, MCI, Alzheimer’s disease, and vascular dementia; and can im-
prove cognitive outcomes in older adults [13] [14]. Physical activity can im-
prove cognition, functioning, and mood, reduce behavioural problems in MCI 
[13] [15]-[18], and reduce risk of dementia diagnosis in people with MCI [19] 
[20].  

Healthy lifestyles are emphasised in NHS Long-Term Plan [21] [22], and are 
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known to improve wellbeing, cognition, functioning, and mood, and reduce be-
havioural problems in early stages of dementia [13] [15]-[18]. It is recommended 
that interventions to maintain healthy lifestyles are used in age-related cognitive 
decline to reduce risk of mood problems and further cognitive decline [23]. To 
be effective, exercise and physical activity-focused healthy lifestyle interventions 
need an individualised approach to enable people with experience of cognitive 
decline to derive benefits [24]. 

The risk of depressive symptoms can be reduced by engaging in more physical 
activity and less sedentary behaviour [25]. Physical activity is beneficial in reduc-
ing the risk of depression by increasing levels of neurotransmitters, distracting 
from stressful stimuli, reducing anxiety, and improving self-efficacy and self-esteem 
[26]. Hence, physical exercise can help older adults engage in cognitive and social 
activities preventing depression and cognitive decline [27]. 

Sleep problems are common in older adults (approximately 50% prevalence) 
and are associated with poor quality of life, increased suicide risk, cognitive im-
pairment, depression, and ability to function effectively [26] [28]. Sleep loss can 
increase impulsive reactions to negative stimuli, resulting in increased failure to 
inhibit negative and faster responses that are maladaptive [29]. Quality sleep and 
wellbeing are positively correlated [30], poor sleep negatively affects the quality 
of interpersonal relationships that are important to wellbeing [31]. Poor sleep 
quality is a risk factor for MCI and Alzheimer’s disease [13]. There is a lack of 
effective psychosocial interventions for older adults that enhance sleep quality; 
drug therapy for insomnia is not effective for many people and has negative side 
effects [32]. 

Moderate to high levels of stress is a common problem experienced by people 
with age-related cognitive decline [33]. Neurodegeneration may lead to increased 
vulnerability to stressors [9]. If a person’s stress threshold is reached, they can 
feel overwhelmed and they may no longer be able to function effectively [34]. 
Stress can lead to decline in short-term memory, reduced problem-solving, poor 
emotional control, reduced communication, inability to fully express needs, 
increase in anxiety, and behavioural issues [34]. Supporting a person with 
age-related cognitive decline to develop coping strategies (which can include 
improving sleep quality and physical activity) can reduce personal stress [35]. 
Depression, health, wellbeing, sleep, stress, and physical activity are inter-
linked [36] [37]. Healthy levels of night-time sleep positively impact the secre-
tion of cortisol, which may reduce the risk of stress and mental illness [38] 
[39]. 

The UK Government stated that data generated by smart devices worn by indi-
viduals enable personalised health interventions allowing people to “be co-creators 
of their own health” [40]. A Fitbit accurately records physical activity, and sleep 
detection is 95% accurate [41]. Actively incorporating and applying the func-
tions of a Fitbit can significantly increase physical activity, self-awareness, mo-
tivation, and goal setting, healthier lifestyles, sleep, and reduce body weight 
[42]-[45]. 

https://doi.org/10.4236/aar.2024.134005


C. Griffiths et al. 
 

 

DOI: 10.4236/aar.2024.134005 64 Advances in Aging Research 
 

To seek to improve sleep quality, physical activity, and wellbeing of commu-
nity-based patients, the study team has developed a physical activity and sleep 
hygiene intervention which has been implemented and evaluated over a period 
of five years in various patient populations. In our previous work, we found that 
the intervention improved participants’ physical activity, sleep quality, motiva-
tion, self-awareness, functioning, wellbeing, healthy lifestyles, and quality of life, 
and reduced anxiety and depression levels [46]-[53]. 

This present study investigates acceptability and feasibility: whether Active 
Feedback can be offered in a Memory Assessment Service (MAS) and whether 
patients of a MAS are willing to take part in the intervention. The study investi-
gated the impact of this intervention in a population experiencing age-related 
cognitive decline, it addresses the question: “What is acceptability and feasibility 
of Active Feedback and the effect on stress, mental wellbeing, and sleep quality, 
and what are the links between these factors?” 

2. Methods 
2.1. Design 

Open-label patient cohort design with no control group was used. 

2.2. Ethical Approval 

Approval was granted by the review panel of the NHS Trust (Ideas Forum: ref-
erence IFACTIVE1). All participants provided informed consent. The study was 
delivered in accordance with the Declaration of Helsinki. 

2.3. Participants 

The sample was recruited from people referred to a MAS service within the United 
Kingdom’s (UK) National Health Service (NHS) who were not given a dementia 
diagnosis. Participants were included if they were aged 18 or over, had the men-
tal capacity to consent, provided informed consent, and had the ability to under-
stand verbal English. Exclusion criteria were a medical reason meaning they could 
not wear a watch on their wrist. 

2.4. Setting 

The intervention was implemented whilst participants were under the care of the 
MAS. The MAS provides assessment, diagnosis, support, and treatment for peo-
ple who are experiencing cognitive decline, referral is usually from the patient’s 
GP (NHS, 2020) [54]. All areas of the UK have MAS services. 

2.5. Intervention 

An eight-week intervention which incorporated the provision of a free to keep 
Fitbit (specific model: Fitbit Charge 5) (which provides data on steps, heart rate 
sleep quality, and cardio fitness score), access to Fitbit software healthy lifestyle 
software apps, sleep hygiene and physical activity information sheets and verbal 
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advice, and two follow-up engagement, feedback, and discussion sessions with a 
MAS Assistant Psychologist (AP) at approximately four and eighth weeks. Fitbit 
software healthy lifestyle software apps include meditation, wellness report, “Eat-
ing Well” recipes, sleep profiles, and work out routines. 

2.6. Procedure and Measures 

The project was undertaken from June 2022 to February 2024. Patients were se-
lected if they met inclusion/exclusion criteria and they were then provided with 
information about Active Feedback intervention and evaluation in a Participant 
Information Sheet (PIS). Informed consent was sought and required to take part. 
Patients could withdraw consent or stop engagement at any point without the 
need to provide a reason. Following informed consent, and at the two follow-upsat 
data collection points participants completed the three self-report questionnaires, 
as listed below: 
 Sleep quality/insomnia: Sleep Condition Indicator (SCI) [55]. 
 Wellbeing: Warwick-Edinburgh Mental Wellbeing Scale-14 (WEMWBS) 

[56]. 
 Stress: Perceived Stress Scale (PSS) [57]. 

2.7. Methodology and Analysis 

T-tests were conducted to determine whether there were statistically significant 
differences in PSS, WEMWBS, and SCI scores over the course of the 8 week in-
tervention. Spearman’s rho was used to calculate correlations. 

2.8. Patient Data Obtained from Clinical Records 

Following patient consent, NHS patient medical notes/records were reviewed to 
collate routinely collected data: DOB, sex, ethnicity, and Addenbrooke’s Cogni-
tive Examination III (ACE-III) [58] scores collected by MAS when referred to 
the service. ACE-III is a screening test that is composed of tests of attention, ori-
entation, memory, language, visual perceptual and visuospatial skills that can dif-
ferentiate patients with and without cognitive impairment, is sensitive to the early 
stages of dementia [59]. The data was linked by case. 

3. Results 
3.1. Descriptive Statistics and Scores on Measures 

All participants were White British. Fourteen participants were males and ten 
were females. Mean age was 73.8 years (SD = 5.09), with an age range of 66 - 
84 years. Fifteen participants had a diagnosis of MCI, ten participants had not 
met MCI diagnosis threshold. WEMWBS mean scores were lower than the gen-
eral population norm for England (51, SD = 7.0) [56]. SCI scores were above cut 
off for insomnia diagnosis (16 or less) [60]. PSS scores indicate moderate stress 
(0 - 13 low stress, 14 - 26 moderate stress, 27 - 40 high stress) [61]. Mean ACE-III 
score of the participants at referral to the MAS was 85.1 (SD = 5.79), indicating 
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“inconclusive” dementia. The range of ACE-III score of the participants was 70 - 
97 (see Table 1). 

 
Table 1. Scoreson measures (n = 25) at baseline, four, and eight weeks. 

 
WEMWBS 

week 1 
WEMWBS 

week 4 
WEMWBS 

week 8 
ACE 
III 

SCI 
week 

1 

SCI 
week 

4 

SCI 
week 

8 

PSS 
week 

1 

PSS 
week 

4 

PSS 
week 

8 

M 46.9 48.5 48.8 85.1 21.0 22.4 21.6 17.5 15.5 17.0 

SD 9.23 8.47 9.69 5.79 8.84 6.89 7.08 5.92 6.12 6.20 

Min 26 23 24 7 0 6 7 8 3 6 

Max 66 66 65 97 32 31 32 34 35 30 

3.2. Preliminary Analysis 

Assumptions of normality and homogeneity of variances was assessed for each 
scale. Shapiro-Wilk tests were conducted for each condition. Normality was met 
for all conditions (p > 0.05), indicating that the distribution of the differences 
was approximately normal. Levene’s test was conducted to assess homogeneity 
of variances. The assumption of homogeneity of variances was met (p > 0.05), 
indicating that the variance of the differences between conditions was approxi-
mately equal. 

3.3. WEMWBS 

The paired sample t-test did not reveal any statistically significant differences in 
change in mean scores, p > 0.05. See Table 2. 

 
Table 2. WEMWBS PAIRED samples t-test results. 

  t df p 

WEMWBS week 1 WEMWBS week 4 −0.535 21 0.598 

WEMWBS week 1 WEMWBS week 8 −0.849 20 0.406 

WEMWBS week 4 WEMWBS week 8 −0.769 20 0.451 

3.4. SCI 

The paired sample t-test did not reveal any statistically significant differences 
in change in mean scores, p > 0.05. See Table 3. 

 
Table 3. SCI paired samples t-test results. 

  t df p 

SCI week 1 SCI week 4 0.316 21 0.755 

SCI week 1 SCI week 8 0.448 19 0.659 

SCI week 4 SCI week 8 0.643 19 0.528 
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3.5. PSS 

The paired sample t-test did not reveal any statistically significant differences in 
change in mean scores, p > 0.05. See Table 4. 

 
Table 4. PSS paired samples t-test results. 

  t df p 

PSS week 1 PSS week 4 1.525 23 0.141 

PSS week 4 PSS week 8 −1.498 21 0.149 

PSS week 1 PSS week 8 1.153 21 0.262 

3.6. Correlations 

Wellbeing (WEMWBS) was negatively correlated with Perceived Stress Scale (PSS) 
at <0.001. See Table 5. 

4. Discussion 

This study investigated the acceptability and feasibility of Active Feedback and 
impact on sleep quality, stress, and wellbeing. The study team found that MAS 
staff can deliver, and patients will choose to undertake Active Feedback, provid-
ing evidence for the acceptability and feasibility of the intervention. Whilst there 
were improvements in measures of stress, wellbeing, and sleep quality compared 
to baseline, these were not statistically significant.  

 
Table 5. Correlations. 

 
WEM 
wk1 

WEM 
wk4 

WEM 
wk8 

ACE 
III 

SCI wk 
1 

SCI wk 
4 

SCI 
wk8 

PSS 
wk 1 

PSS 
wk 4 

PSS 
wk 8 

WEM 
wk1 

-          

WEM 
wk4 

0.74 
<0.001* 

-         

WEM 
wk8 

0.55 
0.0008 

0.83 
<0.001* 

-        

ACE 
III 

0.051 
0.850 

0.006 
0.980 

0.022 
0.925 

-       

SCI 
wk 1 

0.601 
0.001 

0.626 
0.002 

0.449 
0.041 

0.186 
0.364 

-      

SCI 
wk 4 

0.574 
0.005 

0.423 
0.050 

0.322 
0.155 

0.143 
0.524 

0.835 
<0.001* 

-     

SCI 
wk8 

0.367 
0.112 

0.611 
0.004 

0.602 
0.005 

0.236 
0.317 

0.805 
<0.001* 

0.733 
<0.001* 

-    

PSS 
wk 1 

−0.714 
<0.001* 

−0.776 
<0.001* 

−0.714 
<0.001* 

0.024 
0.909 

0.517 
0.007 

−0.429 
0.046 

−0.533 
0.016 

-   

PSS 
wk 4 

0.547 
0.006 

−0.704 
<0.001* 

−0.633 
0.002 

0.016 
0.941 

−0.425 
0.038 

−0.444 
0.039 

−0.454 
0.045 

0.518 
0.009 

-  

PSS 
wk 8 

−0.565 
0.006 

0.599 
0.005 

−0.749 
<0.001* 

−0.034 
0.882 

−0.430 
0.046 

−0.449 
0.047 

−0.581 
0.007 

0.692 
<0.001* 

0.763 
<0.001* 

- 

Note: *denotes significant correlation at p <0.001. 
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The results did not support our previous work where we have found that the 
intervention significantly improved participants’ wellbeing, mental health, and 
sleep quality [48] [49] [52]. The key differences in participant population were 
that this study’s participants were older and experiencing more than normal 
age-related cognitive decline. It is assumed that factors related to this meant that 
patients did not experience statistically significant improvements seen previously. 
People experiencing more than normal age-related cognitive decline might be ex-
pected to decline in terms of stress, wellbeing, and sleep quality, we did not find 
this over the period of the study possibly indicating potential benefits of the Ac-
tive Feedback intervention. 

WEMWBS has a UK general population mean score of 51; scores in this study’s 
population shows they were lower than this but higher than the cut-off point for 
a definition of experiencing low wellbeing [56]. Participants in this sample scored 
on average above cut off point for insomnia at the three times points [60], but 
many participants indicated they are experiencing sleep problems, a need which 
should be assessed and addressed in this population through appropriate assess-
ment, advice, therapy, and medication. The PSS scores indicate this sample are 
experiencing moderate stress on average, rather than high or low stress levels [61], 
investigating and addressing needs related to stress and stressors in this popula-
tion could improve coping and wellbeing, there was significant negative correla-
tion found between stress and wellbeing. 

In our most recent work [52], the intervention was expanded to include mo-
tivational interviewing and goal setting. Motivational interviewing and goal set-
ting are effective tools in motivating people to engage in healthy lifestyle behav-
iours [62]. Interventions to enhance motivation for healthier lifestyles can help 
elicit long-term healthy lifestyle behaviour change [63]. Grounding healthy life-
style intervention programmes in behaviour change theory can foster self-efficacy 
and increase the likelihood of intervention efficacy [64]. Further research could 
seek to deliver and assess the impact of this expanded intervention in the popu-
lation which formed the basis of this current study. The study team are also inves-
tigating the delivery of this intervention by a qualified health coach, and this could 
be an option for delivery in a MAS. 

Study limitations include the lack of control group and relatively small sample 
size. People who agreed to participate were self-selected; thus, it is possible more 
participants with better than average levels of cognitive functioning seen by MAS 
agreed to participate. The participants attended a MAS service in one county in 
the UK reducing generalisability; however, similar services are provided by all 
NHS providers.  

5. Conclusion 

There is a lack of healthy lifestyle interventions available in MAS, and Active 
Feedback has been found to be feasible and acceptable. A manualised version of 
the expanded intervention to include motivational interview and goal setting is 
now available to access free of charge via: https://www.nhft.nhs.uk/research/. This 
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expanded intervention could be made available to MAS patients, delivered by a 
qualified health coach and evaluation of outcomes undertaken. 
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